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ABSTRACT 

The influence of angle of impingement and of presence of a 

crossflow on the flow, heat and mass, transfer of a laminar semi­

confined slot jet impinging on an isothermal ~et surface was studied 

numerically. The digital computer simulation model was .o~tained ~l 

solving the governing Navier Stokes equations,'ih their primitiJtffo~ 
(velocity and pressure) together with the continuity., energy and 

q (~ 

species equations using a' hybri d up~ind ~nd ,central finite di fference 

r scheJœ based on the control vol ume inte~ration approa·ch. F~ ui d:property 
• 

variations with ~oth temperature and,comp?sition were taken inta account. 

The parameters studied include nozzle-to-plate spac1ng, effect 
; 

bf the presence of a crossflow, ratio of the Reynolds numbers of the 

""" crossflow and'the jet flow and angle of impingement. 

The presence·of a crossflow was found to redûce the stagnation 

point and average heat .and mass transfer rates below what would be' 

expected if crossflow were not present. For moderate crossflow 
, • -.1 

magnitude (with respect to the jet) the heat and mass transfer rates 

on the plate are those of an impinging jet weakened by the crossflow, 

wh11@ for large values of the crossflow magnitude t~y' a~e those of 
l , ", 

channel flows alon9 a plate. Irnpingement exists in the former case 

but ~ot in the latter. For a given crossflow magnitude and a given - , , 
.. , ~l' .. 

nozzle-ta-plate spacing there ex1sts an optimum angle (dfrected slightly 

aga1nst the crossflow d1rection) for wh1ch the heat and mass.transfer 

rates are max1mllTl. 
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On a etudié numériquement' l'influence de l'angle d'inclina;spn 

et de la prêse~ce dl un vent transversa 1 sur les caractéristiques 

de 'l'~coulement et des transferts de chaleur et de masse dl un jet 

d'air laminaire 'semi-confin~ issu dlune buse de sectio~ rectangulaire 

et impactant sur une surface humide maintenue à temperature constante. 

La simulation du problème sur 11 ordinateur fut obtenue en r~solvant 
..,. \ J 

simultanément les équations de Navier Stokes sous leur forme primitive 

(vitesse et pression) et les équations de conservation de la masse~ de 
" 

l'énergie et des esp~ces~ tout en tenant compte des' modifications des 

propriêtês physiques du fluide dûes aux variations' de sa temperature 
IV 

et de sa compos iti on (fracti on de vapeur dl ea u) ; 

L'étude a porté sur les paramètres suivants: espacement éntre 

la sortie de la buse ,et la plaque dl impact, eff~t de la présence dt un 
, 1 ~ 

v~ tran~versal, rapport des nombres de Reynolds respectifs de'l lecou-

~ lernent tran~versal et du jet., et angle dl inclinaison de la buse. 

Pour les nombreux cas ~tudiés on a analys~ ~es champs de vitessè 
\ 

et la distribution de la pression, .du cisaillement, du transfert de 

. , chaleur (nombre de Nusselt) et du transfert de masse (nombre de Sherwooi:1) 
/ 

te long de la plaque. / 
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Les resultats obtenus confinnent que la presence dl un vent 
~ 

-" f 

transversal réduit les taux locaux et moyens' de transfert de masse 

"et de chaleur du jet impactant. Pour de 'f~bles ~coulements trans-
l" r. , , 

versaux, les coefficients de transfert sut la plaque sont ceux dl un' 

jet fmpact~nt aff/ibl i et dt!vi~; pour de~ forts ~coulements transversaux 

on obtiertt par c ntre des coefficients/de transfert du type de ceux 
~ ( 

que produit un écoulement d'air parallèle a une plaque. Le jet impacte 
f . 

effectiveme sur' la plaque dans le ,premier cas, alors qui il est emp.orté 

par le ve transversal et ni impacte pas dans le second. 

LI tude de l'influence de ,finclinaison de la buse a montre que 
1 

pour u ~cartement donn~ de cette buse vis-a-vis de la plaque et pour 
- /: -

un v t transversal donn~1 il éxiste ~un angle d' inclinaison optim\l1! 

pou lequel les coefficients ,&e transf~rt de masse et de chaleur 
/ , 

sorit maximlJJls. 
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NOMENCLATURE 

~ 
/ control volume cross sectional area 

. .. 
see Equat\on (4.10) 

see Equation (4.19) ~ 

, , 

,,-
convective flux, puA; see Equation (4.8) 

( skin frictl0n coefficient, ~/~jU2 

specifie heat capacity of flufd mixture a,t 
constant pressûr., J/kg. o~, 1<- • 

-.f! "u 

, jet nozzle w1dth, m 
• 

x 
ln 

(j 

, 

_" De,Dw.,Dn,Ds .difft1sive, flux, rA/AX; see Equation (4.9) 

gradient of veloc1ty w. r,t. press'ure change from 'Iteration 
"to' itera'tion; see Equations (4.21) and (4.22) . 

-< 

F flux at control volume boundaries; see Equations (4.1) to{4.5) 

'( FACTOR 

. ~. g" 
( , 

(/? fi-

. , \, 
o , 

, . 

~ 

1 ~. 't1< _ .. 

~ h 

ji 
, 

k .r 

l 

L 

m t 

J:--
res i dua 1 norma 1 i za t 1 on ,;factor 

gravitational a.cce1eration, 9.807 m/s 2 

, heat transfer coef:i~ient, Q/(~ - Tp),' W/m2 •
oK 

nozzle-ta-1mpingement-pl,ate spacing, m 

~lar fl~ of i relative to mass average velocity, 
le/rnZ.s • • 

nias ux of i, relative to mass average' veloeity, 
kg/ml. s-

mass transfer eoefficièn~, w(1-"'P~mj2'"P) t kg/m~~.,. 

space coordinate, see Figure 1.1 
• 1 . . 

nozzle-ta-plate spac1ng measured on 1nclined jet axis, 
H/cos e. see Figure 2.1 

niass fract10n of water vapour. mass of water vapour! . 
total mass of mixture 

•. . "0_ 

ratio of ~rossf1ow volumetrie flow rate to jet volumetrie 
traw rate; a1"50 equal ta the rat1p of the correspondfng 
IIIISt:~1ow rates., and ta the ratio of the Reyrrolds' numtiers' 
of t~ -i:~sflow. and the jet. ,d'.. ' 

1 

-- ,. 
1 
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NI,NJ 

Nu 

P 

ÂP 1 

lJ 

Pe v 
~ 

Pr 

Q 

q 

R 

r 

Re 

RESID 

S 
~ 

S~,vol 

Sfalse 
Sc 

Sh 

xi 

mass fraction of water vapour at jet noz~le exit. 
(d 

~ss fraction of water vapour along imPing~nt Pl'ate. 
'" . 

molecular weight . . 
molecular wei of fluid mixture, 1/MW = MA/MWA 
+ MB/MWa • k /ki omole 

mass fluxes species A and B respectively alon9 
plate, kg./m2 .s 

-~lta ~f grid mesh in x- and y-direction respectively. 

Nusselt number, hO/}.-j 

pressure." N/~ 

saturated vap?ur pressure of water vapouf, N/m2 

difference between the local and ambient pressure. 
In Chapter 4: pressure correction term fr~ 
iteration ta iteration, P = P~ + àP 

local Peclet n~ber pUÂx/r 

Prandtl number, Cp~/À 

heat flux along impingement plate in positive x-direction, 
W/m2 

energy flux rélative ta mass average velocity, J/m2.s 
" j 

half width of nozzle. 0/2, m 

space coordinate; see Fj.gure 1.1 

Reynolds number. PjUO/~j 

'\ nonnalized residual; see Equation" '(5.6) 

source term 

integral source term; see Table 4.1 

false source term; see Equation (4.19)' 

Schmidt number, ~/(p8) 

Sherwood\ nllllber. kD/6 j Pj! 
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Greek l etters 

r 

l' 

À 

Stanton number. h/(Pj Cp.Û) 
J 

xii 

component of linearized source term; see Equation (4.20) 

thermodynamic temperature. 'K 

velocity vector 

average velocity at the exit of the jet,nozzle. mIs 

velocity component in the x-direction: mIs 

suction vélocity alongo impingement p~ate in positive 
x-.9irection', mIs 

under-relaxation factor; see Section 5.5.1 

average vèlocity at entry of crossflow, mIs 

velocity component in the y-direction 

v~lume of control volume, 1.0 ~v 

mass flux of water vapour along impingement plate 
in positive x-direction, kg/m~.s 

molar corrcentration of water. vapour, mole/m2 .s 

space coordinate, m; see Figure 1.1 
o 

space coordinate, m; see Figure 1.1 
\ 

coordinate of jet centerline on exit plan~. 

size Qf control ~olume; see Figure 4.1 

half width of nozzle aperture, R/cose , 

exchange coefficient; see Table 3.1 

mass diffusivity of fluid mixture, m2/s 

thermal conductivity of fluid mixture, W/m.oK 
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Subscripts 

A 

B 

j 

p 

e,w,n,s 

E,W,H,S 
• r -

p 

dynamic viscosity of fluid mixture, kg/m.s 

mass density of fluid mixt~re, kg/m3 

. 

xiii 

shear stress a10n9 imp1ngement plate, u3v/ayl ,N/m2 
p 

variable; see Table 3.1 

wei ghti ng factor for f1 ui d properti es • 

angle of impingement (inclination of nozzle) 

water vapour 

, dry air 

at nozzle exit 

,a10ng impingement plate 

east, west, nort~ and sôuth side boundaries of control 
volume; see Figures (4.1) and (4.2) 

see'Figures (4.1) and (4.2) 

center of control yol ume 

! , 



() 

1 

\ ' 
" 

.' . 

CHAPTER 1 

INTRODUCTION 

1. 

Impinging air jets of var10us sizes and geometr;ca1 configurations 

are widely used in a large number of fndustrial processes involving 

heating, cooling, and drying of surfaces because of the h1gh heat and 

mass tra~~f8r rates they can yield. Applications'include annealing of 
- , 

foi1, tempering and tougnening of glass, manufacturing of prestres'sed 
- ' t. 

autombile wYndsh1el~, cooling of leading edges of turbine blades and 

electronic components. In the paper industry, for example, some typical 
, ' 

applications are: drying of tissue on Yankee dryers, drying of veneer 
, \ 

with hot air or superheated steam, drying of newspr1nt at relatively' low 
l , 
1 • 

moisture content by combining impinging jets with a suction 'appl1ed 

through, the wet web. 
'" ~ , 

Extensive worlc has been previous'ly done by many researchers to 

investigate, flow configuration and heat/mass transfer under round and 

slot jets impinging on permeâble Or fmpermeable surfaces. For a long 
, , 

time this wO~k.hasfbeen concerned with the'stuqy of only one s~ngle 
transport proc~ss ~i .e. either hea,t or mass transfer), but stud1es, 

rèporting simultaneous ~eat and mass transfer results have been pu~11shed 

recentl~. 

\ . 
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2. 

~One of the important variables, the effect of which has not.' 
" yet b~en studfed in the case of a semi-confined laminar impinging 

jet involving both heat and mass transfer is the angle of impfngement. 
, 

It may be noted th~t industrial devices seldom entail a'single jet. 

but rather comprise one or several rows of jets with the consequence 

that each jet impinges in a crossflow created by the neighbouring ones. 

The present study is concerned with simultageous heat and mass 
-, 

,transfer under a semi-confined slot jet impfnging at a range of 

a~les on an 1mpermeable plate over which a crossflow is also imposed. 

By "semi-confined" it is intended that the jet is part1ally confined 

by a surface para1'el to the impingement plate and situated at the 
• 

level,of the nozzle exit. 

The computatibnal method presented by Gosman et al. (G7) 1s 
. 

, employed to develop a di,gital computer simul ation model for a steady. 

laminar. relatively dry and hot slot air jet discharging into a cross-. 
flowing air stream and impinging on a cooler wet flat plate. 'The 

configuration is sketched in Figure 1.1. The simulation 1s obtained 

by solving' iterativelyJthe governing equations of motion in their 

primitive form along with the energy and conservation of species 

equations using a hybrid central and upwind differencing scheme . , 

based on the control volume integration approach. A non-unifo~ gri~ 

1s imposed on the flOW field and a line-by-line method 1s used to ...-- '-
generate a tri-diagonal matrix wh1ch is then solved numerically. The 

e~tire domain 1s swept for each variable at a time/and th en iterated 

over all variables. 

A brief review of the related literature 1s give~ in Chapter 2. 

J 
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The theoretical development which leads to the finite difference ... 
equations is p~~ented in Chapter 3 while the numerical and 

- ' 

4. 

compûtational prdcedures are discussed 1n Chapters 4 and 5 respectively. 
\ ' 

'f) 

The numerical results for flow. heat and mass transfer characteristics 
f 

aré~ discussed in Chapter 6. , The parameters which have been studied , . " 
include nozzle-to-plate spacing. effect of the presence of crossflow 

1 

(by comparison with qasesf,wi.thout' crossflowj. ratio of th~ crQssflow 

mass f1ow-rat~ ta the. jet ma'Ss~\low-rate, and angle of 1mpingement 
, 

for incl1ned jets impinging in the, crossflow direction (downst~ream) as 

well 'as for jets impinging against the crossflow direction (upstream). 
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CHAPTER 2 

~I 

1 

REVIEW OF RELATE:D LITERATURE 

,2.1 INTRODUCTION 

-
6. 

Many publications have appeared~in recent years on the 
t· 
fluid mechanics and heat and mass transfer aspects of both-

lamdnar 'and turbulent impingement flows. These studies, S 

both numerical and experimental, were concerned with various 

types of jet velocltv profiles and of confinement configura­

tions. A number of public~tions have a1so examined the flow 

and heat transfer characteristics of multiple impinging jet~. 

Paramekers such as nozz1e-to-p1ate spacing, presence of con-

fining walls~ motion of the impingement surface, tempe rature 

depende~t properties, presence of swi'r1, and applicà tion of 

suction'or blowing have been considered. A few investigators 
. 

have studied the effect of non-normal impingement, but they 

all were only concerned with turbulent flows, and no previous 

data or results have been found for the case of a laminar 

impingirig jet discharglng in a crossf1ow at various angles. 

In view of the large number of parameters governing flow, 

heat and mass transfer under impinging jets, it is not sur­

prising that a serious disparity exists.between tp~"results 

and correlations of various workers. Obot (01) in particular 

has ana1yzed the extent of disaqreement. A nurnber of exten­

sive reviews on various aspects of impinging jets have 

appeared in recent yea~s (q~, Ml, 'Mj). 

.. ........... 
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7. 

The reader is referrcd to these review articles f~r general knowledge 

and comprehension of the phenomena re1ated to impinging jets. O"ly 

the more relevant references of dtrect interest ta this study will 

be mentioned in the present thesis. 

It may be noted that Most of the numerous publications in 

1mpingement transport ~ concerned with axisymetric round jets. The 

case of slot jets has been studied to a lesser extent. but, although 
, 

the behaviours of these two types of jets are not quite identical. the 

trends of the transport phenomena ~nd the influence of Many parameters 

are s1milarj consequently, work on round jets as well as slot jets will 

be c1ted here. 

2.2 IMPINGING JETS 

2.2.1 ,Flow Characteristics 

The· flow patterns of jets impinging on a sol1d surface have been 

d1scussed by Many investigators (Gl, Ml, Dl); four distinct flow regions, 

can be c,aracterized. These are shown on Figure 1.2" and rare described as 

follows: 

(1) Region 1 i~ the region of flow establishment. It extends from the 

nozzle exit to the apex of the pa.ential core. The so-called potential 
• 1 

core is the central portion of the f10w in which velocity remains equal 

ta nozzle exit veloc1ty. 
. 

(2) Region II 15 a regton of establ,ished flow in the direction or the 
- 1 

jet beyond the peak of the potential corei 1t is characterized by a 
1 

diminution of the centerline jet velocity and by a spreading of the jet 
, . 

in the transverse direction. This reglon i5 often refered ta as the 

free jet reglon. 

(l) Region III 15 the region where the jet is deflected from the axial 

1 '.11, 
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direction due ta the presence of the 1mpingement surface. It is 

usually called the ,impingement flow region. 

(4) Region IV is the region of lateral flow alon~ the impingement 
~ 

surface and outside the stagnation zone. This region is known as 

the wall jet region, where the flow increases in thickness as the 

bound .. ~, 1 ayer bui 1 ds up al ong the soli d surface •. 

T~Ereceding characterization of flow regions is generally 

8. 

valid for an unconfined jet. In the present study. as noted in Chapter 

1, the flow is confined between two pàrallel plates (the impingement 

surface and the upper confining plate pf equal size), and this induces 

a region of recirculating flow between the confining surfaces (H3, 52, 

V2). Most industrial applications of impinging jets for heating, cooling 

or drying do involve the presence of a confining wall of sorne kind. 

Of fundamental importance in the study of impinging jets (or any 

jet) is the distinction b~tween, laminar and turbulent jets. For a 

round jet, for example, Vickers (V1) states that the critical Reynolds 

number (based on nozzle diameter and nozzle exit ~elocity) wh1ch 

distinguishes laminar jet flows from turbulent jet flows is about 1000. 
; , 

On the' other hand, McNaughton reports four Jet patterns for free jets 

(M2), namely: 
... 

\ (1) The dissipated laminar: jet, Re < 300. In this case, the viscous 

forces are large compared to the inertial forces, and the jet diffuses 

rapidly into the surrounding fluide 

'(2) Fully laminar jets, 300 < Re < 1000. In this case there is no 

noticeable diffusion of the jet into the ~urround1ng fluide 

--
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(3) A transition or semi-turbulent jet. 1000 < Re < 3000. 

(4) A fUllY\UrbUlent jet, Re > 3000. 

These results were confi'nned by Cederwell (Cl) who ,also found that 

9. 

jets are" turbulent for Re > 3000. ,Although this discussion relating 

jet patterns to Re range is based on,studies of circular jets, 

correspoQding criteria appear to apply also to jets issuing from slots. 

Gardon and Akfirat (G6) indicate thal slot jets are turbul~t for 

Re 2 2000 (where Re 1s based on the slot width).) 

A theoretical study reported by Levey (L3f' indicated that the 

effect of the imp'ingement surface was not felt by the jet further 

than one slot width from the surface; this study ~as for an idealized 

ca~e, i.e. incompressible flow with no account for viscous effects or 

turbulent mixing. Other studies (Gl,& GZ)' and particularly the 

experimental work of Tani and Komatsu (T3) confirmed that no effect of 

the impingement surface on the jet was observed beyond about two jet 

. diameters from the plate. Consequent;ly, an impinging jet can be . 
. ,: 

. considered to behave like a free jet except in the immediate vicinfty 

of the impfngement surface. • • 

( Results of sOme p~vio~ studies on flow in the four characteristic 

regions are described below. 

Region of flow establishment (Region Il 

Hear the nozzle exit the jetis decelerated by the tangential 
~"i~ _ ~ • 

shear stress while the surround1ng fluid 15 correspond1ngly accelêrated. 

This interaction pro~s a zone of mixing at the jet flow' peripher.y 

. .-
~-~-~ -------~-- -~ --- - ~ 
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10. 

which grows in width in th~ downstream directio~, le~ving a potent;al 

core within which the fluid properties and the velocity rema;n relative1y . 
unchanged from their values at the nozz1e exit. Eventually, at sorne 

position downstream, the core is dissipated as a result of the mix1ng 

action. 

Experimental data reported by Albertson (Al) suggest that the .. , 
sole force producin9. deceleration of the jet ariJd acceleration of the -

'1} 

surrounding fluid is tangent;al shear within the mfx1ng reglon. Then, 

if viscous ~ct10n has no influence on the m1xing proce~s, the mean, flow 

should be qynamically similar under all conditions. Thus a similar 

veloci~y profile must characterize eve~ section in the diffusion zone. 

As a matter of fact Albertson's experimental data follow tHe general 

, trend of the Gâussian distribution and he writes for each val ue of x: 
b 

(2.1) 

where: 

x = distance a10n9 the axis 

y = transverse distance from the jet axis 
~ . 

~' u(y) '" veloaity at distance y ~rom axis ) 
" • 1 o uc ,sa veloci~y on the, jet center1ine 

t s '" standard or root-mean-square deviation (the 'value n of y fcrr which 

u '" 0.606 uc). 

This equation 15 merely a result of ~ curve f1( and has no theoretical 
. . ' 

bas1s. The condition of qypamic similar1ty requ1res that at al1 cros~ 
t .... ~ ~,,""'{.'" v 

sections, regardless of tife 'efflux veloc1ty, 

l-K x 
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where the value of K must bê dete~ined experimehtal1y fQf[îO slot 

jet. Comb1ning this analys1s of the velocity field in the potential 

core (Region 1) with a similar analysis in Region IF~and with his 

experimental data, Albertson states that the potential core length 

for slot jets extends 5.2 slot widths. He investigated air flowing 

thro49h slots of widths 0.635, 0.159, and 0.079 am for a range of 
~ . ". . 

Rey~olds numbers. 

In an append1x ta reference (Al), Baines examined the results 

of Albertson more closel.y and concluded that the Reynolds" number has 

an effec~ on the potential core l~th. For a round jet he recommend~d 
values of 5 nozzle d1amete~s for Re = 14 000, and 7 nozzle d1ameters 

for Re = 100 000. 

The length of this potential core has been measured by several· 
If' 
other researchers. Hrycak et al. (H4) found that the length of the 

potential, core 1s dependent upOn jet ReynOlds number., He repor~ed J 

lengths of 15 jet.d1ameters at Re = 500 for round jets. This length 

. i .. ncreases with Reynolds number to a maximum of about 20 diameters for 

Re = 1000: As'Re increases further, small scale turbulence 15 establ1shed 

and the potent~al core length decreases sharply, becoming relatively 

constant at a length of about 6 te 7 diam~ters for Reynolds numbers 
~ , ( 

larger ,;han 10 000: 1 Other re$eychers (SI, 01,- NI, S7) h,a~e reportecJc.; 

tH! length of the potent1al co~s ~faxisymetr1c turbulent jets to 

extend fram 4.0 to 7.5 nozzle d1ameters. 

Sfnce, from a ~eat transfer standpoint core length 1s important, 
" ~ 

Z , it appears in view of the disparity of these results that additional 
, ç ~ 

wo1tlt!1n this area is require~. . 'F " , 
l~ 
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Region of established flow (Region II) 

For free slot jets Albertson et al. (Al) showed that the decay 
, 

of centerline axial velocity is inversely proportional to square " 

root of the dimensionless distance from the jet nozzle exit. With 

the definition for K g1ven in Equation (2.2), Albertson writes: 

or'-,* 

where: 

uc(x) = centerline velocity at. distance X, from nozzle exit. 

lit· Qozzle wldth ,1 ' 
c.. = potenti a 1 core l ength 

For free circular jets Albertson (Al), Gaunter et al. (GI) and 
1 

Oona1dson et al. (Dl) found that the decayof the centerline velocity 

1s inversely proportional ta dimensionless distance 'from the nozzle 

exit. If K' 1s the value of K - as defined in Equation (2.2) ~ .. 

determined for a round jet, one writes: 

where: 

D'a nozzle diameter 

C' = potential core length 

A 
1 

For Tarninar imping1ng jets. Saad (S2) and Huang (H2)have observed' 

in their numer1cal stud1es that rate of spread and axial veloc1tY(decay 0 
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are dependent on shape of the velocity profile at the n?zzle exit. 

Un l ike the case of a parabo li c ; n1 et jet prof; le, there i sas trong 

and immediate interaction between the jet flow and the surrounding 

fluid for a flat (plug) velocity profile. In this latter case, 

axial momentum just inside the free stream1ine is an order of magnitude 

gréater than that in the entrained fluid just outside the free stream­

line. According~y, the high momentum fluid of the jet begins ta diffuse 

immediately into the weaker flow field into which it is discharging, 

causing a considerably higher rate of spread of the jet. For the 

same reasons, the a~lal velocity decay is a1so faster for a jet 

issuing with a p1ug profile than for one issuing with a parabolic 

velacity profile: 

In some applications, and particularly in the present study, the 

impingement surface is placed inside the patent;al core region. In 
0 .. 

this case the free jet regian will be vanishingly sma11 . 

.. 
Region ,of deflection (Region III) 

As the jet flow approaches the impingement surface, it 1s rapidly 

'decelerated and pressure increases. If the impingement su~face is 

impenneable and non-evaporati've, the ve16city is zero and the pressure 
, 

attains a local maximum at the sta9natio~ point. Over the impingement 

1 surface,' t'he axial flow 15 deflected i.e. t axial momentum 1s transformed 

into transverse momentum: Flow 1s of the baundary layer type ~ith the 

influence of v1scosity restricted,to a th1n layer near the impingement 

surface. 

1 

0' 
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Be1taos et al. (B4) 1n a study of shear stress a10ng the 

impingement plate in the case of turbulent axisymetric jets, 

found that it increases almost 1inear1y with radial distance r 

from the stagnation point to a maximum value, after which ît 

decreases with further increase in r. 5imilar results have been 

14. 

found numerica11y by 5aad (52)... 5aad (52) and Li (L2) founa that 

shear stress on thêp1ate, expressed non~imensiona11y as skin friction 

coefficient, Cf' does not depend on square root of the Reynolds nutnber 
,\'1 .. 1 

as is predicted by boundary layer theory for a f1at plate bounda~ 

layer. They found, nevertheless'I that Cf decreases as jet Reynolds 

number fncreases. 

Evaporation a10ng the impingement plate increases the mass f1ow­

rate of fluid over the plate. As the evaporation rate increases, the t 

"effective local Reynolds nllllber" increases at constant jet Reynolds 

number, causing Cf to deerease (L2). In addition to this Re effect, 

evaporation a1so decreases the axial gradient of the radial velocities, 

thereby further lowe~inb Cf. In his computer simulation ofaxisymetric 

rou~ jet Li (t2) a1so found that the application of suction through 

the plate 1ea~s to an increase in Ct. 

Wall Jet Region (Region IV) 

Glauert (G3) <tivided this f10w regjon into two parts: 

(1) a.n, inner layer where th~ effect of t~e war 1s felt by the fluid flow. 

(2) an outér laye-r which 1s characterized by the features of a free flow. 

;rhe~boundary between the5e two layers 15 taken as the positio~of the / 

, 

1 

• 

( 

"\0' 



( 

(J 

1 
L 
t ' 

l " 

1 .,.. 

15. 

maximtm velocity, \. 

In the case of round jets, Poreh et al. (P3) an~lauert (G3) 
\0. 

showed that this maximum velocity can be expressed as a functiGn' of the 

~adial d~~tancè r as follows: 

... 
V . '" Constant 

max· r" 

where n ranges from 1,1 to 1,143 according to various invest~9ators. 

Martin {Ml) and Oonàldson et al. (Dl) further report tha't 

where n takes the s'ame values as ~n the previous equation. and where 

B is a function of H/O only (S1). 

2.2,2 Oblique Impingement 
, 

It has been seen in the previous paragraph that the existence of 

four ~istinct flow regions have been' established in the case of a jet 
1 

impinging normally on a flat surfacè~ and that a fifth regl.· n (region 
1 .~ 

of recirculating flow) also exists when the jet is confine, The same 

regions can te expecte'ô ta exist in the case of oblique impingement (BS}. 

However, while for nonnal impingement the flow is entirely 5.(Y111etr1c, ' 

this is not so for oblique impingement. 

Beltaos (B6) measured the wall pressure distributions in the 

impingement zone (Region III) for slot turbulent jets imping1ng w1t~ 

var10us angles. Operating at LlO ratios rangjng~from 45.5 to 68,2, . 

he found that ~he stagnation point, whfch corresponds ta the location , . 

" . 
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of maximum wall pressure, does no~ co1ncide with the intersection of 

the wall and the jet centerline but 15 shifted by a distance, s,(see 
. 

Figure 2.1). This shift 1s caused by the tendency of the stagnation 

streamline to intersect .the wall at r1ght angles. With theïr 

experime~tal data obtained for LlO" 20.,30 an~ SChaue.r and 

Eustis (510) evaluated the eccentricity of the stagnation point and 
'. 

Propos~d the. equation, 

! · 0.154 tan e 
L 

with notations as indicated on Figure 2.1. 

For the case, e • 60·, Beltaos (B6) reports that the pressure 

excess with respect to ambient mean pressure 1s seen tq take negative . 
1 values on the side of negative x (Figure 2.1). This occurence has 1 

a150 been ob5erved by other inwestigators (KI. 510) and 1s believed 

to be the result of a vortex formation in the entrainment field. 

When e becomes sufficiently large, the boundaries of the free jet 

and of ~he wall jet get sa close to. each other on the side of negative 

x that some of the fluid in the upper layers of the wall jet i5 entraJned 

in the. free. jet, thus completing a circulatory motion and forming a vortex. 

At the same time. the vortex is located sufffciently close ta the wall" 

50 as to impres5 some low pressures on ft (66). 
~' JI'" ..... ~. ~ 

2.2.3 Oeflection by a crossflow 

Although several investfgators have studied various aspects of 
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Figure 2.1 Definition sketch for'obli~e impingement. 
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impingement heat transfer for a turb~t jet in' a cross flow, only 

one publication (B3), as will be seen further, reports observations 

of the flow pattern characteristics for such impi~ging jets. How-
,. 

ever, because of the applications of free jets in the areas of fluid 

waste disposal'- dispersion of effluents f,rom chimney stacks. and fan 

and Win(combinations used by V/STOL aircraft. many researchers hav>e 

studfed the fi ow of turbulent jet flows defl ected by a crosswind. 

Sinee their conclusions are of interest ta the present study. they 

will be briefly sUlllTled up here. o 
e" 

careful observation made by Pratte and Saines (P4) of a jet 

of nonbuoyant smoke discharging nonna.J to' a-crossfiow .•. lead to the 
\ .' 

delineation of three flow zones (see Figure 2.2): 

(Ai The potential core still exists. In this potent;al zone the 

streamlines are essentially parallel to the jet direction, and the 

crossflow is affeeted in the same manner as if a 5011 d cylinder were 

present._ The small entra;nment--vel~,c:tt~--moves fluid toward the jet 

at the sides and a separation occurs just behind the max1mum width. 

In the wake. the mean velocity 1s much smaller than in either jet or 

crossflow and two attaehed vorti ces can be seen. exactly as· found in 

flow around a cylinder a't low Reynolds number. At the end of the poten­

t1al zone the edd1es are of comparable size to the jet and appear to 

be strong enough to add to the jet entrainment. Oownstream of the jet 
~ 

and attached eddies. the crossflow recloses. forming a decelerated but , 

relatively steady motion. 

of maximum defl ection: this zone 15 characterfzed by the 

n of the jet and by a rapid decrease of mean velocity. Just 

j 
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beyond the potential zone the c.rqss and jet flows mix rapidly becausé 

the volume of fluid entrained increases with the effective jet diameter. 

The action, of the crossf1ow mORlentum causes the jet to bend over. Turbulent 
,) 

shear acts as in the simple jet (i.e. without crossflow) ta· entrain the 

surrounding air, as do the attached eddies which graw and intensif y te 
'. ' 

occupya large part'of the jet cross-section as a pair of vortices. The' 

mean velocity decrea\es much more rapi d1y than in th~ cas~ of a simpl ~ .jet 

(K2). In a relat;vet.y short length the jet is moving in a direct&n on1y , 

a few degrees di~fereht from the cross·flow di~ction· (see Figure 2.2). and 

no longitudinal relative motion between the two f10ws can be detected. 

(3) In the thi rd region. referred to by Pratte and Douglas as the vortex 
\ It' 

zone, ~he two turbulent vortice~ are carried a10ng at the crossf1ow velocity. 

The profi1.e ''continues ta rise at a ,slow and decreasing rate, the vortices 

iRcreasing 1.n size a10ng with the jet cro$S secti~n, but decreasing in 

angu1ar ve10city. It wou1d be expected that in an infinite crossflow, the 

turbulent and vortex motions would be cdissipated by viscosity, so that the 

jet wou1d approach the conditions of fts surroundings. An indication of 

t~e 1 ength ~f the vortex zone i s gi ven by observat; on of its conti nu~ ., .. 
existence 1000 jet diameters downstream of the source' in a wi nd tunnel. 

Pratte l s resu1ts are in good accordance ~with what has a1so been 

found by Keffer and Baines (K2) and by Platten and Keffer (P5) wh~_ plotted 

the loci of maximlJll velocity obtained fqr a jet discharging at right angles 

into the main stream. They report that the most marked resu1t of increasing 

the-1elocity ratio (i.e. the ratio of the jet velocity to the crossflow ve1ocity) 

r ' 
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is that the trajector1es experience a less abrupt deflection upon .. 
entering the crossflow. One would expect the absolute jet penetration , 

ta depend upon the initial momentlJl1 flux of the jet relative to the cross-
( . 

wi nd. and th; sis confi nned by the hi gher values of x/O reached by the 

high velocity ratios within the curvilinear zone in Platten's experiments 
1 

(PS) • 

The only study of the f.low pattern of an imping1ng jet in a cross­

flow that this literature research could uncover 1s the one published by 

Bouchez and Goldstein (83). Flow visualization has been performed for . " ~ 

turbulent jets in a wind tunnel using a fog generated by dropping carbon 

dioxide pellets (dr.y iee) iilto a pressure vessel filled with hot water. 

The authors sh~w interesting pictures for H/D = 6 and '12. They found that 

when the jet impinges violently on the opposite wall, there is a strong 
, . 

turbulent recirculation· zone,upstream of the imp,nge~ent area. This 
1 

vortex i5 associ&ted witp a noticeable underpressure in this area. Just 

downstream of this underpressure, an overpressure 1s present and is' in 

effect the signature of the stagnation point. Due ta rap1d lateral spread­

lng of this zone. there 1s a sidewall éffect when the tunnel walls interfere 

with the flow. This occurs only a few diameters downstream of the stagnation 

point and causes an uplift of this area o~,he jet.' As the_~rate 

mass flux ratio (of the jet to crossflow) decreases, the recirculation zone 

dimfnishes and 'finally disappears as does the underpressure. 

It May be noted here that all the publications reported in this section . 

are concerned w1th turbulent jets. An extensive litterature research failed 

to uncover any prev10us study of the flow field characteristics of an impin9ing 

laminar jet in a crossflow. 
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2.3 IMPINGEMENT HEAT AND MASS TRANSFEij 

2.3.1 Analytical Studies 
\ 

2.3.1.1 Var;ous theoretical approaches 
1 

Two categories of theoretical approaches havJ been adopted by 
1 

most researchers ta pred1ct the laminar impinging jet heat or mass transfer 

characteristics: (1) inviscid flow -'boundary layer solution matching 

schemes. and (2) iterative finite difference procedures to solve the full 

elliptic governing equations. , , 

(1) Inviscid flow - boundary layer solution matching schemes: This approach 

1s used near the stagnation regioh, based on the assumption that in the free 

jet reglon (as defined in paragraph 2.2.1) the flow 1s inviscid and can be 

represented by an appropriate potential flow solution. and thà~n the 
'" , , 

stagnation region a laminar flow exists~ The potential flo~ solution i~ 

used to provide the free stream velocity for computation of the wall boundary 

layer flow. The governing baundary layer equations are transformed into 

con'lenient fonTIS by using suitable similarity variables, and the resulting 

differential equations can be solved by finite difference methods, hence 
1 

allowing prediction of the stagnation region heat transfer. The main draw-

back of th1s method, besides its inability to predict the effect of turbulence, -
is the uncertainty as to the size of the laminar boundàry layer flow. 

Measured values were found ~o exceed predicted values, sometimes by a large 

amount, both for é1rcular and slot jets (H5). 

Wall jet h~at transfer predictions, although ~ostly limited to slot 

jets, have been fo~nd to Agree with experimental nesults (H5). The 

./ 
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theoretical.approaches employ consideration of two flow layers: an 

1nner layer alo"-g the wall and an outer layer assumed ta behave as a 

free jet. Both integral and finite difference solutions, often compl icated, 

have been obtained by various investigators. 

(2) Iterative finite di (fer.ence l)rocedure: Tite full elliptic partial 

differential equations of conservation of mass, momentum, and energy 

are transfonned into sets of finite difference equations which are then 

solved Herati'vely. This method, like the previous one, is 'not satisfactory 

to handle turbulent flow probTems. For laminar jet flows, however, this 

approach provides solutions which are in excellent agreement with experimental 

measurements, as has been shown by Saad et al. (511) and by van Heiningen et 

al. (V2) 

2.3.1. 2 Parameters governi n9 heat and 'mass transfer 

(i) Jet velocity profile at nozzle, exit: Sparrow and Lee (57) studied 

the''effect of jet exit conditions and showed that, for a non-uniform initial 

velocity profile of the jet, the streamwise velocity gradient at the stag-

nation point was relatively constant over a 1 arge range of nozzle-to-plate <..1 

spacings. For a uniform (flat) initial velocity profile, however. there 

were si gnifi cant changes in ve loci ty gradi ent for di fferent spaci ngs. From 
l 

the relationship between stagnation .point heat or mass transfer and stream-

wise velocity gradient, the .behaviour of the stagnation point heat transfer 
1 • . 

Scholtz and Trass (54. S5) d,rived a potential flow solution 

for the i nging region and then used it as the boundary-·condition for the 

boundary layer a the wall. They found that. for equal Reynolds number, 
,~ 

mass transfer at the sta tion point in the case of a unitonn initial vel~city 

is less than ha tf that for the n -uni fOnll jet under the conditions te~ted: 

O.5<H/D<6'and 570<Re<1910. 

S1milar resu1ts were a1so round by van nlngen et al. (V2) w~ 
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solved numerically the full Navier - Stokes equations, in their stream 

function-vorticity formulation, coupled with the energy equation for an 

impinging slot jet. They found that for H/D ". 4 and Reynol ds mmber between 

100 and 950, the stagnation heat transfer rate for ân ;niti ally parabolic ""­

velocity was 1.5 to 2 times the value for an initially flat. velocity profile. 
[; 1 

Van Heini~gen explained his results by noting that the jet contracts slightly 

below the nozzle for a parabolic profile, while for a flat profile the 

jet expands continuously. Consequently the f~e streamline is significantly 
1 

c10ser to the imp1ngement plate for the parabolic velocity profile owing ta , 
, its higher momentum' and lower rate of spreading. lead1ng thereby,1 ta steeper 

velocity and temperature gradients near the impingement plàte. 

Sud (52) in his simulation of flow and heat t~ansfer characteristi cs 

of a laminar semf-confined fmp1nging round jet further conffFlœd these results. 

(11) riozzle-ta-plate soacing: Although the rate of heat transfer must decrease 

for sufficienth, large values, of nozzle-to-plate spacings, for small valuès 

of H/D heat transfer has been reported by several researchers to be insensitive 

to nozzle-to-plate spacing. Sparrow and Lee (57). for example, formulated 
Î 

this conclusion for H/D around 0.25 and 1.5. Saad (511) in his simulation 

of an axisymetric round jet found that, over the range 1.5 <HID<12, there ;s , 
no perceptible decrease at Re '" 950 and only 15% decrease at Re = 450. 

\ In his s1mulatfog of simultaneous heat and mass transfe~ for a roun~ 

axisymetric imp1nging jet, Li (L2) found that transfer rates decreased wfth 

in~reas1ng nozzle-to-plate sJl.!c1ng for ~H/D>6. He assoc1ated this result with 

il decrease in the limiting radial 'velocity gradient,' 

(111) Jet confinement: Wh en the imp1ngement and confinement surfaces are 

t 
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sufficiently large. a complete recirculation bubble attached to the 

24. 

confinement plate is established. Such a ree; rculation bubble lnfl uences 
1 

the spreading of the jet and the flow pattern of the deflected jet.' As 
" 

is reported by van Heiningen et al. (V2), th;s feature of the flow influences 

the heat transfer rate distribution along the impingement surface. As for just 

the ~tagnation zone however. by compar;ng his own results for semi-confined 

jets with the experimental results for unconfined jets of Seholtz and Trass 
! 

(54) and Gardon and Akffrat (G4), Saad (~2) showed that the presence o(a 
" .. 

confinement plate has only a minor influence on the stagnation point heat -

o transfer for 2<Hf D<4 and 450<Re<2500, regar,dl ess of the shape of the, i ni ti a 1 

jet veloci~ profile. Van Heiningen l s results for tbe stagnation reyij ~re 
consistent with Saadi s conclus ion. ' . 

This observation is in Joad agreement with the statèment of G1ralt et • 
p 

al. (G2) that the stagnation flow region can be consi·dered to start at a distance 

around one nozzle diameter fram the i~ingement plate. It 1s the vel~city 

proffle at this particular locatfon that determines transfer rates in the 

stagnation zone. Hence, provided that the effect of the, confinement plat~ -. 
induced recfrculation flow 1s not sufficiently strong to affect the free 

streamlines (Le. region II of the ·f1ow ffJ!ld), the eft:ect of partial 

confinement fs not felt 1n the 1mpingement reg1on. 

.... 

(1v) Temperature· sens1ti,ve flufd properties: oVan ~einingen et al. (V2c) 

presented the influence of variable properties (viscosity, thermal condudiv1ty, 

etc.) on the Stanton number. They allowed viscesity te vary with temperature 
, , \ . 

~ . 
according ~~ the Van Driest interpolation formula. It was, found that the non-

" 

d1mens1onal ;teRJ;lerature gradient at the wall was affeeted by the change fram 

constant to v~riable fluid properties. Howe~er, away fram the stagnation fjbint 
..... 
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1 

~e heat transfer coeffi·cient in fOrnl of 5tanton number ba~ed on properties 

at t~e nozzle was.fou~o be hardly affected by\ the change in variable 

propert;es. , Van Heiningen noted that ,this was in agreement with the 

theoretical ~~lutions of the influence' of variable'properties on two­

dimensional .stagnation flow and laminar boundary-1ayer flow over a flat 
< 

plate without a pressure gradient . 

., . (v) 5uction and blowin~: 5aad (52) '7 van Heiningen (V2) and ,Huang ,(H2) 

., 

\ .. 

investigated the effect of suct;on,on impingement he~t transfer for round 

and s~t jets; in Saad's ~se. for example, the suction velocity was~l% 
of the jet velocity •. THfY al1 f?Und ~at suction enharices the transfer 

rates by about a constant absolute increment over the entire region from 
. 'f\ ' ' 

the stagnation point out~o ~he(wall jet region. Skin 1rictâan was like-
~ ~ . 

wise found to increase with the application of suction • 

.. On the ~er hand b10wing leads, to a lowering in local heat transfer 

coefficients over ~he entire impingemefnt surface by an equivalent constant 
" \ -

absolute increment. The enhancement of the heat transfer rate due to 5uctian 

has ~een observed~xper1mentally by Obot (01) for a turbulent round jet. 

" (1 (vi) Presénce of evaporati ve mass fl ux: Th; 5 i s the case of s imul taneous • 

> heat ~nd mass transf~"r;_ N~ computer si~ulat!on o~ th!" case was ava!lable , 

until the recent studY of Li (L2). He found that the presence of an evaporative 

miSS "flux 1ncreases the various bounda~.layer thicknesses and reduces bath 
, ' -'~. . \ 

heat and ma$s trahsf~r r~tes. He observed th~t this reduction was almost 
t' " "'. \, 

independen~ of the jet ~ynolds number. but was depe'ndent on the magnitude 
" 

~ r M 

of the axial velocfties over the 1mpfngement surface. 

(vii) Presence of a swirl: The study of Huang (H2) seems ta have been the 
" r) 
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.' 

only attempt to investigate numerically the effect of swirl on laminar 

impingement transfer rates. Huang solved the full Navier-Stoke~ ~~atio~s-­

together with the energy equation in their primitive rohm' using a hybrid 

central and upwind difference scheme. He observed that swirl enhances the 

rate'of spread of the jet causing, under certain conditions, development 

~~ of a ~~roidal recirculation region next tQ the impingement plate. This 

closed recirculation flow in the stagnation," region effectively insulates 
, < 

the plate from the jet flow; causing a substantial decrease in stagnation 
.r 

~region heat transfer. furthermare. the stagnation point Stanton number 
. " was found tO'be fnsensitive te variation in the nozzle-to-plate spacing 

~ ~ 

for 1.5<H/D<4. Since introducti~n of a swirl general1y' resul,ts in lowered 

average heat transfer rates (H2), it is evident that ;wirl should be avoided 
1 

in all practical applications except when a less peaked transfer rate profile 

1s desired. 

(viii)) Reynolds 'Humber: Initial attempts ta pred1ct heat transfer fram an 

impfnging jet to a plane surface analytically were limited ta the neighbour­

hoo~ o~ the stagnation point. Most investigators assumed"laminar conditions 

ta exist in the impingement region. even for turbulent jets. This assumption 

is suported by Gardon and Akfirrat '(G4 t G6) who observed experimentally the 

existence of secondary peaks jn the loc~l heat transfer distribution a~ong 
) 

the plate for small H/D ratios, and who ascr'ibed these secondary peak~' to a 

transition fram laminar to turbulent boundary layers. With this laminar flow 
L t-. ~ 

assumption, a Re~ dependence for the Nusselt number was found by most researchers. 

Kezios (K~), for example, reports the following expression for the stagnation 

point heat transfer: 
, -:) 

J , 
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Nuo = 0.g75-~ ., "-0/2 

where the characteristic length 1s 0/2 (nozzle radilJs). 

It ;5 however appropriate to remark here that Wolfstein (Wl) 
\ 

27. 

noted that the observed pependence of Nusselt number on Reynolds number, 

as indicated by the exponent on the latter varying from 0.56 to 0.87, ~­

suggest~ existence of t~Ulence even near the stagnation p01~t: The 

effect of free-stream tu tence shoul d therefore be considered, and one' 
, 

of the major reasons for the disagreement between theory and measurements 

may be neglect of this influence. 

~::..;..;;;~~~;.:.;:.:~.=;.:::.:.~:::.:..~...:...:.~::.::.:....:n~lIII:::::.;be::.:..r): Many heat and mass transfer 

correlations and Schmidt numbers have been 

established. Waltz (W2), using the results originally derived by ECkert, 

obtained the expression: 

" 
~ 

0.36 
Nu = 0.44 Pr 

0,5 
Re 

r 

for the local values in the axisymetric f,low, where Rer 1s th~. local Rey.no1ds 

number at distance r from the stagnation point. For the average values he found: 

- 0,36 0,5 
Nu =0 0.88 flr Re 

r 

Metzger (M4), using E~kert's wedge flow solution, obtained for slot jets the 
.>... 

fo 11 ow1 n9 equati on for 1 oca 1 va 1 ues of Nusse 1t number based on di 5 tance fram î 

the stagnation point: 

Nu • 0.57 prO. 31 Re~,5 
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and for the average values ,0f'Nusselt number he found: 

0.370.5 
Nu = 1.14 Pr Rer' 

.' 
\ 0.333 

Wolfstein (Wl) found a Pr dependence for the stagnation Nusselt 

nlJl1ber, in the range O. 7 ~Pr ~ 10. 

The inability of such fannulas to account directly for the effect 

of thè nozzle-to-plate sp~cing must be considered their principal weakness (H5). 
'" The problem of mass transfer in laminar radial wall jets has, been 

, 
studied analytically by Scholtz and Trass (T6) using the von Karman - Polhausen 

appr:oach which fSlIIlE!S polynomial fonns for the velocity and conéentration c;t 

profiles. ASSum~ Sc > 1 they found that the mass transfer coefficien~ for\ 
_1.25 0.75 

the laminar wall jet was dependent on (x/R) and Re • These results 
\ 

rece1ved experimental conf1nnatipn by t'he work of.Kapur and MCL~td. {K4) who 

used a laser holography technique to measure loçal sublimation r~tes. Scholtz 

and Trass (S4, 55) later obtained a solution for mas~ transf:J in the stagnation 

region. For a non-uniform laminar r~und jet with 1 < Sc ~ la, they gave the, 

following correlation for the sta~nation point Sherwood number: 

~ 0.361 
Sh = 1.6484 Re Sc' • 

This c~rrelation has been found to be in g.~od agreement with experimentar 

results for the mass transfer coefficients 1n the case of sublimation of, 

riaphthafèn! into air (Sc = 2.~) (55). 

r' \ 
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2.3.2 Experimental Studies 

- \. 
2.3.2.1 Introduction: Whereas numerical investigations on impinging jets 

were mostly concerned with laminar jets, almost all experimental investi­

gations have been for turbulent jets • 

. Hrycak et al. (HS) surveyed the correlations proposed by various 

researchers and noted that a comparison between results of heated jets 
• 

impinging on room-temperature surfaces and room-temperature jets impinging 

on heated surfaces 1s difficult because of fundamentally different boundary 

conditions. In addition heat transfer rates were measured in different ways 

by the many researchers. The various methods include use of metal rad 
, 

calorimeters, steam calorimeters. thermocouples, and heat transfer gages. 

The areas over which these measurements were made varied in size, and what 

() some 1nvestfgators called local values were in fact at best average values 

{H5}. As for mass transfer rates measurements, methods such as laser 

holographie interferometry, weight loss detennination of "humid .materials. 

o 

-- , ., . 

and sublimation of naphthalene were used. 

In a critical review of the man~ different analytical and experimental 

stud1es; Cbot (01) has round large quantitat1ve differences between the 
''1 

results. However, the exper1ments reporte~ in the present review of more 

l~ited scope reveat 1n general the same trends. 

2.3.2:2 Parameters govern1ng heat and mass transfer 

(1) Nozzle-to-plate spac1ng: Huang (Hl) investigated both stagnation and 

average heat transfer from a hot turbulent jet to a surface normal to the 

jet flow with various nozzle diameter~ and nozzle-to-plate spac;ngs. 

J 
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~ In his\ investigation the heat transfer coefficient was"'found to be 

( 

independent of spacing for H/D < 6. In contrast, major changes were 

found by Gardon and Cobonpue (G5) who present res'ults of tests of 

30. 

cool air impinging from a circular jet onto an isothennal hot s'urface. 

These authors provide results for variation of heat transfer rates with 

radial distance from the stagnation point, for a nozzle exit Reynolds 

number of 28 000. They obtained, for large nozzle-to-plate spacings, 

"smooth bell shaped profiles with the maximum at the stagnation point. 

As nozzle-to-plate spac;ng was reduced, they obtained secondary peak$ 

in the heat transfer rate profiles. At H/D = 6 an anular hump begins to 

develop and grows into a well def1ned secondary peak_as H/D decreases 
-

further. When nozzle-to-plate spacing 1s less than the potential core 

length, they found that, at the stagnation point, the central peak was 

replaced by a central minimum in.heat transfer. For values of H/D < 0.5, 

the impjngement of a free jet gives way to a wall Jet and the heat transfer-

rate increases again. . 

Chia et al. (G2), who studied mass transfer under turbulent 
\ 

axisyme~ric impinging jets at Re = 34 000, report the same type of radial 

distribution of mass transfer-rate at various nozzle-to-plate spacings. 

The radial' variation at H/D = 1.2, in particular. shows two pairs of 

peaks at values of x/R 9f 1.2 and 3.~~n contrast with the bell shaped 

distribution found at H/D a 8.0. Similar peaks were also observed by 

Gardon et Akfirat (G4). The inner pèaks were~at~ributed ta a thinnin~ 

of the accelerating bounda~ layer flow when th nozzle-to-plate spacings 

are small; the formation of the outer.peaks wa attribu:ed to :'ow turbulence, 

/ 
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~ecifiCallY to transition from laminar to turbulent flow. 

~ The experimental investigations mentioned above hav~~been 
carried out with relatively high Reynolds numbers. Of great importance 

for the present study are the results of Kapur and McLeod (K4) whose 

Reynolds number is of the same arder of magnitude as that used in the 

present computer simulation. They report that the mass transfer coefficients 

near'tne impingement point for Re = 1340 and nozzle-to~plate distances of 

0.'5, 1 and 1.5 diameters~ are found to be independent of H/O, both at the 

stagnation point and in the region close ta it, as are those ,in the wall jet 

region more remote from that point. These results a,re i_~ -agreement with 

those of Gardon and Akfirat (G6) who found that for Re less than 2000 and 

nozzle-to-plate distances of 0.5 to 5.0 diameters, ,the stagnation point 

Nusselt numbers depend on the Reynolds number only. , 

The large variety of experimental conditions chosen by the various 

researchers, as well as the complexity of the problem. make it difficult to 

draw precise quantitative conclusions as to th~ effect of the nozzle-to-

plate spacing on heat and mass transfer.b However, the general trends have 

been established clearly enough and cbuld be summed up as follows: For very 

smaH H/O ratios (up to 2 or 3) sorne researchers find no effect whereas other 

investigators find a small diminution of the stagnation point heat transfer 

when H/D increases. For larger values of H/O, the local heat transfer co­

efficient at the stagnation region increases with spa~~ reaches a maximum 

value for a spacing corresponding to the potential core l~gth (usually between 

6.0 and 8.0), and then decreases for higher spacings. 

Among the many publ;~hed correlations, the one of Gardon' and Akfirat (G6) , 

\ 
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• )_0.62 f could be cited. They report St to be proportlonal ta (H/D or 

H/D > 16. For a round jet, Gardon and Cobonpue (G5) found St to be 

)
_1 

proportional ta {H/D for HIO > 20. 

(ii) Nozzle design: The nozzle shape influen~ the impingement heat or 

mass transfer because it determines the jet velocity profile at the nozzle 

exit, the turbulence level and the length of the potential core. Metzger 
1 

(M4), who compared heat transfer for a slot jet and a circular jet when the 

same target area, flow rate , and nozzle area were considered, found that 
/'" 

the round jet gave a heat transfer rate 8 percent higher than the slot jet. 

It was noted however that the shapes of the areas cooled were quite different, 

and it was concluded th~t the shape of the area to be cooled (or dried) is of 

primary importance in deciding which type of jet to use. 

(iii) Fluid properties (Schmidt and Prandtl number): Ghamberlain (C2) used 

room-temperature turbulent ai~ jets impinging on a segmented, lnvar, steam­

heated surface. Nozzle exit Reynolds numbers to 67 000, and nozzle-ta-plate 

wacings to 50 noizle diameters were investigated. He reported the falclowing 

correlation' for the local stagnation point Nusselt number: 

0.447 0.333 
Nu = 1.16 Re 0 Pr 

o D 
for H/D ~ 7 

0.569 0.333 
NuO = 0.384 Rea Pr for H/D ~ 7 

where Re~ is the Reynolds number based on arrival velocity. For locations along • . ·1 
the plate away from the stagnation point. the correlation. 

\ J~ 
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was suggested; here h 1s the local coefficient at a distance r from 
r 

the stagnation point. 

Nakatogowa et al. (NH found good agreement between the cor-

relation 

0.5 
NU

O 
= 0.535 ReD 

0.4 
Pr 
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and their experimental values for heat transfer at the stagnation point for 
4 5 

various Reynolds numbers (from Re = 10 to Re = 10 ) for spac1119s lower than 
" 

the potential core. 

(iv) Angle of impingement: Very few investigators have studied the proble~ 

of heatf and mass transfer under an oblique impinging 'jet. In 1954. Perry (Pl) , 
\ 

investigated heat transfer from a hot round oblique jet to a plane surface. 

The impingement, plate was water cooled and he measured the, heat flux with 

a calorimeter of 0.65 inch diameter placed at its ~enter. from the temperature 

rise of a metered flow of water. The calorimeter diameter was used as the---_~/ 

characteristic length in Nu and Re for all the correlated results. This was 

so because the heat flow!was measured only over the area of th~ c~lorimeter 
and also temperature and veloci!y values for the correlations were obtained 

as mean figures over the area ofthis instrument. Perry found that chang1ng 

the angle of jet impingement from 15 to 90 degrees 1ncreased the stagnation 

heat transfer coefficient by nearly 100 percent 'for any temperature and veloc1ty. 

The nozzle-to-plate spacing was at least 8 nozzleldiameters,. and his 
"'" 

test resul ts were correlated by : 

.. 
.' 
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0.7 0.33 
Nu = K Re Pr 

where the value of K is dependent on the angle as follows: 

Angle of _0.7 _0.33 
Impingement K = Nu Re Pr 
. (deg.) 

90 0.1810 
75 0.~745 
60 0.1579 
45 0.1422 
30 0.1224 
15 0.1037 

1 

, 

Nothing else seems to have appeared on this matter until 1972 when 

Korger and Krizek (K5) published .results for mass transfer under an oblique 

impinging round turbulent jet. Their investigation technique was based on , 
~ . 

sublimation of naphthalene. They found that the maximum.mass transfer 

location 1s displaced in the direction of the jet nozzle for an inclined jet 

(i.e. away from the intersection between the jet axis and the plate) byan 

amount t 

E = (14 + 0.15 l) tan a 

Where L (nozzle-to-plate separation along axis of the jet) and tare expressed 

in mm, and where a is the angle ?f impingement. This formula was found to be 

independent of the jet velocity for 10 < Uj< 40 m/sec. 

From the potential flow analysis of Schah (58) it is found by Kroger 

that the stagnation point for inc11ned round jëts coincides closely 

w1th the maxfml.ll1 mISS trasnfer point. 
' .... 
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The ~authors also give the mass ratio of the two dividing air 

,streams af~er impingement: 

ql 1 + cos 11 ~ 

qz 1 - eos Cl 

35. 

This equation has a1so been reported by Beltaos assuming that the ratio 

b~haves as that of a potential jet (86). 

Korger and Krizek reported that the maximum mass transfer value 

decreases when the angle 1s decreased under 90·. Studying the mass transfer 

distribution a10ng the plate, they found that when the jet comes from the 

left side, for example, the values on the right side of the maximum transfer 

point are higher than on the left side. This 1s because most of the jet 

stream flows on the right side. 

Figures for the average mass transfer coefficients are"shown, and 

the resu1ts indieate that for 30· < Cl < 90· the average mass transfer values 

a~e sens;bly the same as the one for normal 1mpingement (a = 90·). It is 

interesting to note that Perry (Pl) made the same type of conel usion concern'ing 

the average heat transfer coefficient for round jets impingin'g' at al1gles 

between 15 and 90 degrees. ~ 

(v) Presence of crossflow: Metzger and Korstad (MS) studied experimentally 

the effects of a cross-flowing air stream on the heat transf~r characterfst'ics 

of,a single line of circular air jets. The crossf1ow, perpend1cular to the 

Hne of jets, is characterized by the ratio of the crossflow to jet mass 

flow-rates, M. The general effect of H/D in the downstream region 1s fO,und 
, -- /'-

te be similar te the behaviour previously-ieported for jet flow alone, but the 

: j 

,', 
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crossflow increases and complicates it. The upstream propagation dista~ce of 

the jets is rêlatively short, even for moderat~crossflow rates. As a 
, 

consequence, the heat transfer-rates immediately upstream of the nozzle exit 

plane are reduced significantly below what would be expected if crossflow 

were not present. Correspondfngly~ the average heat transfer-rates, over 

regions immediately downstream are increased significantly above what would 

be expected if crossflow were not present, despite the fact that the 

impingement angle for the deflected jet must be less than 90 degrees. 

Further, they found that on an overall basis for a symetrical region extending 

ten nozzle diameters b~th upstream and d~wnstream of the nozzle exit plane, 

the presence of crossflow always reduces the average heat transfer below what , 

would be expected without crossflow. 

Sparrow et al. (s9) report measurements of the local heat transfer 

coefficients resulting from impingement of a turbulent round jet which 

interacts with a crossflow. HIO ratios were between 3 and 12, and the ratio 
" of the jet to crossflow mass velocity (MI = (pu)" 1 {pu} ) was varied from 

j '\ • 
4 to 12. The deflection of the jet b/ the crossflow"was found ta be small for 

. '" mass velocity ratios MI > 8, and for these mass velocidè, the 1mpingement 
• '", 1 

point heat transfer coefficient achieves a maximum value at separation 
""­distances H/O = 5 or 6. Again, this result 1s comparable ta what~~as been 

faund by prior researchers in the absence of crossflow. For a'mass velocity 
, . "-

r ' ~ 
ratio MI = 4, the maximum 1s atta1ned at smaller separation, distances OWi~9~ 

ta the.substantial deflections experienced by the jet at larger H/D. The "~ , 

".~ influence of the presence of a semi-confinement plate was limited ta cases 
, \ j 

where, H/O >4 with the largest effects at the lowest ~ss velocity ratio. 

Bouchez and Goldsteir (83), who studied experimemtally the 1mpingement 
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cool ing from a circular jet it! a crossflow, found that heat transfer 
, " 

coefficients are lo~r than those reported in the 1iterature for aD 
c 

impinging jet in the absence pf crossflow. 

Hagpal (N2) studied experimentally the effect of spent-flow in 

perforated-plate air 1mpingement heat transfer. The spent-flow 15 in 

fact the crossflow coming from neighbouring jets and interfering with 

any particular jet. Nagpal correlated the magnitude of the local heat 

trànsfe~ rates w1th the geometry of the perforated plate and the air 

flow rate. From his results and analysis he provided a basis for 

engineering design of multi-jet air - impingement cooling or heatfng devfces. 

Most of his results concerning heat tr~hsfer rates are highly conditioned 

by the particular configuration of the perforated "plates he used (free, flow 

area ratio, etc.). The mean heat transfer rates, for exampl,e, are averaged 

Over areas containing several plate perforations and thus several jets and 

could therefore not be compared with the ones obtained in the presen~ stuqy. 

However ft 1s of importance that his results on the mean heat transfer conclude 

that ~here exists an optimum plate spacing at which the average heat transfer 

i~ maximllTl. This opt1mun value of H/O is a function of the plate configuration ' 

5di'~Emsion and number of orifices, free-flow area rati,o) among other things. 
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3.1 INTRODUCTION 

'-

CHAPTER 3 

W\THEMATI CAL FORMULATI ON 

The governing equatiQns for the flow of a var1able-p~perty 

38. 
, 

binary mixture issuing from a rectangular jet are presented in Section ,3.2. 
0, 

1 

In Section 3.3 al1 these equations are converted to 4 unique ~tandard Torm 

'50 that a single solution algorithm can be applied to all. The boundary 
~ 

conditions associated w1th, this set of ell1ptic partial different4âl 
.. 

equatfons are established in Section 3.4. Fina11y, the regression'equations 
" 

to account for variation with temperature anH composition of physical , . 
propert1es of the binary air-water vapour mixture are presented ift Section 

t 

3 .. 5. 

3.2 GOVERNING EQUATÎONS 

Application of the laws of conservat1on of mass. momentum, energy , 

and spec1es to multicomponent Newtonian fluid flows y1eld the foTlowin'g 

vector -equations (B2): 

!!!!!,: D p + p (v.U) = 0 

Dt 
, , 
o momentun: p- - U " • VP • V·.l. + pg 
Dt 

. . 

(3.1) 

1 

l ' 
1 
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Mn. 
enérgy: pep - :t - v.q - I.:VU + E (j .• q.) 'lb 

Dt - 1=1 1 1 

D , spec1es 1: 
Dt 

't--

+ (31np) 
31nT 

. P'Xi 

.0 
o 

Pi + Pi (v·U) = - v·ji + ri 

39 • 

)3.2) 

> -.' 
whe(re: p ~. bulk density of the fluid 

J 

[) 

:J Pi ~ mbs of i pel' unict vo11J11e 

p \ 1. hydrodynam,ic pressu", ~ 
.,. -* 

~' ,. viscous stress tensor 
, , 

Ji • molar flux of i relative ta mass av~_rage ve~ocity 

ji ~ ~.ss flux of i ~)ative\~O ma~s average ,velocfty , 

q • energy flux per unit area, relative to~ss average velocity 
"-

~1 • par~ial 'mo~ar e~th~lPy of_1~ 
. r 

Ri • mo1ar rate of.c-produ~tion of speCiés. tJ 
.. , • J::s '" 

':'f1 f, ,.~ mass fl~~ ~J'~h. res~ct. to sta:.ion~ry ~ootdi~ates_ 
• 1 ~ ", " t *.. J ~ .. 

. ) ri lOt miss ~rate' of production of spe'cies '1. .:... 
. \. 

~~-~bove eqU~tio~s, wh1ch '~.:e '~neral for the d,*cript10n of Ne~tonhn . . 

l ,/ 
( t .. 

~, f 

~~ 1 

',"f" 
;. 

) 
J • , 

flu1ds, constitute the set of governing equatfons in'the pre'sent.s\~uQy. 

. BeGause of the ~rt~éular ~eometry 01 thè s;stem~ these e~ at10ns 
-. .. . 

w1ll be used in two-dimens1onal cartesian coord1nates."·)The flu1d 
c '. ) 

ass~d 't6 be Newton1an and steac(y. A 11 3tat tenns are then e 11 mi ated. 

'. . 
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Further simplification and assumptions made in individual equations 

are listed below. 
_ r 

Momentum Eguati~ns 

~:y Is supposed ~ be acting 

E uation 

in the positive x-direction. 

The gas flow velocities involved in this study are.low. 

Conseque~tly, the pressure work (alnp\ OP , and the viscous 
" . alnT}p'Xi Dt 

dfss1padion l.:U are very small with respect to th~ other tenns in 

~he eher~ equation, and hence a~e neglected. 

(ii) The~ffUsion-thenno ~ffect 1s assyned t~ be negl1gible, and 
\ • i ". i ,~ 

therefore the h~at flux vectoy for a mul~ic~mponent flu1d 1s given - . , 
'" by: 

(3.3) 

Spec1es Eguation " f\~ 
(O· The, f1 ui d\ i s c~emi ca lly i nert a~d i s an i dea 1 mixtuy( of' 

V 
'\ 

water vapor (A) an~ dry ai~ (B). Thus, Ri = O. ~ 

(ff) The thenn l-dHfusion~ffect 1s assuned to be negl1gib'le, 

and'therefore th mass flux formulation reduces to Fick's first law: 
/) 1 

ji :a - p6~1 (3.4) 

. ... 
wherè mi 1s the, mess ,fraction of species i, defined as'mass of i 

~ unit mass of t ~ mixture. 
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Since the fluid properties are témperature dependent, it 1s more 

con nient to choose temperature' as the dependent variable in the energy 

eq ation. Applying the calorie equation of state. enthalpy tenns in the 
, 

nergy equation can be expressed 'in tenns of tempetature, Tt as: 

~ 

Ji'VHi 
= j ·vh 

i i , 
t'l 

T 
and hi = hi ref+ 1 Cp dT 

li (3.5) • , T i 
ref 

wftére hi,ref is the reference enthalpy" and the integral term in Equation 
\ 

(3.5) represents the sensi61e enthalpy per unit massa 

Further. for a two-component system of A and Bt the diffusion ~ .. 
coefficients are equal,. i.e. ôAB= ~BA= Ôt and thus JA = - JB• (3.6) 

~ • ' • 1 

By substituting the flux equations (3.3) and (3.4) into the 

governing equations (3.2), and by using ,equations (3.5) and (3.6). one 
1 

obtains the following set of simplified conservation equation~: 

~: 

!.. (pu) +.L (pv) :1 0 ax ay 
\ '. 

momentlln: 

.. ~u aû ap DT aT . 
x w co~onent: p( u - + v - ) :1: .1_. (......:.xx. +:..::.A) + ilg 

3X ay 3X Dx ay x 

1, 

\ 

f 

, , 

~) 

, . 
! 
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1 - component: p (u ~ + v ~ ) = _ ëlP _ (~ + ~ 
3x ay ëly 3x ay 

energy: 

pC ( &JI + v li ) = ~ ( JJI ) ..L ( ~aT ) 
p ëlx 3y 3x ax ay ay 

spec1es: 

a a a am a)' am 
- (pmAU) + - (pInAv) • - (p5 .=A ) + - (135 .=A ) 3.x ""7\ ay 3X, a,x ay a1 

(3.7) 

.. 
The viscous stress tersor for a Newtonian fluid can be expressed as fol1ows (Q2):: 

where 

au 2 ( ) 
T • - lI{ 2 - - "III" v·U } xx 3x.:l 

T' -. - p{ 21X. - ! (V-Un 
11 3y .3 

(. 
,·u • .!!!. + !! ax ay 

. . . 

• 

1 

", . 

l 

1 
1 

1 
j 

! 
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whlch. by US;::g th~serv~~lon of mass .:uation. yields: 

V'U = - l { u le.. + v le. } 
p ax 3y 

'1 

,..,., 

3.3 GENERAL TRANSPORT EQUATION 

The set of five conservation equations (~.7) 1s the set of 

governing equations to be solved-numerically. Fo11owing the \nethod 
\ 

of Gosman et al. (G7, CS) we transfonm these five equations into one 

standard fonn so that they can a11 be treated by the same solution 
. . 

algorithm. 

43. 

This standard fonn, also called 'gêneral transport equation", 

A 1s given by equation (3.10) in rectangula coordinates: 

3 . ai a l1 ) d !!:_ 
ax ( put ) + ay ( pv~ ) - ax ( r 3x - 3y ( r ay ) - S~ ( 3.10) 

1+ convection ter.ms +1 
1 

./+ diffusion tenns 
+ 
source tenn 

Equation (~.10) describes the transport ?f a q antity represented as the 

variab 1 e~. The fi rst two tenns account fo r co vecti ve transport of ~ due , 
to.bulk motion of fluid. The following two te represent diffusional 

,-, , 

transport of ,. The tenn on the right hand side, the "source tenn ll
, accounts 

for any sources of transport_of ~ other than by c nvection and diffusion. 
'.-

\ Conservation of Mass: 

The equation of conservation of mass can be \written\ in the form of 1 

\~ 

l, 
! 
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44. 
.. 

the general transport equat10n wbt!re , == 1, r ,. 0 and S/ :0. However 

,this equation will not be solved directly but will be.psed to generate 

an equation for pressure, as ~ill be shown further. 

Conservation of MomentlJl1: 

x - component: Substitution of t~e viscous stress equation into the 

x - component conservation of momentum equation gives: 
\ 

( 3.U) 

" 

The continuity eqüation multipl1ed by u gives: 

3 a 
u ai' (pu) + u'W (pv) = 0 (3.12) 

Adding equations (3.11) and (3.l2): 

pu .iY. + U .L (pu) + v lY. + U .L(pv) = -..Jf. + i 1.1 a2 u + 1 u a2v 
3x 3x ay . ay " êJx 3 lx2 3 axay 

and rearranging: ? 

, 

.. 

"' 

) 

~ 

... 

l 

! ' 
1 

1 

[ 

1 

t 
l 
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+ 1 a2
y + 9 3 Il axay P x 

1 

which is in the fo~)of,the general transport equation with: 

41 Of u 

r .. ~ 

s ..... -l!: + -t ~.L (!leU) + pg 
~ ax J 3x X 

y - component: . Substitution of the viscous stress equations into the y -

component of the momentum equation g;ves: 

. 
The conti nuit y equation multiplied by vis: 

v ;x (pu) + y ;y (pv) .. 0 

Add1ng equations (3.13) and (3.14) gives; ., 
pU II + v .L (pu) + pv ~ + v ..L (pv) 3x 3x ay 3y 

(3. 13) 

l 

1 

1 
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~n·d by rearranging: 

which is in the fonn of the general transport equation with: 

cf! = v 

r = ).1 

S, = - 11: + .! ).1 .L (v· U) ay 3 ay 

Conservation of Ener~: 

S\nce spe_c1fic heat capacities of dry air and water vapour are only weak 

functions of temperature. their variation within a small control volume 

is negligible. This simplification eliminates the 3Cp terms in the equation 

of energy conservation (3.7) and gives: 

" 
aT aT 1 a aT 1 'a ar 

PU ai + pv ay = c" iX (À ax) + Cp ay (À ay ) 

(3.15) 

Mult1ply1ng the conti nuit y equat10n by T gives: 

3 a 
\ T ai (pu) + T 3Y (pv) • 0 

( 3.16) 

+ 
1 

; \ , 
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Adding Equations (3.15) and (3.16) yields: 

u II + T .L (pu) + l' V aT + T .L (p v) = L.L (À aT) + L.L O . .ll ) P al( ax ay ay '1> ax ax Cp ay ay 

ramA aT ~~J 
ax ax 'Oy ay 

-Combining the terms of the left hand side, and noting that: 
lt 

enables us ta rewrite Equation (3.17) in the fOllowing fonn: 

Cl ( ) a ().) Cl [" 'OT ] à [À aT ] liT li (1) - puT +- pvT .. - -- -- -- =- À-- r 
Clx ay ClX Cp ax ay ~p ay 3x ax '1> 

which is in the fonn of the genera1 transport equat)on with: 

47. 

(3.17) 

! , j 
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[
amA al + amA al] _ À rôT ~ '(1' + al a (1.)] 
3x ax 3y 3y 3x 3x ct ay ay C-p p 

,) 

Rearranging the tenns of the species equatfon transfonns it into the 

general form of the transport equation: 

~ (~lJIlll) + .!.. (PVIIIA) ~ !-. [P6 amA] - !-. [P6 amAJ = 0 ' 
ax /'\ 3y 3x 3x 3y ay 

w1th 

r .. ôp 

S .. 0 ; 

) 

A summary of all the governing equations in the standard f~~ ~giVen in 

Table 3.1. 

3.4, BOUNDARY CONDITIONS 

With the four governing equat1ons, listed on Table 3.1, must be 

associated the boundary conditions at .the five boundaries of the flow field, 

indicated on Figure (3; 1). The é:ondit.~ns at these fhe boundaries are 

detailed below. 
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Equation , • 
x-mmentlJll U 

~ 

Y momentlJll v 

Energy T 

S~c1es mA 

~J 

... 
-~ ~~- - - ~ -----_ ...... 
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.. 
. Table 3.1 

General Fonm of the Transport Equation 

a a a H. 3 H. 3x ( pu. ) + ay ( pv+ ) - ax ( r 3x ) - 3y'< r 3y } = s. 
------

r S. 

1.1 
3P 1 a ( ) ) - - + - l.l - v'U + p9 3x 3 3x x 

-aP 1 a "" 
l! -'-+~I.I-{V.U) 

3Y'"""'\. ~y , 

A/.Cp 
.sp r- aT ] _ A [aT1.... (1 ) + àr L (L) l 

ay 3x 3x -cp 3y 3y Cp 

~p a 
d 

., .. 

~ 

"-

-JI 

""" \D 

, ~ '--~.....-: 

.... 

1 , 
·1 , 
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Boundary l 

Nozzle exit: Fully developed par bolie profile .. 

50. 

where the mean ve 1 od ty U i s fi xed by the ch i ce of the Reynolds ' 

number: Û" JlRelpO. and sinc!! for x :a- 0 we ha r" 1 Y-Yo 1 cos e 

'see Figure 3.1) where" 

Yo .. ordinate of jet centerline o~ exit plane 

and Y
R 

• R/cos e 

'the velocity at the nozzle exit can also be written: 

, 3 - [ (1 y-Yo 1 cos e )1] 
U :a '2 U 1 - Y , cos e 

R 

so that the boundary conditions are fina11y: 
fI 

3 [ ('Y_YO)2.] 
- U • ! U 1 - . Y

R 
cos e 

v • t Ü [1 -(\Yo
)' ] sin e 

T :1 preserfbed val ue T
J 

mA • p~scribed value mj 

BoundaQ' II 
~ 

Plate confinement: ono-s11p, non-~vaporatiYe, fmpermeable, 1spth~rmal 

!.J::7 

... 

e ' 
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wall at the temperature of the inlet jet, i.e. 

u = 0; 

80undary III 
1 

v = 0; T = T.; 
, \\~ " J 

1 • 
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Impingement plate: evaporative, permeable, isothermal wall wfth a 

thin' fi lm of 1 iquid water (i .e. free unbound lOOisture) at the surface, 

where un1form suction may be applied. 

The y-co~onent of t~e velocity along th1s plate 1s v = (). 

For the nonna 1 "camponent an ana lys i s of the mass transport phenOOlena 
, . 

in ·the vicfnity of the plate 1s required. The resultant velocity along 

the impingement plate i5 a vector; StJI1 of the evaporation velocity and 

of the prescribed suction velocity which 1s super1mposed on 1t. 

Assum1~g negligible solubility of dry afr in water, the evaporation 
~ 1 ,.....,.. 

veloci'ty can be dedved starting from Fick's first law in terms of 

nA' the mass f1 ux rel~tive. to stati~nary coordinates: 
1 

1 

nA = - mA ( nA + nB ) - p6AB ~A (3.18) 

where"6A8 1s the mass diffusivity in m2s·1 

mA 15 the mass fraction of A 

are the mass fluxes of speeies A and B, respeetively, 

, . 
Thfs equatlon' ~~t the dfft.lon flux nA ~I\'elative to,. s~at10na~ 0 

eoord1nates 1s the reslflt~nt of two 'eetor quan ities~ the vector 

"'" (+) """, ( mA nA nB "~ r .' 
\ \ "~ ''-.J -~~ 

.... ~ ,/ . 

~"'~~ 
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which is the mass flux oT A resulting fram bulk motion of the 

fl u1 d, and the vectar 

52. 

which 15 the molar flux of A resu)ting fl"ÔlTl diffusion superimposed 

on the bul k fi ow. 
> 

In our case. where the evaporating system has attained a steaqy 

state" ~be're i s a net rootion of A awaj Trom the evaporattng" surface. 

In the vic1nity of this surface the bulk f1'ow can be negl ected since 

there 15 no tangential slip (v ='~O) and since the present calculation 

of the evaporation velocfty does not invol'le suetfon, which ~Jll be 
, . 

accounted for subse,quently by adding thé tenn Usuc ta the veloc1 ty. 

As the .flux of the non-evapora'tîng companent B at evaporating surface 

1,5 zero, .Equation (3.1a) with nB .s 0 gives: 

nA :II -

'. d 

According to our assumptions the .evaporat1on 15 nonnal to the p~te. 

sa that we. can solve for nA~'x 
,,> G 

'\ 
pei ' 9mA, 

nA .- ;.,-" 
,x 1 - mA ax 

~, 

and s~nce nA,x • PAuA where UA 1s the veloc1ty of spec1es A, noting . .' 

, that pIPA • limA we·tan wite: 
/ q , 

f . 

r 

, 
" 
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1 
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,Not1ng that u = mAuA + mBuB t but with Us = 0 in the present case. 

-and adding the'term for suction finally yields the fol1owing boundary 

condition for the velocity in this region: 
.'" 

'4 am ' 
u·-..,...--~~+u 

( 1 - mA)' 3x, suc 
, ' 
~ 

Note that since the\mass transfer rate 15 unknown before ~he problem 

1~$Olved" being part of the sol ution to the problem. the J'component 
~' . . 

jDOundary tondition a10ng t~e impingement plate~is of-an iterat1ve 
.' ' 

~, nature. 

Although provision ha~ been 'made in the·last equation ta in­

corporate the influence of "suction, this" parameter has not been 
1 

1 1., 
1nves~1gated because of time limitations. Therefore for the present 

1 
st~dY usuc • O. 1 

Q 

., The boundary condition: for the mass fracti9n of water vapour alang 

~tI1e plate 1s: 

" . "; 

mA • {p .H"A\ + (p-p J)~e sa,;. sat 
; 

. , ... .,. , 

This boundary condition: 1$ derived by assuming èxistence of 
, . 

thennodynamic equilibrium between liquid water and water vapour., 
., : Cl.'., 

Also Raoult's l~w 'which as!u~s ideal solution and no differènces 
~ 1 f Il '0' , 

betwee~ fugac1t1e~'and pressures.is ùsed.\ These ,are rea~onable 
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assumptions in the present case because the solubility of air in 
; 

water unde~ the temperature range investigated is negligible (Hl), 

and oecause the operating pressure is low. 

Boundary IV: 

Outflow regi on. 

The two different cases of impingement in the abience and in the 

presence of crossflow mu!t be examined separately. 

(i) In the absence of crostflow: In this case there a're of course 
\ 

two outflôw regions, situated at the open extremities of the impinge-
r 

ment flow field (see Figure 1.2). Because of entrainment of fluid 

~y the ~onf; ned jet·, arec; rcul a ti on zone i s formed betwe~n the . 
, 

confinement and impingement plates. Two flow patterns are possible 

at this boundary. Depending on the si~e of the impingement and ~ 
confini~g p1ates (the two being in all cases of tna.same size) this 

') 

recfrcul-ation bubble may either b~ completely enclosed,40r widé plates, 0' , 
or cut by the outflow boundary in the case of narrow plates. In the . 
first case, fluid flows' out at all points across this boundary. In the 

\ 

second case, however, there'are regions of inflow and outflo~cent, , 
\ 

respect~, to the confi~ement and impingement surfaces. 

, The manner in which the y-direction ve)ocity, v, ,is specified ijS,~ 

valid for bath the above cases. Before a converged solution 1s obtained, 

the mass residues far each tantral volume can be orelatively large. 

Within each iterative cycle, as the computation marches t~1ards the 

boundary, the resQlting v-velacity profile generally leads to an over-
, . ~ ,1 ' 

all -mass accumulation inside the' PhYSiC~l syste~. In arder to fulfill 

1 ... , 
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the av ral mass ba ance, a correctlon must be made at each iteratlon 

50 that the verall ma5S inflow equa1s the overall rnass outflow. This 

can be done by writing: 

v(J=l) = v(J=2) + Iv. 
2 lnc 

v(J=NJ) = 'v(J=NJ-1) + ~ 
• c." 2 inc 

... 

(3.19} 

, 
ln these ,equations, v(J=l} and'V(J=2) are the v-components of the 

velocity a10n9 and immedfately inside the outflow boundary,res~ctively , . 
, , 

for th~ léft side. An~ v(J=NJ} and v(J=NJ~l) are the v-components of 
./ 

the velocity a10n9 and immédiately inside the outflow boundary respectively 
~ . 

for the right side. The term vine is the correction term determ1ned 6y: , 

Vine f pdA ,Ç = 
Bound. IV ~ 

fpUdA 
Sound. l,III 

fpV~dA 
Sound. IV 

'where v* is taken one grid' point inside Boundary IV" i.e. stands for 
...,. . \---

v(J=2) and v(J=NJ-1) on the left and right hand side 6t-the fTow field 

respective 1y. 
\ . 

Note that the right hand side of this equation rep!esents the 
--'-net mass accumulation inside the physical boundafié~. Equations (3.19) 

" 
mean that the shape of thel"velacity profile, calculated in each iteration . ( 

~is retained, but sca1ed ta satisfy the overall mass balance. The . 
corrected value of V at Boundary IV will affect the adjacent points and 

! . "-
the effec~, in general, carries into the entire flow field. This 

correction is ~pplicable regardless of wether or not ~n inflow occurs 

.' at this boundary. 

... , 
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The boundary conditions for u, T, and mA are established by . " 
specify;ng no more variation in ,the y-direction for these variables 

at Boundary IV. i.e. a/ay = O. This boundary condition is correct 

when there i s on 1y outflow at this boundary, but in the reg; ons where 

inflow occurs it is somehow paradoxical as it implies determination of 

upstream conditions fram downstream conditions. Van Heiningen (V2) 
'li-

who studied various possible boundary conditions at the outflow ~ " ' boundary for a semi-confined laminar slot ~t came to t~ conclusion 
~ 

that the impingement region flow field an~heat transfer are insensitive 

t:;P/ to variations in specifications of boundar1>i"conditions at the outflow, 

provided'that this flow boundary is sufficiently distant from the 

impi-ngement region. Saad (52) and Huang (H2) have' used succesfully 

the equ1valent condition of zero racial variation at this boundary in 
, JI ".t 

the1r numerical studies of round jet impingem~nt. Li (L2) also used 

~his ''fonnulatio,for the ,putflow boundary condition in hi,s laminar round 

jet simulation with an impingement plate significantly smaller than that 

of the present stu~. He showed that using a larger i'mpingement plate 
. 

(i.e. having the outflow boundary conditions specified fùrther from the 

impingement reg1on) has a noticeable effect only over the outer part of 
.. ~ ,3/ 

the plate. wbereas the imp"lyement region results are unaffected. 

In v1ew of this ana'ysis, the a/ay = 0 boundary condition was 

adopted over the entire Boundary IV. 

(i1) ,In the presence of crossflow: In this case the outflow re~n is 

located on the right hand side of the domain of interest. whereas the 

left hand side, the source of the crossflow. constitutes Boundary V 

( see Figure 3.1 ) 
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As in subsectfon (i). two~flow patterns are possible. i.e~ 
'. 

wit~ the recirculation being totally or only partially enclosed. 
, 

Again, a correction must be made at each iteràtion in arder to ful-

fill the overall mass balance. This;s done by writing: 

1 

v(J=NJ) :: 

r 

v(J::NJ-l) + v· 
Cnc 

~ \ 

where the correction term vinc i5 'detennined by: 

v fpdA , fnc 
Sound.IV 

= f pudA, + f pvdA ,- I PV*dA 

Sound.I,III Bound.V ~und.IV 

, 

Following the dilscussion given in subsection (0, the same boundary 

condi ti on i s taken for u, T,' and mA' name ly ~y =0. 

Soundary V: 

Cro5sflo,!" ~ntry. 
\ 1&' 

The crossflow, of temperature a~d water vapour content identical 

to that of 'the inlet jet. enters parallel to the confinement and 

i1f1lingement plates. ~' 
The crossflow is speciffed to have a fully developed veloc1ty 

profile: . 

v • F [ 1 -, (1 XH/ 1 r ] 
The magnitud~ ~f th~rossflow 1s deffned by the ratio, Mt of 

the crossflow voh.netrfc flow rate ta the jet vollJ1letric flow rate: 

M = ! H 
U 0 .1 

:l' 
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59. "\ ri' . \ 
where V ;s the mean velocity of the crossflow at its entry. As the 

. of -
crossflow and the jet flow are~he same fluid (air in this case) at 

the same temperature, and at essentially the same pr~ssure, the 
,-

density and viscosity are also effectively the same. Thus M may 

a1so be regarded as the mas~ flow rate ratio between the crossflow 

and the jet flow, or as the corresponding ratio of th~ Reynolds 

numbers of the cross fl ow and the jet flow: 
1 -

Hence Boundary V'is def1ned by: 

u = 0 

vop[ l. - ('Hi2H', r l \ 
\ 

~ 

l ' 
T = T. 

J 'It 

mA = mj J 

Note that Boundary V does not ex1st in the limiting case, included 
• "' . in this stuijy, where there is no crossflow. 

3.5 FLUID PRQPERTY EQUATIONS 

The f,l ui d throughout the flow fi el dis asstrned to be an i dea l 

mixture of water vapour (species A) and dry air (spec1es B). 

The effect of. varia~e temperature and composition Qn all fluid 

properties is ~on~~dered. Because the p~ure variations encountered 

in the present study are small, t~ effect of pressure on a11 fluid 

propecties, except dens1ty an~ d1ffusivity, is assumed ta be 

ne911g1ble. Second order p~nom1als were der1ved from available data 

to express the dependance of eac~ fluid property of interest on1femperature~ 

These pglynomials were used by Li (L2) and gave sat1sfactory results. 
l ' 
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3.5.1 Density 

Within the temperature range'of 300'K to 600'K and approximately 

105 N/m2. p~ure (1 atm). the compressibility factor for air 1S 

sufficiently close ta one that the ideal gas law is applicable. giving: 

p = P MW/RT -

where R = gas constant = 8 314.2 J/kilo-gmole oK 

MW ='the mixture molecular weight, expressed as (B2) 

I/MW = mA/MWA + ms/MWB 

3~5. 2 Viscosity 

(i) Water Vapour 

Based on their own experimental data, Thomas and Jackson (Tl) 
, 

proposed the following equation for the dynamic v1scosity of water 

vapour: 

~A = (0.99354 i-6) + (0.27067 E-7)T + (O~88906 E-ll)T2 

where u = dynamic viscosity, kg/m.s 

T = temperature. 'K 

, 
All their data were taken between 500'K'and aOO'K. and the average 

deviation of data from the equation 1s 1.88%. Comparison of results 
, 

from the equation with other exi'sting data (H5, BI) for temperatures 

as low as 273'K 1s al~ satisfactory. 

(1i) Dry Air / ' 
" 

Data for visoosity of dry air reported in reference (H6) are 
( , iJ "" . ' 

f1tted ta a second degree function of temperature using the least 
''''"-

\ 

/ 

) 

i 
j, 
1 
1 

.1 
, 1 



( 

() 

() 
/ 

61. 

squares methad. The resulting equation is: 

~ 7 (0.2~41 E-5) + (0.60198 E-7)T - (0.~3723)T2 
"\ 

COl1llarisan of results with data fram ather sources (BI) is satis~actory 
o 

(l2); the average deviation being only 1.4% over the temperature range 
~ 

350 0 K ta 450 oK. 
\ 

(i1;) Mixtures 

The variation of,viscosity of binary mixtures w;th composition is 

usually not linear, and mixture viscosities are often larger than the 

values predicted by mole-fraction average. At low p~essures, Reid and 

Sherwood (R2) reconmend use of Wil ke (W3) estimation method far mi xtures. 

For binary mixtures of dry air and water vapour, the Wi]ke formulation 1s: 
if»' , 

).1 = ).lA 1 [ 1 + (Xs/xA) ~ABJ + PB / [ 1 + (xA/xB) ~BA] 

~ 
,~ where x = mole-fraçtion 

~AB =) 1 + 1.126 ""A/"B ] 2 / 3.6022 j 

.BA = [1 + 0.888 ~ ).la/PA ] 2 104.5674 • 

For reduced tempe rature of approximately 2, which is within ~~ 

te~erature range under investigation, vis~osities of dry air and 

water v~pour are 1ndependent of pressJre up to about 106 N/m2 (BI). 

3.5.3 Specifie Heat Capacity ~ 

(i) Water Vapour 

,. 

'Crotogino (C3) recOfII1Iends the follow1nS} l'egression equation for 
~, 

.. 

/ 
T 

, 
j 
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of water vapour: 

\ 

(0.18241 E-4) + (0.21976)T + (0.23487 E-3)T1. 

whene C = specifie heat capacity J/kg.oK 1> \'>--(7 

~ (il) Ory Air 

.. 

_. 

A least squares fit of the data given in reference (H6) for the 
, '" 

specifie heat of d~ air between 300'K and 600·K gives: 

, 

CpB .. (0.10256 E-4) - (O. 17317)T ... (0.36146"E-3)T2 

, ( 

Comparison of the results ~1th those tabulated in the CRC Handbook (BI) 

shows negligib~e difference between the experimental data and the 

least squares equation. 

( 11 1) Mi xture 

The specifie heat of the binary mixture is assumed to be a mass­
~ 

fraction average of the individual speeies (B2): 

" 

3.5.~ Thermal Conduet1vity 

(f) Waterl VI:!, " 
J~ 

A leastquares fit of the tabulated dû in the CRC Handbook (BI) 
v 

to a second degree function of temperature, gives: 

.-... 
( 

", 
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ÀA = (0.86868 E-2) + (0.11318 E-4)T + (0.85793 E-7)T2 

where À = thermal conductivity, W/m ~K 
"\' 

·1 

-63. 

, eo"",ariso'n with data fram other, Fources {.H6)· in the temperature range 

of 373~K to 60o"K shows average and maximl.ll1 deviatiqn of approximately 

2% and 4% respectively (L2). 

(ii) Dry Air 
\ 

Thennal conductivity data for dry air i5 reported in reference (BI). 

A least squa~es fit of thèse data g1ves: 

~ • (O.387~3 E-3) ,+ (0.95425 E-4)T - (0.30699 E-7)T2 

( 111 ) Mi xture 

~id and, Sherwood (R2) reconmend the Lindsay and Bromley (Ll) 

equation for the thennal conductiv1ty of a mixture of polar and "on­

polar gas(!s: 

where ru ' J 
"''> 

+AS • ! [1 + 
!A 1 + 410IT r 1 + 155/1 

1.428' t3 1 + 120/T 1 + 410/T 

+SA - t [1 + r 1 \.lB 1 + 120/T 1'+ 155/T 

ï:42a liA 1 + 410/T 1 + 120/1 .. 
J 

.., 

The Linds~-Bromley equat10n 1s estimated by Che~ng ta have an average 

error of 2.1% with a maxjmun error of 6.91 (R2). ,. 
.. 

.. ! 
!. 
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3.5.5 Mass Diffusiv'ity f ' 

The variation of mass dfffusivity of a mixture of air and 
\ 

water vapour with temperature and pressure can be es~imated by 

using the following well known equation: 

.. 
where 6 = mass d1ffusivity, m2/s. 

J 

Various researchers suggest- different values for n, which range 

64. 

from 1.5 to 2.3 in the literature (82, ~2). Careful review of the 

literature shows that n 1s calculated us1ng experimental data for 

lt~w temperature ranges only (~4)" l Utle experi~ntal work on 
. 

d1ffus1v1ty has been reported for even moderately elevated tempera-

tures. The 'only notable high t~erature study measurements of the 

d1ffusivity of the air-water vapour system was made by Klibanov (K6). 
. / 

/ 

The temperat~re covered ranges ~rom JOO'K. to over 1500'K. Thetjl 

experimental data were correlated by Crotogfn~-(C3) giving: . 

ô = 0.2794 E-4 - 0.1306 E-6T + 0.4016 E-9T2 for T ~ 521'K 

6 • - 0.1057 E-J + 0.335 E-6T 

3.5.6 Auxilliarr Equations and Data 

Saturated Vapour Pressure of Water Vapour 

~ for T ~ 52l'K 

Its evaluatfon is necessary in order to specify the bounda~ 

condition for mA along th~ fmpingement plate. ·Data tabulated in 

steam tables (B1) are fitted ta an Antoine type of equat10n ,givJng: 

, 

l , 

.. 

... 
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1 P 23 '365 3919.9 n sat = • - T + 42.062 

~ 
with P t = saturated vapour pressure of water vapour, N/m2 

sa 

Molecular We1ghts 

The molecular we1ght of water vapour and of dry air, MWA and 

MW~ respect1vely, a~ taken to be 18.02 ànd" 28.91 g/gmole (T2). 
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CHAPTER 4 

,NlIERICAl FORMULATION 

4.1 FINITE DIFFERENCE EqUATIONS 

\ 

i!o, 

/ 
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In this'" chapter ~he finite difference fonn of the general transport.· 
-

equation i5 establ1 shed. There are mini wiWs in which sets of algebraic . ... 
eQ4at10ns can be constructed 50 as to 51mul'ate. iri major respects. the 

behaviour of partial d1fferenti~1 equations; but s~me ways are better 
. . " p 

than others in accuracy of simulation, convenience in use, and tendèncy 
1 

ta promote convergence-in 1tera'tive solution procedwres. Huang.. ("H2) 

reviewed the various solution procedures wht.ch could be applied to solve 
, 

problems of the present type and gave 'an extensive rev~ew of the literature. \ - ~ 

In the present stu~ the finite~differen~ equations aré derived using 
- ." ... .. 

r the control vollJlle 1ntegrat1on ~ecbpi4ue (G1). Thu~ the general transport , ' 

\ ~ 

, 
'tt 

~uat10n 15 1ntegrated over a control vol .. , 

The f1'eld of 1nterest will be~covered by a ,rect~ngular grid network. 

At each nodal point rtntersection' of the 9rid' 1ines) the'propert~es of 
. ~":~I; 

the flu1d (dénsity. v1scos1ty) arè;~f1ned. Since these ~fOperties 

depend on the ~rature. pressure and COlllpOsftiori of the fluid. these 

var1a~les (T. P: ~) are a~so def1ned at the same po1nt~ Because a11 . 

scal.r qui~tftfe ..... ca~eul.ted at grfd 11rie f~tersectfon •• thts type> ~y-
of gr1d 1 .... fe ..... d ~ as the sca 1<Ir ",1 dol The -,...~n? •• rlab l,. _ .... "-

the two CORIpOnents of the veloci~, ~ctor. ,It would ilso be possible to _ 
c ,- . 

~ne tha et the Sille grid points. ~ut s1nce the~loctty 15 a result 

- > - ,( ~ -.)0, 

.j 
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~ of~pres~ure gra~1ent. it is h~9hly preferable ta calculate,velocit, 

'~mpônent$ at locations between the ~odal points used, for pressure 
~~. l '51 ".~,.I) 1 

'0 Thes.e veroe1ty companents are'then calcula;ed at points'midway 
~ . 
between the,scalar nodes; these.points are on the boundaries of th 

/:' ,Ii, ., , ~ , 

scalar control volumes. t' 

, , \ One o~ ~advantages Of' using' such a."staggered" gr.1d 5'~stem 1s 
, \ 4 , .... /'\~'lo 

t~at it si~lifies eompu~ation of mass flux in~ and 9ut of the scalar 
(, i 

I,o? " '1 '-' ' ' '1 . 
D, '" grt~ c~ntrol voll.111e. as ,the velfci,ty veçtors u and v are located at 

, , 
" , 

, 
• ~ j 

, > 
1 . . 

, -, 
" i 

l ' 

\. 
• . ' 

. ' . 
" , 

.', 

~ 
, , 

. ' , .. ,r 

~he cbnttol volune boundary itself (Figure 4.1). The control' vol 
~ ,. 11 " 

, "~ • , l , 

of a n~de'is )he space which surrounds th~ node àn~ is bounded midw y 

between, nei,ghb9~r1n~ 'node~ •. It is important to note that. if 1;be c ntrol 
q 

, volume~ iS.defined for •• the" • should be at the center of the cont. 1 

··volume. Hence. the control volumes for u aria v are not the same as those 
, 1 

\ ~or t~e scalar variables. 

Two :different ~pproaches may be used ta 'sp~ify the physfcal 
" 

aries., 1.e.' for the phys1ca1- boun'dar\es to coincide with the scalar 9 id 
.A 

11"5.0). with the boundaries of the scalar gr& cant";' vollJlleS: Sine 
, c' , ',.. 1 

t~e boU~r.Y cQnd1tions ~or veloc~ty a~~ usually well speeifi~ the 

l , 
.( 

~~sieal boun~ariest and since t~e specification of the phys1cal~propert e~ 
1 • '!" 

_. ,at ~e w1' .~undaries ~"'--diff1~ult and ~bi9UOUS. ~he, Physic~l boundarie~ , 

are thèrefore chas en ta coincide w~th th~ scalar control volume boundar1es • 
• 
, Hàv1ng speC1f1~ehe ~a~1ableS and the co~trol vol~. one can 

. integrate the tnns qrt equat10n over the correspend1ng ... volt.ane. 1nside 
~ . l' ' • 

~which the, sçalar propert1es are asslII18d cons~llnt. Thus: 
(Ii 
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ff fa a a!! t. ai (pu,) + ay (pv,) - "iX'l(r ax ) 

v ' 
- :y (r 'w l) d'·f~S,dV 

. 
using Gauss 1 theorem g1 ves then: !\ 

~ '" -, n ~ e / J rU!- r li] dy 
+ J ~V' - r #] dx flS~dV .. a '3x 

V • 1 W 

bounc;ry boundary 
4 surface surface 

<"1 , 
,,\ 

that,,,,1s: 
n 

f r(pU4I - r li ) . - r(pu~ - r li i ] dy r 
~ ax • ax w 

s. '- ' " • • 

.. + J [(OV+ - r'~ ln - (OVI, - r ~ lA}--
W ' 

or in short: 

il 

F - F +-F - F -e w n s 

'\ 

, . . 

where the subscripts,e, w, nt s 

ev are evaluated at ~he east, 'west, 

and: 

, F 
e 

n 

(pu, - rH.) dy 
1 1 3x. 

n ., 

.. , 

(( 1) 

indicate that the corresp~nd~ quantit1~s 
;'} , 

north a~ south boundar1e~) respect1vely, 

.(4.3) 

.. 

F • f (PUf,· .. r li.) dy 
W \ S ax w 

" • • 

~ · f (pYf • r !i ) 6 ' ~ 
(4.4) n w " ay n 

, , " 

le - ... :. \' , " 
" ~ 

~ 

.. . 

1 ! 

" . ,r 

\. 



(J 

() 

, " 
,!_ •• ~ --~ ---

----_ .. - .. _ ...... -
\ 

• , e 

F = f (pV$ - r !t) dx s ay s 
w 

, 70 • 

(4.5) 

(Fe - Fw) represents the net ~lux of ~ in the x-direction through the 

control volume, and (Fn'- Fs) represents the net flux in the y-direct1o~. 

A11 geometric quantities and locations relative to an arbitrary scalar 
1 

control vol \JIle are shown on Figure 4.1. 

Equation (4.1) can be re-written u~der the more compact fOnll 
• t (4.6) 

~. ~ 
where t denotes summtag over n, s, e, and w w1th appropriate s19ns, 

1 • 

and S~,vol = fI S~dV 
V 

{ 

8y asstllling that transport ac;oss the control volume boundary 
. . . 

fs one-dimensional, flux expressions derived from one-dirnel'l~i0!lal 0 

l, 

flow theory can be used (CS), and apprmdmate solutions for the J -

terms can be obtained (CS, S12). For the particular case of Fw this 

solution takes the followinJ fonn: 

, 4 

F~ = PwYw [ fw4lW + (1 - fw) !p] ~ (4.7) 

. . 
where, fw = EXP(P~)w / [EXp(pe)w - 1] 

, (pe)w· PwUwAxew 1 fw 

f ' ~ · AYns 1.0 (ar(!a of thé boundary perpend1cuhr to x-direction) 
) { 

Pw • ( Pw + Pp ) /2 . / 
.t 

~ 
rw.~ (rW+fp)/2 

l , 

\ 

l 
1 

J .~' 
î 
1 " 
1 

1 
1 
1 

1 

, 1 

1 
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Note that the points P and W, and the interva~s àXew and ~Yns 

as shawn OQ Figure 4.1 correspond ta the particular case of transport 
• 1 

q,f a scalar variable; thus, 'when ~ 'is a scalar (temperature, T, for - A 

• example) the subscripts of Equation (4.7) correspond to points indicated 
).. 

on F\.g;re 4.1. But ~f .p is a vector quantity,~ure fil' not be 

the same. For ~ = u, for example, the control volume ta be considered 

is translated ta the west since control volumes for vector and scalar- .. 
variabléS do not coincide. Hence, when Equation (4.7) appli~s to the ~ 

" u-velocity, the subscripts represent points indicated on Figure 4.2. 

Similarly, when .p = v the damain of interest is shifted to the south 

and the points corresponding ta the subscripts of Equation (4.7) have 

to be dete~ed with respect ta the v-velocity control volume of 
1 

integration. \,~):I 
,\\ ~I~~~:P ~ 

The çalculation of expé~entials 6y digita1.computers is relatively 
, J 

.. 

slow, However, by using Spalding's ~thod (SI2) ta express exponentials ;~ 
~, 

in a s'imple algebraic fom, computer time can be reduced. For any x, 
\ 

- .( 
l ( 1 + 1 ) if lx 1 < 2 
2 x 

X e 
~ 1 if x > 2· 

eX ... 1 
0 'if x < -2 

.. ,. 
Using this approxi'!'lltion and lett1ng Iw :1 pw'\i\/w' and ~ :1: Pwllw~ 

Equation (4.7) becomes: ..... 

• 

(4.8) 

t.' 

\ 

( 

1 :r 
! 
l , 
< 

1 

1 
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I!',~ 

... 

where~ 
'Lv 

..,. J_ 1 
€w ( î + (Pe) w ) when 1 (Pe)w 1 < 2 

., 
a QI C wh en (Pe) > 2 w w w 

0 
) 

when (Pe)", < -2 

Further, letting 0 • r A fAX • (Pè) beco'iœ~ C ID and the coefficient 
w ww ew w ~ w w 

aw becomes: 

" 
"\0- when 1 <"-w/2 1 <Dw 

~~ 
!~2 + ~ -., when " V 2 > Dw, ( 4.9) 

9 when y2 <-~ 

The various expressions of IW 1h Equation (4.9) can be expressed 
• 1 

conven i ent1 y as: 

.. -) 

" ' 

Iw • max ( l 'wf2 1, Dw ) + Is c;, (4.10) 

-œ 

It shoul d be recall~d that, by def1nit10n, the C ancl 0 tenns 
\ 

• "V 

represent convective transfer and t,..nsfer due ta diffusfon, respectively. 

The parameter Pe',~i~e local Peclet number '15 the ratio of convec,b1ve 
)\.1< r '_' 

ta diffusive .. transfer r~tes. One an 'then see th8-t. according to Equation' 
" 

(4.8) the total flux across the baundaries into or out of the control . , 
.) o') , ,. 1 

volune 1s a weighted sum of the convective and d1~fus1ve fluxes. .For 
~-

a local Peel ~t, ntlnber between -2 and \bot~ convlcti ve and dt ffus f ve 
~\':u ..,~., ~ 

l r . 

( 

1 

.1.1 
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; 
~. " . "'" 

transfers'are of comparabl ... magnitude. However, as the 'convective 

transfer increases and becomes dominant. the diffusive transfer can , ,'4 
be neglected. Thus, for large ICwI, the flux Fw across th~west side 

boundary of the control vol ume becomes either Cw4'W or) ~w4'p depending 

on the di recti on of the fl ow. 

Equations (4 •. 8) and (4.9) may be regarded as a hybrid of centra~ 

and upwi nd-di fference s.chemes (CS)·; n that they reduce to the (ormer 
''1. 

when" IPel is less than 2 but yield the latter for large values of IPel. 

Recalling the conclusion of Spalding {S12) that the upw'ind-difference 

scheme 1s preferab}e to the central-difference scheme when IPel is 
'. 

greater than 2, it can be seen that' the present hybrid scheme has the t---........... 
~~' " 

advantages of being more accurate over a wi de range of Peclet numbers 

than either of its components (R3), and of yielding a diagonally--
1 

dominant matrix of coefficients for all Pee ' 
• en" 1 

Applying the same principle for the other F tenns and sUllIIIing 

over n, s, e and w yields: 

v 
tF .. ta ~ + 4' te - 4»p'U

1 i i i i 1 . Pi 1 1 
(4.11) 

from definition of the C tenns, 1t appears that the tenn EC. on the,., 
i ' , "-

right hand si de of Equation (4.11) represents the total mass accumulation 
" 

in the control vollJlle. From the cont1nuity equation it can be e-quated 
\ 

te zero. Therefore: 

iF f • fa i ' f - 'piaf 
\. ... 

.. 

(4.12) 

. ~ , 

.. , 

fJ 

J 

; 
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SUbstituting into the original transport equation (in the fonn 91 
, 

Equation t(4.6)} yie1ds the fo11owing~quation: , 

~ai 4>1 - 4>p~ai .. S ~,vol 

wher~ the subscrlpt 1 stands fo~ e, n. w and s, and S.,vol f/fv S.dV 

1s the 'Integral of the source tenn over the control volume. 

4.2 CALCULATION OF THE SOURCE TERMS 

The evaluat1o~ of S~:~~l for u, y, m and T is necessary,. Ea~h 
of them are., ob:air!ed by integrating the ~orrespondin9 S.'s over the 

control voltll1e, and the final fonn is expressed in a finite difference 

fonn. 

4.2.1 x-component of velQcity veètor, u 

( 
S~.V01" r, Sudxcly 1.0 

u j}j( f[ ap 1 tt a au av ] l 's~, VOl .. 1.01 ') - ax + l' Il iX ( ax + ay ) + pg dxdy f 
t' 

and w1th thè equation of conservation of mass: 

. 
• S~.V<Jl • 1.0 If! [- *" -i'ft. (u *" + v ~ ) fI'.g] dXdy! 

, \ 
............ 

-, 

.. 

\ 

, 1 

\ 

.. 
, 

,... . . . ' 
. <. 

~, 

l' 

o 

./J: 1/\ ! 

l, 

) 
( 

,) 

\ 

1 . 

1. 

1 
1 
1 
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..... 16; 

1 

(SU l".jCPt) dy + -l.!!f(U 1e. }lw dy - -l.!!J" (v 1e. ) i dy "' •• vo • .l f) .. ax. .l p ay. 
"-

+ (pg) 1 Jf dxdy 1.0 
P 

5: • .01 • 1.01 p( ~ns + j[;,( " * + y ~)] C d~ns + <09l1pdXew.Ynsl 

>} , 

'1 {4.14} , 

note that thet subscripts e. w. n. s ànd P are relati,ve to the cDntro1 

vol\l11l! of u. }~ , .. 

4.2.2 y-cgmponent of velo€1ty vector, v. 

". ' 

. ~ 

• 1 
[ ]

. 
. v ' ilP 1 il 1 le. . .je, 
S.;vol • 1.011 { - ay -'3''' ii Si" (~ ax + v ay) tdxdY 

• ,J.. v, ' 

"~':' 

Ir . \. 

.,.,. ~, 'fil' 
1 ---i'''' ~''*'' 

--

._ .... 

l ' 1 
! 

.1 

.' 

1 

~ 
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5: .... 1 • 1.0 {fPI>" ,+ f&" q, u * + ! y * li:}' 
\,. 

s:.VOl • l.b {PI; 6Xew + i (; (u * + v W ).) 1: lXew } 

\'J 
~I 

• 

aote that the subscripts e, w, n. s are rela~ve to the control 

volume of v. 

4.2.3 Energy eguation 

" 
T 

s •• vol • 1.01~ Srdx<\y 

·~; .. r 

T 1 Off {a CPA ' ~PB [allIA ~T + ;;A al] " S •• vol • 
0 • p C 'dx lX" ay -

, P 

f' [al a (1 1 + al a (1 l] 1 
'l" >. âi+ax ë:' 'Oy 'Oy ë:" dxdy 

, P, - P 

~ 

- { Cp~. ~ Cp. [ AnlA Al" .mA AT ] sT • 1.0 c$p -_.+ -- ' 
• t vol ; c, ,Ax AX. 4Y 4y . 

-'A[Al~(!pl .!!A. ( l' l]}7 Ax 4x' _ 4y 4y lj; 
• .. "p • ~/!.1 

~ 
(f 

'\ 

( 

. r 
\ 

'W 

fO' 

; .- ,.~ 

-' ", 
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(4.15) 

--, 
't;. 

,J 

(4.16) 
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4.2.4 Speci.es Eguat10n 

.(4.17) 

4.2.5 Modification of source term for stabil1ty 
. i' ,-

The finite difference equai10ns derived in the previous section 

constitute a set of non-linear algebraic'equations ta be solved 
• 

iteratively. The s~ability of ~ 1terative solution scheme must theh 

be examined. 
, 

Consider a set of algebraic eqvations of the fom 

" -
where the Xl sare any unknown variable vecto~: H the equations àre 

\ . -

,,'. 

t. .. 

linear. i.e. ais and bis are constants, the use of algebraic equat10ns 

" as substitution formulae in iterative procedures 1s stable and~1elds 
- . ~ t" . 

conv~~ent sol utions when fy; , 

')~ c ,/ 
, 

~~~.nd 
t lafj 1" ~ 1 " -, for each i j,1 ~ 

( 4.18) 

j~1 Jaijl < 1 f9r at leut one 1 
• 

. f"- .~" ). 1 

For non-11near r equations. these conditions are'often sufficient. 

,'-\.", '" a lthough ~~ey may not b.w:J.he necessAI)' condi ,\on for convergence' (CS). 
. ( ..' . . . 

.. 

\ ' 

! f 
,1 

.. 

l 
~ 

..J 

1 , 1 
~ 
1 
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J 
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"'J' 

In arder that our system-of equat10ns satisfies these conditions, 

and àlso to «void numerical problems when the coup11ng coefficients 

anPzerQ ~r1ng an it&ration. we wpl introduce a falsè' source tenn, J , ~. 

1nto Equation (4.13) as foÙ~ws: 
\ s~' 

~ Sfalse': ~:x (net ll)ass outflow frQm control ,volume,D.D) '('p - +p) 

or ~false .. max ~ li Ci ,0.0 ) ( .p - +,J. 

~ . 
/ where the superscr1pt prime indicates values fram the pravious itetatioRt 

~ , 

.. ' . , 

Note that Sf 1 wi 11 ,not affect the final resalts for· converged sol uti ons •. , a se· / 

<­, 

, . 
.. . 

or 

\ 

( 4.19) 

.. 
where Ap" fai + max(fci"o.O) 

f ~ , 

-\ 
Su --5 ~1 ,+ max (ICi ,0.0) +p# 

t.vo i· 
(4.20) .. 

and sinee max ~iC~ 0,0) can beonlY positive or equal to zero, the . , 

condh1ons in (4.18) are sat1.sf1ed. 
~. . 

,j,The f1nite d1fference fo~ of Su for the variables are sl.IIInIr1zed 

• in Table 4. 1, /~ 
~~, . 
, , 

'J\ ' 
~.f~.~l 

• 
.. ,'.,,-'" 
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i 
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4.3 , PRESSURE CALculA~I(IN .. 7 · 
,Altt..ugh the .. is IIQ .1~1. means of estl ... tlng tt.e\~sure, 

terms required for solution of the momenttn equatfons, this..,dfff1culty ~ 

• ~y be ove~OIIIe by ~ng use of the co'ntin()~ty equa't10n. ,Thê~net 
aeclII1ul.ation of IIIilSS insfde each cont~ollJ11e 1s ~eula'ted and the 

'" _...--..-=-- . ~: 
local pressure 1s adjusted at successive 1ter~tions 50 that velocit1es 

are cons1s~nt wfth.conserVation of mass'1n'that cont.rol· v~l\111e. ~iS, 
" (l.. , 

procedure 15 carrieël 'out by: (1), 'defin1ng a new dependent variable AP, 

the pressure eorrect1on term, such that P • p,:) + 4P where p" 15 an, 

est1~~d value of pressure result1ng froat the prev10us iterat10n, and ' 
o' r- '-

P,is the aetual local.pressure. (2), subst1tut1ng (P~ + AFI) for p'1n 
, , " . 

the source tenn of the U-lIIDIIIItf1t .. eqUlt1on •.. ( 3'), subtract1ng the u-

equation frol\ the u'-equat1on. lhfs· u ... ~uat10~. although ft belongs 

to the same fterat10n as the u-equat1on. results fr-œ the value of ' 
1 

pre$Sure of the previous 'Iteration. 1.e. p... . .. 

.. .. 'i' 

o L(U- - u.: ) • ta
1
(u

1 
- u

1
") + 1.0 (AP -, AP. ) 4Y ( 

P fi -J::. 1 . w e " ns 
_ '1 • <) 

, § , 

For approxil111tei~con~erged reSul,ts", Ui !:1t' ui ,for 1, • e: w. s. n. on~ 
Cln for,si~licity asSIllll! u1"· U1' • O. Hence: 1; • .-

.~ ~ lJ 
'. 0 

• 

~- oUp • ,1.0 (Ay ) 1 ap ~fI~ JI ns. . 
~ ~ \ 

/ - '~ 

.... <>' • 

.. 
• -1. 1 

, , ' 
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:!,om its def1nition, DUp can be visua1is.ed as the derivative of 

velocity with respect to the pressure chlnge from iteration to " 
1 • • 

iterat1on. . 
In a s~milar manner ~ne obtaln~ 

\ 
(4.22) 

where 

. 
Simila~ expressiori.s cou11 bé' obtained for all surroun,dfng nodes, 

f'" 
and noting that the no~points for pressure lie on .the~ontrol volt.ne 

boundaries of u and 'V) . 

~ = UW + (.~pw - 6Pp) Dl1w 
~ 

v = v~ + (AP - 6P ) DV 
N. NP" N N 

Vs = Vs + (APS - 4Pp) DVs 

Now, from conti nuit y equa~ion: 

(4.23) 

(4.24) 

where A stands for the cross secti ona 1 a reas of the contro l vo l ume 

'-

boundaries. Substitution of Equation (4.23) into Equation (4.24) gives: 
~ 

c_ ._ 

" 

. , 



, , 
i 
l 
! ~ 

, , 
" 1 

) 

( 

1 

..... ,!...t ,. ».-

+ (pA DU) (AP-AP )+(pAOV) (~P '-toP) 
W W P S -s p 

+ (pA OU) (.~p - t.P ) + (pA DV) (AP - AP ) .. a 
E E. P N N . P 

Rearrang1 ng. 

[ (pA DU) • + (pA ·0U) + (pA DV) + (pA DV)Jt.P, 
E . W N P . ' .. 

.. 
where re 1s the net accumulation of mass. 

i i 

liu l t D 
, 
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.. 
',;> 

. 
At this point one can 'See that th1s èquation for AP~lso fits the 

general form of the algebraic Equation (4.19): 

where 

~ . . 
+l'l. (A ) .. ta '1 + Su 

r P i 1 

+ .. AP 1 

/ 

\ 

1 and Su • - Le. 
1 1 

" 

This enables determination of AP using the same solution algorithm 

... J 

as the one used for the other variables. After so1v1ng tor AP, one can 

then update the velocity camponents by Equations (4.21) and (4.22). In 

the present simulation study it 15 rather the pressure di fference that 1s 

of interesti this pressure 'direrence 15 calculated with rete,rence t~ 

jet nozzle pressure. 

1 
I.....::!:::::!!""O_ ........ ==-"""""_---,-----..-~'"'"'"---------------~--- _ .. _. 
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( 

Table 4.1 

Definition of Su 

CPp {'ta. + max (EC., o.O)} = ta.cp. + Su 
i' ;' i" 
" 

where Su = cp' max (tC .• 0.0) - S 
P i' cjl,vol 

, 1 

S 
cp ,vol 

u 

v 

T 

-0 

( ) 

1 

1 _ .; ____ ".~ __ -------
''''~",. __ \..r..-f·-'''~ >,.,.,....-w..I"'4f:!I.,.~_ ............. _ ............. '" .... ~~ _.~ ... ~" _.,. __ . -::·:ï:'J..·--~~~--:7--:--~----..... ____ _ 
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4.4 CLOSURE 

The computat1onal procedure used for sOlving the set of algebraic 

equations derived in this ch~pter 1s des.cribed and discussed in 
\ ' 

Chapter 5.' 

• D ,.. 
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J 
CHAPTER 5 

COMPUTATIONAL PROCEDURE 

! • 

~~ 5.1 INTRODUCTION, • d 
. f 

Implementation of a fini"te difference" scheme requires _ creti-

T 

" 

zati on of the domain of interest. ~hi s di screti'zati>Q,O.. i s achi eved by 

selection of a grid which covers the who'J,e domain •. This gr-id distri­

bution and its effect on 'accuracy of the '$01 ution are described in 

Secti on 5.2. 
- . 

Finite difference methods always res'ult in sets of algebraic 
" . 

equations, and when, these are tridiagonal in nature,. as in ,the present 

prob1em, solution is simpler than for a general set of algebraic 

equations. It will be seen- in,Section 5.3 that the iterative solution 1 

procedure used in the present stuqy'is based on the tridiagonal matrix 

algorithm (TOMA).' Thé TOMA is dèscribed in Section 5.4. Section 5.5 

, ;s a discussion' of convergence criteria and of the use of under~relaxation 

factors, wh il e an outl i ne· of "the computer. program cqmp1etes the chapter 

às Section 5.6. 
/1 " -

'5.2 GR! D DES IGN 
,1 l ., ~. • 

Size and ~1stribut10n of the grid are of fundamental 1mport~nce 

.. 
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in influencing not only'accuracy of solution but a1so the convergence 

·characteristics. In the present simulation ~he grids used are non­

unifonn, i.e. the spacing between grid lines is not constant., Thus 

the grid ;s finer in areas where gradients of the variables are large. 

and vite versa. Although the grid distribution is not the same for 

al1 runs, it is fixed at sorne predetermined pattern t~roughout each 

computation. Due to large differences -ain the flow field bëtween the 
" • 

vari~us cases studied, use of a single' grid pattern throughout the ~~ 
,. 

present study would have been inappropriate and inefficient. As 

gradi ents of the flow fi el d va ri ab 1 es and of heat and mass transfer 

coefficients are high in the impingement region, a fine grid distribution 

is required herè. Since location of the impingiment region 1s a function 

of angle of impingement and strength of the crossflow, the grids used 

were àdjusted according to these variables. Consequently, more than 

ten different grids were employed in the present study. However these 

gri~s are a11 of th~ same type,~differencing on1y by shifting the finer 

grid spacing zone to follow the impingement region. 

Velocity, temperature and composition boundary layers build up along 

'the fmpingement and confinement surfaces. Here the relatively l~rge 

gradients of these variables require use of fine grid spac1ng. This is 
" l , 

particularly important for the fmpingement p.1ate a10ng which heat and 
\ 

mass transfer are to be cal cul a'ted. For example, the equation used for 

th~ case of heat transfer 1s 

h A (T '- T ) = A k(dT 0\ 
j p dx {=x 

p 
, ' 1 

\ 

------~ -
~~_l 
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wherê A represents the area under consideration. And it ;s clear 

that the quantity (dT/dx) cannat be determined properly if the 
. PX 

P 
grid 1ine adjacent to the plate is not placefsufficiently close. 

, 
Numerical tests were made to ensure that fufther increases in fineness 

of the grid spacings adjacent to the impi~emen~ plate have no effect 

on the' computed transfer rates. The grief spacing in the x-direction 

is thus small near the plat~ and larger rin the central region. It 

may be mentioned ~ere that the c,rosS1bw entrance velocity profile 

would be more accurately defined if ~he grid were also small in the 
? • 

II 

central region, but multiplication ,of the grid points lea4ls to a 

tremendous· increase in computer time; there is a tradeoff between 
(, , 

these two considerations. In vi~w of t~e small nozzle-to-plate 

spacings considered here, the x-directi~n resolution chosen for the 
\ , 

present study is however sufffcient to define adequately the crossflow, 
f 

parabolic entrance velocity /profile. 

As to the grid spacing in the y-direction, it must be small in 

the area covering the nozzle so that the inlet jet profile is adequately 

defined, and in the imp1ngement reg,ion to ensure accurate calculation 
~, 

of the stagnation point transfer rates. In the upstream region occupied 

by the crossflow, aJwell as in the downstream region near the outflow 

bound~ry, rates of change of the variables are small and a wider resolution 

has consequently been used. 

A 20 x 40,grid system was used in the case of a jet without crossflow, 

and 20 x 50 grids were used in all computer l'uns involving the effect of 
- / 

l ' \ 

a crossflow. A typical grid spacing distribution 1s listed in Appendfx B 

~.' 
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It' has be~n rnentioned earlier that better accutacy can be obtained 

through highe~ resolution, i.e. by using smal1er grid line spacings. 

It is appropriate to recall here that this statement ;s subject ta the 

folro~ing limitation: when a numerical scheme such as the one considered 

here is used on a digital computer, reducing the grid spacing will 

improve accuracy only up to a certain point after which smaller spacing 

yet will in fact reduce accuracy. This limitation is due to the fact 

that digital cO!!Jluters have a finite word length, i :e. that the resolution 

of numbers by the computer is finite. In computation of derivatives of 
iIIr 

a functi on t two nlJl1bers correspondi ng to the values ,of the ~unction on 

two successive gr1d lines are subtracted and the result is divided by 
\ 

the grid spacing. Hence it is clear that in.the case of small gradients 

and of very sma 11 spaci n9 between the gr; dl; nes, a fi xed round-off 

error eventually causes an increased error in the results. 

Another factor. also related to the grid distribution, which 

affects solution accuracy is control\ volt.ane size. As discussed in 

Section 4.1, the hybrid central and upwind differences method is based 

on the value of the Peclet number, Pe, which is computed locally,at each 

gri d point as follows: 

Pe ~ pU6l 
r 

where 61 15 the length of the control volume. Hence the value of Pe 

depends not only on "local fluid pro'pertie~, but also on the size ~l 

of the control vohme, which in turn depends on gri d spacing. , 

! 

~ . 
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Clearly, it is possible to design a grid opa'ttern such that the 

diffusion tenns are neglected in the whole flow field, thus l,eading to 
""­

unacceptable solutions. Since the velocity fiel.d is not known before 

co~utat;on, it ;s not possible to determine the local Peclet nllllber 

and ~hen design'the grid distribution accordingly. A trial and error 

methoç.l must be used. 
, 

Tbe grid spacing di~tribution used in the pr@sent study and shown 
... 

in Appendix B is the result of taking a11 factors discussed abov'e into 

• consideratjon. 

5.3 SOLVIION PROCEDURE 
fi 

The finite d1fference equations derived in Chapter 4 constitute 

a set of strongly coupled non-linear algebraic equations. Basically 

'the solution to these equatio~s is obtained by,determining values of 

the variables at each grid point from values at neighbouring points 

by of an iterati ve procedure. 

NI x NJ grid mesh where NI and NJ,are the numbers of grid 

lines in th x- and ·y-directions respectively, there are (NI-2)' (NJ-2) 
.\ 

or the physical properties of the fl ui d which are / 

In the case of the present 20 x 50 grtd this 

makes 4320 equations, and if one we~ to solve for the unknowrns using 

a classical matrix in rsion method, the size of the matr1x wOuld be 

enormous and a t er t1me woul d be required. 
-- - -- --- - ~-~ - ---
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In the present ~ase ~~ is possible' ta simplify the ~roblem by reducing 

the number of s;multa~eou~ equations to be solved from 5(NI-2) (NJ-2) 

to (N,I-2) (NJ-2). This is done by solving separately for each Qf the 

five variables us;ng the iterative cycle of steps listed below: 

1. Guess the values of all variables, u, v, P, T, mA' , 

2. caH:ulate the corresponding properties of the fluid (density, 

viscosity, etc.) 

3. Assemble the coefficients of the u-momentum equation according to 

the guessed values, then solve for u. 

4. Assemble the coefficients of the v-momentum equation according to 

the guessed values, then solve for v. 

5. Calculate âP, then P and update the u and v accordfng to Equations 

(4.21) and (4.22). 

6. Assemble the coefficients of the energy equation according to the 

guessed values, then solve for T. 

7. Similarly for mA' 

8. Treat the modified variables as improved guesses and repeat steps 

2 to 8 until the specified convergence criteria are satisfied. 

Steps 2 to 7 constitute an iteration. In steps 3, 4, 5, 6, and 7, only 

the equations for individual ~IS need be solved simultaneously. The 

method chosen to solve each tfme this set of (NI-2)·{NJ-2) simultaneous 

equations uses the tridiagonàl matrix algorithm (TOMA), whereby a set . \ 

of equations each with exactly three unknowns in a 'particular order 

(except the ,first and last ones wh1ch have only two unknowns) may be 

--~--so'lved sequent1ally. 
..... " 

1 
...r 
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In the present study the marching direction goes from 

confinement plate to impingement plate. This marching procedure 

1s clearly preferable when crossflow is not present as information 

on the jet inflow to the flow field is provided at the begining of ___ _ 

the computation. In the case where a crossflow is present an 

alternative marching procedure (from crossflow entry to out.{,low 

boundary) could be used since it is the main-flow direction, but 

trials with this procedure did not result i~ any substantial computer 

time saving. 

Values at grid nodes a10n9 a grid l_ine J are taken to be unknown 

(value~ at W, P and E for eaeh point Pl, but values at each N and S 

nei.ghb~, i.e. variable a10ng gri d 1 ines J-l and J+l are taken as . ' 

kn~w'using the IOOst recent values.,. The TOMA is then applie'd to this 
, 

grid'line by reeasting the algebraic equat;ons as presented in Equation 

(4.19) into the fol1owing forro; 

w1th the~underlined quantities assumed unknown. This results 1n equations 

with three unknowns, except for!nodes adjacent to boundaries where only 

two unknowns remain after specification of boundary conditions. Henee 

for eaeh grid line there is (NI-2) equations wi~h (NI-2) unkn~wns which 

can be solved by the TOMA as described in the next section. 

It may be noted here that it 1s not necessary to obtain a fully 

converged solution for the matrix sinee the other variables have on1y .! 

,approximate values. Therefore a limited number Qf sweeps from south to 

north 1s sufficient. Following the recommendat1on of Gosman et al. (G7), 
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only three sweeps were performed a~ each iteration for u, v. T anQ mA 

while five sweeps wfA,re used for AP'. 

1: 4 TRI DIAGONAL MATRIX , ' J' 

The problem having been transformed into one represented by a 

tridiagonal matrix. th~ solution 1s obtained by iteratin~ over the 

entire flow field and over t~e several variables. The TOMA will be 

\"api dly presented here and the reader i s referred tOl reference (C4) 

for more details relative to its practical application. . . 

As seen in Section (5.31. the equations at hand are of the form: 

(5.1) , 

-
where'~p, 'W and ~E are the dependent variables while a11 other terms 

are assuned constant. 

Letting a :1 a e 
b:l ~ 

C :1 a f N + a t/lS + Su n ,s 
d:l ap 

Equation (5.1) can be rewritten for each control vollJRe as: 

And fOr a11 control volumes in the same line one géts: 

. . 

, 
l 

1 
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NI-l NI .. 2' NI"l NI",l NI-l NI NI-l' 

"or .fn matrix fonn: ~ 
'( 

d2 -a - 2· 
.. b

3 d3 
» 

"~3 -
.. b' 4 'd .4 -a4 

. -b
i di 

... . ' 

, 
", 

Q 

/ 

" 

-a
NI

_
2 

d • 
NI-l 

0' 

~2 

·3 
'·4 

-... --

.. ( 5.3) 

~ 

C2 + bZ ~l 

e 3 

C4 

C 
Nl-2 

C +a • 
NI-l NI-l NI 

""f~ can be a~reVf .t~d ".S: ~] [. J • [c l ... ' 
. We know that A 'can be factored fnto two '(NI-l).(fn-l) matrices. 

Land U. such tbat land U' are up1q~. 50: 
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Reca 11 1 ng tha t \ [ A ] [t ] =.1 C J 
" 

and le~,~ng [u ] { 't ] = [C~] . (5.41 

i 
\ 

, (5.5) .. 

Defining Cl ~ ~l', a11 the Cils are given by Equation (5.5) and 
o 

one can so:~e for the ,15 us1ng E~ation (5.~). 

"" 't-· 
5.5 UNDER-,RELA'XATION .,FACTORS AN9 CONVERGENCE CRITERIA 

( , • 5.5.1 Under- relaxation factcts 
,. 1 • o '" 

.. Large changes in the tridiagOnal(mat~ix coeffici.ents from iterat10n 

. ' 

1 

1 

1 ? J 

ta ïterat'ÏOn might leaèl to ,divergence. To cope with this drawback the ... . 
so-called und~r-relaxation method is used. If ~P,k-l and 'P,k are the 

values of.p co~pute~ in ~e'(k-l)-th and in-the ~-~h.iteration 

,J< respectively, then the value actual1y used.+lf thè fol1owi·ng iteration, .. 
say +P,k" , 1s given by: 

" .~ , 

... , 
, , 

wnere URF ,1s the under-relaxat1on factor which is a real number 

between a and 1. 
,. ... ,. 

( ) 

, '.1 
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• 5.5.2 Convergence Criteria . ~ 
~ 

• i 

As sean earlier the numerical procedure entails two iterattve 

loops. The first one scans the seven dependent variables, the ~econd one 

repea ted ly trea ts the f1 ow fi e l d for i ndi vi dua 1 va ri ab 1 es. 1 t has beèn 

seen that the second iteration loop does not require a converged solution. 

Ther~,OnlY the criterion for the first iteration loop need be 

defined. 

. The iterative procedure 1s considered a converged solution if the 

absolute normalized residuals (Equation 5~,_ for Ut v, ~P, T and mA are 
\ ~~ 

,. all 1e$s than a prescribed small number CC, the\ convergence criterion. 

Thus:i l,,. 

d RESI~ = L I~ai~i + Su ... Ap41p 1 / F~TOR ~ CC {5.6} 
al1 ' , 

nodes 
v 

where FACTOR, the normalization flactor', will be interpreted later in this 

section. The -tenn REsto as defined in Equation (5.6) is the diff~rence 
" J 

between the 1eft and right hand sides of the governing equations (4.19); 

hence for exact solutions RESIO = O. For the"equations for u and v, 
1 

"fACTOR equals the total inflow of jet and crt>ssflow momentumi physical1y 
',' 
this means that the convergence criterian impl les that the total" 

, ~ 

accumulation of momentùm inside the Rhysica1 system has to be 1ess than 
\ 

a prescribed percentage o'f the momentum inflow. Similarly, for ~P, 
\ 

FÂCTOR represents the tata" inflow of mass through the jet. and crossflow. 

For T and mA ' FACTOR represents the produet of total volumetrie inflow 
, 

and a characteristic difference in T or-mA respectively 
, 

/ 

,'" , 
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1· 
Afier tes;;ng the effect of'a range of values of conve'gen~el 

criterion, CC, the value of this important computational parameter was 
~ 

set at 0.015. Figure (5.1) shows the values taken by velocity at a 

monttoring point in the flow field (1:18, J:20) along the iterative 
1 

computation process. It 1s clearly evident that a large value for CC 

would give quite inaccurate results, while a lower value would result 

in an increase in computing time without yielding a discernable 
, 

improvement in the velocity results. The transfer rate values are 

subject ta the same behaviour. Choice of CC : 0.015 was therefore 

clearly a good choice for the convergence criterion. 

5.6 OUrLINE OF THE COMPUTER PROGRAM 

Figure (5.2) is a flow diagram showing the computational procedure. 

Figure (5.3) describes Subroutine CALCU which solves for the u-momentum 

equation; solution of all other equations follows identical steps, and 

Subroutines CAL CV , CALCP, CALCT and CALCW are similar ta Subroutine CALCU. 

The grid distribution i$ set up by Subroutine GRID. Subroutine INIT 

computes subsequently all the ~eometric quantities relative to each 

control volume and stores them in arrays for subs~quent refernce. All 

variables are then init1a11zed, and flu1d properties (Pt P, Cp' À and ô) 

are calculated by Subroutine PROPS and stored in arrays. The non-

1 iterative boundary conditions are then prescribed, and a first output 

i~,printed describing the flow field as initialized. 

One ,complete iteration is then performed by calling sequentially 
/ 

the subprograms CALCU, CALCV, CALtP,.CALCT and CALCW which update u, 

v, 6P, T and mA values throughout the grid. ~ased on these updated 

v~ues. the arrays containing the fluid propertjes are then modified 

by'Subroutine PROPS. After each of thes~ iterations several tests are 

1 
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performed: if either the computer time spent or the number of 

iterations performed exceeds the prescribed values, the iteration 
.f • 

procedure terminates automatically. Also the residuals RESIO are 
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checked for convergence after each iteration. If the RESIO for the five 

equations (Ut V, àP; T and mA) are a1l 1ess than the convergence 

criterion, CC, the program is assumed to have reached the converged 
r--

. -
solution. The local transport coefficients are then calculated a10ng 

the irnpingement plate from gradients at the wall of the v, T and m 
A 

distributions. 

The line-by-line solution of the ~-equation is performed in 

subprogram CALCU which contains loops for the computation of the 

-: convective tenns C and of the diffusive tenns Q; fram these tenns 

CALeu estab1ishes' the TOMA coefficients, a, according ta Equation 

. (4.10), and finally computes the source terms Su for all nodes. 

Iterative boundary conditions are prescribed in subprogram MODU. 

After calculation of the u-residual, CAlCU ~pplies t~e under­

relaxation factors and calls subroutine LISOLV. LISOLV performs 

the line-bYrline SOlu~ion procédure using the TOMA. The maximum 

number of ~weeps (traverses) to be performed is designated by NSWPU 

in the flow diagram o{ Figure 5.3. 

The complete program is listed in Appendix A, while a typical 

output listing wili be found in Appendix B. Add~tiona' 'information 
. . 

A on some aspects of this program can be found in reference (G7). 
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CHAPTER 6 
<:i 

RESUL TS AND DISCUSSION 

6.1' RANGE OF 'PARAMETÈRS 
\~~~~ . ' 

US1ng the finite difference equations derived in Chapter 4 

and the numerical procedures described in Chapter 5, a simulation 

of the flow, heat transfer and mass t~ansfer characterist1cs was 
-..- ~ , 

101. 

performed for a laminar semi-confined~rectangular jet d1scharging 

perpendicularly of with an inclination in a crossflow and 1mpinging 

on an isothermal wetted surface. Simulation runs of an ident1cal 

jet impinging normally but wjthout crossfiow provide comparison 

b~tween crossflow and non-crossflow cases. ,IThe results presented 
1 

in this chapter include parameters of nozzle-to-plate spacing, effèct 

of presence of., a crossflow, ratio of crossflow to jet Reynolds numbers, 

and angle of impingement. For the latter variable the range of variation , 

included "jets inc11ned towards both the crossflow upstream and downstream 

direction (negattve and positive angles, respectively). 

The ranges of the parameters used 1n the present study are given 
Il 

, ifl Table 6.1. A serial listing of alJ computer runs ;s given in Appendix .r-
C. 'A nozzle wi'dth of 3.2 nm and â fully developed paraboUc velocity 

profile were selécted as the base case for the numerical study. The 

Reynolds number of the jet at the nozzle exit ;s 1000, based on nozzle 

(p width, and 1s constant throughout. For all runs the impingement surface 

•• 1 ...... • 
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Table 6.1 

Values 'of Parameters used in the Numerical Experiments 

Rati.o of Reynal ds Nazzle-to-pl ate 
mlnbers of cross- spacing . 
flow to jet 

M H/D 

0.01 2 

0.1 3 

-0.167 4 

0.25 

0.4 

0.5 

0.7 

1.0 r 
2.0 

'1 

Angle of inclination 
of nozzle 

e 

-45' 

-30' 

-10' 

- 5' 

0" 

st 

10' 

fol 
\ 
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was maintained at a temperature of 350'K, whi1e the jet and the 

crossf1ow temperature was 450'K. The ,confinement plate tempe rature 

was a1so 450'K. The impingement surface tempe rature gives a mass 

fraction ,of water vapour a10ng the plate, mp' equal to 0.302. This 

value varies slightly between 0.3020 and 0.3023 from run to run due 

to its dependenee on the local pressure which varies very slight1y. 

The jet pressure at the nozzle exit is 1'.013 Étl5 N/m2 (l,atm) and 

its water content for al1 runs 1s 0.1 mass fraction water. The 

ero$sflow enters parallel ta the confinement and impingement plates 
o ~ 

with a fully deve10ped ve1oc1ty profile, but its entrance temperature 

and humidity are constant (flat temperature and humidity profiles). 

The eross'flow entry (or southern edge of the plate) ;s s;tuated at 

a distance 6.4 0 from the center of the nozzle aperture. 

The magnitude of the crossflow iy defined by the ratio, M, of the 

erossflow volumetrie flow-rate to the jet volumetrie flow-rate: M = VM/ÙO. 

Figure (6.21) on which the pressurè difference between the cro~sflow 

entry ~ressure and the ambient pressure (or nozz1e pressure) ;s plotted 

versus M shows that the overpressure due to the crossflow on this side 

1s neg1igible with respect to the ambient pressure t~e arder of magnitude 

of which is 105 • As the crossflow and the jet flow are of the same fluid 

(air) at the same temperature and water vapour content, and essential1y 

the same pressure, the density and viscosity are also effectively the same. 

Thus M may also be regarded as the mass flow-rate ratio between the cross-
4-

flow and the jet flow, or as the corresponding ratio of the Reyno'lds nlJllbers 

of the crassflow ta the jet flow. 
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The leoath of the plates on the outflow side was varied between 
1 

6.1 d and 8 0 in order ta have longer plates when the nozzle inclination 

angle has a large positive value (e = 30' e.g.) ana when the crossflow 

~gnitude is high (e.g. M = 1.0 or 2.0). This was done so that the 
." 

transfer rate peaks would not be too close to the'edge of the plates, 

wh; ch coul d'have introduced an undesi red interaction wi th the outf,'ow 

, boundary conditions: In retrospect this provision was in fact not .' 

necessary for the small H/O ratios studied here, but would be needed 

for study of larger values of H/D. 

For cases without crossflow, the conclusions of Li (L2) concerning 

e leng s on transfer rates were used to reduce computer 

he effect of extending plate length from 4.7 0 ta 

18 0 ;s felt ooly over the outer parts of the plate, whereas the impinge­

ment region results are unaffected. Thus a length of 4.75 0 was chosen 

in the présent stuQy for runs without crossflow. Only a fewadditional 
~ 

runs have been done with a larger plate (total length of 12.5 D) in 
r 

order to compare the average value of the transfer coe1ficients with 

results obtained with crossflow. 

Results in the literature are generally presented in non-dimensional 

forme In fact the governing equat1ons' themselves, are commonly transfonned 

into appropr1ate non-dimensional form by using suitable characteristic 

paramet~r values (e.g. Saad (52), van Heiningen et al. .(V2)). But 

choosing correct scal1ng parameters 1s difficult or even impossible wh en 
\ 

temperature and 'composition dependent physica1 property variation is 
• 

allowed. Consequent1~, in the present study the governing equations have 
~ 

been solved in their dimensional form. and the dimensional results have 

1 , 
/ 
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been converted subsequently into a non-dimensiona'l form for 

presentation. Thus the leng~hs and distances are normalized with 

respect ta the nozzle width t the jet flow condition~ ar~ expressed 
. 

in terms of Reynolds number, while the heat and mass transfer results 

are presented in terms of Nusselt and Sherwood numbers respectively. 
r--r 

" ",;;,.>' 
""'t" ". 

6.2 F1.0i: CHARACTERISTICS 

6.2.1 Center1;ne Velocity Profile 

6.2.1.1 Without Crossflow: 

In the case of the runs performed without crossflow we can state, 

in view of the results recorded in Section 2.2.1 for the potential 

core length, that fo~ the close nozzle-to-plate spacings of the present 

study we' are dea~ing w1t~ potential' core type of flow up to the stag-

• nation region adjacent ta the impfngement surface. This expectation 

is confirmed by the results of the present investigation presented in 

... 

/ 

Figure 6.1 as decay of centerl;ne axial velocity. The three so11d 

lines show this velocity profile for the case without crossflow, for 

values of H/D 2 2 t 3 , and 4. As is typ1cal for this type of flow, 
\ 

the u-velocity decreases only s11ghtly with axial distance fram the 

nozzle exit until the flow 1s about one nozzle width from the evaporat1ng 

surface. Thereafter, axial velac1ty decreases rapidly to reach the 

value of the evaporation velocity at the impingement surface, which is 

not discernably different fram zero on the scale of Figure 6.1. This 

evaporation velocity is dire~ted away fram the impingement surface and 
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- without crossflow 

---- with crossfLow, M=.25 

Figure 6.,1 CE1nterline axial veloci ty decay. 
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1 

i~ thus negative with the sign conventions taken here: However, • 
as this evaporation veloci~y ;s three orders of magnitude smaller 

than the jet velocity, (u/uj ) . seems on Figure 6.1 to reach zero, .max 
J as it ~ou1d were the plate non-evaporative. Negative .va1ues for 

u-velocity in the vicinity of the plate are of course printed on 

the computer outputs. ( r 

The axial velocity decay behaviour is consistent with the 

findings of previous investigators, including Giralt (G2), Saad (52),' 
\ 

Huang (H2) and Li (L2), who showed that, over a wide range of nozzle-. .' 

to-plate spacing and Reynolds number, the center1ine axial velocity 
, -, 

of a round jet (both semi-confined and unconfined) 1s affected by .. 
, the presence of the 1mpingement plate at on1y about one nozzle 

diameter fram the plate. This fact 1s further confirmed by the 

~Iobservation that the three curves fO~ 3 , and 4 col1apse 

effectively into a single curve before the effect of the impingement . " 

plate 1s sensed. This südden decrease of centerl;ne axial velocity 

near the impingement regi'on 1s of course associated with the correspondingly 
) 

large transformation of x-direction momentum lnto y-direction momentum. '. . 
: ~l 6.2.1.2 \11 th erossfl .. : 

't As it 1s. the u-comj:>onent of veloc1ty which produces the desira~.le 
1mpingement character1st1cs of the flaw field, it 1s of int' rest te note 

, the effect of crossflow on the u-velocHy. Comparison on 'igure 6.1 

of the axial decay profiles of u for H/D = 4, wit~ and without cross-
~ G max 

flow, indicates that the umax yelocity profile 1s altered~drastica11y 

by a crossflow of Reynal ds nUlJ'ber only 25% of th'a~ of the jet. 

- 1 
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" 
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Si nce the jet trajectory i s now defl ected by the crossfl ow. the 

loci of maxtmum velocity are no longer on the nozzle centerl;ne 
l ' u 

as 1s the ca~~ without crossflow. Thus the values of (u/uj)max 

108. 

on thfs and($ubsequent graphs in the presence of crossflow represent 
t 

the decay o~ the maximum u-compQnent velocity situated along the 
\. " .. ' 

centraj~ streaml;ne. of the deflected jet. 

B~~~e large change in the profile caused by a value 
1 

, of M as sma 11 as 0.25, a set of such profi 1 es for a range of 4 va lues 

>~ 

" 
\-

"', , 
. ~ ,! 

of M 1s shawn on Figure 6.2. Although ft might appear fram Figure 

'6.2 that "there fs an anomalously abru~change in profile between M=10% 

and the comparative profile shown without crassflow. ft should be 

real1sed that a profile for the case of crossflow with M = 0 (not shown 

on ~gure ~~~) would be a curve lo~ated mu ch cl oser to that for M = loi 
.; i 

than to the profile shown without crossflow. This effect of crossflow 

15 due to interaction between the jet and crossflow startfng right from 

the point where the jet discharges into the crossflow. Opnsequently. 

whereas umax decreases scarcely perceptibly (by ca. 11) one nozzle 
.... .-/ 

wfdth from the nozzle exit in the absence of crossflow. u' decreases max 
by 15-201 over the same distance for M in the range 10-25%. Likewise. 

only 35-40% o( the.drop in umax occurs over the last one nozzle width 

distance above the evaporat1ng surface. as compared to 85%/of the drop 
" in umax ove~ thfs'same regfon in the absence qf crossflow. 

Figure 6.2 shows that the greater the crossflow. the more rapidly 
- . 

the ~x velQcfty decreases. ,The direction of this trend was ta be 
~ . 

expected sinc~ it 15 apparent that for very largeovalues of M. the profile 

of:\Pigu~e 6.2 woul~ approach the Hm,ft of a vertical line, i.e. umax 
: dropp1ng almos,t t0!::J for a small value of x approaching zero. 

1 

J n. .. " 

, .r 

!" 
1 

, 

1 
! 



( 

CI 

1 

( 

1.0~---__ __ 

.~~ 
as E " -­'-:::J n.s ........ 

,:::J, 

. . 

Mt 

1 2 

x/D 
3 

• 9= 0° 

H/D=4 

4 

!'iqure 60,2 Decay of jet maximmn u-ve1oci ty for various 

crossflow maqnitudes~ 

109. 

, 
~ ; 

.. 
1 



, . 
tè ... ·t 4 .......... ~.... &~,"""'L..1 . ......... 1 ...... tM+ •• d .. - .... ~ ~ .......... fi ................. 

(, 
110. 

Q 

Thi s Hm; ti ng case corresponds to a strong crcss fl ow affected 

imperceptibly by a negligib1e jet flow. 

In view of the evidence from the f10w field results that the 

effect of crossflow is to cause a sharp ,decreas~ of the u-velocity 

component which ;s the essence of the impingement process, one could 

,) al ready anticipate that the heat and mass transfer rates at the 

evapor~ting surface would be lower when a crossflow is present. 

On Figure 6.3 velocity decay profiles are shown for the cases of 

an orthogonal nozzle and of a nozz1e inclined at an angl~of -10· (i.e. 

directed slightly against the crossflow direction). In bath cases a 

crossflow of M .. 10% is present. Since -10· 1s a rather small inclination 

angle, the two profiles of tl are not greatly differ~nt. However, by max 
reference te the CUrves for u it'is none the less clear that for 9=-10· max 
the u ve10city decays les'S sharply than for 6 = O·. In other words, max 
at a constant crossflow (M = 10%), a change in 9 from 0° ta -10· shifts 

the u-velocity profile somewhat c10ser to the profile without cross-

flow. ' Such, a trend in the flow field would be expected to be accompanied 

-by an increase in transfer rates at the impingement 'surface. as will 

,indeed be confinned subsequently. Oecay of the u-velocity is due to 

transfonnation of the jet u-momentum into positive y-momentum by action 

of the crossflow. This transfonnation· is· seen as deflection of the, jet 

towards the positive y-direction, and the onset of this deflection will 

obviously be .retarded and less significant if the jet l eaves the nozzle 

o with a negative inc1 ination angle. 

Figure 6.3 also shows the decay of the total veloci ty 1m tenns of 

, ~_ J 
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the ratio (U/U.) . One can see that, for smal1 distances away from 
J max 

the nozzle aperture, the decay of the total velocity nonnalized with 

the jet inlet total velocity is greater than the decay of the u-component. 

, Thi sis due to the fact tha t ~ al sa enta il s the v-component of ve loci ty 

which, at, the begining, is directed against the crossflow direction and 

which will be affected more tÎlan all other flow characteristics by the 

~crossflow since the first crossflow effect felt by the jet is the 

impediment of the jet stream progression in t~e nega,tive y-direction. 

This totàl velocity, U, is not as relevant ta the impingement process 

as i~_the u-component because it is not directed perpendicular to the 

plate. Up to halfWay ta the impingement surface the profile for decay 

of U is similar to that for u • Thereafter the profile for U rises 
~x ' 

-- to a maximum quite close ta the impingement surface. This maximum is 

of course that of the wall jet. Beyand thé wall jet maximum, the U 

velocity profile drops very sharply as the impingement surface is . 
approached. 

6.2.l FloW' Field Analysis: 

The complete flow field, from impingement ta con~nement plate, J 

and from crossflow inlet ta total flaw outlet was mapped far two 

cases of inclined 1mpingement into a crossflow. This was done through 

an additional subroutine, SPEEO, which calculated tota1 vel~city, U, 

and its angle with' the/x-axis at all grid nodes. The results of this 

computation for H/D = 3 and for a crossflow magnitude M = 0.1 for jets 
• 1 

impinging at inclination angles of -10' and +30' are as presented on 

Figures 6.4 arld 6.5. On these figures the velocity vector is represented 

, \ -~. 

/ \ 
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Velocity field for-an impinging jet discharging 
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by arrows drawn with the appropriate angle. and of length 

approximating the actual magnitude of velocity. 

'Figure 6.4 (fore"-lO') shows clearly the deflection of 

the jet fram the nozzle centerline by interaction with the cross-
:. .j 
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flow. At impingement the·jet is split into two lar~e recirculating 

flows. The fjulk of the jet goes in the downstream direction of the" 
1 

crossflow. while the smaller part fonns a wall-jet. about 10 th;ck • 

in the direction opposing the crossflow. With the relatively 10w 

---tntensity of crossflow for the case shown on Figure 6.4. i.e. M ~ 0.1. 
. ! 

the recirculation bubble on this side can be seen ta extend about 3/4 

the way to the crossflow entry. Such a recirculation bubble on the 

crossflow inlet side was also observed by Bouchez and Goldstein (B7) 

in their flow visualization for turbulent jets in a wind tunnel. They 

found a strong turbul ent reci rcul ation zone: upstream of the impi ngement 

area. They also observed that as the flow rate ratio, jet' ta crossflow~ 

decreases, the recirculation zone diminishes and finally disappears 

Althoug~ the flow fields for M = l,?/an.d.. 2.0, have not been plotted, 

this last observation of Bouchez is none the,less confirmed as values 

of v-velocity ,in this reg;on of the flJw field in the present study show' 

It is also of interest to only positive values when M = 1.0 or 2.0. 
\.. 

note that on this side 'of the flow field, Just adjacent ta the 'nozzle. ) 

there is another recirculation bubble. but a very small one, duelto th~ 
" fact that the jet at the nozzle exit is directed somewhat again~t the 

crossflaw stream direction. 

The autflow side of the flow field is filled with a large r circula .. 

tion bubble of the type discussed in Section 3.4. This recirculat'ng ,flaw, 
'" 

1 
.... . ....... ,~ 
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is eut by the outflow boundary (Boundary IV) 50 that there is aatualfy 
, . 

putffow- aV,er !OOst of thfs flow boundary but with inflow for a region 
'\ 

.about 10 w;'~e adjacent to the 'confinement plate. This inflaw ;s a 

refleetion of' the pumping or entrainment power of the jet. This 

inflow stream flows along the confinement plate in the negative 

y-direction to a point near the nozzle aperture where it beeomes 
, 

entra ined by,the\jet; the junction of these two streams creates a 

pair of small vo~ti~es near the eonfin~~t plate. h' 

;rhe stagnati9n point is carried downstream by the crossflow. 
1 , 

For the conditions of Figure 6.4 the stagnatio~ p~int can be seen 

to be about 0.50 downstream from the point on the impingement surface 

which is directl~ beneath the nozzle centerline. 

Figure 6.5 shows the same general type of veloeity pattern for 

e = +30'. One difference from Fi~ure 6.4 15 that the stagnation 

point is of course shifted further downstream than for the case of 

e = _10 0
, bei ng l oca ted now about 10 down fram the point ,di rectly 

beheath the nozzle centerline. Intuition might have suggested that, 

with the jet inclined at an angle of 30" towards the crossflow 
.... ~ / 

direetion, a recirculation bubble on ~the crossflow entry sid~ might 

not have been fonned. However, eV~Ugh the fra~t;on of the jet 

flow wh;ch recirculates upstream against the crossflow is greatly 

reduced with e = +300
• it 1s st; 11 suff~ciently strong to produce a 

recirculating flow extending most of the distance to the crossflow 

entry region. On the other hand, the recirculation bubble observed 

near the n'ozzle aperture on the crossflow entry side of the flow field 

~ 
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" for 6 = -10° is not present when e = +30 0 due to th~ smooth merging 

of the crossflow and the jet. 

Because of the evaporation occuring at the impingement surface 

in the prFsent study, the v~locity at this surface must in all cases 

be a vector directed perpendicularly into the flow field. However, 

within the limits of scale necessary for the representations of Figures 

6.4 and 6.5, the closest velocity vectors to the 1mpingement surface are 

still sufficiently far into the flow that their direction reflects the 

air flow field rather than the evaporative boundary condition. It has 

been mentioned 1n Subsection 6.2.1.1 that this evaporatio~ velocity is 

three orders of magnitude smaller than the j~t velocity. 

6:2.3 Shear Stress Analysis: 

It 1s instructive to analyse the effect of e and M on the lateral 

distribution of'shear stress along the impingement surfac~ by reference 

first ta the case without crossflow and for e = Oel. 

. ,When there is no crossflow and e = 0: the flow field ;s symetl"\c 

with respect to the nozzle axis. Starting from this axis (1 = 0.0) 

the v-component ve10city is zero at the stagnation point, but increases 

very sharply with 111 under the 'influence of the pressure gradient, then 

falls off because of viscous action and of the increase of the cross­

sectional area occupied by the spreading stream. This flow pattern 

results in the shear stress distribution along the impingement sutface 

shown ~n Figure 6.6. For negative values of l, the fluid flows in the 

nega ti ve y-di recti on, whi ch 1 eads to nega ti ve values for T, so for 

convenience 11'1 has been plotted. As expected in view of the findings 

of previous researchers, the influence of nozzle-to-plate spacing 1s 

very little for the range of smal1 values of H/D studied here, which 
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correspond to location'of the impingement surface within the potential 

core' of the jet. Thus over the range from H/D = 2 to H/D = 4 there is 

a reduction in the maximum value of shear stress of only 6.6%. 

Figure 6.7 shows the difference in the shear stress distribution 

between the case wHhout cressflow and 1hat of a jet d1scharging into 

a crossf1ow of magnitude M = 0.1. The presence of even this small 

amount of cross~lQW sharply reduces the shear stress on the impingement 
.. 

surface. The maximum val ue of T is reduced by two th'irds. This result 

which shows that the crosswind genera1 tendency is to smother the {jet " 

properties and characteristi 7s by reducing a11 gradients at the impin­

gement surface will be further confirrned by the resu1ts obtained for 
!" 

transfer rates. This effect for shear stress as shawn by...Figure 6.7 

is consistent with that shawn on Figure 6.2 for the u-component velocity: 
~ 

Figure 6.7 shows a1so clearly the existence of a stagnation pOint . ' 

{where the shear stress becomes zero);n the case where M = 0.1 and 

H/O = 4; it is shifted downstream 6y the aC1Jon of the crossflow, as 

was already noted in the flow field plots. Figures 6.4 and 6.5. The'~ 

stagnation point corresponds a1so to a maximum of the pres~ure a10ng 

the plate; such a maximum for P is shown ort Figure 6.10 for a similar 
l 

case ( M = 0.1 and H/O = 3 ). 

As the crossflow of Figure 6.7 is quite small (M=0.1). the s~ear 

stress distribution a10ng the, impingement sur,face for a jet fmpinging 

nonnally has been plotted on Figure 6.8 for larger values of crossflow. 

The two qufte different type~ of flow behavfour, depending on the 

magnitude of the crot,no.. are evident on Figure 6.8. For , .. 11 
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'" values of M, as represented QY M = 0.1, the jet effectively impinges 

on the plate, the~is a stagnation point, and thé flow field, although 

stron~ly affected by the presence of the cr;>ssflow, is still dominated 

by the jet. But for large values of M, represenbed by M = 1.0 and 2.0, 

the snear stress at the evaporating surface is always positive, i.e . 
..-J / r 

there is no stagnation point. The profile of T near the crossflow 
\ 

entry approaches that for pur~ channel flow. However, from ~bout 

~ l/D = -2.0 the s~e stress ;ncreases significant1y due ta the a~ditional 

flow provided by he 'jet. Shear stress reaches a maximum on the 

down~tream side_ f the jè't in~t at about l/D = 2, i.e. at about the 
, 

sarne position /â's foi" the case of M =-.0.1, although the maximum T 15 
1 ~ 

now'less even thoug~the total .fl~ is significantlY larger. Clea~ly, 
no impingement occurs in th;s case. This absence of impingement is 

confirrned b~the a~sence of a ~éak in pressûre profile along the 
, 

evaporating surface when M = 1.0 or 2.0. This pres~ure profile is 

similar to that shawn on Figure 6.10 for M = 2.0 and e = +30°. Thus 

one ~ ~~ that for large values of M the flow field is dominatea by 

the crossflow, with the crossflow sw~epin9 aw~y the jet and preventing 

~ Jt from eve'n impinging on the transfer surface. With such·a flow 

~ehav10ur the system 1s expected ta yield very paor transfer rates for 

large values of M, as will b~ confirmed by the heat and mass transfer 
, ' 

. o' 
results presented subsequently. 

.. 

The effect on shear stress profile of varying angle of inclination 

of the jet nozzle for a fl~w field which 1s crossflow~dominat~d (M = 2.0) 

1s shown/on Figu~e 6.9., lbreover s comparison of the curves for e = 0° 
o 

and M = 2.0 on Figure 6.9 (H/D = 3) and on Figure ~.8 (H/D =~4) also 

ind~tes the magnitude of the effect of H/D on shear stress in the 
" 

range of close. noz~to':Plate spacin9i! Shear stre'ss mu:st, 'of cour:'se' 
f ' , 0, 
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impingement plate in the case of strong crossflow. 
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/ 

increase as H/D decreases. In this connection it is useful to 
~ 

-recall the definition of crossflow magnitude. i.e. M = HV/OÜ. As Ü and 

o are held constant, the Crossflow mean velocity will be increased if 

the H/O ratio is decreased for a constant value of M. With the no-slip 

boundary condition 'for the v-component velocity at the evaporative 

surface, the velocity gradient here will also be higher'when H/D is 

s~ller, resulting in a higher shear stress at the surface. Comparison 

of the curves for M = 2'.0, a = 0° on Figures 6.8 and 6.9 indicates that 

the peak in shear stress, which is the signature of the influence of 

the jet on the crossflow is increased by about 60% (i.e. from 1.0 to ,. 
1.6) as H/O is decreased ~rom 4.0 to 3.0. These calculations' quantify 

the intuitive conclusion that the further the jet nozzle is spaced from 

the evaporating surface, the more the system is crossflow-dominated. 

Comparison of the varîous curves on Figure 6.9 indicates the 

significant fact that the shear stress 1s steadily increased as. the jet . ~ 

nozzle is ,rotated in the dir~~tion fram positive thraugh negative angles 

of inclination. As 'can be seen by reference to the plots of the flow 

field for a = -10° and 6'=+30°, Figures 6.4 and 6.~, the more the nozzle 

;s rotated in the directio~ of negative angles, the more of the jet flow 

which is directed upstream against the crossflow and towards the 

impingemen~ surface, and hence the larger the v-component velocities 
'. 

subsequently in the region beneath and immediately downstream fram the 

nozzle. The reSijlt is a higher gradient in v-velocity near the plate, 

causing higher shear stress. 

The small secondary peaks evident on these curves have their 
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origin in the computational procedure, and seem ta be associated wftho 

the relatively fine computational grid near the nozzle edges (around 

grfdllnes JNOZ and JSTEP) wb.ich is required for an accurate definition 

of these edges. Indeed, these small computational maxima correspond 

exactly ta Il/DI ~ 0.5 when a = O· and go slightly further away from 

th1s point as e is inc~ed ta +30· and +45·, corresponding to the' 

slight shift in the location of the nOlzle edges which are located 

at 1 = 't Dlcosa. 

The pressure profiles along the evaporative surface, shown as ~ 

Figure 6.10, have already been referred ta in connection with disc~ssion 

of the shear stress profiles. The three typical profiles shawn illustrate 

the progression fram the condition without crossflow, ta a smal1 cross­

'flow (M = 0.1) for which there iso.still impingement and a s~agnation 
r point at the pressure maximum, to the case of a totally cro~sflow-

dominated system (M = 2.0) in which there 'is no pressure maximum or 

stagnation point, but instead a continuous pressure o~ss in the direction 

of the controll ing crossflow .• 

. 6.3 BEAT TRANSFER RESULTS 

6.3.1 Without Crossflow 
.\ 

Profiles of heat transfer coefficient at the impingement 
surface are plotted in terrns of' local Nusselt number on 
Figure 6. II _for R/D ratios of 2, 3 and 4. These curves, bell .-' \ 

shaped around the s~gnation point as expected show clearly 
that, within this ra ge of ff/D ratios, nOZZle-t~-Plat~ spacing 

has negli&iblc influen e on the local Nussclt number 3S the 

variation at the peak is only 3%. This confirms the conclusion 
of Huang (HI) for turbulent jets and of Kapur and McLeo~ (K4) 
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and Gardon and Akfirat (G6) who operated with Reynolds 

numbers of comparable magnitude to the one chosen here. This 

finding with respect to heat transfer is consi~tent also with 

the small variation in shear stress noted in Section 6.2.3. 

The stagnation point Nusselt numbers are somewhat lower 

than those found by van Heiningen (V2) who also studied heat 

transfer under a rectangular impinging jet. His results, 

expressed dirnension~essly as Nu/I:Rë, gave Nu/1Rè -0.81 at the 

stagnation point for Re - 950 and H/D - 4 in the case of a 

parabolic velocity profile for the jet at the nozzle exit. 

For H/D - 4 and Re - 1000 the value found in the present 

study is Nu/1Rë - 0.7 at the stagnation point. This difference 

is accounted for by the simultaneous mass transferwhich 

---takes place here but not in van Heiningen's study. The 

reduct~?n in heat transfer caused by linkage w~th a mass 

transfer flux_in the opposing direction was studied nurnerically 

by Li (L2) for the case of a round axisymetric impinging ~et. 

6.3.2 Effect of Crossflow 

As the domain of interest of the présent study is 

evaporation under impinging jets, most of the curves presented 
~ _ r : 

in the following sections are limited,~tor convenience of 

format, to the central ares of the flowfield where interaction 

between jet and crossflow is felt. Corisequently it is 

important to note that the extent of the region shown in the 

remaining figures of Chapter 6 is less than the total extent 

Of the flow system. Thus results are usually shown over the 

prime interest range of II/D of about t 3, alt.hough the crossflow 

entry i5 at niD - -6.4 and the flow '9xits at a value of 11/0 
in the range from 6.1 to 8. Howev~r, for completcness, one 

profile is presented which cove'rs the entire system, from 

crossf low inlet 4;0 the flow exit. _ As this complete profile 

i3 for mass transfer rate (Figure 6.26), it is discussed 
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subsequently. The trends noted there fOT mass ~ransfer wou1d 

by analogy apply aiso to heat transfer. 

6.3.2.1 Influence of Crossflow Ratio 

On Figure 6.12 the local Nusselt'number distribution is 

shawn for a wide range of crossf10w rat~os, M, co~ering both 

the jet-dominated and crossflow-dominated regimes. The basie 

dif~erenee in the heat transfer profiles between f10w regimes 

of these types as illustrated by Figure 6.12 paralle1s the 

eorresponding differences in shear stress profiles a1ready 

noted on Figure 6~à. For the spacing of H/D - 4 on Figures 

6.12 and 6.13, t~ profiles for values of M of 0.01, 0.1, 0.167 

and 0.25 are fory,fet-dominated flow, while the profiles for ' 

M - 1.0 and 2.0,\ ç1ear1Y correspond to crossflow-dominated flo~. 

These profiles t.,i~h erossflow may be compared to those of Figure 
"'-

6.11 without crossfl~, as the fact that tpe plate widths 

are not the same doe nOt have a significant effeet in the 

central region of int res-t:--: Su ch a comparisoI;l indicates that 

the stagnation point heat transfer is sharply decreased by the 

crossflow, i.e. it is reduced by 36% for on1y M - 0.01, and by 

d SOt w~en M - 0.25. As expected the stagnation point is shifted 

7 T .".. 
c..) , 

in the downstream direction by crossflow, and this shift increases 

for inereasing values of M. The curves w~th crossflow are of 

course not symetrie with respect,to the staqnation point, as 

the mass flow-ra~e is greater on the downstream than on the 

upstream side of the stagnation point. 

Metzger and Korstad (MS) ~laimed that the upstream propagation 

distance of a jet along the impingernent surface is relatively 

short and that, as a consequence, the heat transfer rates 
\, 

immediately upstream of the nozzle exit plane are reduced 

siqnificantly below what would be expected if erossflow were 

not present. However, this effect on the upstream side may 
\ 

be viewed simply as a consequence of the simultaneous reduction 
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dits shi ft downstream which appear 

F~gures 6.11 and 6.12. On the other 

ults disagree with Metzger's further 

conclusion that average heat transfer over regions immediately 

downstream is increaaed above that without crossflow. The 

average Nusselt number calculated over different r~gions of the 

impingement plate are presented on Table 6.2. It ap~ 
clear~y that for aIl the regions considered on Table 6.2 the 

average heat transfer rate with crossflow is less than that 
without crossflow. It seems more logical anyway to speak in , 

terms of Nusselt numbers averaged over regions starting from the 

stagnation point (instead of the nozzle exit plane) or extending 

on both sides of the stagnation point (se~ NU4 and NuS o~ 

Table 6.2). With such definitio~s it appears clear1y ~hat the ~ . 
effect of the crossflow is to reduce the average heat transfer 

coefficients. On an overall basis for a symetrical region 

extending ten nozzle widths both upstream and downstream of the 

nozzle exit plane, Metzger did however conclude that the presence 

of crossflow always reduces the average heat transfer below that 

without crossflow\ (MS). Although the results of the present 

study contradict Metzger's statement concerning heat transfer 
in the near downstream region, they nonetheless confirm the 

latter conclusion of Metzger et al. 

For,large values of M, (M 1.0 or M 2.0), Figure 6.12 

shows that the heat transfer profiles are totally different, 

as could be expected from the shear stress profiles for large 

and small crossflow ratios shown on Figure 6.8. For this 

range of M and H/D ratios we are no longer dealing with 
, 

impinging jets, as the shear stress results showed that for 

these conditions there is no stagnation point. Thus the -local 

Nusselt number distribut~on corresponds to that for channel 

flow but modified somewhat by the addition of the jet flow. ,The 

maxima of the curves are not due to impi~gement, but only to the 

increase in flow-rate through the channel that is assùciated 

41, 
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, -

M NUI NU2 ~u3 NU4 NuS 

0.01 13.3 Il.7 9.8 8.2 6.6 

0.1 12.0 11.0 9.3 7.5 6.0 

0.25 9.2 . 9.3 8.2 6.7 4.5 

crossf1ow 16.8 12.5 10.7 10.7 9.3 

,1 

Nusselt ,number averaged on the region of the 

tmpingem~nt plate extending on a one nozz1e 

width-1ength downstream of the nozzle exit plane. 

Nu2• : Nusse1t number averaged on the region of the 

impingement plate extending on a two nozzle 

width-Iength downstream of the nozzle exit plane. 

NU3 Nusselt number averaged on a region of the 

impingement plate extending on a three nozzle 

width-Iength d?wnstream of the nozz1e exit plane 

NU4 : Nusselt number averaged on the region of the plate 

eitending on a th~ee nozz1e width-Iengt~ downstream 
of the stagnation point plane. 

NuS : Nusselt number averaged over a symetrical region 

extending four nozzle widths both upstream and 
downstream of the nozzle'exit plane. , 

Table 6.2 : Average Nusselt numbers. 
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with the fluid added from the jet rtozzle. 
Although heat transfer decreased sharply with increasing 

crossflow in the l~ range of M (i.e. at least up to M - 0.25 
for a/o -4), it is useful to note that in the high range of 

M (i.e. from 1.0 to 2.0), heat transfer increases with M. The 
initial decrease of Nu with increasing M corresponds to 
destruction of the beneficial impingernent flow pattern by 
crossflow, while the later increase of Nu with M sirnply 

corresponds to normal channel flow,behaviour. This reversaI 
of the effect of M on Nu is illustrated on Figure 6.14 for one 
value.of H/D and 6. The value of M which marks the transition 

between jet-dominated and crossflow-dominated flow could be 
taken as the value of M which gives the minimum value 9f NUmax 
on Figure 6.14. This lirniti~g~Val~e of M would decrease as 

:~~l~:::::e~q;:~ would as va \ ~ a function of the nozzle 

\ 

6 • 3 • 2 .2 Influence of H/O \. 

The influence of nOZZle-to-pl~te spacing over the small 

range of H/O investigated is shawn on Figure ~.15. The-influence 
of H/O on heat tran~fer profile, very small without crossflow, 
become~ quite noticeable wiüb even a small crossflow. For e o· , 
~e stagnation -point heat transfer coefficient is reduced by 19% 
by an increase in RIO from 2 to 4 with M -0.1, whereas the 

lcorresponding reduction without crossflow was only 3%. The 
,1 '\ ' 

increased sensitivity of heat tran~fer profile to H/O is a 
natural consequence as H/D measures the distance over l ,which the 
crossflow acts on the jet. For the sarna reason the maximum Nu 

,'at the~~tagnation point js also defl~cted increasingly downstream. 
\ At any value of M, increasing KIO will eventually lead to a 

crossflow-dominated flow. 
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6.3.3 Effect of Angle of Inclination' 

Since it has been established in the previous sections 

• that for a particular nozzle-to-plate spacing two quite 

different types of flow behaviour can be encountered depending 

"~ 

, 
on the value of M, it is useful to review the influence of 

angle of impingement separately for each case. Subsections 
, '~ 

6.3.3.1 and 6.3.3.2 deal, respectively, with small and large 

values of the ratio M. 

6.3.3.1 Effect of Angl~ for moderate M ratios 

Angles varying from -45· to 30· have b,een investigated for ~ 
M - 0.1 and H/D - 3., From the curve fo'r M - 0.1 i t may be sean 

,on Ffgure 6.16 that a dinsti~ct maximum in Numax occurs at a 

negative angle situated between -30' and -ii·. To interpret 

" this fact it is convenient t~ st~t f~om large positive angles 

(i.e. jet directed in the sarne direction 'as the crossflow) and - . to see how the flowfield is'modified as the angle decreases, 
• 1 "-

takes the value zero (right ang~e jet) and finally increases 

in the directiop opposed to the crossflow. 

Figdre 6.17 shows the Idba1 Nusselt number distribution 

obtained along the plate for e - 30', e - O· and e - -:-10·. 

For e - 30' the jet is more easi1y taken away by th~~SSflOW 
because,of the compatibility of nozzle inclination ~th crossflow 

directlon. The jet is thus strongly deflected (as shown by the 

shifting of the peak ,in l~al Nusselt number). As-the nozzle i6 
inclined more in the direc~n of the crossflow, the conversion 

~ 

of x-momentum into y-momentum occurs further from the impingement 

surface, ~~ce the resulting reduction in heat transfer rates. 

Bowever, the shear stress ~esu1ts obtained for this run show 

that there i~still a stagnation point where T - 0, and that 
\ , 

the' position of the heat transfer maximum is at ~çhe stagnation 

potnt. As e decreases from 30· to O· and to -10' it la c1ear 
.-"'''' Q.. 
f~ Figure 6.17 ~at the def1ectioy'of the jet is smaller and 
that higher values of maximum heat transfer rates result from 
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the increasingly vigourous impingement on the plate. 

If the nozzle is inclined more strongly yet against the 
• - 0 crossflow, e.g. for e - -30 or -45 , then the dominant effect 

1 

becornes a lo~s of momentum of the jet in this collision-type \ 

process where the two flows are directed agalnst one another.1 

From Figure 6.18 it can be seen that both the maximum and the: 

average values of heat transf'er decrease sharply for increasingly 

negative angles of inclination from -10· to -30· ta _45 0
• 1 

As a conclusion it appearS,~hat, for a given crossflow 

magnitude and nozzle-to-plate spacing, there exists an optimum 
.... 

angle (directed slightiy against the crossflow direction) for 

which heat transfer is maximum. It will be seen in Section 6.4 

that this conclusion is also valid for the ~ss tranfer rates. 
l, 

This observation can be important in industrial practise where 

, a crossflow ( caused for example by a neighbouring nozz1.e ) ~ 

cannot be~eliminated, since it appears that tàe decrease in .... 
transfer coefficients caused by the crossflow can be reduced 

by choice of the optimum nozzle angle. \ 

6.3.3.2 Effect of the Angle for large M ratios ,. 
In this case, as seen earlier, there is no stagnation point 

) 

and hence'no real impingement. Figure 6.19 shows that the 
~ 

heat transfer distribution is q~ite fIat for aIl inclination 

angles. The heat transfer rates do increase significantly as 

the ançle of inclination is çhanged from 30 0 to O·, and 

continues to increase slightly as the angle is changed to -300 

and -45°. As there is no ~pingernent, this increase is simply 

.due to the au~entation of the crossflow by the nozzle flow, 

in the region beneath and downstream from the location of the 

nozzle. This behaviour is consistant with the discussion of 

Section 6.2.3 and with the shear stress res~lts presented on 

Figure 6.9. 

For a fixed angle, e = 30°, and for a nozzle-to-plate spacing 

, 
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of 3, sereral crossflow magnitudes were tested and the 

fepresentation of these results on Figure 6.20 a ai~indicates 
'-- <!! the transition between jet-dominated systems and crossf~ow-

dominated systems. It appears-that for M - 2.0, 1.0 and 0.7 
the system is dominated by the crossflow wheras it is dominated 

by the jet for M ~ 0.1 and M - O.4~ The case for M - 0.5 

appears interrn~diate. As the existence of a stagnation point 

where T - 0 could be taken as a criterion for terming a 

system,as a jet-dominated impingernent flow, it is of interest 

to note that there is a stagnation point for the cases of 
M 0.1, 0.4, and 0.5, but not for M = 0.7, 1.0 and 2.0. 

6.4,MASS TRANSFER RESULTS 

\, 
Figures 6.22 through 6.24 show that mass transfer is affected 

in exactly the sarne m~nner as heat transfer by the presence of 

a crossf~ow. As in S~ction 6.3, it appears here that, depending 

on the value of M, the mass transfer can be dominated by the 

jet or by the crossflow. The variation of maximum local .' 

Sherwood number as a function of H, shown on Figure 6.25 , 

parallels exactly what was 'observed for local Nusselt number 

on. ... Figure 6.14, i.e. the stagnation point Sherwood nurnber 
decreases very sharply with M for jet-dominated flows, whereas 

the maximum Sherwood number increases slightly with M for 
1 large crossflow magnitudes simply because oF the augmentation 

ort" crossflow by the nozzle flow. 

Figure 6.26 shows the influence of "H/D on the rnass transfer 

coefficient but shown this time on ~he entireimpingement plate 

from crossflow entry to the outflow boundary. The central 

portion parallels the resul ts obtain'ed for heat transfer 

(Figure 6.15). On Figure 6.26 the dimensional mass transfer 

coefficient,k, was represented instead of the dimensionless 

Sherwood number, as this choice perrnits the case for pure 
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crossflow to be included for comparison. As sherwood and 

Nusselt nttmber require use of a characteristic dimension, ànd 
... . 

aS_~Q~_impingement flows ,D is the appropriate dimension, it 

. --is evident that representation of the limiting case of pure 

crossflow cannot be in terms of suc~ a dimensionless parameter. 

Equally, while H i5 appropriate as a characteristic dimension 

for crossflow-dominated flows, it'wou~d not be for approaching 

the other limi ting case of pure jet flow,. 
, The da shed line curve, representing pure cr~sflow, is 

typical of channel flows, i.e: k steadily decreases from its 

entrance maximum value corresponding to the absence of thermal 

and concentration bound~~entrance. It may be 
recalled that in the pr~ent study the t~p~îrature and humidity 
profiles at the crossflow entry a~e fIat, but that the f~ 
enters with a fully developed laminar velocity profile. Thè 

thermal and concentration boundary layers build up rapidly 

downstream of the crossflow 9 to stabilization 

of k at a slowly decreasing vafue around 0.01 kg/m~s. From 
the edge of the plate up to 1/0 - -4 s clear that the jet 

does not influence the mass transfer these curves are âll, 
close to the pure crossflow case.~~ F the sarne value of Mt 

'-
tlle smaller the plate i!spacing, higher the crossflow veloci ty, 

and hence the furthe~!the flow the crossflow 

entry before feeling the presence of the jet flow. Thus the 

position at which the mass transfer coefficient begins to be 

affected~Y the jet moves progressively back from values of 
l/D of a out -1.5 to -3.5 to -4.5 as H/Q is increased, 
respectiv ly, from 2 to 3 to '4. Figure 6.15 showed that the 

trends were similar for local heat transfer distribution, but 

the location of the curves is cl~rified by the inclusion on 
Figure 6.26 of the pure crossflow case. As noted at the begining 

/ 
of Section 6.3.2.1, these co~élusions concerning entrance effect 

/ ' 

/ 

\ 
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\ 

on transfer rates at the impingement surface are equally 
, ' 

applicable ta.both mass and heat transfer. h 

Às to the influence af nazzle inclination on mass transfer, 

Fig~es 6.27, 6.2~6.29 suggest exactly ebe sarne comments 
, . , 

as for heat transfer, i.e. for a given crossflow magnitude 
and nazzle-to-plate spacinq'there exists an optimum angle far , 
which the mass transfer is maximUJll, and this optimum angle 
is for the nozzle inclined,slightly against ~e crossflow. 

\ 

.. 

, 
" 

\ 

\ 

, ~ 
\ 

.... 

, 

.. 

1 

• 
.... 

1 
\ 

l 
1 
J, 
i 

~I 
t 

1 
! 
~ 

l 

. 1 

j 
.' 



<-

t 
1.\ t, 
.1 

l-1 
!' 
" 

...... 

... 

,/ 

/' 

.. 

.. 

",-.., 
( , 

-' 
• 

~ 14 

~ ~12 

10 

- 8 
..r::. en 

6 

". ~ 

2 

0 

Figure 6.27 

...... 

:1 J 

'r 

.. 

'\ 

J!. 

-2D· 

...... 

~ 
" '--

.ft 
-lOC! 

-lO 

r) 
'---, 

\ 

l 
'-

o "1.0 

l/D 

-----

M-Ql 
"H/O-3 

... 

" 

f 

2.0 , 

/ 

Influence of e on local Sherwood number for 
small values of M. 

~- --~-~ ...... -~ ,~,~,.". _~,,"" ... .,., .. _~ .... J>.""'J""'-~~ ---""'-~ 

#" 

j 

, 

/ , 

3.0 
f 

~ 

~ 

--

Il 

'v 

--

l-' 
Vl 
lN 

" 



l--/---,-
1 

Î 

~ 

F~~~t'"e b. ~~ 

'i.~ 

~ 

" .- ,--...... 

/ 
\.. 

\ ft .. 

14 
M-O.1 

12 L- HlO;'3 Jt 

10 

~ :[ f'. 

Ji. 
-10° 

~ -
.4 

2 

0 
-3.0 

t 
Influence of e on local Sherwood number for small values of M. 

l 

, .... 

- -------..-~ ~-..~----."~.,,~J:,, __ iA_....... ioi .. _1"'i;Io, ~_",*""-,,.-...,_-,;;;. ............. ~~ .... ~, --'lit 

.... ~ __ ~ ________ • ___ ""f"!"" - ... -.,.""~V" ..... -

~ , 

" 
-.. _~,,~"',..- ......... - ~ ............... -.._-' 

...... 
VI 
".. 

,.\ 
1 

~i 
( 
;, 

'-. 



j 

l ' 
l, , 
1 

C) 

1 1----
1 

! (' \ 
1 1 1. ' 

Î 
1 

'J 

1 

155. 

\ 

1 

14 H/D-3 

~ .1 12 

10 
, 

M-20 / >< 8 
~ 

, ..s:::. \ 

" • en 6 

4 

2 
~ • ~ 0 

-40° -20° 0° 20° ___ ~v ___ ~ _______ • ___ ~_ 

~ e 
\ ' .. 

.-
Figure 6.29 Maximum 1~cal Sherwood ntlll1ber as a function 

,of 6/ " 

... 

; 
l ' 

l 

\ 
1 

\ 
\ 

1 
J' 

1 , 
\ 

i 
1 

1 
l' 

f 
1 , 



l 

'1 

\ 

1 

1 
1 

• 

( 

(i ( 

{! 
1 
1" 
1 
1 

j 
i 

,., . .t.M.J 

, 

\ 

/ 
1 -

\ 

CHAPTER 7 

SUMMARY AND CONCLUSIONS 

7_ 
(i) Numerical solutions for the effect o~ crossflow and. 
of nozzle inclination on the flow, heat and mass transfer 1 

• 1 

characteristics?f a semi-eonfined reetangular laminar\jet 
impinging on a wetted'iso~erma1 flat sUrface have been 
obtained by solving iterative1y the full governing equations. 
These equations are the Navier Stokes Equations coupled with 

1 

the continuity, energy and speeies equations. The primitive 
variables are the veloeity components,the pressure, the 
temperatu~ apd the mass fraction of water 'vapour. Allowanee 
is ma~e in the computer program for temperature and composition 
dependent f1uid property variations. The erossflow magnitude 
ia de:ein,ed by the ratio M of the crossflow volumetrie flow­
rate to the jet volumetrie flow-rate. The nozzle inclination 
angle e is counted negative when the jet i.s directed against 
the crossflow an~ positive when it i9 direeted in the crossflow 
direction. The range~ of the parameters investigated are: 

2<HJD<4 

0.01 < M < 2.0 

-45· < e < 30
0 0 

Thernozzle width is 0.0032 m the 

exi~ of the nozzle are: 

Tj 4S0 D K ,J 
mj - 0.1 

\8 - 1000 

'\;\, . \ 

"\ 
'1\ 

jet charaeteristics at the 

".' 

1 1 
1 

l l 

" 

\-. 
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The impingement plate was maintained at a temperature 

Tp ... 350 K (m "" 0.302). ,r ----~~ 
p , , "'-

The present'results compare favourably with the e erimental 

data of Bouchez and Goldstein (B7) and of Metzger and 

Korstad (MS). 

(ii) For an orthogonal nozzle the velocity field analysis 

showed that for moderate values, of M the jet is split into 
two parts at impingement: the m~in part of the jet flows in 

the crossflow direction whereas the second stream f~ows in 

the opposite direction along the plate. The interaction of 
/""' 

this secondary ptream with the crossflow creates a recirculation 

zone upstream of the impingement. As the crossflow magnitude, 

M, increases this recircu1ation zone diminishes and fina1ly 
~ 

disapears. 

(iii) In accordance with these observatiorts the shear stress 

analysis along the plate shows that for small values of M'the 

jet actually impinges 00 the plate whereas it i5 taken away by 

the crossfl~ an<\< does not impinge for ' .. large values of M. 

The value of M which delimitate~these two behaviours is a 

fun~tion of H/O and of the nozzle~nc~ination. 

(iv) The presence pf ~ crossflpw always reduces the 

stag~at~o~?o~~~. ~d .ay~tage héa~~ran~fer rat:s_ ~elow what 
would bé expectea'~f crossflow were not present. • ~--------

(v) The influence of nozzle-to-plate spacing, which is 

negligible With~:Ln t e range 2 < Bio < .4 when there is no .­
crossflow, becomesignificant in presence of crossflowosince 

H/D measures th distance over which the crossflow acts on 

the jet:' In9reas~ng the noz~le-to-plate spacing leads to, 
more(significant defleclion of the jet and lower stagnation 

" 
point transfer rates. ,'" 
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(vi) For moderate values of Mf the heat and mass transfer 
1 

rates on the plate are the ones'of an impinging jet defl~cted .. 
and weakened by a crossflow. The l~ger the crossflow, the 

more effect on the jet. consequently the transfer rates are 

decreased as M increases within a, range of values which 

permit impingement. ':1 

(vii) For large values of M, the heat and mass transfer rates 

on the plate are ~he ones of a channel fl?w (although influenced 

by the jet). Consequently the higher the crossflow, the higher 

the transfer rates. But, due to the absence of impingem~nt, 
( " 

these transfer rates are much lower than in the case of 

moderate crossflow. 7 
{viii) For a given crossflow magnitu~ and a given nozzle-
... . h ;.~. . l (d' d , to-plate spac~ng t er~ eXl.sts an optJ.mum ang e ~recte 

_ slightly against the crossflow direction) for which the heat 

~d mass transfers aré maximum. It ~pears hènce that in 

practical _~ses where the presence of a crossflow cannat be 

eliminated, ~he decay in transfer coefficients 1aused by this 

crossf16w can be limited by the chàice of theappropriate 

impingement angle. 
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FORTRAN IV Ga 

0 0058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 

007" 

0075 
Q076 
0077 
0078 
0079 
0090 
OOSI 
0082 
0083 
0015" 

00S5 
0086 
0087 
0G..88 
00S9 
0090 

0091 
0092 

" 0093 
009. 
0095 

00Q6 
0091 
0098 
0099 

1 0100 
1 OtOI 

'1 01/02 
0103 
0104 

, ~ 

'-
<CP 

,.--
.-r'""--' 

. ..... _, ..... .....----.. ~~---..., ,. 
.-.. 

~ .... J{jC 

/'; .. , J 
~I ,,: 

RELE'A-s'e 2~0 
V( I •. U-O.O 
P(I.JI-o.o 
wU •. Ua_IN 
1"(I,J)-TIN 

200 C;ONT lNUE 
2 li CON Tr NUE 

00 206 l'''I.NI 
DO 206 J-loNJ 

MA IN ~ 

IFf.NOT.CAL Tt Tf I.JJ~ATE"P 
IFI.NOT.CAL.' wtl.J)·.IN 
PPC J •• ""'0.0 
OUCI.J)-O.o 
OV(I.J)=O.O 
SU1I,JI:oo.Q, 

" SP(l,J)=O.~ 
206 CONT 1 /IIJE 

r 

" OATE = 79037 

'--

C-----FLUID P~OPERT1~S ~ OEN.VIS.01FF.CPP.CONO -.CALCULATIONS 
.,. < C"LL PAOPS - -<., C 

'C-----CROSS}'FLOW DEFINITION 
UIN.~15CI.11.RE/.DeN(1.11/RSNALL.O.5 

- VIN=PCNTCR*UI NlHDRATO ' 
00 212 1.2.NINI 
U( 1.1' -0.0 
HRATID-ABSIXCIJ-OJP/2 •• /DJP/2. 
V( alt2 '.3./2 •• VIN*U.-HR"TlO .. tRAT ,ol~ 
pel.II-O.O 
TCI.ll-TIN-DELTIN 
WCI.l'-WIN-OELWIN 

2t2 CONTINUE 
C-----SPEClFV CONFINENENT PLATE CONDITIONS 

00 201 J"'t.NJ 
TI1 .... 1 = TlN 
U(2.J' ,. 0.0 
IFCJ.EQ.l) GO Ta 201 
VC I.J):oO.o 

201 CONT I/llJE 
C-----~~~f!:~T~~:~~ENT PLATE CONOl~JO~S 

WWALL~STT/(PSTT+(P[N-PSTT1·RATIOI 
IFI.NO~.CALW) WW4LL=WIN 
00 207 ..J"'t.NJ 
T CN 1 • .1) ~TIiI4LL 

~C-----INITrAL GUESSING OF W-WALL 
IiICN1.J)-WWAI..L 
IF(J.EQ.1J GO TD 207 
V(Nt.J,=O.O 

..... 

, ;;;,~ 
""-~f:.1-~~ t. '~;.r!""":.~ 
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~ 

23/48/l0 

~ 

/ 

\ 
MAINOIOO 
MAIN0101 
"'''1 NOl 02 
,..AIN0103 
MA lNOI o. 
MAINOI05 
""INOI06 
""INOI07 
"AINOIOS 
MAINO' 09 
MA INO 110 
I4AiNOlll 
MA INOl12 
I4AINO 113 
"A INOI 1" 
"AINOI15 
14AINOlI6 
"AINOll7 
NAINoue 

"A'NOI31 

I4AJ-NOI36 
,.AINOI37 
I4A1N0138 
"'41N0139 
""INOI40 
MAING1"1 
MAINO 142 
""INO'.3 -... 

207 CONTINUE , 
C----------CALCu...ATE RES IOUAL SOJ RCE-NORNALI lAT ION F4CTCRS----------- 1oI41NO 1"5 

FLOJET==O.O 
XI40JET=0.0 '" Y140.lET=O.0 
FLOC RS=O. 0 
YNOCRS==O.O 

• -- ;-

... 
v' 

.. 
.dl; 
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FORTRAN IV GI 

0105 
0106 
0107 
0108' 
0109 
0110 
Olll 
0112 
0113 

0"" CUIS 
0116 
0117 
0118 

0119 
~ 0120 

0121 
0122 
0123 
012. 
0125 
0126 
0127 
0128 
01-29 
0130 
0131 
0132 
0133 
013" 
0135 
0136 

0137 
0138 
0139 
0140 

o IH 
0142 
0143 
0144 
0145 

0146 
0147 
0146 

Ol4Q 
O-l c; 0 
0151 

~ 

, 

At 

,-..... 

Ir 

RE~ASE 2.0 MAIN DATE = 79037 

00 258 '-2.NINa 
AROEI'" 0.5.COENU,U.OEN( 1.2.USEW(I'*0.01 
FLOCRSaFLDCRS.AROEa.Vlr.2) 
l'MOCRSa l'MOCRS.AR OE,*VI 1.2 ,.ve 1.21 

256 CONTINJE 
CNTR=PCNTCR*IOO. 
FLOWIN=FLOUET+FLOCRS 
X140NI N=XNOJET 
V~ONIN=VMOJET+VNOCRS 
ReCRS~1 0.2J *DENC 10.2. *HORATO.2 •• RSHAL.L./VI SI 1 0.21 
S...,R FLOWIN.A6seTIN-TWALLI ~ 
SHOAH owIN.WWALL 
IFCABS IN-TwALL'.LE.l.E-6' SNORMT=I. -
1 FC ABS( SNORNW- o. 0) .LE.l .E -61 SNORMW=I.0 

C---INI TI AL OUTPUT 

C 

WRITEC6.2101 , 
WRITE C6.2801 (xeU.I=I.NI) '1; 
WRITE (6.2801 IVeJI.J= •• NJ' 
"RITE (6.2201 RE.UIN.TIN.PIN.WIN.X'A.l , ">' 
WRITE 16.221' PRANOL.SCHNIT 
WRITEI6,222t RECRS.vrtO,2"T(10.l'.PI10.11.welO,1I 
WRITEC6.223t CNTA ~ 
WRITE (6,230, TWALL.sueR ~ 
WRITE( 6 ,232, RSN ALL. ,HORATD • .1RlZ. JSTEP. THE TA 
WRITE 16.2501 MAXIT.TI14AX.SORNAX 
WRITE(6.260) FLOJET.XNOJET,VMOJET 
WRITE(6,26It FLOCRS.VMOCRS' 
IFIPUNIN, WRITE e6.6021 HPUNCH 

CALL. PRINTC1.l.NI.NJ.1T.JT.XU.V.U.HEOUJ 
., "CALL PRINTll.2.NI.NJ.IT • .IT.X.VV;V.HEDV, 

CALL PRINTII.I.NI.~.IT.JT.X.V.P.HEDP, 
C~LL. PRINTC1.I.NI.~J,IT.JT.X,Y,T,HEDT' 
CALL PRI.TC1.I.NI.NJ,IT.JT.X.1'.W.HEOW' 

CHo4PTER 3 3 3 3 3 3 3 ITERATION LOOP 3 3 3 ,3 
C ~ 

RESORW=O. 
RESORT"'O. 
vRI TE C6. 310 liMON • .INON 

300 NITERo:NITEFU 1 ~'\. 
C-----UPOATE NAIN DEPENDENT VARIABLES 

Co4L.L CALCU 
CALL CALCV 
CALL. CAL.CP 

IFeCALTJ CALL CALCT 
IFCCALW)'C4LL CALC. 

C-----UPD~E FLUIO PROPERITIES 
IFI NI TER.GT.30) INPROP'=3 
IFCNITER.GE.60' INPROP=5 
IFCNOOCNITER.INPROP,.EQ.I, Co4L.L PROPS 

C-----INTERNEOIATE OUTPUT 
RESORN=RESORIUFLowIN 
RESORU=RESORU/(XNONJN.YNONIN) 

lES ORY'" RE SORy/eX",oIHN.1'140N IN' • • 

\.., 

~ " 

~ 

23"48/10 PAGE 0004 

,/ 

~'I53 lUI 154 
NAI 'J5S 
"AIN 56 
M"IN 57 
MA 1 58 
I14AINOl59 
l404INOl60 
NA IN0163 
N"INOln 

NAINOl65 

,.f'IN0167 

Mo4INOl69 
MAINOl71 '> 
NAlN0172 
MAIN0173 
MAINOI7. 
NAINOl75 
HAINOl77 

3 3 3 3 3 MAINOl78 
"'AINOI79 
NAINOl80 
NAINOl81 
"'AINOI82 
I4AIN0183 
HA INOl84 
NAINOl8S 
MAI NOl 86 
MAIN0187 
14AINOI88 
No4INOl89 
NAINOl90 

I4AI~l NA INO 2 
"'AINO 3 
!tU 9. 

0195 
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FO~RAN IV Gl 
01 2-
0153 
0154 

~ 

x- 0155 
0156 
0157 
015'8 
0159 
0160 
0161 
0162 

0163 
0164 

0165 
0166 

0167 
0168 
0169 
0170 
0171 
0172 
OU] 

,Jif 111'1)174 
0175 
0176 
0177 
0118 

0179 
0180 
0181 

,v 0182 
OtB3 
0184 
0185 

016t. 
0167 
OIfIS 
0lB9 

"\. 0190 
0191 
01-<)2 .. 
0193 
0194 
0195' 
019" 

• 

• 
.:J 

,,--... ~ 

~ 
./ 

'ItT 

\II 

RELEASE 2.0 HAIN ~ DATE 79037 23/48/10 

lFICALW. RESORW=RESORw'SNORHW 
JFICALT' RESORTaRESORT/SNORMT 

-NA I~NOI98 
HAIINOl99 
1CA1HOZOO 
... 41N0201 

WRITE16.3111 N1TER.REsoRu.ResORv.~ESORH.RESORT.RESORW 
1 .U( JNON.JNONJ.VC(HON.JHOHJ.P(I~ON.JNON"r'INON.J"'ONJ 
2 .WCIMON,JNON).SPLITCNI1ERI.CNlvINlTER) 

IFCHOOCN1TER.INOPRI'.NE.O) GO TO 301 

~t; 

CALL PAlNTCI.I.NI,NJ.IT,JT,XU.V.U.HEOU, 
CAL~ PRINT(l,2.Nl.NJ,IT.JT,X.VV.V,HEOV) 
CALL PRINT(t,l,NI,NJ.IT.JT,X,V.P.HEOP) 
CALL PRINTCI.I.NI,NJ,IT.JT,X,V,T.HEOT' 
CALL PRINTC1.l,NI.NJ,IT.JT.X.V.W.HEOW' 

WRITEI6,3101 INON.JHON 

~ 

) 

~fl 

3 01 CON Tl NUE 
C-----TERNINA TI0N T!:\S 

SDRCE:4HAXII~SOR ,RESORU.RESORV.RESORT,RESORW) 
IFCN1TER.EQ.MAXIT GO TO 302 

C-----TINeR -

C 

CALL a.OC~~( I~ JNE J -
IF(IT~E' o. T.TJM~X' Gd T 1" 
IF C RESORT. LT .SOR /IIIA)() G 
GO TO 3Q~ / 

J03 CAL T".TRUE. , 
IFCNOOCNITER.10,.NE 

304 IF(RESORW.LT.SORMAX 
GO TO 306 

305 CAL .... TRUE. 
It!=C !«lDt NlTER"~.N II CAL\II=.FALSE. 

306 CONTINUE 
IF(SORCE.GT.SORN J GO TO 300 
lFCNITER .LE.l 01 

. 302 CONTINUE 
C 
C~APTER .. 4 4 4 4 .. FINAL OPERATIONS ANO OUTPUT 4 
C 

C 

~~~~Oi22.NI"'1 
_RDEN.JaO.5$'OEN(I.NJJ.OEN(I.NJMIJI.SEW(')$0.01 
FLOUT=FLOUr.AROEN.J*V( 1 .N.J 1 

421 CONTINUE " 
4CCUH=FLOWEV .. FLOWIN-FLOUT 
WRlrE (6.420) FLOWEV.FLOUT.ACCUM.PUNOUT 

CALL PRINTC1,1.Nl .NJ.IT.JT.X~.V.U,HÈOU) 
CALL PRINTCI.2,NI.NJ.IT,JT.X,yv.V,HEOV) 
CALL PAINTel,l.NI,NJ.IT,J!JX,V.P.HEOP~ 
CALL PRINT(l.l,Nl,NJ,IT,JT,X.y,T~HEDT, 
CAL~ PRINT(l.I,NJ.NJ,IT,JT.X,V.W.HEDWl 
<ALL PAINTCI.l,NI,NJ.IT.Jr.X,v.VIS.HEOVIS, 
CALL PAtNT«!.l.HI .Nol.IT •• )T.X.V.OEN.HEDOEIH 

.. 

~f 
~.L. 

4. 4 

fi 
CALL PRINTeJ.l,NI.NJ.rr.JT.X.V,CPP.HEOCPI 
CALL PRINTC •• 14NI,NJ,LT,JT.X,V,OJFF.HEDOIFI 
CALL PAINT(1.l.NI.NJ.1T.JT.X,V,CONO,HEOCON) 

lF(.NOT4~UNOUT' GOTO 410 

(éF 

4 4 

... 41NOZ03 
114 ... IN0204 
11441 N0205 
I14AINOa06 
11441N0207 
M41N0208 
"'AIN0209 
141"'11'10210 
...... INOZII 
lU 11'10212 
I14AIN0213 
ICA 1 NOl 1. 
l14"IN0215 

_"IN0216 
MAIN02l? 

14AIN0218 
MA IHOZI9 
I4AIN0220 
M41N0221 

4MAIN0222 
HAIN0223 
MA 1 NOZ2" 
1044tN022!i 

ltA INOZ28' 
I4AINOZ29 
", ... tN023 0 
"'41N0231 "'A IN0232 
"41NOZ33 
HAINOZ34 
NAlN0235 
MAlN0236 
... AIN0237 
MAlN0238 
"'AlNOZ39 
MA1N0240 
"'AIN02·U 
"AIN0242 
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.. FORTRAN IV Gl RELEASE 2.0 NAIN' DATE :< 79G37 
--;J 

23/48.'10 PAGE 0006 

.' • \ 
01~7' 
0lQ8 
0199 
G2GG 
0201 
0202 

0203 
0204 .. 
0205 
0206. 
0201 
0208 l:. 
0209 
G2lO 
0211 
021002 
0213 
0214 
0215 
0216 

021 -;.. 
0218 
0219 
0220 
0221 
0222 
G223 
0224 
0225 

0226 
0.227 

• 0228 
0229 
0230 
0231 
0232 
0233 
0234 -
0235 
0236 

0231 
0238 
0239 
0240 
024. 
0242 
0243 
0244 
G245 

.ft 1'........ -----: 

(, 
~< 

(> 

410 
C 

WRlTEH.600) 
WRlTE(7.6001 
WRtTE(7.600J 
WRITE( 7 .600' 
W~ITE(7.600' 
CONTINUE 

1 (U( I.J' .1=1 .NI' .J=l.N." 
«V( I.Jl.l=l.NI' .J=2.NJI 
«P(I.J,.I~l.NI,.J=I.NJ) 
(CTll.J'.I=I.NI,.J=I.NJ' 
«w(l.J,.I=l,Nl).J=l,NJ) 

JI 

C-----CALCULATIONS OF SHEAR-STRESS COEFF. NUSSELT NO. STANTON NO. 

,--­
lo' 

DZNzXUlNI'-X(NIM1' 
DOZN=XU(NII-X(NI-2) 
DEI.. T:TWALL-T [N 
IFlABSloELT-0.,.LE.l.E-8, oEL~=l. 
ATE"4P=0.5.' TIN+TwALLI ' 
CPA=CPA1+CPA2.AT EMP+CPA3UTE "IP*ATE"IP 
IF'A~S(OELT-O.'.LE.1.E-8) TERN=l. 
W FU T E (6 ... 02 1 
DO 401 J=2.N.JMI 
ACPP=0.S.(CPP(2.2'+CPPCNI.J)) 
ADEN=0.S.,OENI2.Z)+OENlNI,J" 
40IFF-0.S.CUIFFINI.J)+OIFF(2.2,' 
ACONO:O.S."ONO t 2, 2) .CONO'N l,JI) 
APRESS:O.5*PlNI.J'+PIN 

C-----MA5S TRAHSFER C4LCULATIONS 
, wp=wc NI.J) 

XAP:WP/(WP+( 1.-WPURArTIO) 
WOIFF=ALOG(JI.-XAJI'CI.-XAPI' 
"FI AdS( wO IFF-O.O ,.CE .1.E-B 1 wOI FF="' .0 
WFL UX=U( NI •. "*PENC NI. J') 
H1412- IIIFLtJJC/WO IFF ,."'TA 
SHlaHI41*OJET/AOIFF*(G4S*ATEMP/APRESSI 
HM=-WFLU)(.C'.-W(NI.~»/'W(NI.J)-WC2.2)) 
SH=H~.OJET/OIFF(2,2'/OEN(2.2J 

C----~EAT TRANSFER CALCULA TI ONS 
(F(.NOT.CALW) WFLU)(:1.E-4 
HFLUX=,TINl-2.J)-TWALL)/OOZN' 
HFLUJC~CONOCNI.J).HFLUX 
H"'-HF LU X/DEL T 
NU=HtOJET/CONO(2.2) 
ST=H/(OEN(2.2'.CPP(2.21.UIN, 
YI = Y1M,-DJPtTANnHETA) 
yy = ('tCJI-YI)/DJET 

'" 

_RI TE (6 ..... 03' J .VY. WD IFF .Iif"FLUX.HNI • SHI • HM. SH. HFLUX '.H.NU .ST 
IF«J-l)/S*S.EQ.(J-l)) WRITE (6.422~ 

401 CONTINUE '-
C-----SHE4R STRESS CALCULATIONS 

!fRITE (6.425' 
DO 407 J=3.NJM1 
YYY=YII(J'/OJET <do 
T AU=V IS t NI". J) _v (NIMI .J) /OZN 
CF=TAU*2./IOENII.2'.UIN*UIN' 
ACF=O.S*CCFtRENO' 

,--

wRtT~ (6.~261 J.Y~Y.TAU.CF.ACF 
IF( ("J-2)/St5.EO. (.r21) wR ITE 16.422) 

407 CONT 1 NUE 

• 

--------

.: 
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/ 

/tA, N0243 
1 .... IN024. 
NA 1.,.0245 
14101 N0246 
MAIN0241 
NAIN024e 
NAIN0249 

SHERW014AIN0250 
N41N02Sl 
NA IN02S2 
"UIN02S3 
"4AJH0254 
NA 1 N0255 
"IAIN0256 
1441 H02S7 
I4A IN0258 
I4AIH0259 
I4AIN0260 
MA IN0261 
IUlN0262 
MA IN02 63 
NA IN0264 
MAI N0265 
NAIN0266 
"4AIN0261 
"4AIN0268 
NA IN0260 
I4AIN0270 
NAIN0271 
14-41H0272 
144IN0273 
''l''IN0274 
OIA IN0275 
NAIN0276 
1410 IN0277 

~ 0I41N0278 
I4Al H0219 
/tA IN0280 
"4AlN0281 

0I,..JN0283 
_IN0284 
N"lNO~e5 
"lAI N0286 
MA IN0287 
MAlN0288 
I4AIN0289 
NA IN0290 
"4AIN0291 
Jo4" lN0292 
I4AlN0293 
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FOR 

1 
1 

0246 
0247 
0248 
024Q 
0250 
0251 
0252 
0253 
025. 
0255 
0256 
0ôi!:S7 ' 
02'58 
0259 
0260 

Q2bl 

02/'12 

'r , 
02t)3 

// 

0265 

026b 

0267 ~ 

0268 

coll!! 

0269 

" 

? 

l' 
0270 

,..pa sr 1 ~ 

~ 

,') " 

J 1) 

i 
/ 

.. .. 

\ ... 

'\ 
RE~EASE Z.O MAIN D"TE 79037 ~/48/1 0 

j, 

C-----AVeRAGE TRANSPORT PROPERTIES CALCULATIONS 
WRI TE r6. 42'U 
DO 430 J.:2. N..IMI 
PR=CPP rNI. J'.V IS r NI.J )/CONorNI. J» 
SC:VIS(NI.~)'(DEN(HI.J).DIFF'NI.JJ) 
PR-O.~.(PR.PRANOLl 
SC=O.S.CSC+SCHMIT) 
AV 15=0.5.' VI S(N[ .JHVI S« 2.21 J 
AOEN=0.s.fOENCNf.JJ+OEN(2.211 
ACP~0.5.CCPPINI.JJ+CPP(2,2JJ 
AOIFF=0.5*toIFFINl.J)+OIFF(2.2JI 
ACONO:O.54rcoHDtNI,J)+COHO(Z.2IJ 

'-

,~ 

.RITE (6,4231 J.PR.SC.AVIS.AOENtACPP.AOIFF,ACOND 
IFceJ.-IJ/S.S.EQ.CJ-ltl WRITE (6.422' 

430 CONTINUE 
STOP ... _C 

'" '\ 

r -"", 

~ 
':t 

iliA IN0296 
MAIN0297 
MA1N0298 
NAIN0299 
MAIN0300 
"'AINOlOl 
MAIH0302 
NAIN0303 
MAlN0304 
NAIN()305 
MA tN0306 
(IIAIH0307 
MA.IH0308 
MA INOl09 , 
MAIN0310 

~ MAIN0311 
lo4A-( N 03 l2 
M41H0313 C----FOR>4AT STATE>4ENTS .. 

210 FORMAT '1HO.9X.'P\A.,JET'.,,/.IOX.·SIMl.LTANEOUS HEAT ~ MAS5 TRANSFER 
IUNDER AN IMPINGING JET·.I/,.5X.'SCALAR GRIO SYSTFM: X-, v-

• 20';:CTION'./, 

" 

220 FO A Tf Il.10 1 5X.' JET [NLET CaNDIT IONS' .1. 
2 Ol(,' REYNOLDS NJN6ER', T40'. IPEII. 3. /. 
3 20X.'AVERAGE VELOCITY' ,T40.IPEI1.3./ •• 
" 20X. • TEMPERATUR e' • T40.1 PE 11.3./. 
5 20X.'PAESSURE·,T"O.IPElt.3,1. ~ 
6 20X.'NASS FRACTION OF A'.T40tlPfll.3,/, 
~7 2Q)(.'NOLE FR4C~ION.A'.T'0.Opetl.3) 

221 FOR~AT(//.20X.'PRANDTL NO·.T40.1PEll.3./. 
2 . 20X.'SCHMICT NO'.T40.1PEJ1.3, 

222 FORIIIAT(,(/,.8X, 'CROSS FLOW t'HLET CONDITIONS'./, 
2 20x.iREYNOLDS NUNSER·,T40,IPE11.3./. 
3 20X.'AVERAGE VELDCITY',T40.IPEll .l.I, 
4 20X.'TEMPERATURE,.T40.1PEll.3./. 

~ 

MAIN0317 
MAlN0318 
NAINO 319 
NAIN03Z0 

'<I4A IHOl21 
14"''''0322 
NA IN0323 
MAIII/0324 
MAlN0325 

~ " 5 20X.'PRESSUR~' .T40.1PE11.3./, À 
1_7 6 20X.'MASS F~CTION OF A·.T40.1PEII.31 

~, 223 FORIIIAT(,///.18X.·CROSS MA5S FLOW-RATE IS·.Fs.2.IX.'X OF JET N"'SS F~ 

" 
). 101t RATE') -

230 F~RNAT(,//.lSX.·lMPINGENENT WALL CONDITIONS',/. ? 
2, 2,OX.'TEMPEA1URE'.T40,IPEI1.3.1.20X.'USUC/UIN',T40,OPEII.l) 

232 FORMA TC'" l't 15X.' GEONETRY OF SYS TEN' ,1.20)(. IJ ET RADIUS'. 
2 T"O,IPE1I.3,1.20X.'H,/O RATI<l·.T40.1PE11.3./. 
3 20X.'NOnLE FROM J'.T40.111.i'.Z9X.-·T<l J·.T'O.III. 
4 /.20X.'INP[NGE~ENT ANGLE',T40.0PFI1.6) 

250 FORNATC/i'/.15X.'PROGRAIII CONDITIONS' ./. 
2 20X,'NAX ALLOW. ITER'~T40.111.,. ' 
3 "20X.'MA.X ALLOW.',TIME' .T40.IPEI)~3./. 
4 20X.'MAX ALLOW, ~fSl'.T~"IPEll~3) 

260 FDRNAT(/I/.15X.'JET lo!4SS,l"LlllttW.T35,lPEIS,bo/. 
2 13X,'JET X-MOMeNTUM-IN·.T35.IPE15.~.I. 
3 13X,'JET Y-M~NTUM 'N'.T35,IPEl~.6) 

2él FO~~AT(///.8X"CROSS-FLOW MA~S FLOW JN·.T3S.1PEI5.6./. 
2 ôX.·CROS5-F~OW Y-MO~ENTUN IN'.T35,lPE15.6,'///. 
3 15X.'VARI"~Le FIELD INITIALISEO AS :., 
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4 

N"I"'Ol26 
NA,INOl27 
~AINd)328 
NA 1 .. 0329 

MA IN0331 
14"IN0332 
HAINOl33 
MAIN033. 
14AIN0335 

, 
.\ 

... 
..... _-:. .... ""!!Ir~' •• ;" ''l'_ .... ~~--~ ..... , '1 

~ 

1. <'"'-

4 
PAGE 0007 

Q 
30 

" 

" 
:. 

/..t 

--
\ 

, 
• 

"" 
i"":, 

1 

--



~ ... ~ , L ~_"".~t~ .. u / ...... ~--..,...""'. - _.....--. 

-> t:"') r~ --
"Il 

;.. -- ~'" 

(,. '4>... 

~ --- -------- ---------
FORTR"N Iv Gl 

0271 

RELEASE ~.O MAIR DATE'"' 79037 23/48/10 j'PAGE 0008 

• 0272 

0273 
021'4 

0275 
0276 

0277 
0278 
0279 

280 FOR"'AT.UH .1.8CIPE1S.7J' ... AIN0338 
310 FOR"'''TCIH1.4HITER.4X.95HI----------ABSOLUTE RESIDUAL SOURCE SU!4S--1-------1 .--FIELD VALUES AT MONITORING LDCATION(.12.1H •• 12. 

21H,.3H--I.6X.'SPLIT RATE·/2X.2HNO.6X.4HUMOM.6X.4HVMOM.6X.4HMASS.6X 
3.4HENER.6~4HSPEC.IIX.IHU.9X.1HV.9X.IHP.9X.lHT.9X.lHW.7X.5HALPHA. 
44X.4HVINC./) -" 

311 FORN~TC IH .13. IX .IP5E10.3.6X.1P5t;10.3,2X,OPF6.4.1X.IPEl 0.3) ... 
402 F.ORNATCIH1.1.10X.·TRANS~ER COEFFICIENTS·,I,.IX.' J RIO WOIFFMAIN0344 

-2 IIIFLUX'.8X.·HMI'.8X.·SH1'.9X.·HM·.9X.'SH'. "'''IN0345 
36X.'HFLUX'.IOX.'H'.9X.'NU'.9X.'ST'. . "'''IN0346 
4/.130(·-'U • MAI N0347 

4 03 'IlOR~ATC' '.12 .... 8 .::i,l X.F8. 5.9 C lPE Il. 3. J "'AIN0348 
4Z0-PtlRMATlII.5X. 'DvERALL MAS5 EVAPOTATION .. ·.lPE15.6.1. "'~N0349 

25X.'OVERALL "'A55 OUTFLOW ='.lPEIS.6.1.5X."NET MA 55 ACCUMUL •• '. 14 N03S0 
3 IPEI5.6./1.5X.·OUTPUT PUNCH ='.L3,1/1 M IH03Sl 

422 FOAN~TC' '1 IN0352 
.23 FORMATC' •• ll.IX.8'IPEI1.4)' !CAIN03S3 
424 FOAMAT'IH1.20X.'AVERAGE TRANSPORT PRDPERT1ES'.~. MAIN0354 

1 3X.'J·.9X.'PR·.9X.'SC·.8X.'VIS'.8X.<OENa.9x.'CP·.7X ~IN0355 
2 .'DtFF' .IOX.'K· • .I.2X.81( '-'II ' '14AIN0356 

.25 FPRMAT(,,~.3X"J •• 7X"YVjD •• 8X"TA'6,.9X,·CF •• 3X"CF.REO/Z'./.ZX. 14AIN0357 0280 

0281 
0282 
02-83 
028. 0 

~ '-26 FORII4AT(' 1.13.IX.MlI Il.4H ICAIN0359 & 
2 46( '-'U tt. MAI N03!58 

600 FORII4ATUOZ8) -1' I14AI..,360 ~ 
602 FORMAT(' '.15X.5X. A.,/I' NAIN0361 

END 1404IN0362 

.OPTIONS IN EFFECT. NOTER~.ID.eHCDIC.SOURCE.NOL1ST.NODECK.LOAD.NOMAP.NOTEST 

.OPTIONS IN EFFECr. N~N~ 2 MAIN • LIMECNT z , 56 

.~TAT'5TIC5. SOURCE SrATEMENTS • 284.PROGRAM SIZE 11276 
1STATISTICS. NO DIAGN~STICS GEHERATED • , _ 
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FORTRAN IV GI 
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0001 
0002 

0003 

000" 

0005 
0006 
0007 
0008 
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0010 
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0012 
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FlELEASE 2.0 MAIN O~TE '"' 79017 Zl/"S/lO 

C--eLOCK O"T"------------------------------------------------------~----OATAOOOI 

, ... 

BLOCK 04T~ OATA0002 
CONNON A"TA0003 

l/UVa.J'AESORU. HSWPU.UAFU.OXEPUI221.oxpwU( 22 .,se_ut 22. < t 
II'VVEL/RESORV.NS.PV.URFV.OYNPY'22~.OYPSV(22).SNSY(22 •• VCY(22. 
I/PCORI'RESOAM.NSWPP.URFP.ou(zo.zol.ov(zo.zol.lPREF.JPREF 
I/TE~P/RESORT.NSWPT.URFT 
l/SPEC'A~SORW.NSWPW.URFW 

CaNNON ~MGLEWT/WTA.WT8 
l/FLUPR2'CDNDA1.CONOAZ.COND43.CONOBI.CONOB2.CON083. 
2V1S41.VISAZ.VlSA3.V1S81.Vl$82.VlS83.DIFFU. 
lCPA1.CPA2.CPAl.CP81.CPB2.CP63 
l/p~oel'RE.T1N.PIN.T.ALL.wIN.~LO.lN.FLO.EV. 
2 ISTEP.JSTEP.ISTP1.JSTP1.ISTMI.JSTMI 
3 .~NOZ.JNOZP1.JNOZMI 

-J:OMMON -
""/ALV fT .~T. Nf. 14.1. NI 141'.14..1"'1 .GRE"T 

11' V APP' A"'TON l • rm OH2. ANTON3 
l/PGM/PUNIN. PUNOUT. TIMAX .MAlC1T. SOPNAX. lNOPRI ~ 

CONNaN 'OIFFUS'0IFFt,OIFFZ,0IFF3.0IFF".OIFF5 
CONNON /SUCTON/USUC.SUCR 
CONMON/4NGLE/THETA ~ 
CONNON,eAo~s,peNTCR.OELTIN.oELWIN 

t 

,f 
't. 

0"T"0007 
OATA0008 
0"TA0009 
OATo\0010 
OATAOO .. 
OATAOOl2 
OATA0013 
0" TA001" 

OATAOOl5 
OATAOOI'6 
OATAOOl7 
04To40'018 
04"'0019 
OATA0020 

LOGlCAI,. Purfl~ .PUNOUT 04T"0021 
c--- t..ENGTH M 04T" 0022 
C--- VELoel TV M/S tl OATA0023 e--- "Œ-IIIPT 0 K OATAIl02. 
C--- SP'-(CIE5. MA5S P;RACTION OF SPECIES A OAUd'o25 
c--- PR~SURE 14/14 •• 29'1' o o\T 0\0 0 26 
C--- OEN$ITY KG/N •• 3 OATA0027 c--- DIFFUSITY M.~2/S 04TA0028 
c--- SPECI. liE"T .J/KG/K .... oATA0029 
c~-- THERN.eONDU ./M/)( 04T"0030 
C--- vtSeaSlTY, KGI'~'S ~ OATA0031 
c--- NOLE.WT G/NOLE "V' OAT.40032 
C------M METER 0 OA7A0033 c------KG KILOGR"M OATA003" 
C------G GRAN OATA0035 
e------5 SEC. d 04T40036 
C-----N NEWTON 0"7A0037 
C------J JCULE ' 047A0038 
C----w ."TT J 0"T,,0039 
C---------- ------------------------------ - ------'---------------------0 0\ TA0040 
C----PROGRAM- AND PRINTOUT-CONTROL DATA OATA004, 
, OATA ISTI!P. GREAT / 2.1 .E3 0.1 OATAOO "Z 

DATA NSWPU.NS...,If .NSWPP .NSWPT .NSWPW.l3.3.5.3.3/. li OATA0043 
, .IT·.JT·IPREF • .JP~EF/ZO.50.2.2'" ~ 
3 URFU.URFV.URFP.URFT.URF.'G.2.0.2S.0.S.0.9.0.9/ 
4 • UN~~:~~OUT/.TRUE ••• TI~UE.I' '. 
5 ./If ~MA)(. SORIo4AX.INDPAI /,200.900, •• 0.'1)15.101/ 

C 
C-----PHYSleAL DATA ' 
C SIHARY N1XTURE OF WAIER VA? CA) 

OATA _rA,wtB/18.02.28.97.1 

C> 
l;o 

\ 

AND 4 IR 1 al 

~ 

..", 
~ 

DA TAOO"8 
OAT40049 
0"To40050 
04TA0061 

• 

{.. 
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FORTRAN IV GI RI:LEASE 2.0 flLK DArA DATE = 791137 231'48'l0 
~ 

0013 
\ 
\ 

()OH 
oins 
0016 
OCU7 

\. Oll18 
00'9 
002:0 

~ 

C 

, .ANTON1.ANTONZ.ANTON31'23.365186-.3919.884.-42.06J6251' 
DATA VtSA1.VlSAZ.VISA3/0.99354S-6.0.27G67E-7.0.88906E-l./ 
DATA VlS8t.YIS82.VIS831'0.2S641E-5.0.60198E-7.-0.~3723E-10/ 
DATA CPA1.cP~2.CPA3I'O.1824IE4.0.2t976.0.23487E~3' -. 
DATA CP91.èP82.CP63I'O.102S6E4.-0.17317.0.361.6E-31' 
DATA CONOAI.CONDA2.CONOA3/0.86868E-2.G.11318E-4.0.85793E-71' 
DATA CON091.C~N092.CONOe3I'O.38793E-3.0.95.25E-•• -O.30699E-71' 
DATA 0IFF1.OIFF2.DIFF3/0.2794E-4.-0.1306E-6.0.4016E-91' 
DATA OIFF4.0IFF51'-O.1057E-3.0.335E-6/ 

C-----PAOSLeM SPECIFICATION 
OOZI DATA PINI"013?5.01' 
0022 DATA SUeRI'O.OI' 
0023 } DATA THET4'O.OOI' 
0024 DATA Ae.T1N.T1IIAl..L.WIN/. 000 •• 450 •• 350 •• 0.11' 002~ . DAIA PCNICR.DELTIN.DEL'~'O.lO.O.OO.O.OOI' 

;

0026 END ' V 

~ -OPTI/lNS IN eF"ECT_ NOTEAM •• D.EBCDJC.$OUACE .... OLIST.NOOE~.LOAD.NOMAP.NOTEST 
.bPTIONS IN EFFECT. MANE. BLK DATA. LINECNT 56 / 
*ST4T1 snc,. NO 'NAGNOSTlCS' GENERATEO 
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D4 TA 0052 
01.11.0053 
OATA005. 
OAT40055 
DATA0056 
DAT40057 
04TA0058 
OAT40059 
04T40060 
0414006' 
OAT40062 
D"A0063 
D4T40064 

~TA0066 
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FORTfUN' 'tV •• 1 RELEASE Z.O MAIN DATE" 79037 23""8.1'10 

C--~O---------------------------------------~-------~-----------------GRIOOOOI 
C-GR lP O'STR (BUTION CALCUl.ATlONS -----------------------------*"-GAI00002 

• SUBROUTINE GRIO(JNOZ.J5TEP,RSNALL.HDAATO, ~ 0001 
0002 r'#-- CONNON GRI00004 

~ • l' AL&.., IT • .IT. NI. N.I. NUU. N.lMI.GREAT GR '00005 
,/GeDMZX(2ZI.YCZ2'.DXEP(Z2).OXPW(22J .DYNP(22)~ 
2 ~ DYP,C2ZJ.SNSC2Z,.SEW(2Zt.XU(ZZI,VV(221 

COMNON,ANGLE,THETA '" G003 
'0004 d /' blNENS10N ODX"9) 

C----------GRIO 20.50 , . 
DATA COX, 1 •• 2 •• 4 ... a •• 1 ~" .. 3Z •• 6 ••• lza •• 6 ••• 32 •• 16.,8 •• 4 •• 2 ••••• o !JO 5 

0006. 
000'7 --0008 
OCfOg 
0010 f 
OOIl 
0012 
001'3 
QO&4 
O'OlS 
0016 
00.17 
GOlS 
0019 
0020 
0021 
0022 \ -
0023 
002. 
0025 
00<!6 
0027 

2 0.5.0.5.0.25.0.1a" 
NI-20 
N.I-20 
NPn-NI -1 
.INOZ".4 
.,sTEPs33 
RSMALL-I.6E-03 

, H~4TO .. 3. ' 
OY-Z.0E-G3 
Yli '--O.5>tOY 
DO 6 1.2,NJ 

6 Y'!).YCI-lI+DY 
SUIf-O.O 
D.JP"H0A4 TO. 2 .. *R S MALL 
00 30 I-I.NIMI . 

30 SU/If"SUM+OOX( 1)' 
su. • SUM-O.5*(DOXI~I+OOX'N,MI.' 
DX-OJP,SUH , . 
x",--oOX(I).OX.O.5' 
00 40 I"Z.NI 

40 xc 1 '.XI 1-1 HOX*DOXU-U 
RETURN 
EN> 

.,- 1* 

" t r':" ... . 
.. ' . 

.. 
.OPT.IOHS IN EFFECT. NOTER,... 1 D.E8COI C .SOURCE .NOLI sr. NalECIC.L.DM.NONAP .NOTEST 
.OPTIOHS IN EFFECT. NANE '" GRID • ",IN~CNT - 5.(> ,\. 
.ST~TISTJCS. SOURce STATEHENTS = 27.PROGR4N SI~E'~ 86 • 
• STATIST1~S. NO DIAGNOSTICS GENERATED ~ • 

,.,r, \ ' ~ .. ..: .; 
• 

1 ., .. 
l., 

'" -' 
, 

-----.-
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, ... 

~ 

GR 100011 
GAIOO~ .2 
GR1000'6 

GRID0035 
GRl00036 

GR,00038 

o 

GRID0040 ~ 
GA 100041 
GR'D0042 
GAID0043 
GR .000.\ 
GRIOOO.S 
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'FORTR4N IV GI. RELE4SE 2.0 MAIN OATE - 79037 2:1'.8'10 PAGE 0001 

" 

.. 

1 
l' 
1 

~ 

... 

a 

,000 • 

0002 

0.0.03 

0004 
OOo-~ 
0006 
0007 
0008 
0009 
0010 
001. 
0012 
QOl3 
0014 
OOtS 
0016 
0017 
0018 

, OOt!i' 
OOZO ~ 
0021 
6022 
0023 

O~~ 
O~ 
302~ 
0028 

.0029 
0030 
00;11 
0032 
0013 
0034 
0035 
0036 
00037 
0038 , . 

'r_ 

, ' , 
,C--""ttnT-------~--------------- ---------------------------1 NI TOOO1 
C-GEOMETRIC4L -QUANTJTIES CALCULATIONS 

SIJ8ROUTlNI! IN Il ---------------------------------IN1T0002 
C 
CH4PTER 0 0 0 0 0 0 0 0 
,c 

_ COM~N ' 

;;; INITOOOl 
INIl0004 

PRELIMINARIES 0 0,0 0 0 0 0 0 1 ... IT0005 
INIT0006 
1 NIT 0007 

l'U~~JReSORU.NS.Pu.uRFU.OXEPU'22l.0~WU(22).SEWUI22) 
I/VVeL/RESORV.NS.PV.URFV.DYNPV'Z2"OYPSVI2'J.SNSV'22,.rCV'22' 

f~:;~'~~ÂI~j~~::1H~l:!l~~:~H?:~~~IN.fLOWEV. . ( 2 ISTEPrJSTEP.ISTP1.JSTPt.ISTMl.JaTMl 
3 .JNOZ.JNOZP1.JNOZNl 
C~~N , 

~ '/GeOM/X'Z2).V(22' .DXEPIZ2).OXPWt22).OYNPl2Z" 
2 " DYPSI22.'.SHSU}'. 5E_U2" xuC22J ,YVU2, 

C 
~~TER CÀLCUL4TE GEONETRÎ~ ~4HT.T'6$ 

1>""".'. '.0.0 
Oxepc. ... 1 )-0.0 
00 101 ,al.HI'" 
OJCePC U-XUtlh'XfU 

101 OKP.Cl+l.aOXEPCIJ 
OYPS(1)-0.0 
PYNPtNJ).O.O <' 
00 102 .J-I.NJMl 

, OYNPC.U-YUtl ,-YCJ, 
102 OYPS(J+l)aQYNPIJ) 

sewc U-o.O 
se.CHU-O.O 
00 103 I_Z.Nl ... 1 

10'3 SEW' t '''O.S.,DXE?' .) .D~W' • ~, 
SNSCI)·O.O, 
SNSCHJ' -0.0", 
De 104 J:a2,NJI4I • 

104 SNSC .. ' .. O.S.C.OYNP' .. '.OYPs, .... , .. '-. 
~~( l ~;°-i!2. &L- • 

105 IW' J ' .. 0 .. 5.' xc ".XC 1-) J J •• 
OXP_yu .-0.0 " 
OlPWUC2 )aO. O· .f, 
OXEPUC1J-O.O 
OlCEPUCHI '-9.0 
00 1~.2.NHU 
DXEPU",=XUC!.I'-XUCI' 

1 oc. DlIPwUlI +1 ,:"OlIEPU( 1 J<>::, 
sewUt 1 '''0.0 
SeWV( 21"0.0 
SE.U( NI ''''0. . 

" 00 l07~ 1=3.N1Ml 
107 ~E.U(ll=0.5.'DXEPU(I.+OXPWU'I.J 

YV(t.;O.O 
DO 108 J"'2.NJ 
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INIT0010 
IN nOOH 
ltUTOO.Z 

INJTOOU 

~ 
IH1TOOl6 
IHUOO.7 
1 ... 11'0018 
UHTOll22 
JNITOOU 
'N.10024 
INITOOfS 
INIT0026 
IN'TOO27 .. 
LNITOOZ8 
IN ITOO 29 
INITO'03O 

INIT0033 
'NlT003. 
INI T0035 
INU..oOJ6 

J.., 

::H::~~ ) 
IN IfOUt 
IN' rOOJ8 
INIT0039 
INIT0040 ~, 

:=~~:~~-
1 NllOO4J 
INIT004. 

,INI1'04l.5 
INIT0046 
INIT0047 
IHIT0048 
INITOOt9 " 
INIf0c)50' . ,-
IN ITOOS 1 
.NI1'0052 
INIT0053 
IN.TOO~4 
IHJ,f0055 
INr~57 

... 
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FORTAAN IV Gl RELEASE 2.11 INIT 

lm 004 
00 1 
- 42 
OM3 
004. 
OQ45 
0046 
0047 
GO~B 
0049 
0050 
0051 

0052 
0053 

c 

YV (J) :: 0.5.' Y {J ) +V ( .J- 1 n 
108 YCV«J) • O.S*(YVIJ.+YVIJ-l') 

DYI'>SV(l)=O.O 
DYPSV(2'''0.O 
OVNPV(NJ'=O.O 
DO 109 J:2.NJMI 
OVNPVCJ)=vve.J+l)-VV(J, 

109 OYPSV(J+l,=OYNPV(J' 
SNSV( 1 .=0.0 
SNSVI2,=O.0 ~ 
SN!FVeNJ."O.O 
DO 110 J=3.NJN 1 

110 SNSVI J'=-O.s*-, DYNPV( J H·DYPSve.") 

RETURN 
END 

!~ 
f 

----' 

t' 

DATE = 79037 23/48/10 

. f 
.OPTIONS IN EFFECT* NOTERN.IO.EBCOIC.SOURCE.NOLIST,NOOECK.LOAO.NOMAP,NOTEST 
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<;!Ju'''lllTl NŒ l''IOP S PROP0063 
Ct1APTCP 0 '1 ~ .1 '3 ,) .J " PI~F.LItUNARIES ., (J 0 il <) 0 0) Il PROP0004 
C PROPO005 

Lùl~/4(m PROP0006 
1 /l\LL/I T. JT. NI .NJ. tH Ml. NJMl. GREAT pnOPOo).,7 
1/VAff/U(~O.2~).V(20.~'J).P(20.2U).PP(dO.20).T(20.20).*(20.~o) 
1 /FL tJPU:/ ~HI.)A .RHOO. R.\T 1 n, ÇPA. CPfJ.. CPOEL. 
2 lJCNI2".2')'. V ISI.!() .2.) ,.':PPI.!·h20 1 .OIFF 120.20) .CONOI 20 .Z'O 1 
COMI~)N ' ::.> 

1 /FLlJPI~2/ CUNDA 1 • CtlNOA 2. Cb'lOA 3. ':llN081 • COND82 .CONO!3 3. 
2vISAl.VlSA2.VISA3.vlS~1.VISB2.VISB3.0IFFU. 
3CPA 1. CP \Z. CPA3. CI'131 • CPU2 .CPt33 -

..... 1 /PfllJill /I~E. TIN. PIN. T 4\\LL. WIN. FLOW 1 N. FLllweV. 
"Z ISTEP,JSTCP.ISTPl.JSTPl.ISTMl.JSTMI 

c 

3 .JNOl,J~OlPl.JNOZMI 
CQ~MlN/HEAT/:PPDEL(2J.20) 1 

.CONMJN /DIFFUS/DIFFl,OlFF2,~IFF3.DIFF4.0IFF5 
COM~JN /MOL~WT/~TA.WTO 
DATA GA~/a314.2/ 

C-----Cp aF WATER WATER VAP ASSUMED CONST UNOER IOO.e 
C-----CP QF AIR ASSUMeD CONST ~ 

DO 1 1 0 1 = 1 • NI 
00 1.,., J=l.NJMl, 
a=T ( 1. J) 
TT=U$Q 
YA= w( l , J 1/( ., 1 • JI + 1 J • -w ( ( ,J ) ) /RAT ilot-­
ytl= 1 .-YA 
CPA=~PAltCPA~.~tCPA1.TT 
ÇPPD~L(I,J'~CPl\-CPB 
vlS~~VlSA1.VISA2.u.vlSA3*TT' 
vlSB-VISH1+V1SB2.~+VtSO~*TT 
rFlvlsa.c.r.o.oOI GO TO 52 _ • 
",RIT';(6";;1) I.J,(loVIS8 

::11 rORMAT(lbx.'I=· .. 13,'J=·.13.·T(I.J~,F7.3,·Vlsa::·.FI0.3) 
.)~ ÇONTI~lUr: _ 

COND.\:C'mc,Al +CON::>A2*Q~CIJND" 3*TT 
CUtW'o!:CIJNDHl .. CONO'12*0 ~CiJNOB 3+TT 
DIFF(l,J)=~tFF1.DtFF2*Q.OIFF3+TT 
IF(u.GT.:5.;1.1 bIFF( I.J)=PIFF,. .. DIFF~+O 
GIFF(I.J)=uIFF(I,J).1~1325./tP(I,J)+PINI 
AVLI~= 1 .1 (W 1 l, J 1/11 T·H ( 1 • -III ( l ,J 1) IWTd) 
~(I.J)=IP(I,J'.PIN)*AVEM/(G"S*Q) 
CON~T~I.12é.5Q~T(VISA/Vlsg, 
PHI AU=' 1 ... CONS T'. ( 1 •• ~O"4<;l T) /3 .6022 
Ptllfl,t;-~./CONST H·\ \ ... 1 ./CONST )/4.5674 ~ 
VIS(I.J);VIS.A/'l.~YIJ""'IlIAB/YA' .. Vlsa/(l •• YA.PHIBA/YBI 
A=1 • H 55 ./0 
b=1.t411./Q • 

'C=1.tl2tJ./iJ 1 
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C--CALCU----------------------~-------------------~---------------------C4LCUOOI 
C--SOLUTION OF U EQUATION ----------------------------------------------CALCU002 

SUBROuTINE CALCU CALCUO.3 
C C4LCUOO. 
CHAPTE~ 0 0 0 0 0 0 0 0 PRELINIHAR1ES 0'0 0 0 0 0 0 0 CALCU005 C" ~ CALCU006 

COMNC'N NI TER' ' 
CONNON 5PLIT(200) . 
CO/04;,fON CNIV(2001 r~~ 
CaNNON HEOU(9 •• HEOV(9,.HEOP(9,.HEOT(9).KEDW(9'.HEOV1S(9 •• 

1 HEDOENI9 •• HEOCPI9,.HEOOIF(9,.HEOCON(9. 
CONf40N . 

l/UVEL.lRE50RU. N5WPU. URFU ,OXEfJU( 22 '.0 XPWU( 22' • SEWUC 22' • 
I.lPCOR.lRESORM.NSWPP.URFP.DU(20.20).OV(ZO,20).lPREF,JPREF 
l.14LL.lIT.JT.NI.NJ.NIM1.NJMI.GREAT 
1~~~:~~( 20 ,20) .V( 20.20 ).' PI 20.201 .PP( 20..201 .. T (20.20', W(20 .201 

l "GE: 0104 "X (22'. Y (22' .DXEPC 22) .OXPWC 22' .OYNPC 221. 
2 OYPSIZZ"SNS(221.SEWI221.XU(22'.VV(22' 
l "FLUPR/RHOA .RHOB .RAT IO.CPA. CPB. CPOEL. 

'\ 

2 OEN(20.201.VISC20.201.CPPI20.20,.OIFFt20.20).CONOC20.Z0' 
COMIfON 
I/PROB1/RE.TIN.PIN.TWALL.WIN.FLOWIN.FLO~V. 
2 - rSTEP.JSTEP.lSTPI.JSTPI.ISTICI.JSTH, 
3 .JNOZ.JNOZP1.JNOZNI , 
1"COE~'AP'20,20).AN'20.201.AS(20.201.AE'20.20).AW,20.20', 
2 SU(20.20'.SP(20.201 

GRA"TY=9.807 
C 
CHAPTER 
C 

ASSEMBLY OF COEFFICIENTS 

DD 101 .1:2. N.lMI 
OELUE :: 0.0 
4RE4EW ; 5N5I.1)*0.01 
00 100 I=3.NI/041 
OEN1J=OEN( 1 • .1) 

C-----COMPUre: AREAS AND VOWIo4E 
ARE~N = OKPwll).O.OI 
AREAS :: OXpwC l,tO.OI 
VOL = A RE lE. _.OXP WC 1 J ,. C---C~CULATE CONVEC TIaN COEFFI CI ENTS '­
GN;O.S*,oENtl.J+l)+OENIJ).vll.J+.)· 
GNW=0.5"'CDENII-l.J.+OENCI-I.J+I)'.VI1-1.J+I) 
GS=0.5.COENtl.J-11~OEN(.lI.v(I • .I. 
GSW=~5*(OEN(I-I.JI+OEN(I-I.J-I.'.v'I-1 • .l1 
GE=0~5.(OEN(!+I • .I'+OENIJ •• U(I+l.JI ' 
GP=O.S*'OENIJ+OENtl-l.J".UC'.J' • 
GW=0.5.(OENCI-l • .lJ~DEN(I-2.J',*uCl-'.J, 
CN=O.S*IGN~GNW).AREAN 
cs=o.s.CGStGSW)*AREAS 
CE=O.S.tGE+GP'.AREAEW 
cw=o.S*CGP+GW'*AREAEw ~-

/ 

". 

-C----CALCULATE DIFFUSION COEFFICIENTS 
VISN=O.25.(VIS(J.J)+VIS(I.J~I'.VISII-I.JI+VlS,'- •• J~I). 
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f'lELEASE 2~0 CALCU DATE = 79037 

VISS=0.2S.'VIS(I.J)+vis(r.J-1'+VISCI-1,J.+VIS'I-1.J-11) 
g~~~~::~~:~~~~~t~: , 
DE=V~SCI.J,*'REAEWI'DXEPU(lJ 
DW=VISII-l.J,*AREAEW/OXPWUII' 

C-----CALCULATE COEFFICIENTS OF SOURCE TERMS 
St04P=CN-CS+CE-CW 
CP=AMAX110.O.SMP) 
CPO=CP 

C-----ASSEt04BLE NAIN COEFFICIENTS 
"Nf 1. JI=AN"'X I(A6s, O.5*CNJ .ON'-0.5*CN 
AS' 1 .JI=AW(xl 'ABsCO.S*Cs, .051 +0 .5.CS 
AE" ,JI "AMAX l(ABS 10 ,S*CE l, DE I-O.5.CE 
AW(I.J'=AMAXICABS(O.S.CW),OW'+O.S.CW 
OUCI.J)=AREAEW 
SUII.J'=CPO.UCI.J,+OUII,J'.CPCI-I,J'-PII.JI. 
SPC t • J'=-CP . 

.. 

231'481'10 

CALCU049 
CALCUOSO 
CALCU051 
CALCU052 
CALCU053 , 
CALCU054 
CALCU055 
CALCU056 
CALCU057 
CALCU058 
CALCU059 
CALCu060 
CAl.CU061 
CALCU062 
CALCU063 
CALCU064 
CALCU065 

ORDXE = O.5*CCOEN'I+I.J'+OENCI,J"-COENC I,JI+OENCI-l.J'I'I'SEW1I. 
g~~~ ~ gË~~~IOENC~J+l'+OEN(I.J')-(OENCI.J'+OEN(I.J-l"l'SNS(Jl' 

OELUE=0.5.' u,( 1 + 1. J"'UC 1-1 • JI ,*OROXE+O.S.' VC 1. J+ll.V( I.J" .0 ROYE 
DELUE '" OELl.E*vISCI.J)/OENII.J) 
ALP HA =0 .3333*COELUW-OELUE) *0.01 . 
SU([.~. '" SUll.Jl+ALPHA*SNSCJ) 
SUCI.J)=SU(I.JI+SNS(J,.OXPWCI)*GR4VTY.O.5 

1 .COEN(I.J)+OEN(I-l.JI'*O.OI 
1 00 CONTI NUE 
101 CONTINUE 

C 
CH.\PTEIl 
C 

2 2 

CALL MOOU 

2 2 2 2 2 PIlOBLEH MODIFICATIONS 

" 

2 2 2 2 2 

C 
CHAPTER 
C -

3 FINAL COEFF. ASSENBLY ANO RESIOUAL SOURCE CALCULATION 

RESORU=O.O 
00 300 1=3.NIMI 
DO 301 J=Z.NJMl 
AP ( 1 • J) =ANC l, J) +AS ( 1. J t + AEU • ..1, +AWC 1. J )-SPC l, ... ' 
OU(I.J'=OU(I,JI/AP(I.J' 
RESOR=AN( 1. J) .ue (,J+ IH ASC 1 ...... ue (, J-I HAEC 1. JI.U(U .. 1 .... ' 

1 +AW(I,J'.U«(-I.J)-4P(I,J'.UCI .... '+SUC1.J' 
VOL = SNS(J'.OKPW(I).O.OI 
SO~VOL=GREAT·vOL , 
IF C -SP( 1 .JI • GT.O .S*SORVOL» RESOR=R ESORI'SDRVOL 
RESORU=RE SORU+ABS CR ESOR) 

C---~-UNOER-RELAKATI0N 
APCf.J'=APCI,J,/URFU ~ 
~~I.J)=SUtl.J'+'I.-URF)UI*AP(I.Jt·UCI.J' 

301 g~:i~~~OU( 1.J,*URFU ( " 
300 CONTINUE _______ ~~ 

C ,~ 
CHAPTER 4 " '4 SOLUTION OF DIFFERENCE ECUATION " 4 " .. 
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Ra. EASE 2.0 , _ MAIN DATE = 19031, 23/.s" fa, -
C--CALCV----------------------------------------------------------------CALCVOOI 
C--SOLUTION OF v EOUATION ---------------------------------------------CALCV002 

sueROUT tNE CALC y CA LC-Y 003 
C 
CHAPTER 
C 

. CALCV004 
o 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 CALCY005 

COMMON NITER 
CONMON 

.,VVEL,RESORV.NSWPV.URFV.OYNPY(22,.DYPSV(221.SNSVC221.VCV(22t 
I,PCDR/RESORM.NSWPP.URFP.OUI20,20).ovI20,20) .IPREF.JPREF 
l'ALL/JT.JT,NI,NJ.NIM1.NJM1.GREAT 
UGEOM/XI22).Y(221.0XEPI22),OXPW(221.0YHP(221. 
2 OYPS(22).SNS~22).SEW(22).XU(22).YV(22J 

COMMON .. - , 
l'VAR'UIZO.ZG' ,V(ZO.20'.PI20.20';PP(ZG.20,.TI20.Z0 •• W(20.20) 
l'FLUPR'RHOA.RHOB.RATIO.CPA.CPB.CPOEL. 
2 OENI20.Z0).VISIZO.201.CPPIZO.20,.OIFF(ZO.20,.CQND(20.20) 
l'PROB1/RE.TIN.PIN.TWALL,wIN.FLOWIN,FLOWEV. 
2 ISTEP.JSTEP,ISTP1.JSTP1.ISTM1,JSTNl 
3 ,JNOZ,JNOIPI,JNOlMl 

COMMON 
I,COEF,AP(20.20',ANI20.20,.AS(20.20'.AE(20,20,.AWCZO.Z0'. 
2 SU(ZO.20,.SP(20.Z0' 

C 
CHAPTER 
C 

00 100 1=2.NIMI 
OELUN = 0.0 
DO lOI .1 = 3.NJMl 
AREAEW = OYPS(J).O.OI 

ASSEMBLY OF COEFFICIENTS 1 

OENIJ=OEN'I.J) v 
C-----CQIo4PUTE "REAS AND VOLUME 

AREAN = SE.'I).O.OI 
AREAS = SEwrll.O.Ol 
VOl. = ARE AE W*SEW CI) 

C----C~CUl.ATE CONVECTION COEFFIClans 
GN=O.S.(OENrl.J+l'+OENIJI.V(I.~.I) 
GP=O.5.(OENI~+OENII.J-1),.V(I,J' 

1 

CALCV006 

CALevo07 

eALeV010 

CALCVOl3 

CALeVOI!! 

CALCVOl? 
CALCVOIS 

CALC;.IOI'l' 

CALCV022 
lCALCV023 

CALCV024 
CALCV025 

CALCV029 
CALCV030 

CALCV034 
CALCV03!5 
CALCV036 

.... 

PAGE 000. 

/ 

GS=O.5*('OENII.J-l )+DEN(J .~-2"*V( IoJ-U / 
GE=O.S*IOENII+I.J'+DENIJ'.UC'+l.JI 
GSE=O.S.(OEN(I.J-l'+OENCI+I.J-l')*UCI+l.J-I' 
GW=O.5*IOENIJ+OENII-I.JJI*VIJ.J, 
GSW=O.S*(OEN(I.J-ll+OEN(I-l.J-I"*U(I,J-11 

CALCV037 • 
CALCV038 

CN=O.S*CGN+GPI*AREAN ~ 
CS=O.S*CGPtGS).AReAS 
CE=O.S*(GE+GSEI.AREAEW 
CW=O.S+CGw+GSW)+AREAEW 

C-----CM.CULATE OIFFUSION COEFFICIENTS 
VISE-=O.ZS*( VIS! 1 • .1) +V1S( 1+1 • .I)+VISI 1,.1-1' +V'S(J+I.~-I)J 
V1SW=0.2S+(vlsCI.J'+V.SCI-I,JJ+VlS( .,J-II.VlS(I-I.~-l)J 
ON=VISCl.J'.AREAN/OVNPVI~J 
OS=VISlt.J-II*AREAS/OYPSV(Jr 
OE=VISE*AREAEW/OXEP(11 
OW=VISW*AREAEW/OXPW(I' 

'" 

CALCV039 
CALCV040 
CALCVO 41 
CALCV042 
CALCV043 
CALCV044 
CALCV045 
CALCV046 
CALCV047 . 
CALCV048 
CALCV049 
CALC)/'050 
CALCV051 
CALCV052 
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FORTRAN IV Gl RELEASE l.O CALCV o ATf! '" 79031 23.148.1&0 

0031 
0032 
'0033 

0034· 
0015 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
004. 
G04S 
0046 
0047 
0046 
0049 

0050 

0051 -- . 
OQ52 
0053 
005. 
005S 
0056 

0057 
00"i8 
0059 
0060 

0061 
0062 
GOo3 
0-064 
0065 

0066 
0067 
0068 

-c-----c~LCULATE COEFFICIENTS OF SOURCE TERNS 
SMP=CN-CS .. CE-CW 
Cp" A/I4AX 1 C 0.0 .SMP) 
CPO=CP 

C-----ASSE/I48LE MAIN COEFFICJENTS 
ANII. J)=AMAX' IABSC O.S*CN) .ON)-O.S*C ... 
AEC I.J);;;AMA)(1 CABSIO.S*CE) .DEI-O.S*CE 
AS ( 1. JI .. AMAX 1 1 ABSI o. 5*C SI. DSJ .. 0.5*CS· 
AWII.J,=ANAXICABSCO.S*CWJ.oW) .. O.S*CW 
ove I • ../I=SEWC H*o.ol . 
SUII.J)=CPO*VII.JI.SEWCI)*lPCl • ../-I,-pe, • ../I'*O.OI 
SPII.J) = -CPO . 
ORDX!II=O .5., (OENe Hl. J l+DEN CI • ..1. J-C DENI 1 • ..1 J+OEN(J-l • ..1 1 U /sewlI J 
OROYN=O.S*I C OENC [.JH ) .. DENI J. J' )-eOENI 1 • .1) "OENe 1 • ..1-1 ») J/SNSf ..1, 
DELUS = DEL UN 
OELUN=0.S*ICU(I+l.J)+U(I • ../I'*DRDX"'+(VlIoJ+1J+VCI.J".ORO'(N' 
OELUN;;; OELUN*VISII.JJ/OENII.J, 
ALPHA=0.3333*CDELUS-DELUNI*0.01 
sue r • ..11 = SUC 1 • ..1 )ULPHA+SEWC 1) 

101 CONT( NUE 
• 00 CONT [ NJE 

CHAPTER 2 2 2 2 2 2 2 PROSLEM NOOIFICAT'O"'S 2 2 2 2 2 
C 

CALL MOOV 
1 C 

CHAPTER _ 3 
C 

1" 1 NAL C OEFF. ASSEMBL y AND RES 10UAL SOURGE CI-'LCUL"T ION 

RESORV=O.O 
00 300 1;;;2.NIMI 
00 301 J=3.NJMl 
API I.J,=ANC t.J).ASII .J'+AEC 1 • ..1) .. AWC ItJ)-SPCI.J' 
OV( I.J.=DVI I.J)/APl 1 • .1) 
RESOR=ANCI.J'*vl I.Jt-IJt-ASII.J)*Vll.J-1Jt-AEll.JI*Vllt-1.,,! 

1 +AWII.JI*Vll-I • .II-APlJ.JI*vll.J)+SUu.J.' 
VQL=OYPS(JI*SEwIJI*O.OI 
SORVOL=GREAT*VOL 
IF(-SPC1.JI.GT.0.5*SORVOL! RESOR=RESOR/SORVOL 
RESORV=RESORV+AaSIREsoRI 

C-----UNOER-REL "X AT ION 

C 

API t • .I)=AP( 1 • .1) /URFV 
sU'I.JI=Su(I.JJ+(I.-URFV)*"P(I • ../.*vIJ.J. 
ovel.JJ=OVlI • ../.*URFV 

301 CONTINJE 
300 CONTINUE 

CHAPTER 4 ~ 4 SOLUTION OF OIFFE~ENCE EQUATION 

C 400 CALL LOSILVI2.3.NI.N../.'T.JT.~.NSWPV.I.) 
RETURN 
END 

.. .. • • 4 

3 

4 

.OPTIONS IN EFFECT* NOTER~.IO.E6CDIC.SOURCE.NOLIST.NOOECX.LOAO.Nr:P.NDTEST 

.OPTIONS .... EFFECT* NA~E = CALCV • LJNECNT = 56, 
'*STATISTICS* SOURCE STATENENTS = 68.PROGRAN SJZE = 2 2 

2 

4 

.J ,# 

CALCV0!53 
c"l.CVOS4 
C4l.CY055 

CALCY0!57 
CALCYOS8 
CALCV059 
CALCY060 
CALCV061 

CALCY085 

2CALCV088 
CALCV089 
CALCV090 
CALCV091 

3 CALCV092 
CALeV093 
CALCV094 
C"LCV095 
CALCV096 • 
CALeV097 
CALCV098 
CALCV099 
e~Lev.oo 

CALeV.02 
C"LC VI 03 
e4l.CVI04 
CALCV105 
CALCVI06 
CALCVI07 
C"LCVI08 
CALCVI09 
CALCVltO 
CALeVll1 
CALCV1I2 
CALCVl13 

CALCVU'5 
CALCVl16 
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23/.8/10 FORTRA~ IV GI 

0001 

0002 
0003 

000. 

0005 
0006 
0007 
0008 
0009 
0010 

0011 
OOIZ 
0013 

00 •• 
0015 
0016 
0017 
0018 
0019 
0020 
002t 

0022 
0023 
0024 
0025 
002t. 
0027 
0028 

0029 
0030 
0031 

w 

RELEASE 2.0 MAIN DATE ... 79037 

C--CALCP-------------------~----------------------------~---------------CALCPOOI 
C--SOLUTJON OF P EQUATION ----------------------------------------------CALCP002-

SU6ROUTINE CA~CP CALCP003 
C CALCP004 
CHAPTER 0 0 0 0 0 0 0 0 PRELINJNARIES 0 0 0 0 0 0 0 0 CALCPOO~ 
C CALCP006 

CO~NON NITER 
CaNNON , ~ . 
I~OR/RESORM.NSWPP.URFP.OUC20.20 •• DV'20.201.1PREF.~PREF 
1/ ALL/ fT .~'T. NI .NJ .NIM 1 .N.UU .GREAT 
I/VAR/U'20.20,.V'Zo.ZO,.PCZO.Z01.PP'ZO.ZO).T(ZO.20,.W(20.20' 
1/GEOM/XI22,.Y(22 •• DXEP(Z2).OXPW(22 •• 0YNP(22 •• 
2 oYPse 22'. SNSC22 J. SE.e 22) .XU( 22' .yV( 22) 
CONNaN 

l/FLUPR/RHQA.RHoa.RATlo.CPA.CPB.CPOEL. 

... 

2 OEN(20.Z01.VIS(ZO.20,.CPP(ZO.20'.OIFF(ZO.ZOt.CONDfZO.ZOt 
I/COEF/APC20.20',AN(ZO,ZO'.AS(ZO.ZO •• AECZO.ZD),AW(ZO.ZO,. 
2 Sue20.20).SP'20.Z0' 

C 
CHAPTER 
C 

ASSEHBLY OF COEFFICIENTS 

~ESORI4=O. 
00 tOI J=2.NJMt 
AREAEWa SNSeJ'.O.OI 
00 100 [.;2.N HU 
DEN[J=OENH.J. 
ppe(.J)::o.O 

C-----COMPUTE AREAS AND VOLUME 
4REAN ='SEW([).O.OI 
ARéAS =- SEIII' t ).0.01 
YOl.. = ... REAE •• SEWlO 

C-----CALCULATE COEFFI CIENTS , 
OENN=O.SflOENIJ+DEN'I.J+I'). 
DENs=o.s.eOENIJ+OEN'I.J-I). 
DENE=O.S*,OENIJ+OENCI+I.J,J 
OENW=O.S.(OENIJ+OENCI-l.J,) 
AN«(.Jl=OENN.AREAN.OYCI.~+I) 
... Sl(.J'=OENS .... RE ... S.OYCI.J' 
AE'I.J)=OENE .... REAEw.oue 1+1 •• 1) 
Awe [.J'=OENW .... RE ... EW.OUe I.J' / 

C-----CALCULATE SOU~CE TERMS 

~~g~~:~1::j~!1~:~~AN 
CE~OENE.U(I.l.Jl.AREAEIII 
C.=OENW*Ull.J).AREAEW 
SNP=CN-CS+CE-CW 
S P (1 • J) =0.0 , 
SU(J.Jl=-SI4P 

C-----CO~PUTE SUM OF ABSOLUIE MA$S SOURCES 
RESORM=RESORM+A8S(SMP, 

'00- CONTI NUE 
lOI CONT 1 NUE; 

~ 
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C 
CHAPTER 2 2 2 2 2 2 2 PROBLEM MOOJFJCAT~2~.r~ 2 
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Z 2 2 

CALCP007 

CALCP009 

CALCPOl3 
CALCPOa4 

CALCP018 
ICALCP019 
Co\LCPQ21 
CALCP020 
CALCP022 

C.\LCPOZ4 
CALCP02!S 
CA\..CP026 
CALCPOZ1 

CALCP03f 
CALCP03Z 
CALCP033 
CALCP034 
CALCP035 
C.u.:CP036 
CALCP03'1 
CALCP038' 
CALCP039 
CALCP040 
CALCP04' 
CALCP042 
CALCP043 
CALCP04. 
CALCP045 
CALCP046 
CALCPO.7 
CALCP04a 
CALCP049 
CALCPOSO 
CALCPO!H 
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FORTRAN IV Gl RELUSE 2.0 

C 

CALCP OATE .. 79037 

OO"l2 
0033 
0034 
0035 

0
0
036 

C CALL MODP 
C 
CHAPTER 3 3 3 3 3 FINAL COEFFICIENT ASSENSLV 3 3 3 
C 

0'0 300 1:2.1'111041 
00 301 J=2.NJMI . ' 

301 A~'I.JJ=AN(I • .J""AS(I.J,+AECI.JI+AW( •• JI-SPC'.J, 
300 CONTINUE . 

C 
CHAPTER 4 ~ " " " SOLUTION OF DIFFERENCE EQUATIONS " C -

400 CALL LOSILV(2.2.NI.NJ.IT.JT.PP.NSWPP.0.1 
C 
CHAPTe~ 5 5 5 5 COR~ECT VELOCIT1ES ANO PRESSURE 5 5 5 
C 

0037 
0038 
0039 
0040 
0041 
0042 
0043 
004. 
0045 

.0046 

C-----IIELOCITIES 
C-----PRESSURES CWITH PROVISION FOR UNDER-RELAXA'ION' 

PPREF:PPIIPREF.JPREF) 
DO 500 1=2.NIMI 
00 501 .1"2. NJMl 
IFO.NE.2) U( 1 .JI=U( 1 .J)+OU( 1 • .1 )*(PP(I-l.J)-PPI I,J.) 
VII.J' = VII.J)+oV(I.)).,PPCI.J-II-PPll.J •• 
P(I.J'-P(I,J)+URFP.,PPCt,J'-PPREF, 

501 CONTI NUE 
500 CONT 1 NJE 

RETURN 
Eroc 

*OPTIONS IN EFFECT* NOTERM.ID.E8CDIC.SCURCE.NOLIST.NODECK.LOAO.NOMAP.~OTEST 
*OPTIONS IN EFFECT* NAME: CALCP • LINECNT = 56 
*STATISTICS* SOURCE STATEMENTS - 46,PROGRAM size a 1572 
~~TAT1ST1~0IAGNOST1CS GENERATED 
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CALCPO~ 
CALCP0!5 
CALCP015 

3 CALCP057 
CALCP0!58 
CALCP059 
CALCP060 
CALCP061 
CALCP062 
CALCP063 

" CALCP064 
CALCP065 

CALCP067 
CALCP068 
CALCP069 
C ALCPO 70 
CALCP07t 
CALCP072 
CALCP073 
CALCP074 
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0001 /' 

0002 
0003 

0004 

0007 
0008 
0009 
0010 

0011 
0012 
0013 
0014 

0015 
0(>16 
0017 
OOla 
0019 
0020 
0021 
0022 

0023 
002~ 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
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(> 

,~ 

R~:~::L~;: _____________ :~:~ __ ~ ___________ ~~~:_~~~~~ _____ ~~ __ 23/ ~~~~---CALC'OOI , '~ 
C--SOL~~~~u~t~E~~~~~TURE EQUATION -----------------------~--- -------~:t&:~g~ 
C , ' CALCT004 
CHAPTER () () 0 0 0 0 0 PREL IMINARIES 0 0 0 0 0 0- 0 CALCTOOS' 
C CALCT006 

COM~ON NITER f 
CO"'~ON CALCT007 
l~TE"'~~RESORT.NSwPT.URFT CALCT008 
',l'ALL/IT.JT.N( .NJ.NIMI.N.lMI.GREAT.' CAf.CT009 
l'VAR/U(20.20,.V(20.20,.P(20.201.Pp'ZO.20'.T,ZO.20".C20,20' 
I/GEOM/X(22).T(22).OX~P(22),OXPW'22t.DYNP(22 •• 
2 OVPS(22).SNS(221.SEW(22',XUC22',VV(22, 

COMMON 
1 /FL UPR/RHOA .RHDB .RAT IO.C PA .CPB. CPOEL. 
2 DEN(20.20).VIS(20.20).CPP(20.20).OlFF(20.20,.C~D(20.20' 
l'PROB1,RE.TIN.PIN.TWALL.wIN.FLOWIN.FLOWEV, 
2 ISTEP.JSTEP.lSTPI.JSTP1.ISTM1 • .ISTMI 
3 .JNOZ.JNOZPI.JNDZMI 

COMNON 
1 /CDEF /AP (20.20) • AN( 20.20) ."S( 2 0.20). AE (20 ,20' .AWC 20.20' • , 

2CO"MON,I'~~H3ê~g~ËE~~~?2~~' 1" 
ç -
~HAPTER '1 '1 1 ASSEMBL y OF COEFf' IC I~TS ~ "1 ,Il 

OO~lOl J=2.NJMl 
ARE"ew; SNSeJ).O.ol 
00 100 1=2.NI/oI1 
OENIJ=OENlJ.J' 

C-----CDMPUTE AREAS VOLUME 
AREAN = SEw(1'*O.Ol 
AREAS = SEWlt'.O.OI 
VQL=AREAEW*SEwCI. 
CPOEL=CPPOEL(~.J) 

C-----CALCULATE CONVECTIoN COEFFICIENTS" 
GN~0.5*(DENIJ+OEN'I.J+III*V(I.J.11 
GS .. o. 5. ('OENIJ +DEN-( J. J-lI )*V( l,.) 
'GE=O. ~*' DENI J+OE N ( .. 1 • .1., *U( 1+1 ,J J 
GW=O.S.COENIJ+OENCI-l.J)).U(I.J. 
CN=GN.A REAN 
CS=GS*AREA.S 

, CE=GE*"REAEIIO 
(;W=GW*AREAE w' 

c-----CALCULATE DIFFUSION ':OEFFICIENTS 
(iAfof=CONOII.JI/CPPC r.J) 
GAMN=0.5*IGAM+CONOCI.J+l, /CPPCI.J+l') 
G AI45=O. 5. C GAI4 +CONDC 1 • .1-1 )/C PPCI • .1-1)) 
GA.I4E=O.S*lGA.M.CONOC1.~.J),I'CPPCJ+1.4) 

"GAI4W=O.S*(GA ... CONOC'-l • .I.,I'CPPC 1-1 • .1') 
ON=GAHN.AREAN/OYNP(JI 
OS"GAMS.AREAS/OVPS(J 1 
OE'"GAHe*AReAEW/O XEPC 1 J 
o ..... GAHW.AREAEW/OXPW( ,) 

1/ 
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23/·rI'I0 RELEASE Z.O CALCT " DATE a 79037 

C-8---5 DJ qce TE'AI4S 
S14P=CN-CS+CE-CW 
CP,,(4MIIX 1 C O. 0 .S-l 
CPO=CP 

C----IISSEMBLE _IN COEFFICIENTS , 

.t , 

ANII,J'=ANAX1IABSCO.S*CN,.DN'-O.S*CN 
ASlt,JJ=AMAXl(ABS(O.S.CS).osJtO.S*CS 
AEII.J,=AI4AXl(ABS(O.S*CE'.OE)-O.S*CE 
AWCI.J'=AMAXI,ABSCO.5*CW,.OW'+0.5*CW 
SUCl.J,=CPO*Tll.J. ~ 

o~ 

DELZ=CXEP( l' 
lFII.EO.NIMI' DELZ=DELZ.0.5 
OTZt=ITIJ+l,J)-T(I,J.'/OELZ 
OrZZ=ITCI.J'-Tlr.J-l"/OXPWII, 
DTR1=(TII.J+I)-TII,J))/OYNP(J. 
OTR2=(TCI.J)-T'I.J-I')/OYPSIJ' 
DWZI=(w(l+l.JI-W(I.JI'~DELZ 
DWZ2=(W(I.J)-w(I.J-l"~DXPWl(' 
OWR1=lwCI.J+II-wll.J))/OYNPIJ' 
o WR2=( wU ,J) -wO ,J-l li IOYPS (J, 
.DTZ=O .S*IOTZltOr 22) 
OTR=0.S*COTRI+OTR21 
OWZ=0.5.(OWZl+DWZ2J 

• 

! 

DWR=0.5*'OwRl .. DWR2' _ 

~ 

~ WTERM=(OWZ*CTZ+OWR*OTR,*VQL*OENIJ*OlfFfl.J).CPDEL/CPPCI.JJ 
OCPZl=(CPPCI,JI-CPPCI+l.J)'/ICPPlltl.J'.CPPCI,JJtOELZ) 
OCPZ2=(CPP( I-t.J,-CPP(I.JtJ/ICPPlt,JJ.CPPll- •• J).OXPW(lt) 
OCPR1=(CPPLI,Jl-CPP( I.J+lla/(CPPII.~)*CPP(I.~.lJ.OYNP(JJ) 
OCPQ2=(CPP((.J-l)-CPP(I.J"/CCPP(I.~)*CPP( •• J-1J*OyPSfJ'J 
OCPz=0.S*'OCPZl+OCPZ2) 

C 

OCPR=0.S*COCPR1.OCPR2' 
CPTER M=( OC PR*O flHOCP Z*OT ZI *VOL*COND( "J 1 
SUU ,J' "SUI l, J)tIllTERM-<:PTER/14 
SPII.J)"·CP 

1 00 CONTI flUE 
1 01 CON T (NUE 

C '" 

-1 

CALL.rIol{)()T ' 1 

" 

CALeTOS3 
CALCTOS4 
CALCT055 0 

C4LCTOS6 
-CALCTOS7 
CALCTQ58 
CALCT059 
CALCT060 
CALCT061 
CALCT062 
CALCT063 
'CALCT06. 
~CALCT06!5 

o CALCT066 
CALCT067 
CALCT068 
CALCT069 
CALCT070 
CALCr071 
CALCTQ12 
CALCT073 
CALCT0.74 
CALCT075 
CALCT076 
CALCT077 
C"LCT07e 
CALCT079 
CALCTOSO 
~:t~~g:~ , 

~tlAPTER 3 FINAL COEFFICI~NT ASSEf04BLY AND RESfoUAL SWRCE .. CALCu...AT~ N-:) 

CHAPT"ER 2 2 :2 2 2 :2 PROSLe ... 114001 FIC4TIONS 2 2 2. '2 2 \ 

RESORT=O.O / 1 \ 

CALCTOS3 
CALCT084 
CALCrOBS 
CALCT086 
CALCTOS7 
CALCToa8 
CALCT089 
CALCT090 
CALCT091 
CALC T092 
CALCT093 
CALCT094 
CALCT095 
CALCT096.... 
CALCT091 
CALCToge 
CALCT099 
C"ALCJl 00 

'-, 

00 300 I=2.N1Nl 
DO 301 J=:2.NJf041 , 
API I,JI=AN( I.J)+AS(l • .JltAEI I.JI tAWC h.U-SPI l,JI 
RESOR;A~((.J).TI I.J.l).ASII,J'.'(I.J-1JtAECI.J)tr' Jt1 6 J ) 

1 +"III(I.J)*T(I-l,~'-AP(I.JJ*TCJ.JI+SU(J.~J' 
VOL'= SNS(JI*SEw"j~O.OI 
SORVOL=GREAT*VOL 
1 F.C - SPI ( • J , .G T. 0 • 5*SORVOL) RESOR= RE SOR/SORVOL 
RESORT=RESORT +AB SI RESORI , 

C-----UNOER-RELAXATION 
APII.JI""PII.Jj/URFT 

" 
" 

CALCTl02 
, , CALCTl03 
, CALeT 104 

CALertos 
CALCHo6 

"\ 
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FORTRAN 1 V G' 

0077 
0078' 
0079 

OOSa 
0081 
a082 

( 
( 

! 

0, 

\. - {\ . 

'" \ -
A 

-- ------ -- -
RaEAse 2.0 CAL CT DATE" 79037 

, ~ 
SUC 1.~l3SUCl.~).'1.0-UAFTI.AP",~'.TC'.~. 

3 01 CONll NUE 
300 CONT. NUE 

C 
CHAPTER • 4 " " • SOLUTION OF DIFFERENCE EQUAT~ONS 
C 

.00 CALL LOSJLV'2.2.NI.N~"T.~T.T.NSWPT.O.l 
RETURN ' 
END· -

• 

*OPTIONS IN EFFECT* NOTE~.IQ.EBCOIC.SOURCE.NOL'ST.NOOECK.LOAO.NOHAP.NOTEST 
.OPTIONS IN EFFECT* NANE = CALeT • LINECNT - 56 
.$TATIST1CS~ SOURCE STATENENTS :. 82.PROGRAM SIZE ~. 28'8 
*STATISTICS* NO OIAGNOSTICS GENERATEO, ~ 
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0001 

0002 
0003 

"0004 

~ 
0005 

0006 
0007 
0008 
0009 

0010 
0011 
0012 

0013 
00t4 
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RELEASE 2.0 MAIN, DATE" 79037 - 23.148/10 

Î~ , 

C--CALCW----------------------------------------------~-----------------CALCWOOI 
C--SOLUTION OF SPECIES EQUATION --·-------------------------------------c.ALCW002 

SUBROUT (NE CALCW CALC.003 
C 
CHAPT-ÉR 
C 

a o a 
CONMON NI TER 

o o o o 

CON'~ON 
I~SPEC~RESORW.NSWPW.URFW 

PREL 1 NINARIES a o o a o o o 

I~ALL~IT.JT.Nr.NJ.NtMl.NJN1.GREAT 
I/VAR/U'20.20'.V(20.20,.P(20.20'.PP(20,20'.T~20.20',W(20.20. 
1/~EOM/Xt221.Y(221.0XEP(22t.DXPW(22l.0YNPC22t. 
2 OYPS(22,.SNS(22).SEW(22J.XU(22).VV(22, 

CONNaN 
l~FLUPR/RHOA.RHOB.RATIO.CPA.Cpa.CPOEL. 
2 OEN(20.20IoVISC20.20) .CPPCZO.20JtOIFFC20'.201.CONOIZO.ZO, 
1~PR061YRE.TIN.P[N.TWALL.W[N.FLOWIN,FLOWEV. 
2 ISTEP,JSTEP.ISTP~wJSTP1.ISTN1,JSTNl 
3 .JNOZ.JNOZP1.JNOZNI 

CONNaN 
1 .lCOEF ~AP (20.201 • ANI 20 ,20) .AS' 20. 20) • AE (20, 20' ,AWC 20",201. 
2 SUC20.20J.SPC20.20'· , 

C 
CHAPTER 
C 

DO tOI J=2.NJMI , 
.\RE.\EW ~ SNS(J,*O.Ol 
00 100 1=2.NIMI 
DE N I:J :DEN Cl. J , 

C-----COMPUTE .\REAS VOLUME 
ARE Afol = S ew' 0* 0.01 
AREAS = SEWll).O.OI 
VOL=ARE.\EW*SEW,I, 

ASSENBLY OF COEFFICIENTS 

c---c.u.CULArE CONVECT ION COEFFICIENTS 
GN=O.5*(DENtJ~DENCI.J+I))*V(I.J+11 
GS=O.S*CDENIJ+OEN(I,J-I))*Vlt.J' 
GE=0.5*(OENIJ~OEN(t+l.J)'*U(1.I.JJ 
GW=0.5*(DENIJ~OEN(I-I.JI)*U(I.JI 
CN= CN* ARE.\N 
CS:GS*ARE.\S 

-~ 

C'ALCW004 
C.\LCW005 
C.\LC.006 

CA1.CW02 
CALC.W022 
CALCW023 
CALC_024 

<:ALCW026 
CALCW027 
CALCW028 

CALCW031 
CALCW032 
CALCW033 
CALCW034 
CALCW035 
CALCW036 

, 0015 
0016 
0017 
0018 
0019 
0020 

0021 
0022 
0023 
0024 
0025 
002'6 
0027 

"(J02B 
'0029 

\ CE=GE*AREAEw 

~ 
CIIFGW*AREAEW 

_ è-----CALCULATE DIFFUSION COEFFICIENTS 
GAM=O IFF( 1. J) *OENIJ 
G AMN= 0.5* (GA,.. ~o 1 FF( I • .J+ 1 , eoE N( 1 • J+ 1 ,) 
GAMS=O.S*(GAN~O(FF(I • .J-I'*OEN(I.J-l )) 
GAME=O.5*(GAN~OIFF(I+l.J'*OEN(J+l.JII 

--CALCW037 
CALCW038 
CALCW019 
CALCWO"O 
CALCWO"1 
CALCW042 
CALC-W043~ 
CALCWO"" 
CALCW045 
CALCW046 
CALCW047 
CALCVO"8 
CALCW049 
CALCWOSO 
CALCWOSt 
CALCV052 0030 

G.\MW=O.S*(GAM+OIFF( l-l.Jt*DENIJ-l.J, 
ON~GA MN*A REAN/oYNPCJ) 
OS=GAMS*AREAS~OYPS(J) 
OE=GAME*AI1EAEW~DXEPI 1 1 
OW~G.\"'W*AREAEW~OXPW (1 J 

C-----SOuRce TERMS 
SMP=CN-CS+CS-CW 

'F-" ----
-------- .. _-- ~- ..... ~~-....""- ""' ........ ""' .. ~nt.. .... "o<.ôI~~.Joi..~/..~ .... ~~,. .. 't..1t,!..~ _,,,, .,. ~ .A<~<\.""""'" ........ 

, 
,~ 

1 ,., 
/. 

- ------
PAGE 0001 

Q 
30 

~ 
" 

J 

fl 

~ .. 
~ .. ,~\._ .. '~J",-.~ r;.. ... ' ..... ~~ ~ ~~10;", .......... """'''''''''-~. 

! 
i 
1 
1 
l 
i 
) 

·1 
1 . , 

l 

1 
! , 
\ 
1 

1 
t 
i 
1 

"1 

1 
·1 
1 
t 
1 
1 , 

l 

-1 
-\ 

t 
~ 
1 . ! 

1 



, 

f'T\ 
':~ 

FORTRAN IV Gl 

0031 
0032 --0033 
0034 
0035 
0036 
0037 
0036 
0039 
0040 

0041 

0042 
0043 
0044 
(1)45 
0046 

OG47 
0048 
0049 
0050 

GOSI 
0052 
0053 
005. 

OG55 

0056 
OGS7 \. 

n 
-...1 

=: 
-' 

REL,EASE 2.0 'CALC_ DATE" 19031 

CP=ANAXICO.O.SMP, 
CPO=CP 

C-----ASSEMSLE "'AIN COEFFICIENTS c 
ANCI,J,=AN"Xl(ABS(0.5*CN"DN)-0.5*CN 
AS(I.J,=AMAXICA8SCO.5*CS).OSt.o.e*cs 
AE( l't JI = ""AXI C A8S« 0 .S*CE' .DE '-0 .5*CE 
AW(.,J'-AMAXICABSCO,S*CW,.DW'.O,S*CW 
SUII.J)=CPO$WCI.J) 
SP(I,J)""-CP 

IGG CONTINUe 
lOI CONTINUE 

23/48/10 

C • 
CHA?TER 2 2 2 2 2

c 

2 PReBLEM MODIFICATIONS 2 2 2 2 2 2 
C 

CALL MOOW 
~HAPTER 3 FINAL CO~FICJENT ASSENBLY AND RESIO~ SOURce CALCULAT,ON .3 

RESORw=G.a 
Da 300 1"'2.NII4' 
00 301 J;2.NJMl . 
AP(I.J'=AN(I.J'+AS(l.J'+AECI.JJ.A~'I.J'-SPII.JJ 

IRESOR=:~~:j~~~:~fj~t!~t~~~:i~~i:~:i~Jl!;~fl!j1'.W"rl.J' 
VO~ "" SeW(I)$SNSIJ).O.OI· 
SORYOL=GREAT*VOL 
IFC-SPCI.J'.GT.O.S*SORVOL. RESOR~ESOR/SORVOL 
RESORW=RESORW+ABSCRESOR, 

C--~--UNDER-RELAXATION 
APCI.J'=APCI.JJ/URFW 
SU(l,J);Sucr.J'+(l.o-URFW)$APCI.JJ •• 'I.JJ 

30 l COIIIT 1 flUE 
300 CONTI NUE 

C • 
400 CALL LOSILV(2.2.NI.NJ.IT.JT._.NSwP_.0.' , 

CHAPTER 4 4 4 4 4 SOLUTION OF DIFFERENCE EQUATIONS 4 4 • 4 
C 

RETURN 
END 

*OPT10NS IN EFFECT* NOTEq~,lD.taCDIC.SOURCE.NOLIST.NODEQ(.LOAO.NO""P.NDTES~ 
-*OPTIONS IN EFFECT$ NANE = CALCW ,LIIIIECNT = 56 
*ST'TISTICS. SOURCE ST.TENENTS = 57.PROGRAM SIZE : 1952 
.STATISTICS$ NO DIAGNOST~CS GENERATEO 

/ 
~ 

*$1 ..... 44_ iQ $4 ua ifS O(:ç;Q 

'f"'; 

~ 

CALeWOS4 
CALCW055 
CALCW056 
CALCII0!51 
CALeW058 

.CALCWOS9 
CALC_060 
CALC_061 

~~~:g~ 
C"LeW064 
CALC_G65 
eALCIt06.6 
CALCW-067 
CALC_068 
CALCWQ69 
CALCV070 
eALeV01a 
C"LeV012 
CALo.073 
CALe_074 
CALC_07S_ 

C.\LeW077 
CALCV07a 
CALCW019 
CAl.ClII080 
CALC.081 
CALe.082 
c: ALCW 083 
CALe_o.s. 
CALe_08S 

.. (:ALC_086 
CALe_087 
CALe.089 
CALe.OgO 

'-

------ ----- - -
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0001 

0002 
0003 
0000\ 
0005 

0006 

0007 

0008 
0009 

0010 

0011 
0012 
0013 

0014 
0015 
0016 
0017 

0016 
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0020 

0021 
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RELEASE 2.0 NAIN DATE = 7903.7 23/0\8/10 PAGE 0001 

C PROM&D------------~---------------------------------------------------HDooQOOl 

SUBROUTINE PRONOO MODOO 03 
C--ITERATtVE BOUNDARY CONDitiONS CALCULATJONS --------------------------MODOO!02 

C '.' 1040000 04 
CHAPTER '0 0 0 0 0 0 0 PREL INtNAR lES 0-- -0 0 0 0 0 0 0 0 1140000005 
C ~ 

C CNNlON N ( TER 
COMNION SPL1Tl200' 
CONMON CNIVl200. 
COMNON 

:~~~~~~2~2~::~t2~~~~;~~~~O~~~:!PPC20,20).Tl20~2~),W'20.20) 
I/GEON/~(22).YC22),O~EPC22 •• DXPWC22).OYNPI22), 
Z DYPS(ZZ',SNSIZZ,.SEW(Za),XUczZ,.VV(22' , 
I/PGM/PUN[N.PUNOUT,rlMA~.MA~IT.SDRMA~.INOPRl 

COMMON ' 
l/FLUPR'RH04 .RHOB, RATIO. CP4. CPB.,CPDEL. 
2 DEN C 20.20 1 • V ISI 20.20 laCPP( 20.20) .01 FF ( 20,20. ,CONOC 20.20) 
l/PROOI/ ~E. TIN. PI N. TWALL • WIN .FLOW IN.FLOWE V, 
2 ISrEP.JSTEP.tSTP1.JSrPI.tSTMI.JSTMI 
3 .JNOZ,JNOZPI.JNOlMI 
1/COEF/APIZO,ZO),AN(ZO.ZO).AS(20.20J ,AEC20,20J.AW(ZO,ZOJ. 
2 SuC 20 .20) .SpI20.20' 

COMMON 
1/VVEL/RESORV.NSWPV.URFV.OYNPVl22J.OYPSVC22,.SNSVC22t,VCV(22) 

CONNIeN /SUCTON/USUC.SUCR 
• CONNON/ANGLE/THETA 
C 
CHAPTER 2 2 2 2 2 2 2 2 U MOMENTUM 2 2 2 '2 2 2 2 2 2 

ENTRV 10400U -
C-----CnNFINENENT WALL 
C-----IMPJNGEMEMT WALL 

FLOWeV=O.o J 

00 210 J:Z.NJMl • 
U(NJ.JJ=-OIFF(NI.JI*~(NI.J'-W(NIMI.J.)/CXUINI,-XCNIN{l) 

2 /(l.-WlNI.J») --
UINI.JI=UCNI.JI+USUC 

210 ~~~;~~~LOWEV-OEN(NI .J)*SNSC JJ*O.OI*UetU ,.1) / 

UINt.ll-=O.O 
C-----OUTFLOW REGION 

DO 21 2 1 =2 • NI 
212 U(J.NJ)~U(I.NJM" 

RETUI'IN' 
C c_ 

CHAPTER 3 3 3 3 3 3 3 3 "NOMENTUM 3 3 3 3 3 3 3 3 3 
C 

ENTRY MODV 
C-----CONFIN:MENT WALL 

00 305 J;2.NJ 
4W(2. JI = 0.0 " , 
SP(2,JI = SP(2.J)-O.S.CVlSC2.JJ+VISC2.~-1'I/X(2 •• DrP$1J'.O.Ot 

305 CONTINUE -
C-----I/I4I'1INGEMENT WÀ.L '0 

co-

';J' 

.. 0000007 
NOooOOOe 

M0000012 
1140000013 
1400000 •• 

"0000016 
MOoo0017 

1t0000020 

"0000022 

"0000023 
MOoo0024 
MOD00025 
.. 0000026 
"0000027 
Moo00028 
.. 0000029 
1140000030 
1140000031-
1140000032 

NoooOd3" 

:ggggg~~ -
"00000"1 
"000000\2 
M0000043 
11400000 •• 
M0000045 
114000000\6 
.. 00000.7 

"0000053 

Â 

~ 
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FORTR~N ~v GI AELE~SE 2.0 PRO 1400 DATE" 79037 231'481'10 

0026 
0027 
002" 
0029, 

003'0 

0031 
0032 
G033 
G034 
0035-
G036 
0037 
G038 
OG39 
01:» 0 
0041 
0042 
0043 
004. 
0045 
0046 
G047 

0046 

0049 
D050 
0051 
OO~2 
0053 
0054 

- 0055 
0056 

0057 
OOS8 
D059 
0060 
0061 
0062 
0063 

O0ô4 
D065 
D066 

0067 

00&8 

'\. 

KPP=XU(NI,-K(NIM1, 
00 311 .I;o2.N.I 
"EINIMI1t,.J)=O.O 
SP(NtMl.J,;SPCNINI • .I,-O.S.,VIS(NIMI • .I,.VIS(NIMI.J-"'1'Xpp 

1 *OYPS (,J )4<0.01 
311 CONTINUE 

C-----OU1"FLOW REGION 
AAOENT;O.O 
FLOWL = 0.0 
FLOWR = 0.0 
00 31r2 .'"2.NIMI 
V(ltNJI=V{1.NJM1' _ 
AAOENR" 0.5*(DEN«(oNJ • .aEN(I.NJM1J'.SEW",.0,01 
AADENT: ARDENT+AROENR 
FLOWR : FLOWR+AROENR*V(I.NJ. 

312 CONTINUE 
FLOW=FLOWR 
SPLITINITER)=1.234 
VINC .. (FLOWIN+FLOWEV-PLOW,'AROENT< 
CNIV( NlTER)=VINC 
DO 313 1=2.NtMl 

313 ~~~j~~ÊV(I.NJ)+VI~C 
RETURN 

---- C CHAPTER 5 5 5 5 5 5 5 THERMAL ENEAGy 
• C 

ENTRY ,",OOf 
C-----CONFINE~ENT WALL 

XP=X( 1 STI:P) -xuu STEP' 
00 501 .I=2.NJ 
TMULT'" -CONOU.J1/ICPP(J.J'.XP, 
TAREA = TNULT*SNSIJ)*-O.Ol....... ' 
SUIISTEP.J. = SV(ISTEP.Jt~eA.TIN 
SPUSTEP.JI -= SPllSTEP.J)HARfjA 
~II" ISTEP.J' : 0.0 

501 CONTINUE 
C-----lNPINGE~ENT WALL 

XP=XU(NJ.-X(NIMI) 1 
00 SIG J=l!.NJ 
T IULT,",-CONO (NI. J' /( CPP(N •• .J ,*KP) 
TAREA' = TMULT*SNSIJ'*O.Ol . 
SU(NIM1 • .JI=SU(NIMI.J'-TAREA*TWALL 
SP(NIM1.J'=SP(NIMI • .J)~TAREA 

510 AE(NIMI,.I)~D.O 
c-----OUTFLOW REGlON 

c 
C, 

DO 511 1=2.NIMI 
511 TII.NJJ=T(I,NJMI' 

RETURN 

eNTRY 1400 .. 
C-----CONFINEMENT WALL 

00 605 .J=2.NJ_ 

- "f 

5 5 5 5';- 5 

/' 

5 5 

A3& $lU, ,ttU'QC;U4Cll U .z •• 

140000041\ 

140D00055 
1040000056 

MOO00058 
MOO00060 
M0000061 

MOOOGOTZ 
140000073 

5 _140000074 
140000075 
140000076 
140000077 
140000078 

140000085 
M0000086 
140000087 
MOD00088 

140000090 
MOD 000-'. - • 
MOO00092 
MOD0009~ 
140000095 
"'0000098 
M0000099 
"'0000100 
MDDOOIOI 
140000102 
140000\03 
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FORTRAN IV Gl 

0069 
007() 

0071 
0072 
0073 
0074 
007,5 
0076 
0077 
0078 
0079 
0080 

oos. 
0082 
0083' 

'00S4 

RE"LEASE 2.0 PROMOD 

11111 .... ' '" 11112 .... ' 
605 AIII12 .... ) = 0.0 

C-----I~PINGE~ENT WALL 
~paXU(Nt.-X(NLMII 
00 610 ... a2.N ... 
PSTT=PSTIT(NI.J' ) 

DATE. 19031 

IIIINl ..... =PSTT/(PSTT.(PCNIN1 .... '+PIN-PSTTJ*RATIO' 
T~Lr=-DtFF(NI .... '.DEN(Nl .... '/XP 
T<AREA =,T~LT*SNS(J)*O.OI ' 
SU(NIN1 .... '=SU(NINI.J'-~REA*WCN •• J. 
SPINI~I .... '=SP(NINI .... ).TAREA 
4E( NINI • .I,=O.O 

610 CONTINUE ' 
C-----OVTFLOIII REGION 

,DO 613 J=2.NI 
613 WII.N .... =WCI.N ... N1J 

RErURN 
END 

,- . 

/ 

*OPTIONS IN EFFECT* NOTeRM.tB.EBCDIC.s~PCE.NOLIST.~ODeCK.~OAO.HOMAP.HOTEST 
*OPTIONS IN EFFECT* NAME = PRO~OD • ~INECNT = 56 
*STAl"ISTICS* SOURCE STATENENTS = 84.PROGRAM s,ze '" 
*STATISTICS* NO DIAG'fOSTICS GENE"R4TEO 
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.0'001 

0002 
0003 
000" 

OOOS 
0006 
0007 
0008 
0009 
0010 
0011 

0012 

0013 
OOt" 

,0015 

0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 

0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 

0035 
0036 
0037 
003a 
0039 
0040 
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DATE " 79037 23"48/10 
.C-~LJSOLV-------------____________________________________ --------------LlSOLVOI 

C--TDMA OF LINE-BY-LINE SOLUTION ---------------------------------------LISOLV02 
SUBROUTINE LlS0LV(ISTART.JSTARToNloNJoIToJToPHloNSW.CAGE. ~ 

CHAPTER 0 0 0 0 0 0 0 0 PR~LIMINARI~S 0 0 0 0 0 0 0 0 LISOLV04 
C' LlSOLVO!5 DIMENSION PHI'IToJT).AC21,.S(21J.C(21).O'211 

C (lNNON NI TER 
CONMON _ 
1/COEF/AP(20.20t.AN(20020J.AS(20.20t.~ECZO.ZOJ.AW(20.2O,. 

C 
c 

a SU(ZO,20J.SP(20.20J 
LOGI CAL SKIP 
LOGICAL LENO 
SKIP=.FALSE. 
LENO=.FALSE. 
NIMI=Nr-1 
NJM1;NJ-l 
1 ST 141;1 STA~T-l 

1.( IST NI ;=0.0 
C-----COMMENCE S-N SWEEP 

00 100 J:JSTARToNJMI 
C(ISTMI):PHICISTI4I.JI 

C-----COMIoIENCE w-E TRAVERSE 
00 lOI l''ISTART.NIMI 

C-----ASSEMBLE TOMA COEFFICIENTS 
AU ';AE( I.J, 
BI l);AWC I.J l , 
C ( 1 ) : AN ( 1 0 J ) II< PH 1 ( 1. J ~ 1 • ~ A S ( 1 • J , .PH 1 U • J- 1 • fSU C J ..... 
O(()=API1.JI _' 
IF(IOllt-BII).A(I-IJ).Ea.o.) SKIP=.TRUE. 
IFI.NOT.SKIPJ GO TO 50 
WRITEI6oI99) SKIPtI.J 

199 FORMAT(SXo'SKIP :·,L2.'ON 1='.IZ.',J"I.12. 
LENO;. TRUE. 
GO Ta l 08 ~ 

C-----CALCULATE COEFF 1 CIENTS OF RECURENCE FOIH4ULA 
50 TERM;l./(OIII-B(I'*A(J_I,1 

A(I):AII1*TERII4 Î 
C ( 1) = (C« 1 H8 ( 1 I.e ( 1 -11 I*TERM 
IFI.NOT.LEND' GO TD 108 
1.(1-1)=1.((, -
CC I-I'=C( l' 
LEND: .F AL SE. 

106 SK lP: .F4L SE. 

C • 01 ~~~n~U~EW PHI'S 
00 102 IJ=ISTART.NI141 
I=NIUSTM1-'1 

102 PHI( I.J);AllhPHIUU.J,+'C(" 
100 CONTINUE 

RETURN 
END . 
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t FORTRAN IV Gl RELEASE 2.0 LISOLV DATE 79037 

.OPTIONS IN EFFECT.- NOTERM.ID.EBCDIC.50URCE.NOLIST.NOOECK.LOAD.NONAP.NOT~ST 
.OPTIONS IN,EFFECT* NAME = LISOLV • LINECNT = 56 
*STATlSTICS* SOVRCE STATEMENTS = 40.PROGRAM Slze = 1700 
*STATISTICS* NO DtAGNOSrlCS GENERATEO 
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1 FORTR"N 1 V Ga 

0001 

0002 
0003 
0004 

0005 
OQ06 
0007 
0008 
0009 
0010 
0011 

0012 

0013 
0014 

0015 

0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 

0026 
GOz? 
0028 
0029 
0030 
0031 
0~32 
0033 
0034 

0035 
0036 
0037 
0036 
0039 
0040 -

Ra.E"SE Z.O NAIN, DATE· 79037 231'''8'10 
/ 

c--LISOLV---------------------------------------------------------------LISOLYOl 
C--TDMI\ OF LINE-BY-LINE SOLuTION -------------------------------------~-LISOLV02 

SUDROUTINE LOSILV(JSTART.~START.NI.~~.JT.~T.P"I.NSW.CAGEt ' 
CHAPTER 0 a 0 0 0 0 0 0 PRELtMINARJES 0 0 0 0' 0 0 0 0 L1SOLVO. 
c, LISOLVOS 

DIMENSION PHICIT.JT •• AC21J.BC211.C(211.0(21. 
CONIo40N NITER 
COMMON 

ll'COEFI'APC 20.2 Oh ANI 20.2 0' • AS 120.20' .AE( 20 ,zo •• "'w (ZO.ZOl, 
Z 5UIZO.ZO, .5P(20.Z01 

C 
C 

LOGIC4L SKIP 
LOGICAL LENO 
SK'P=.F4LSE. 
LENO=.FALSE. 
NIM1"'NI-1 
N-lNl;N,J-l 
,J STM 1=.1START-l 

A(.15TMl)=0.0 
C-----CONNeNCE W-E SWEEP 

# 

DO 100 1=ISTART.NIMI 
C(~STMI.=PHI(I.JSTMll 

c----~CDNM~NCE __ S-N TRAVERSE 
00 101 J=.1START.NJNI 

C-----A5SEN6LE TONA COEFFICIENTS 
1\ 1 .1 1 =ANn ,J J 
B(J)=ASCI • .1) • 

~ 

CC .1 ."'AE ( 1 • ~ J .Ptil (H' 1. J ... ·AWC 1.,JI.PHI Cl-l,.n-tSUu ,.u 
01.1 .=API 1 • .11 
IFIIOC~.-6(J)*AC~-I) •• EQ.0 •• SKIP=.TRUE. 
IFC.NOT.SKJP' GO TO 50 
WRITEC6.199) SKIP.I,J 

199 FDRMAICs-x.'SKIP .:'.LZ.·ON f=' .IZ.· • .J= •• IZ. 
L ENO=. TlikIE. -
GO TO ïOB 

C-----CI\LCULATE. COEFFICIENTS OF RECURRENCE FORMULA 
50 TERN=I./CD(JJ-6C.1).AIJ-l') 

A (.1 I=ACJ I.T ERM 
ce.1'=(CeJ).B(.1J.C(,J-1JI.TERM 
1 FC • NOT .LENa) GO TO lOB 
ACJ-IJ=AC.J') -
CC .1-1 )=C(,J. 
LENO=.FALSE. 

1 08 SK 1 P=.F AL SE. 
101 CONTINUE 

C-----DSTAIN NEill PHI'S 
DO 102 J,J;.1START.N,JNI 
J=N,J"JSTMI-,J~ 

10Z PHICI.,JI=ACJ'.PHICI.,Jt-IJ.CCJI 
100 CONTI NUE 

RETURN 
END 

• , 

\,. 

'" 

·C'SOLVO? 

-C 

LlSOLV10 
LlSOLV'1 
LISOLVI2 
LlSQLV13 
LIS0I-"14 
LlSOLV15 
LI SOL YI 6 
LISDLYI? 
LI SOL V,. 
LISOLV.9 
LlSOLv20 
LI SOLV21 
LISOl.V22 
LISOLVZ3 
LISQLV24 
LISOLV25 

LlSOLV26 

LI SOLV2'r 

LlSDLV30 
LISOLV31 
LlSIlLV:J2 
LISDLV33 
LISOLV34 
LISQLV3s 
LISOLV36 
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, *OPT JONS 1 toi EFFECT* NOTERJ04.IO.eBCOIC • SOURCE • NOL 1 ST. HOOECK .LOAO,NO/IIAP.NOTEST 
.O~TIONS IN EFFECr* NAJ04E: LOSILV • LINECNT a ~6 
*ST.\TlSTlCS* SOURCe STATE14ENTS .. .0.PROGIU14 ~ZE - 1708 
*STATISTICS* NO DIAGNQSTICS GENERATED 
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FORTRAN JV Gl 

0001 
OOOZ 
0003 
0004 
0005 
0006 

'''--'' 
~ 

'" 

• 
RELEASE 2.0 _ MAIN DATE. 79037 231'487'-10 

C-- PST ---------------------------------------------~~------~----------PSTOOOOl 
C--SATURATEO VAPOR PRESSURE CALCULATION -------------------~-----------PST00002 

FUNCTION PSTCTEMPt PST00003 
COMMON 'VAPP'ANfON1,ANTONZ,ANTON3 PST00004 
PST=4NTON1-ANTONZ/( TEMP"'ANTON3t PST00005 
PSTzEXP(PSTt PST00006 
RETURN PST00007 
END PSToOoOe 

*OPTIONS IN EFFECT* NOTERM,IO.EBCOIC,SOURCE.NOLIST,NOOECK.LOAO.NOHAP.NOTEST 
*OPTIONS IN EFFECT* NAI4E = PST • LINECNT '" 56 -
*STATISTICS* SOURCE STATENENTS = 6,PROGRAM SIZE • 342 
*STATISTICS* NO DIAGNOSTICS GENERATED 
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FORTAAN IV Gl RELEASE a-;O MA IN DATE 19037 23'''8'10 

0001 
0002 
0003 

000. 

ODOS 
0006 

0007 

0006 
0009 
0010 
001i 
0012 
0013 
0014 
DOIS 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
002'5 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
003" 
0035 
0036 
0031 
0038 
0039 
0040 
0041 
00"2 
00.3 
004" 
0045 
0046 
00"7 
0046 

é; 

C--PRINT----------------------------------------------------~-----------PRINTOOI 
C--PRINTING 5U8PROGRAM -------------------------------------------------PRINT002 

SU8ROUTlNE, PA INT C ISTAAT, J START, NI, NJ, 1 T.tIT ,X ,., ,PHI, HEAD) PA INT003 
OI~ENSION PHICIT,JT1,XCITl,VCJTl,HEAOC9l,STOAE(50J PA,~T004 

105 FORMATC4H 1=,2X,'I',9X, '2',9)(, '3' .9)(.'4' ,9X.'5' ,9)(,-'.',9)(. '1',9X--
l ,'S',9X,'9',S)(,'10·,8X,'II',IOX,'V.') 

106 FORMATt.H 1=.' 12'.8X. '13' .8X,'14· .8X,'IS',8X. ·16' .ex.'17' ,8X, 
l 'IS' .8X.'19',8X, '20',8)(. '21' ,8)(,'22',10)(.''1 .,' 

107 FOANATC"H 1=,' 23',8)(,'2'" ,8X, '25' ,8X,'26' ,.Ox,'" •• , Jo 
165 FORMATC"H 1"',2X.'3'.9X.'''' .9)(,'5'.9X.'6',9X,'1',9X,'8', 

l " 9X,'9',8X,'10',8X,'II',8X.'12',8X,'13'.(0)(.'Y "'l 
166 FORM4r""H 1"',' '14',8X.'15',8X,'16'.8)(.'17',8X,'18',8)(,"9'. 

1 8)C. ' Y "", 
NIMI"'NI-I 1 • 
NJM1=/U-t 
ISKIP=l PRINTOII 
JSKIP=1 PAINT012 
WAITEl6.1IQ'HEAO PR,"T01~ 
15TA ~ ISTAAT-1-l 

100 CONTI NUE PAINTO 15 
IST4 .. ISTA .. ll 
IENO '" 15T_10 
IFCISTA.EQ.t". IENo-NIMi 
IE~O=MINOCNI,IENDI PRI~TOla 
IFIISTA.EQ.l' WAITEC6.105. 
IFCISTA.eO.3' WAITE(6.165. 
IF'ISTA.EQ.12' WRITEI6,106, 
IFIISTA.EQ.l.J .RIT~(6.'66J 
IFC ISTA.EQ.23' WRITE(6,IOT' 
WRITE!6.112' PR1NT02' 
IFlISTA.!Q.31 GO TD 44 
IF! 15T4.EQ.t". ~ TO 44 
DO 101 J~=~START.N~.JSKIP PAINT022 
J~JST4RT .. NJ-JJ PRINT02~ 
DO 120 I:ISTA, rEND PRINT024 
A"PH 1 CI. J) PR INT025 
IF(A6SCA,.LT.a.E-20, AaO.o PAINT026 

120 STOREll)=A PAINT027 
lOI WRITEI6.113, J,~STORE'I,.lzISTA.'ENO.'SK'P'.YJJ' PAINT028 

""U TE' 6,115 ) 
WAITEC6.tI41 (X(I,.I-ISTA.IENO.ISK1PJ PRINT029 
IF'IENO.LT.NIJGO TO 100 ~ PRINT031 
RETUR N, PRINT032 

44 00 161 JJ=JSTART.NJM1,JSKIP 
.J=~ S TAAT"NJM l-J~ 
00'126 I=IST .... IENO 
A=PHI II'. J) 
IF(AB5(AI.L.T.I.E-2~1 A=O.O 

126 STOREI Il'''1. 
161 WAITE (6,113, J .CSl'OREI nal;;;15TA.IENO,ISKIPI.YI.Q 

WAlTEf6~ IlS' 

/' 

.. 

WAlTE(6,1l'" exc n"=ISTA,IENO,ISKIP, 
IFtlENO.LT.NU4U GO TO 10D 
RETURN 
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FORTRAN IV GI RELEA5E 2.0 PRINT DATE • 79037 

00.9 
0050 
0051 
0052 
0053 
005 .. 

110 FOANAT(lHl.,,/.lX.20C2H*-).7X.9A4.7X.20(2H-•• ' 
112 FORNATC3H J, 
113 FOR~AT(.H .J3.IPJJE10.3.0PFIO.4' 
114 FORMATC4H X: .1IF10.7' 
115 FORI4AT(' ., • 

END 

.OPTIONS IN EFFECT. NOTERN.IO.EBCOIC.SOURCe.NbLIST.NOOECK.LOAO.NQMAP.NGTEST 
*OPTION5 IN EFFECT* ,NANE ~ PRINT • LINECNT = 56 , 
*STATISTJCS. SOURCE STATENENTS = 54.PROGRAN SIZE - 2446 
*STAT1STtCS$ NO DIAGNOSTICS -GENERAtEO 

.STATISTICS. NO DIAGNOSTI~S THIS st~p 
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F6.-LEVEL LINKAGE EDU.lJR OPTIONS SPEC'IFIED SIZE=(95K';1.K)o-
" VARIABLE OPTlor.5 U5ED ~ SlZE=( 97280.1 0\336)' , 

SYSPR 1 NT- DEFAut,. T aL.OO<l.,..G USEO ,1 _ l ' 0 
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AUTHORIZATION COOE' 15 O. ~ 

# 

" 

" 

~ 

\ • 
~ 

r 

• 

'f. 

. ' 
i'" 

>' 

,0 " , o . 
,5' 

", 

" 

.. 
A 

o 

30 

~ 
a 

) :;-

e 

1 • 

"d r 
-1 
, ~ 
i 

, , 
,1 

t 

-1 
cQ 1 

1: 1 

/: 1 
. i -' 

, " t 1 !'" " : - . 
, t 

l 
'l, 
1 
> ' 

~i 

1 
i 
1 
1 
! 
1 

J 

1 

1 i 
1 
J 
~ 

J 

~ "'5 "'Ph=9r"h ' ••• 1."*171 5F1i1td$at =;ttt,~.t( 1. t .. '> ...... lI><o_~IoL;>.I.~~~ ___ ..........,w'J .. c .A:t,._ '1-:, 'th' 't," ... 



i 

,\ 

.. -. 

" . ' " 

( 

, , 

\ 1 

, .. ~ 

'" APPENDix B 

, \ 
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SIMUL TAI~EUUS HEAT & MASS TRAI~S~ER UNDC AN 1I4PINGINq, JET 
PlA...JET • i 

SCALAR GRID SYSTEM: X-. Y- DIRECT[O~ 

-1.~~37672E-O~ 1.2537672E-Q~ L.2oB93~OE-O~ 1.6299234E-04 3.b35981IE-04 
6.36177b2E-OJ 7.98b~238E-03 8.789047ûE-03 9.190257ôE-03 Ç.390So08E-03 
9.57892J9E-03 9.5914565E-03 9.~977224E-03 9,6022338E-03 

-1.~1i730CJ4E-03 
1.7097852E-02 
1.940t.70ZE-02 
2.048980UE-02 
2.19!.J974 tlE-02 
2.3Sto4t.80E-02 
3.6f1428<JOE-02 

1.5873094E-U3 
1.6277947E-02 
1.9638799E-02 
2.05t.7171E-O~ 
2.2037111E-02 
2.3910839E-02 
4.2017508E-U2 

4.7619266E-03 
1.6:;015311:-02 
1.987089bE-02 
2.0721901E-02 
2.2191841E-02 
2.4276998E-02 

7.9365447E-03 
1.8633053E-02 
Z.0<tZ5620E-OZ 
2.08766J1E-02 
2.2389177E-02 
2.5210708E-02 

'\ 

-JCT tNLET CONDITI0N~ 
REYNOLDS NUMBER 
AVERAGE VELOCITY 
TEMPERATURE 
PRESSURE 
MASS FRACTION OF A 
MULE FRACTlON.A 

PRANDTL NO 
SCHNICT NO 

C~OSS FLOW INLET CONDITIONS 
REYNOLDS NUMBER 
AVERAGE VELOCITY 
TEMPe "'" TURE 
PRE5SURE 
MA5S FRAtTION UF A 

1.000E.03 
9.879E.00 
4.50QE.02 
1.OI3e.05 
1.OOOE-Ol 
O.152E"OO 

6.928E-Ol 
6~~JE-OI 

1.667E+02 
4.803E-Ol 
4.500E+02 
0.0 
I.OOOE-OI 

1.111JJ63E-02 
1.8710416E-02 
2.0180356E-OZ 
2.1108128E-02 
2.25865t:lE-02 
2.614441<JE-02 

/ 

CROSS NAS5 FLOW-RATe IS 10.00 X OF JET I4ASS FLOW- RATE 

"" 

- "' 

1I4PINGCM~NT WALL CONDITIONS 
TEMPERTURE 3.500E.02 
USUC/UIN 0.0 

GEOMETRY OF SYSTEM 
JET RADIUS 
H/D RAT la 
NCZZLE FR 

_ -;\ .600E-03. 
3.000E.00 

14 
33 

,. 

0 

t> 

,-,/" 

7 

7.t.481001E-04 1.5672:J36E-OJ J.17208"'f:-03 
'io.4911605E-OJ 9.54'13104E-03 9.5663853E-03 

"-
1.4285780E-02 1.6153.!0 IE-02 1. 7.!51 685e-02 
1.8787779E-02 1.8942S0SE-02 1.9174606e-02 
Z.0257719E-02 2.0J35082E-02 2.041244SE-02 
2.t340S2SE-02 2.157292IE-02 2.IS050ISE-02 
2.27S3S49E-02 2.2981185E-02 2.3178522E-02 
2.9319037E-02 3.2493655E-02 3.S668213E-02 
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PRUGRAM CONDITIONS . 
• NAX ALLOW. TINE 

MAX ALLOW. RESI , 
JET ~ASS FLC,WIN 

JET X-MOMENTUM IN 
JET Y-MOMENTUI4 IN 

CROSS-FLOW MA5S FLOW IN 
CROSS-FLOW Y-MOMENTUM IN 

9~E"02 
1 \.:OE-02 

Z.331540i-Ô4 
2.731954E-Q3 
e.41BB90E-OS 

J.474274E-QS 
1.6772.JSe-05> "' 

. VARIAOLE FIELD INITIALISEO AS': 
~ESSAGE ~ PERFORATtON:OATAM 163 
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ITER 
NO 

1 
2 
3 

• 5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
1!:> 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
II 
J2 
3.3 
34 
35 
36 
31 
l8 
19 
40 
41 
42 
403 
44 
45 
46 
47 

--.../ 

.' \.y 
.~(' . /: \ 

\. 

, 
o 

I----------A~~OLUTE RcSlOUAL SOURCE SUMS---------l 
UI4UM VMOM MASS ENER SPEC 

1.774E-02 1.230E-02 2.542E-02 1.O~OE-02 8.86~E-03 
2.072C-02 1.274E-02 2.dOOE-02 B.90BE-03 7.BI7E-03 
~.9IBE-02 1.210E-02 2.b53E-02 B.90BE-03 7.817E-03 
1.81ge-02 1.19tE-02 2.671[-02 8.908E-Ol 7.817E-Ol 
1.759E-02 t.188E-02 2.b83C-02 8.Y08E-OJ 7.811f-OJ ~ 
1.7H!E-02 1.1BBE-02 2.b74é:.-02 8.'JOilE-03 7.B17E-Ol 
l.b87E-02 1.167E-02 2.663E-02 6.906E-03 7.BI7E-Ol 
1.67IE-02 I.IBO~-Q2 2.644E-QZ 8.YOOE-03 7.BI7E-03 
1.663E-OZ 1.17IE-OZ 2.u3dE-02 a.90BE-03 7.BI7E-03-
l.b57E-02 l.lb5E-02 2.6IbE-02 a.90BE-Ol 7.817E-03 
1.65IE-02 1.lb6E-02 2.593E-02 S.908E-03 7.817[-03 
l.u42E-02 1.17IE-02 2.570E-02 7.959E-Ol 7.122E-OJ 
1.6lBE-02 1.177E-02 2.549E-02 7.959E-Ol-7.122E-0o3 
1.6~7E-OZ 1.192E-OZ 2.530E-02 7.959E-03 7.122t-03 
l.bJBE-02 1.204E-0~ 2.478E-02 7.959E-03 7.122E-03 
1.62lE-02 1.2ISE-02 2.420E-OZ 7.959E-03 7.122E-03 
l.blSE-02 1.234E-02 2.370E-02 7.959E-03 7.122E-03 
I.EI3E-02 1.251é:.-02 2.308E-02 7.959E-OJ 7.122E-Ol 
1.bI3E-02 1.267E-02 2.242[-02 7.9~9E-03 7.122E-03 
l.b1lE-02 1.284E-02 2.175E-02 7.959E-03 7.122E-03 
1.6IJf-0' l.lOOE-02 2.105E-02 7.959E-03 7.122E-03 
1.614E-OZ l.dI6E-02 2.031E-02 7.35IE-03 6.5IBE-03 
l.bI9E-02 1.330E-02 1.963é:.-02 7.35IE-03 6.518E-03 
1.645E-02 1.343E-02 1.903[-02 7.J5IE-03 ô.SI8E-03 
1.636E-02 1.35IE-02 1.814E-02 7.30IE-03 6.5ISE-03 
1.~31E-02 1.359E-02 1.725E-02 7.351E-03 6.518E-03 
1.630E-02 1.3b~E-02 l.b35~-02 7.3~IE-03 6.518E-03 
l.u3IE-02 1.3Q7E-02 1.043E-02 7.3~IE-03 6.5ISE-03 
1.633E-02 l.o367E-02 1.450C-02 7.o35IE-03 6.518E-OJ 
1.635E-02 1.3b4E-02 1.355é-02 7.351E-03 6.518E-03 
1.é3~C-02 1.357E-02 1.259E-02 7.35IE-03 a.5IBE-OJ 
1.6J8E-02 1.340[-02 1.lô3E-02 7.159E-03 6.129E-03 
1.639E-02 1.337E-02 I.OSIE-02 7.109E-Ol 6.129E-03 
I.E49E-02 1.327E-02 J.013E-02 7.159E-03 6.12~E-03 
l.b37E-OZ 1.312E-~2 9.750E-03 7.159E-03 6.129E~03 
1.627E-02 1.296E-02 9.372E-03 7.159c-OJ 6.129E-OJ 
1.619E-02 1.~81E-02 9.214E-03 7.159E-03 6.129E-OJ 
1.61IE-02 1.263(-02 9.150E-03 7.159E-03 6.129E-03 
1.603E-02 1.240E-02 9.204E-O-l 7.15"-E-03 6.129E-03 
1.S903E-02 1.224E-02 9.377E-03 7.159(-03 6.129E-03 
1.5~OE-OZ 1.200E-02 9.643E-03 7.159E-03 6.129E~03 
1.56SE-02 1.176E-02 9.969E-03 7.148E-03 5.710E-03 
I.S5eE-02 1.149E-02 1.041(-02 7.148E-OJ 5.710c-03 
I.S57E-02 1.·121E-02 1.074(:-02 7.t48E-OJ S.77"OE-Ol 
1.53LE-02 I.094E-02 1.10lE-OZ 7.148C-03 S.770E-03 
1.509(-02 I.Oo5E-02 1.139E-02 7.148(-03 5.770E-03 
1.493E-02 1.035E-02 1.170E-02 7.14SE-OJ 5.770E-Ol 

O\lEI~ALL MASS EVAPLJTATION '" -~93779E-Co 
OVEI<ALL MASS OUTFLOW ~. 74190'~-04 
NET MASS ACCUMUL. 0.0 

ûUTI>UT PUNCH = T 

, 
-, 

/-

---
I--FIELO VALUéS AT ~ONITORING LOCATION/18.20J--l 
U V PT. ALPHA 

SPL IT RATE 
VINC 

-3.42IE-02-4.167E-OI 7.227ETOO 3.529E~02 2.9L5E-01 
-3.359E-02-4.167E-Ol 7.186E~00 3.529E+02 2.965E-Ol 
-3.345E-0?-4.16SE-01 7.166E+00 3.529ET02 2.965E-Ol-
-3.J4bE-02-4.1~9E-Ol 7.147EtOO 1.529Et02 2.~65E-Ol 
-J.J46E-02-4.169E-Ol 7.126EtOO J.529Et02 2.965E-OJ 
-3.347E-02-4.170E-oi 7.I08ETOO l.529E+02 2.96SE-Ol 
-3.347E-OZ-4.170E-OI 7.069E+OO 3.529E+02 2.965E-01 
-3.346E-02-4.171~-OI 7.066E~OO 3.529E+02 2.965E-Ol 
-3.349E-02-4.171E-Ol 7.047E~00 3.529Et02 2.9é5E-01 
o-3.~49E-02-4.172E-Ol 7.026E+OO 3.S29Et02 2.965E-Ol 
-3.350E-02-4.172E-OJ 7.004EtOO 3.529Et02 2.965E-OI 
-3.350E-02-4.17JE-Ol ~.98IEtOO 3.S29E+02 2.~~5E-01 
-3.339é-02-4.173E-Ol 6.955E~OO 3.S29Et02 2.965E-01 
-3.340E-OZ-4.174E-OI 6.93IE+OO 3.529Et02 2.965E-Ol 
-3.340E-02-4.174E-Ol 6.907E~00 3.529E~02 2.965E-Ol 
-3.34IE-02-4.174E-OI 6.S84EtOO 3.529Et02 2.965E-OI 
-3.341E-02-4.174E-Ol b.861E+00 3.529E+02 2.9E5E-Ol 
-3.342E-02-4.175E-01 6.B39E+OO 3.529E+02 2.965E-Ol 
-3.342E-02-4.175E-Ol 6.B17E+00 3.529E+02 2.9~-01 
-3.34JC-02-4.175E-01 6.795E~OO 3.529Et02 2.965E-Ol 
-3.343E-02-4.175E-Ol 6.774EtOO 3.529ct02 2.965E-01 
-3.344E-02-4.175E-01 6.753E+00 3.529E+02 2.965E-01 
-J.335E-02-4.175E-Ol 6.73IE~OO 3.529Ei02 2.965E-Ot 
-3.335E-02-4.175E-OI 6.711E+00 3.529Et02 2.965E-OI 
-3.336E-OZ-4.175E-OI 6.b9IE+OO 3.529E+02 2.96SE-OI 
-3.336E-0'-4.175E-OI 6.674E+OO 3.529Et02 2.9690-01 
-3.33bE-02-4.175E-OI 6.6S7ETOO 3.529Et02 2.965E-O~ 
-3.337E-02-4_175E-01 6.642E+00 3.529Et02 2.965E-01 
-3.33IE-02-4.175E-01 6.62SEtOO 3.529Et02 2.965E-OI 
-3.337E-02-4.17~E-Ol 6.615[TOO l.529Et02 2.965C-01 
-J.3J8E-02-4.175E-Ol 6.60JEtOO 3.529Et02 2.965E-01 
-3.338E-02-4.174E-Ol 6.593E~OO 3.529Ct02 2.965E-Ol 
-~.331E-02-4.174E-Ol 6.58IE+00 3.529Et02 2.965E-Ol 
-3.33IE-OZ-4.174E-OI 6.574E+00 3.529E+02 2.965E-01 
-3.33IE-02-4.174E-01 6.5b!:>E+00 3.529E+02 2.965E-Ol 
-3.331E-02-4.173E-Ol 6.S59EtOO 3.529Et02 2.9LSE-OI 
-3.J3IE-02-4.173E-OI 6.556EtOO 3.529Et~~ 2.9b5C-Ol 
-3.332E-02-4.172E-OI 6.552EtOO l.529EioÔ"2 2.965E-Ol 
-3.332E-02-4.172E-OI é.549EtOO 3.529~02 2.965E-01 
-3.332E-02-4.171E-Ol 6.548C+00 3.529~+02 2.965E-Ol 
-3.332E-02-4.171E-OI 6.546E~00 3.529E~02 2.965(-01 
-3.332E-02-4.170E-01 6.549ETOO 3.52~T02 2.965E-Ol 
-3.l28E-02-4.170E-01 6.549EtOO 3.529E+02 2.965E-01 
-3~26E-02-4.1~9E-01 é.550EtOO 3.529E+02 2.965E-OI 
-3.328E-02-4.169E-Ol 6.553E*00 3.s29Et02 2.96SE-Ol 
-J.328E-02-4.1b8E-01 6.5~7E+OO 3.529Et02 2.965E-Ol 
-3.327E-02-4.lé8E-01 6.562E+00 3.529E+02 2.965E-OI 

9 

1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1. Z340 
1.2340 
J. 2J4 0 
1.2340 
1.2340 
1.2340 
I.Z340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2l40 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2.340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
1.2340 
'.2340 
1.2l40 
1.2340 

<> 

6.054E-03 
3.19BE-03 
•• 312E-03 
J.937E-Ol 
4.129E-Q3 
4.JZ';E-03 
-4.126E-03 
4 • .I26E-03 
4.123E-03 
4.12 lE-OJ 
4.129E-OJ 

'4.12EE-03 
4.272E-03 
3.983E-03 
4.123E-03 
4.12lE-OJ 
4.12:JE-03 
4.1lJE-03 
4.126E-03 
4.123E-03 
4.123E-03 
4.12JE-03 
4.250E-03 
4.002E-Ol 
4.1I9E-03 
4. Il OE-03 
4.113E-03 

!:g~~-g~ 
4. tllE-03 
4.11 OE-a3 
•• tl6E-03 
4.217E-03 
4.IOCJE-03 
4.048E-03 
4.109E-Ol 
4.106E-OJ 
4.IOéE-Ol 
4.106E-03 
•• I06E-03 
4.I09E-03 
4.IObE-03 
4.Z07E-03 
4.096E-OJ 
4.093E-03 
4.100E-03 
4.IOOE-03 

~ 
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1= 1 2 ,J " 5 b 7 8 9 10 II , Y = 
J 
50 0.0 
49 0.0 
48 0.0 
47 0.0 
'+6 0.1l 
4~ 0.0 
44 0.0 
43 0.0 
42 0.0 
41 0.0 
40 0.0 
39 0.0 
38 .0.0 
37 0.0 
36 0.0 
35 0.0 
34 0.0 
3.3 0.0 
32 0.0 
31 0.0 
30 0.0 
29 0.0 
2d 0.0 
27 0.0 
26 O. a 
25 0.0 
24 0.0 
23 O.ll 
22 0.0 
21 !u. a 
20 0.0 
19 0.0 
lB 0.0 
17 O." 
1" 0.0 
15 0.0 
14 0.0 
13 0.0 
12 0.0 
Il 0.0 
10 0.0 

'1 O.ll 
Il 0.0 
7 0.0 
6 0.1l 
5 7.93>1[-03 
4 7.93'.1E-03 
.3 7.<J39E-03 
2 7.939E-03 
1 7.'1-.19C-03 

x= 0.0 
1= 12 
J 

0.0 -4.858E-05-1.4~7E-04-3.393E-04-7.239E-04~1.487E-03-2.978E-03-6.192E-OJ-9.343E-03-1.IIOE-OZ 
0.0 -4.858E-05-1.457E-04~.3.39Z[-0'+-7.244E-04-1.489E-03-2.979E-03-6.179E-03-9.326E-03-1.108E-02 
0.0 -6.531E-Oà-c.954E-04-3.729E-03-1.427E-OZ-3.~59E-02-2.509E-02-4.102E-02-7.649E-02-I.052E-01 
cr. 0 -4.251E-04-4.367E-OJ-2.19IE-02-7.221E-02-I.a81E-01-6.256E-OZ 1.575E-02-5.42~E-02-1.17IE-Ol 
0.0 -1.7tiO[-03-1.749E-~2-8.091E-02-2.3à4E-01-4.1b7~-01-3.956E-OI 2.4~5E-Ol 1.664E-01-4.344E-03 
0.0 -Z.175t-03-1.667E-02-7.40IE-OZ-2.1~4E-01-5.987E-OI-I.48éE+00 1.097E+00 1.003EtOO 4.743E-01 
0.0 6.143E-0~ 5.0GZE-02 l.éI7E-01 2.3é8E-01 2.406E-01 l.e72E-01 Z.879E+00 2.504E+00 1.454E+00 
0.0 7.3"6E-03 6.46bE-OZ Z.400E-OI 4.Z70E-OI é.96IE-01 2.037E+00 4.23SE+00 3.53IE+OO Z.IOBE+OO 
0.0 1.517E-03 Z.94IC-02 Z.300E-OI 4.847E-OI B.I09E-OI 3.260EtOO 5.364EtOO 4.J49EtOO 2.648EtOO 
Ù.O 3.072E-03 J.466[-02 Z.036E-ol 4.719E-01 7.332E-Ol 4.017EtOO 6.044EtOO 4.802EtOO 2.927EtOO 
0.0 3.841E-03 3.B~6E-02 1.920E-01 4.388E-Ol 5.16BE-Ol 4.653E~00 6.7Z9E~00 5.24'3EtOO 3.~13EtOO 
0.0 2.474E-03 2.7~LE-02 1.523E-01 4.540E-01 4.27JE;01 5.665EtOO 7.236EtOO 5.530EtOO 3.39bEtOO 
0.0 3.2S0E-03 3.1a9E-02 1.441E-Ol 5.ZlbE-01 6.251C-01 6.36bE~0~ 7.S73E+00 5.688EtOO 3.492E+00 
0.0 4.53eE-U3 3.712E-02 I.Z03E-01 é.440E-01 2.073E~00 7.le8E~0~7.880E+00 5.e05EtOO 3.Sé2E+00 
0.0 1.0bêE-OJ I.B~9E-03-Z.0B3E-02 6.232E-01 4.169EtOO e~99EtOO 8.140EtOO 5.667EtOO 3.595EtOO 
0.0 -1.73~[-OZ-1.186E-Ol-2.829E-OI 5.756E-02 5.5S7EtOO 8.'.I9ICtOO 8.334EtOO 5.660EtOO 3.581EtOO 
0.0 5.721E-04-Z.IOOE-02-1.102E-01 9.655E-01 6.850[tOO 9.765~tOO 8.432EtOO 5.780EtOO 3.524EtOO 
6.669E-Ol' 7.l79E-01 7.661E-Ol 9.488E-Ol 3.573EtOO 7.941EtOO 1.025EtOI 8.441EtOO S.679EtOO 3.473EtOO 

~:i~~~!~g ~:~~~~!g~ i:~i~~!gg ;::;~~~g~ ~:~~~~!gg ?:g!l~!g? ::?~~~!gi ~:~~~~!gg ~:~~~~!gg ~:~~~~!gg 
9
i

.423EtOO 9.~OS~tQO 9.b77CtOO 1.004~~OI I.078EtOl 1.189E+Ol 1.J87EtOl 8.003E+00 4.763EtOO 2.920E~00 

.161E+Ol l.lu7CtOI 1.180EtOl 1.205EtOl 1.249EtOI 1.298EtOI 1.216EtOI 7.SI2E~00 4.09éEtOO 2.457E+OO 
1~19ëtOl 1.325E+Ol 1.3J3EtOl 1.347EtOl 1.367EtOl 1.36BE+01 1.213E+Ol 6.B18EtOO 3.Z75E+00 I.B99E+00 
1.~9ZCtOI J.396EtOl 1.~02C+OI 1.412C+Ol 1.4ZIEtOI 1.391E~01 1.181E+Ol 6.093E+OO 2.527EtOO 1.479E+OO 
1.439E+Ol 1.441EtOl 1.444E+OI 1.448EtOl 1.446EtOI 1.368C+OI 1.13~EtOI 5.442EtOO \.948E.00 1.195E+00 
1.452EtOl 1.453C+Ol 1.455LtOl 1.457EtOI 1.447EtOl 1.369EtOl 1.088EtOl 4.932E+00 1.557EtOO 1.019EtOO 
1.4~ù~tOI 1.4~9EtOI 1.4uOEtOI 1.459E+OI 1.44lE+OI 1.349E+01 1.05IE+Ol 4.594E+OO 1.330EtOO a.e6BE-01 
1.458E+OI 1.4SBE+01 1.458~+01 1.454E+OI 1.4Z8E+OI 1.32,EtOI I.OIOE+Ol 4.25BEtOO I.IZ6E+00 7.35IE-OI 
1.45ZE+Ol 1.45IC~01 1.~~OEtOl 1.441CtOI 1.407EtOI 1.289CtOI 9.656Et-00 3.928E+OO 9.4Î1E-Ol 6.219E-Ol 
1.439EtOI 1.437(tOI 1.4J3CtOI 1.420EtOI 1.37,6E+Ol 1~250EtOI 9.179E+00 3.o07EtOO 1.9J1E-01 4.B09E-Ol 
1.39~EtOI I.J90~tOI 1.J85EtOI 1.370E+Ol 1.321EtOl 1.182EtOI S.393EtOO 3.128EtOO 5.BB3C-01 3.40IE-Ol 
1.319E+Ol 1.316EtOI 1.3ùO~tOI 1.2B5E+01 1.Z24E+Ol I.071EtOI 7.2l4E+OO Z.518E+00 3.746E-Ol 2.IOoE-01 
1.loIE+OI 1.15LC+Ol 1.145E+Ol 1.120EtOI I.05SE+01 S.997C+00 5.507C+00 1.854E+00 2.057E-Ol 9.958E-OZ 
9.42~E+OO 9.357E+OO 9.2IéE+ùo 8.900E+00 8.185E+00 é.558E+00 3.4B6E+00 1.284E+OO l.17LE-UI 1.769E-OZ 
b.b43E+00 6.5&OE+00 b.3d6EtOO 6.025C+00 5.293EtOO 3.é47EtOO 1.759E+00 I.013E+00 1.098E-01-4.716E-02 
3.268EtOO 3.156EtOO 2.947~tOO 2.~L5EtOo 1.860E+00 6.044E-Ol 9.680E-Ol 9.1J8E-Ol 1.2~OE-01-9.546E-02 
6.869E-Ol 5.194E-Ol 2.71ûE-01 1.607E-02-1.172C-OI 4.134E-ù3 B.o98C-01 6.699E-Ol 1.44IE-OI-I.204E-Ol 
0.0 8.340~-03 7.~lôE-03-1.134E-01-2.983E-01 S.747E-02 8.240C-01 8.4~7E-Ol 1.650E-01-1.326E-OI 
0.0 -1.1~4E-02-5.400E-~2-1.656E-01-3.43SE-01 9.643E-02 7.949E-OI 8.404E-OI 1.856E-01-l.383E-01 
0.0 -5.273E-03-4.308[-02-1.5~UE-01-3.102E-01 1.379E-Ol 7.~78E-01 8.Z~4E-01 2.0"LE-01-l.383E~01 
0.0 -1.Z39E-03-1.329C-OZ-b.5~~E-02-1.770E-01 1.775E-01 7.013E-Ol 7.915E-01 Z.274E-01-1.337E-Ol 
0.0 '.8~8E-04 2.00~E-03 3.039E-03-2.703C-02 2.209E-OI 6;228E-Ol 7.334E-OL 2.4bbE-OI-l.276E-01 
0.0 4.469[-04 4.~70E-03 2.299C-02 a.105E-OZ Z.S5~E-Ol 5.238E-Ol 6.40bE-01 2.~07E-Ol-1.202E~01 
0.0 4.S"SE-04 4.949C-03 2.75SE-02 l.loIE-OI Z.473E-Ol 4.05ùE-01 5.033E-Ol 2.58SE-Ol-l.IS9E-OI 
0.0 ~.~1~E-04 4.e50C-03 2.377E-02 6.693[-OZ 1.727E-Ol 2.542E-Ol 3.008E-01 1.8J9E-Ol-I.919E-OI 
0.0 2.897~-04 Z.90IE-03 1.404E-OZ 4.48JE-OZ 6.984E-02 4.880E-02-S.821E-OZ-2.970E-01-2.919E-OI 
0.0 -J.62L~-OS-4.447E-04-'.97ZE-03-1.7Z9E-02-8.03IE-0 .391E-01-4.999E-01-S.513E-OI-3.968E-Ol 
0.0 -3.024E-04-3.147C-03-1.632E-02-6.180E-02-1.7b6E-0 -3.880E-01-6.6~4E-01-6.787E-01-3.975E-OI 
0.0 S.07ZE-03 1.21IE-02 1.553E-02-7.35IE-03-9.795E-0 -2.757E-01-5.348E-01-5.Z63E-01-2.091E-01 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 
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0.000037" 0.00U1128 O.0~ù2b3J 0.0005042 0.0011660 0.0023697 0.0047769 0.0071842 0.0083878 
14 15 16 17 18 19 2q 21 22 

0.0420 
0.1l366 
0.Ol57 
0.0325 
0.0293 
0.0261 
0.0252 
0.OZ43 
0.02.39 
0.0235 
0.0232 
0.0230 
0.0226 
0.0226 
0.0224 
0.0222 
0.0220 
0.0220 
0.0218 
0.0216 
0.0213 
0.0211 
0.0209 
0.0207 
0.0206 
0.0205 
0.0204 
0.0203 
0.0203 
0.0202 
0.0200 
0.0199 
0.0196 
0.0194 
0.0192 
0.0189 
0.0168 
0.0187 
0~0186 
0.018S 
0.0163 -
0.0179 
0.0173 
0.0162 
0.0143 
0.0111 
0.0079 
0.il048 
0.0016 

-0.0016 
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50-1.298E-02-1.4B4[-02-1.490C-02-1.475E-02-1.4téE-02-1.4èOE-02-1.457E-02-1.4b4E-02-1.4b3E-02 4.202E-02 
49-1.'<J6E-02-1.484E-02-1.491l~-02-1.475E-02-1.4t6t-02-1.460E-02-1.457E-02-1.454ê-02-1.453E-02 3.884E-02 
48-1.053E-01-b.470E-02-3.149E-02-~.040E-OZ-I.710E-OZ-l.o09E-OZ-l.564E-OZ-l.548E-02-1.544E-02 3.S67E-02 
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45 9:527E-02-7:4â3Ë:02-ë:065Ë:02-;:i9jE:OZ~3:12ÔE-02-3:ï73E:02:Z:9i3E:02:2:âi7Ë-02:~-:798Ë-02 2:iï4i-02 
, 44 6.873E-Ol 2.47SE-Ol ~.9~Oë-02-1.170E-02-2.a97E-02-3.394E-OZ-3.594E-OZ-3.b43E-02- .b4JE-OZ Z.521E-02 

43 1.040~TOO 4.017E-Ol e.II6~-~~4~~VZ~.~S3C~0~3.83~E=OZ~~;9a3E-02~~.OOOE=02~ ;993E-UZ-~ZaE~OZ 
42 1.37uE~OO o.144E-01 2.103C-01 4.007E-02-1.b63E-02-3.4Z3E-OZ-4.174E-02-4.393ë-02-4.41bE-02 2.391E-02 
41 1.533E+OO 7.016E-Ol 2.574E-OI 6.ù55C-02-9.597E-03-3.Z33C-OZ-4.225E-02-4.5Z6E-OZ-4.563E-02 2.3S4E-02 
40 1.70ZE~OO 7.7b6E-Ol 2.69SE-Ol ~.409C-02-1.493E-02-3.542E-02-4.390G-OZ-4.bZ9C-OZ-4.b53E-02 2.318E-02 
39 1.824E~00 6.63SE-Ol 3.3Z9E-Ol 6.b4BC-OZ-2.773C-03-3.171E-02-4.433E-02-4.S19E-02-4.S67E-02 2.296E-02 
36 I.B90E+OO 9.133E-Ol 3.u5fiE-01 1.014C-01 Z.174F-03-3.044E-02-4.474E-02-4.913E-02-4.969E-02 2.278E-02 
37 1.944E~OO 9.b95E-Ol 4.1~ÇE-Ol 1.144E-Ol 4.71ZE-03-3.03ioE-OZ-4.S50E-OZ-5.010E-02-5.069E-02 2.25,9E-02 
3é 1.975E~OO 1.003E+OO 3.Bé6E-OI 1.017E-OI 1.04~03-3.11YE-02-4.S15E-02-4.937E-OZ-4.989E-02 2.2~9E-OZ 
35 1.95ùEHlO 9.014E-Ol 3.219E-Ol S.IS6E-02-4.023E-03-3.177E-02-4.3,88E-02-4.757E-02-4.S02E-02 2.219E-02 
34 1.S83E~00 8.~20E-Ol 3.153E-OI a.6~bE-02 6.71IE-04-2.910E-02-4.2é3E-02-~.é98E-OZ-4.75~E-02 2.204E-02 
33 1.a6ôc~OO B.B69E-Ol -3.269E-OI 7.a68E-Oz-l.191E-02-3.517E-02-4.43IE-OZ-4.665E-OZ-4.687E-OZ 2.196E-02 
3Z 1.a4ZE~OO 8.~60E-Ol 3.2Z1E-Ol 7.880E-~2~.798E-03-3.135E-02-4.284E-02-4.630E-OZ-4.b73E-OZ 2.10tE-02 
JI 1.699E+OO 7.764E-Ol 2.779E-Ol ~.5~IE-oZ-O.Ja6E-03-3.200E-02-4.239E-02-4.555E-02-4.S93E-OZ 2.157E-02 
30 1.504E+OO 6.645E-OI 2.13eE-OI 3.G54E-02-1.691E-02-3.542E-02-4.227E-02-4.418E-02-4.436E-02 2.134E-02 
29 I.Z3~E.OO 5.136E-OI 1.3~OC-Ol 4.276E-03-2.972E-~2-3.S39E-02-4.16IE-02-4.230E-02-4.229E-OZ 2.11IE-02 
23 9.495E-Ol 3.66BE-Ol 7.~21C-02-1.550E-OZ-3.459E-OZ-3.890E-OZ-4.035E-OZ-4.0SSE-02-4.046E-02 2.0BBE-02 
27 7.371E-OI 2.481E-Ol 5.799E-03-~.743E-02-4.ôB7E-02-4.Z94E-02-4.02bE-02-3.895E-OZ-J.864E-OZ 2.072E-OZ 
Z6 ~.887E-Ol 1.b35E-Ol-Z.~17E-OZ-5.291E-OZ-4.647E-02-4.lbJE-02-3.686E-02-3.764E-02-3.13~E-02 Z.057E-02 
~5 5.024E-Ol I.092E-Ol-6.050E-OZ-7.0ô8E-02-5.246E-02-4.33JE-02-J.86lE-OZ-J.676E-02-3.638E-02 Z.049E-OZ 
24 4.213C-OI S.~o9E-OZ-9.0ZSE-02-S.177E-02-5.5S1E-02-4.402E-02-3.806E-02-3.S79E-02-3.53SE-02 2.041E-02 
23 3.4bSC-01 7.105E-03-1.161E-Ol-S.961E-02-5.7S0E-02-4.393E-OZ-3.72SE-02-3.476E-OZ-3.431E-02 2.034E-02 
22 2.76ôE-01-3.891E-OZ-l.398c-Ol-9.582E-02-5.B47E-02-4.J57E-OZ-3.6J7E-02-3.3J7E-OZ-J.329E-OZ z.OZbE-OZ 
21 1.6b~E-Ol-l.035E-01-l.749E-01-l.017E-01-5.77aE-02-~.20IE-02-3.477E-02-3.229E-OZ-3.1S4E-OZ 2.01BE-OZ 
20 7.~78E-02-1.595E-Ol-l.82ôE-Ol-l~00JE-01-5.701E-02-4.090C-02-3.327E-OZ-3.057E-02-3.009E-02 2.00JE-02 
19-3.471E-02-2.178E-Ol-I.9b3E-OI-9.432E-02-S.137E-02-3.709E-Oz-3.071E-02-2.659E-02-2.8Z1E-02 1.9S7E-OZ 
18-1.292E-Ol-2.445E-OI-l.S50L-Ol-d.~88E-02-4.781E-OZ-3.463E-OZ-Z.865E-02-2.bb2E-02-Z.b27E-02 1.9ô4E-02 
17-1.927E-Ol-2.57JE-Ol-l.717E-Ol~7.64BE-02-4.227E-02-3.135E-02-2.653E-02-2.494E-02-2.406E-02 1.941E-02 
lb-2.324E-01-2.~04E-OI-l.55~L-OI-e.75SE-OZ-3.800E-02-2.664E-02-Z.486E-02-Z.3S5E-02-2.332E-02 1.9l7E-02 
IS-2.504E-01-2.~69E-Ol-I.419C-Ol-b.467~-OZ-3.702E-02-2.790E-02-2.390E-02-2.'53E-OZ-Z.229E-OZ 1.894E-OZ 
14-2.5B7E-01-2.426E-Ol-l.330E-OI-~.106C-02-3.562E-02-2.71oE-OZ-Z.331E-02-2.199E-02-Z.17SE-02 1.B79E-02 
13-2.630E-01-2.456E-OI-I.228E-Ol-4.8u3E-02-2.671E-02-2.386E-OZ-Z.Z09E-02-Z.162E-02-2.154E-02 1.871E-02 
12-2.b02E-Ol-2.49~E-Ol-1.121E-01-4.190E-02-2.623E-OZ-2.27SE-02-2.IS1E-02-2.124E-02-2.1l7E-02 l.ab3E-02 
11-2.74SC-01-Z.io94E-Ol-l.O~9E-Ol-4.3U8E-02-2.7b4E-02-2.30éE-02-2.113E-02-2.0S0E-02-2.03SE-02 1.SSOE-OZ 
10-2.7b2E-01-2.377E-01-9.339E-02-4.1S~E-02-2.642E-02-2.160E-02-1.992C-02-1.927E-02-1.915E-02 1.82BE-02 
9-2.bI3E-Ol-Z.ObBE-01-7.455E-02-3.435E-02-2.291E-02-1.952E-02-1.S0SE-02-1.757E-02-1.746E-OZ 1.790e-02 
a-2.24IE-01-l.S85E-Ol-S.S01C-02-2.674E-02-1.900E-02-1.b73E-02-1.57bE-02-1.544E-02-1.S38E-OZ 1.725E-02 
7-1.790C-Ol-l.071E-Ol-3.9Z3l-02~2.062E-02-1.S46E-02-1.397E-02-1.33IE-02-1.309E-02-1.305E-02 l.blSE-02 
6-1.725E-OI-7.S65E-OZ-3.04~02-1.~40E-02-1.237E-02-1.116E-02-1.0é3C-OZ-) .046E-02-1.043E-02 1.429E-02 
5-1.620E-Ol-ô.975E-02-2.ô22E-02-1.32JC-02-9.476E-03-B.352E-03-7.6~9E-03-7.7)2E-03-7.b85E-03 1.lllE-02 
4-2.0~IE-Ol-é.lébE-02-Z.030E-OZ-9.J39C-03-6.37ZE-03-5.5l9E-03-S.161E-03-S.049E-03-5.031E-03 7.9~7E-03 
3-1.7~IE-Ol-3.70SE-02-1.2S9E-02-7.22aE-ù3-5.913é-03-5.559E-03-S.41bE-0~S.374E-03-S.367E-03 4.7é2E-03 
2 1.244E-03-2.323E-02-Z.é~3E-02-2.342E-02-2.0~2E-02-1.8S~E-02-1.737C-02-1.645E-02-1.S9IE-02 1.S87E-03 
1 0.0 0.0 0',0 0.0 0.0 0.0 0.0 0.0 0.0 -1.587E-03 

X= 0.0089897 0.0092906 0.0094410 O.OO~~lb2 0.0095536 0.0095727 0.0095852 0.0095946 0.0090000 
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1= 1 2 ..l _ 4 
J 
50 
49 
48 
47 
40 
45 
44 
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4.! 
41 
40 
39 
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3b 
35 
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13 
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9 
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3 
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U.U -2.L71~-02-1.4cLE-01-3.730E-OI-7.69U~-Ul-l.321E+OO-l.~07E+OO 
0.0 -3.081t-02-1.507C~01-3.771E-01-7.739C-Ol-l.325E+Oo-l.51lC+OO 
0.0 -3.6..lIE-oè-I.77~E-01-4.408E-01-8.841E-Ol-I.410E+00-l.495E+0~ 
0.0 -7.218E-02-3.435c-01-8.107E-~1-1.414E+00-l.702E+OO-l.320E+OO 
0.0 -2.225E-Ol-1.00bc+OO-2.14~E+00-3.044C+UO-2.657E+OO-I.2~3E+00 
-0.0 -3. 412E- 01- 1 .462E+ 00-2. 902E +00-4. 009E +00-3. 966E+00-2. 777E+00 
O.U -1.887E~01-9.150E-01-2.210E+00-3.776L+OO-3.9bOE+00-2.818E+00 
0.0 -6.145E-02-4.199E-Ol-l.453E+OO-3.310E+00-3.ôl0E+OO-2.094E+00 
OrO -4.607E-02-2.841~-01-9.t43E-01-3.0&OE+00-3.412E+00-l.349E+00 
0.0 -1.L75E-02-1.302E-Ol-~.~31E-01-2.733é+00-3.313E+00-3.485E-OI 
0.0 1.202E-Oè 2.025E-04-2.658E-01-2.502E+00-..l.276E+00 é.679E-01 
0.0 2.o00E-02 b.éOOE-02-1.022E-OI-2.304E+Oo-3.265E+00 l.o27E+00 
0.0 4.204E-02 1.41IC-OI 4.494E-02-2.057E+00-3.25IE+00 2.469E+00 
U.O 6.582S-02 2.265E-Ol I.S..lIJE-01-1.11JEtOO-2.183E+00 3.30àE+00 
0.0 1.13uE-02 2.283E-01 1.2J~C-Ol-l.291[tOO-I.Ô20EtoO 3.95JE+OO 
0.0 -9.82JE-03-9.01BE-03-L.92LE-OZ-l.092E+OO-I.189E-02 4.456EtOO 
0.0 -B.125E-03-4.273E-02-1.390E-01-6.778E-Ol 1.122E+00 4.737E+00 
1.21IE-01 8.714E-02 3.076E-02 o.935E-04 3.334E-OI 1.9b4E+00 4.960E+00 
5.7é2E-01 6.169E-OI 7.046E-Ol 9.195E-Ol 1.488E+00 2.885E+00 5.230E+00 
1.171C+OO 1.244E+OO 1.393c+00 1.70IE+00 2.348C+00 3.o05EtoO 5.397E+00 
1.û61E+00 1.149~+00 1.924EtOO 2.261EtOO 2.919E+00 4.032é+00 5.396EtOO 
2.U41EtOO 2.140E+00 2.319EtOO 2.654EtOO J.25eEtO~ 4.223E+00 5.240E+00 
2.327E+00 2.397EtOO 2.~42E+OO 2.835EtOO 3.385é+00 4.221EtOO 4.994E+00 
2.45SE+OO 2.528E+OO 2.6t.9E+00 2.~39E+00 3.43IE+00 4.150E+00-4.726C+00 
2.S37E+00 2.596~+OO 2.721C+00 2.971EtOO 3.420E+00 4.040E+00 4.484E+OO 
2.5u~EtOO 2.u22EtOO 2.744EtOO 2.980C+00 :l.392E+00 3.940EtOO 4.305E+00 
2.572E+00 2.63:lEtOO 2.Z52EtOO 2.975EtOO 3.347E+00 3.821EtOO 4.114E+00 
2.512EtJO 2.~32EtOO 2.741EtOO 2.953E+00 3.280E+00 3.665C+OO 3.915EtOO 
2.5bOt:+n.a. 2.t.21E±!)0 2.72<;1EtOO 2.911EtOO 3.192E+0-0 3.532E+00 3.709E+00 
2.5J7E+00 2.579E+OO 2.66Ic+OO 2.810E+OO 3.031EtOO 3.265EtOO 3.39IE+00 
2.455E+00 2.494EtOO 2.557EtOO 2.053E+00 2.78IE+00 2.927E+00 2.955EtOO 
2.327E+00 2.3301::+00 2.338E+00 2.35éE+00 2.36~+00 2.437E+00 2.399E+00 
2.047E+OO 2.034C+00 2.008L+00 1.961CtOO 1.894E+00 1.838EtOO 1.743E+00 
1.b6IE.OO 1.t.30EtOO 1.572[tOO 1.474EtOO 1.342E+00 1.214E+00 1.154E+00 
1.171EtOO 1.120E+00 1.0J5EtOO 9.165~-OI 7.16BE-Ol 5.824E-Ol 7.B86E-Ol 
5.762E-Ol ~.458E-Ol 4.94~E-Ol 4.252E-01 3.236E~01 1.781[-01 8.427E-01 
0.0 2.759E-0~ 1.122E-01 2.274E-01 2.700E-01 1.9è7E-01 9.219E-Ol 
0.0 4.4341:-02 1.10~E-Ol l.é29E-ùl 2.192E-Ol 2.361[-01 9.b76E-OI 
0.0 1.264E-02 4.94bE-02 8.300E-02 1.543E-01 3.IOéE-OI 1.02~E+00 
0.0 -l.227t::-02-4.268E-02-5.IOLC-02 5.864E-02 4.361E-01 1_115E+OO 
0.0 -2.236E-02-9.209E-02-J.581E-OI-5.163E-02 6.119E-01 1.24~EtOO 
0.0 -1.856E-02-tl.OOJE-02-',.5t..1E-O 1-1.131E-0 1 8.216E-Ol 1.41GE+00 
0.0 -8.229E-03-3.32IE-02-5.~56E-Q~ 5.35IE-U2 1.075EtOO 1.612E*00 
0.0 9.7L2E-03 5.~30E-02 1.~22E-~1 4.90éE-01 1.401E*00 1.80QE+00 
0.0 •• ~00E-02 1.9LO~-01 4.929E-01 1.02IE+00 1.7è2E+00"1.961EtOO 
0.0 6'4~E-0~ 3.06IC-Ol 7.277ê-Ol 1.345E+OO 1.89JEtOO 1.923E*00 
0.0 L.l 4E-02 2.883E-Ol ~.729~-01 1.19IC+00 1.5~bE+OO 1.50IE~00 
0.0 3.05 C-02 1.~74E-Ol 3.932E-01 1.0tlLE-OI 9.478[-01 9.443E-OI 
0.0 4.L E-Ol 4.6~SE-Ol 4.~51E-Ol 4.61éé-Ol 4.721E-01 4.799[-01 

5.46IE-Ol 
5.418E-Ol 
5.258E-OI 
b.34IE-01 
1.463E+00 
3.688CtOO 
4.133E~00 
5.~8E"00 
5.650E~00 
5.9éOE+00 
6.18IE+00 
6.31IE+00 
é.41IEtOO 
6.469EtOO 
6.474E+00 
6. 428E tOO 
6.364E+00 
6.279E+00 
6.099E+00 
5.810EtOO 
5.440E"00 
4.995EtOO 
4.570E+ 00 
4.203E+00 
3.919E+00 
3.72 eE+ 00 
3.538E+00 
3.350E+OO 
3.166EtOO 
2.697E+00 
2.b59E+00 
2.1BOE+00 
1.BI9EtOO 
1.603C+00 
1.528E+00 
1."21E+00 
1.520E+00 
1.519E+00 
1.520C+00 
1.525E+00 
1.535C+00 
1.559E*00 
1.60IE+00 
1.660E+00 
1.708E+00 
1.[,65E+00 
1.219EtOO 
8.26IE-01 
4.904E-Ol 

7.036EtOO 9.4b9E+00 1.0281:+01 
7.03IE .. 09 9.454EtOO 1.026[+01 
6.985E"OO 9.379E .. 00 1.028E+01 
6.893E+00 9.214EtOO 1.020E+Ol 
6.789E+00 8.7('4E+00 9.735E+00 
6.111E+00 7.862E+00 8.448EtOO 
6.566E+00 7.046E+00 7.259E+00 
6.375Ë+00 6.278EtO~ 6.IIIEtOO 
6.22IE .. 00 5.160EtOO 5.337E+00 
6.032E+00 5.189E.00 4.489E+00 
5.057EtOO 4.113E*OO 3.761E+00 
5.717E+00 4.362E+00 3.265E+00 
5.562E+00 4.00IE+00 2.739E"00 
5.391EtOO J.&32EtoO 2.208[+00 
5.204E+00 3.259ftOO 1.675f.00 
5.022E+00 2.924E+00 1.197EtOO 
4.893EtOO 2.704E+00 S.779E-01 
4.759E+00 2.490E+00 5.~~8E-01 
4.528E+00 2.146E.00 5.533E-02 
4.234E+00 1.758E.00-5.498E-Ol 
3.919E+OO 1.400EtOo-l.100E+00 
3.587E~00 1.082E~0.1.516E .. 00 
3.299E+00 8.590E-Ol-I.883EtOO 
3.067E+OO 7.245E-ar-2.075E+00 
~.897EtOO 6.541E-01-2.193E+OO 
2.187E+00 6.240E-01-2.260E+00 
2.682EtOO 5.989E-01-2.318E+00 
2.581E+OO 5.788E-01-2.368EtOO 
2.465E+00 5.~3IE-01-2.411E+00 
2.349E+00 5.390C-01-2.467E+00 
2.185E+OO 5.138E-01-2.534E+00 
2.012EtOO 4.946E-01-2.612E+00 
1.852EtOO 4.81~E-01-2.700E+00 
1.738E+00 4.é9ÇE-Ol-2.780E+00 
1.651E+00 4.455E-OI-Z.850EtOO 
I.S87E*OO 4.140E-01-2.900E+00 
1.552E+00 3.693E-Ol~2.22bE*00 
1.529EtOO 3.b94E-OI-2.942EtOO 
1.50IE+00 3.397E-01-2.964E+00 
1.455EtOO 2.855E-01-3.004EtOO 
1.383EtOO 1.892E-Ol-3.074E+00 
1.278E.OO 2.313E-02-3.186E+00 
1.I..l9~+Oo-2.5üIE-01-3.333E+00 
9.868E-01-7.205E-01-3.462E+00 
8.625E-OI-I.50LE+00-3.387EtOO 
5.461E-01-l.48~E+00-2.194CtOO 
4.143E-01-l.070EtOO-I.T84EtOO 
4.710E-OI-3.446E-01-ê.334E-01 
4.906E-Ol 4.803E-OI 4.726E-OI 

x= -0.0000125 
1== 12 

0.0000125 0.0000627 0.000IL30 0.0003b3~ 0.0007648 0.0015672 0.0031721 0.0063816 O.007~866 0.0087890 
IJ 14 I~ lé 17 lB 19 20 21 22 

J 
50 6.812E+OO 
49 O.d08EtOO 
48 9.26 ... C+00 
479.717E+00 . 
,Ar.;. Q ... h?hr ... nn 

5.291[;+00 2.B53C+OO 
S.206C+00 2.849CtOO 
5.S<1J2E+00 3.303E+00 
7.Cl25E+OO 4.124E+00 
1.Y32E*OO 5. 12 OE"fO U 
i' ... CIL.! "r",nn c;;_o'")?r+llfl 

1.5~4F.tOO tl.94bE-Ol 
I.E!:>OC+OO 8.906E-Ol 
1.814EtOO I.04bE+00 

.2 • ..:IZ8E+OO 1.360E+00 
3.02/E+OO 1.808E+OO 

4 a ni 'lr ... n , ., _ {?7r ... nn 

".b30E-01 
S.590E-Ol 
6.577t::-01 
8.604E-Ol 
1.15/E+OO , .t:;1: ... ~r- .. I"\" 

2.30bE-Ol t..409E-02 0.0 
2.265[-01- 5.999E-02 0.0 
2.670E-OI 7.078E-0Z. 0.0 
3.515E-Ol 9.354E-02 0.0 
4. 116E-DI 1.2t9E-OI 0.0 

~ If'",r- ~ . . ",??",r- ~. ~ , 

4.043E-02 
3.726E-02 
3 •• 08E-OZ 
3.091 E-02 
"\.:'~'?! 

0.0404 
0.0373 
0,0341 
0.0309 " 
0.0277 
0.0257 
0.0247 
0.0241 
0.0237 
0.0234 
0.023t 
0.0229 
0.0227 
0.0225 
0.0223 
0.0221 
0.0220 
0.0219 
0.0217 
(\.0215 
0.0212 
0.0210 
0.0208 
0"t)2 06 
0.0205 
0.0205 
0.0204 
0.0203 
0.0202 
0.0201 
0.0199 
0.0198 
0.0195 
0.0193 
0.0191 
0.0189 
0.0187 
0.0187 
0.0186 
0.0184 
0.0181 
0.0176 
0.0167 
0.0152 
0.0127-
0.0095 
o .'l063 
0.0032 
0.0 
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o 
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/ 
~4 7:292Ë~O 6:619é~oo 5:2~6Ë~OO 3:398E+OO 2:120È+oo i:384È+OO ;:S34Ë-OÎ i:562E-ai 0:0 
43 5.909E+0·0 5.513E+Oo) 4.4181;"00 3.0~2E+00 1.943E+OO I.Z68E+00 a.5IéE-01 1.510E-OI 0.0 
42 4.986C+O'O 4.S64EYOO 3 ... 30':*00 204tf4ETOO-r.597E'f'OO-I.059Ef-UO 4;53IE-OT 1.24111:-'0"1---0.0----4' 3.976CtOO 3.509E+OO 2.70oE+00 1.812ttOO 1.151E+00 7.571E-Ol 3.215E-01 8.757E-OZ 0.0 
40 3.ll~C+00 2.5801:+00 1.927E+00 1.304E+00 8.393E-01 S.569é-01 2.385E-01 e.S32E-OZ 0.0 
39 2.487E+00 1.699EtOO J.304EtOO 6.4~OE-Ol S.34JE-Ol 3.S14E-Ol 1.490E-01 4.0SIlE-02 0.0 
38 1.849CtOO 1.194E+00 6.341C-Ol 3.343E-Ol 1.906E-Ol 1.192E-01 4.79QC-02 1.2éSE-02 0.0 
37 1.21IE+00 4.792E-Ol-l.30ZE-01-2.300E-Ol-I.78SE-OI-I.ZoBE-UI-5.BIlé-OZ-l.o41lE-02 0.0 
3& 5.73ôE-01-3.173E-Ol-B.S5BE-01-7.406E-Ol-S.I03E-OI-3.S37E-01-1.~S6E-01-4.330C-OZ 0.0 
35-•• 44.1E-02-9.8 71 C-O 1-1 .402EtOO-I. 14 3EtOO-7. 799E-O 1-5. 298E- 0 1-2. 324E- \) 1-6. 44bE-02 0.0 
3.-4.461C-Ol-1.397EtOO-l.744EtOO-l.404E+00-9.645C-01-6.589E-01-2.911E-OI-B.l06E-02 0.0 
33-a.374E-Ol-l.UZ6EtOO-2.131EtOO-l.u~7CtOO-l.llOCtOO-7.479C-01-3.2S0E-01-8.967E-02 0.0 
3Z-1.4~5E+OO-2.519E+00-2.738C+00-2.000E+OO-l.38uEtOO~9.317E-01-4.044E-Ol-1.11SE-01 0.0 
31-2.177~tOO-3.274E.00-3.372E+00-2.526E+OO-l.ô8ZC+OO-1.132E+OO-4.915E-OI-I.356E-Ol 0.0 
30-2.825~tOO-3.9tiSE+00-3.898C+OO-2.8à3E+00-l.889E+Oo-l.2~éE+OO-5.474E-OI-I.S07E-01 0.0 
Z9-3.379EtOO-4.~2SE+00-4.28SEtOO-3.o70EtOO-2.000I:tOO-1.J32EtOO-S.7ZSE-01-l.S70E-01 0.0 
2d-3.1S)E.OO-4.892EtOO-4.498EtOo-J.166EtOO-2.04tEtOO-1.JéOEtOO-S.B27E-Ol-l.596E-Ol 0.0 
27-4.00~~.OO-5.1J3E+OO-4.600E.OO-3.104C+00-2.01BE+0~~1.331EtOO-5.659E-OI-I.~42E-OI 0.0 
26-4.1é9E+00-S.272~+OO-4.639E+00~3.14SE+00-l.991E+OO-1.308EtOO-5.542E-01-l.508E-Ol 0.0 
25-4.271~.OO-5~3S4E+00~4.é4oE+00-3.108E+OO-l.955E+OO-1.Z81E+00-5.411E-Ol-l.470E-01 0.0 
24-4.~é4EtOO-5.4Z4E+00-4.6J4E+OO-3.055E+OO-I.908E+OOTl.Z46E+OO-S.245E-01-1.4ZIE-01 0.0 
23-4.45IE+OO-S.482EtOO-4.éO~.OO-Z.990E+OO-l.d54E.OOT1.206E+00-5.061E-01-l.~69E-Ol 0.0 
22-4.532E+OO-5.~27EtOO-4.5S3EtOO-2.913EtOO-l.794C+00-1.163EtOO-4.865E-Ol-I.313E-01 0.0 
21-4.64IE~OO-5.572EtOO-4.435EtOO-2.778EtOO-I.698Et0011.099E.00-4.58JE-Ol-l.2J6E-01 0.0 
20-4.7S9EtOO-5.584EtOO-4.262EtOO-2.602E+OO-I.Sb9EtOOrl.007EtOO-4.168E-Ol-l.118E-Ol 0.0 

t::!:~~~~!~g:;:~~~~!gg:~:l~~ê!gg:~:r~z~!gg:::~~~~!ggI~: ~~~:g::~:~~~~:~::A:~g~~:g1 g:g 
17-5. OlEtOO-5.297EtOO-3.40SE+OO-l.938CtOO-I.133CtOOï7.176E-01-2.930E-Ol-7.799E-OZ 0.0 
16-~. 17EtOO-S.13IE+OO-3.137E+OO-l.756E+00-l.OZ3E+00Té.4bJE-01-Z.634E-01-7.002E-02 0.0 
15-5. 12EtOO-4.Y94E+OO-2.942EtOO-l.619EtOO-9.~22E-01-5.6S6E-Ol-2.37ZE-OI-Ô.Z61E-02 0.0 
14~5 04E.OO-4.908EtOO-2.83.EtOO-l.542EtùO-8.814E-01-S.b12E-01-l.l21E-01-5.6blE-OZ 0.0 
13- .996E.OO-4.643EtOO-Z.7S9EtOO-l.502E+aO-8.62~E-OI-5.410E-01-2.190E-01-S.797E-02 0.0 
12 4.~66C+OO-4.744E.00-2.663EtOo-l.46UE+OO-6.440E-01-5.3IaE-01-2.163E-Ol-S.743E-02 0.0 
IL-4.909EtOO-4.~o8EtOO-2.520EtOO-I.385EtOO-8.022E-Ol-S.060E-01-2.059E-OI-S.470E-OZ 0.0 
10-4.9Z3E+OO-4.Z70EtOO-2.314EtOO-I.266EtOQ-7.315E-OI-4.609E-Ol-l.873E-01-4.972E-02 0.0 
9-4.d19EtOO-3.612EtOo-Z.042EtOO-I.113E+00-6.4ZIE-Ol-4.043E-OI-I.642E-Ol-4.35SE-02 0.0 
8-4.bllEtOO-3.209EtOO-l.718E+OO-~.306E-01-5.411C-01-3.408E-OI-I.38SE-01-3.674E-OZ 0.0 
7-4.224E+00-Z.54ZE+00-l.35SEtOO-7.392E-QI-4.267E-01-2.68ôE-OI-l.091E-Ol-Z.892E-02 0.0 
6-3.414CtOO-l.743EtOO-B.910E-01-4.751E-01-2.705E-01-1.669E-01-6.80SE-OZ-l.794E-02 0.0 
5-Z.ZZ7EtOO-8.360E-Ol-3.50ZE-Ol-J.6JlE-01-8.52IE-OZ-5.065E-02-1.930E-OZ-4.901E-03 0.0 
4-7.26SE-01 2.142E-02 1.072E-Ol 8.455E-02 S.657E-02 J.813E-OZ 1.6S4E-02 4.56SE-03 0.0 
3 7.044E-Ol S.27ZE-Ol 3.~53E-~1 1.89BE-01 1.126E-01 7.172E-02 Z.942E-OZ 7.853E-03 0.0 
2 4.61lIE-01 4.657E-Ol 4.~45E-01 4.L38E-01 4.635E-OI 4.63JE-01 4.632E-OI 4.6JIE-01 0.0 

2:47iË-02 
2.4091:-02 

---:!;373E-02 -
2.336E-02 
2.308(:-02 
2.21l8E-02 
2.2('9E-02 
2.249E-02 
2.2291:-02 
2.211E-02 
2.200E-02 
2.168[,-02 
2.Jf9E':02 
2.146E-02 
2.122E-02 
2.099E-02 
2.0aOE-Oz 
2.0t.4E-02 
2.053E-OZ 
2.045E-02 
2.037E-02 
2.030e-02 
2.022E-02 
2.010E-02 
1.995E-02 
1.975E-02 
1.c;,52E-02 
1.929E-02 
t .90éE-02 
1. 887E- 02 
1.875E-02 
1.8L7E-02 
1.857E-02 
1.639E-02 
1.1l09E-OZ 
J.757E-02 
1.t.70E-02 
1.5ZZE-02 
I.Z70E-02 
9.524-E-03 
6.349E-03 
3.175E-03 
0.0 

x= ~.0091903 0.0093909 0.0094912 0.009~4IJ 0.0095064 0.0095789 0.009591S 0.009S977 0.0096022 
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-f; 1 2 3 " 5 b 7 8 ~_9 10 11 Y : 
J 
50 o.u 
49 0.0 
46 0.0 
47 0.0 
4" 0.0 
45 0.0 
44 0.0 
43 0.0 
42 0.0 
41 0.0 
40 0.0 
39 0.0 
38 0.0 
37 0.0 
36 0.0 
3S 0.0 
34 0.0 
33 0.0 
32 0.0 
.J 1 0.0 
30 0.0 
29 O.U 
28 0.0 
27 0.0 
2t. 0.0 
2!> O.i) 
24 0.0 
23 0.0 
22 0.0 
21 0.0 
~O 0.0 
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-1.372E~01-1.372é+01-1.3'2E+01-1.372E+OI-l.372E+Ol-1.370E+Ol-l.369E.Ol-l.35IE~Ol-1.343L~OI-1.3~4~+OI 
-1.~90E+Ql-1.390~~OI-1.390E+Ol-I.390~+OI-I.38~E+Ol-I.3d5E+Ol-l.383E+Ol-1.3~~1.249E~OI-1.228E.Ol 
-1.401E~01-1.4u1E+Ol-1.4ô2E+Ol-l.4u2L+Ol-1.4ô4E.Ol-1.454E+Ol-I.450E+Ol-I.184E+Ol-9.373EtOO-8.530EtOO 
-1.8aIE~01-1.882E~01-1.8a2EtOl-l.883E+Ol-l.a95EtOl-1.95~E.Ol-I.870E+01-l.961E+OO-l.544E+OO 1.068E+OO 
-2.167E~Ol-2.16~EtOl-2.1~7E+01-2.182EtOl-2.241EtOI-2.420E+01-2.195EtOl-5.516E+OO 4.123E+OO B.ô5IE+00 
-Z.20IE~01-2.199E+OI-2.200E+01-2.209E+01-2.247E+01-2.399E+Ol-2.174EtOl-Z.7Z5E+00 8.75ZEtOO 1.476E+OI 
-Z.J49E+01-2.J4dE~01-Z.J46E+01-2.149E+01-2.J72E+01-2.240E~Ol-2.0B2E.Ol-l.431E+OO 1.097E+Ol 1.7BBE+Ol 
-Z.IZoEtOl-Z.125E~01-2.124E+01-2.125E~01-2.IZ8E+01-2.108EtOl-l.927EtOl-l.983E-Ol 1.281E~01 2.042E~01 
-2.I05E+01-2.I05E+Ol~2.104E+01-Z.J06E+OJ-Z.100E+01-2.0IBEtOI-I.709E~01 ô.30ZE-Ol I.J5ÇE+OI 2.lêlEtOI 
-2.091EtOI-2.090EtOI-2.089E~OI-2.067EtOl-2.100E+Ol-2.062E+Ol-I.592EtOI 1.104E+00 1.402EtOI 2.219E+01 
-2.077E+01-2.07ûE+Ol-Z.U76E~Ol-2.077EtOl-2.114EtOl-2.11JEtOl-l.463EtOl 1.493E+00 1.4ZIEtOI 2.242E~01 
-2.06IE~OI-2.060E~OI-2.000E~01-2.0~OEtOl-2.124EtOI-2.255EtOl-I.327EtOI 1.797EtOO 1.41~EtOl 2.230E~01 
-2.03ôE~Ol-2.J3bE~01-2.037E~OI-2.029E~Ul-2.03uL~01-2.197E~01-1.182EtOl 2.017E+00 1.386E+Ol 2.18IE+01 
-~004E~01-2.006EtOl-2.00&EtOl-l.~87E+Ol-I.849E~01-2.024E+Ol-l.0Z6EtOI 2.080E+00 1.323E+01 2.092E+01 
-~OI3E+Ol-2.004CtOI-l.98BE+01-l.972E~01-1.788EtOl-J.B56EtOl-9.090EtOO 2.002E~00 1.2~2E~01 1.998E+Ol 
-2.01~E~01-2.008E+~1-1.994E+Ol-l.9u4E+Ol-t.645E+01-l.808E+01-8.294EtOO 2.19~EtOO 1.233EtOI 1.953E+Ol 
-2.05IC.Ol-2.042E~01-2.026E+Ol-1.981E.01-l.8LOE~01-1.L~~E~01-L.806EtOO 2.390EtOO 1.171EtOt 1.631E+Ol 
-2.oa2E~01-1.9~4E~01-1.974E~01-1.912EtOl-I.139EtOl-1.407E+01-4.850E+00 2.419EtOO 1.042E+Ol l.ô35EtOI 
-1.790E~01-1.1a4[tOl-l.764E+Ol-I.100E+Ol-1.512E~OI-I.121E+Ol-2.963E+OO' 2.462E+00 9.053E.00 1.417E+Ol 
-1.426E~01-1.42SE+Ol-I.414E~01-1.366E+Ol-1.201E+01-8.179E+00-l.~a4EtOO 2.551E+00 1.738E~00 1.168E+Ol 
-9.406EtOO-9.~b4E~00-9.710C+OO-9.S74E+OO-6.420E+OO-5.314EtOO 8.696E-02 2.S71E+00 6.566E+00 9.725EtOO 
-6.75bE+00-~.808C+00-6.877EtOO-o.808E+00-5.953EtOO-3.346E+00 1.033E+00 2.733LtOO 5.9L4EtOO 8.431E~00 
-3.738~+00-3.872E+00-4.0~7EtJO-4.104E+OO-3.659E+OO-I.766E~00 1.596CtOO 2.800E+00 5.491EtOO 7.425E+00 
-2.485E.OO-2.~4uE+OO-2.é70E+OO-2.790CtOO-2.512E+OO-8.936E-OI 1.984EtOO 2.908E+00 5.327E~00 6.936E.00 
-1.143E~00-1.210C~OO-I.34LE+OO-I.53ge+OO-l.422C+00-6.948e-02 2.343E+OO 3.017E+00 5.194E+00 6.573E+00 

2.105E-Ol 1.222C-01-o.101E-Q~-3.48IE-01-3.972E-01 7.044E-Ol 2.676E+00 3.126E+00 5.087E+OO 6.260E~00 
l.oo2c~00 1.435c+00 l.lu8E+00 7.627C-Ol 5.o26E-01 1.4Z6E+00 2.982E+00 3.235E+00 5.001E~00 5.992EtOO 
2.~95E+00 2.7oOC+00 2.379E+00 1.899E+00 1.624E.00 2.362E.00 3.460E~OO 3.422E~00 4.938E+00 5.770E.00 
4.963E~0~ 4.731C~OO 4.2~2C~00 3.ôlIC+00 3.099E+OO 3.50~E+OO 3.93~EtOO 3.616E+00 4.833E+00 5.448E+00 
6.647E~00 b.444C+OO 5.B07EtOO 5.006E+00 4.422E+OO 4.631E+00 4.454C.00 3.643E+00 4.7~9EtOO 5.205E~00 
7.o0ZC+oo 1\~0~:~OO 6.6~7C~OO 6.015C+00 5.524EtOO 5.589E+OO 4.890E~00 4.053E+00 4.717E+00 5.008ErOO 
7.430E+00 7.170E+00 b.7b4E+oo 6.29IE+00 6.083E+OO 6.117E~00 5.189C+00 4.214C~00 4.700E+00 4.898E+OO 
6.608EtOO t..627~~00 ~.3B7E+OO L.173E+00 6.250C+OO 6.338E+OO 5.359EtOO 4.34IE+00 4.715~tOO 4.857E~00 
5~995C+00 5.997E~OO 6.000~+00 6.017E+00 6.17aC+OO ~.36UE+OO 5.436C+OO 4.432E+00 4.748E+00 4.865E+00 
5.94uCtOO 5.975C+00 5.979C+0~ ~.985~tOO 6.146E+00 6.33~C+00 5.465E+OO 4.48IE+00 4.184E+OO 4.859E~00 
5.868E+OO O.9L9C~OO 6.002C+00 6.005E+00 6.1J2E+OO 6.J04C+OO 5.475E~OO 4.512EtOO 4.814E+OO 4.845E+00 
6.007EtOO û.003E+00 6.011C+00 o.OI5C+00 6.118E+00 &.262E+OO 5.480E+00 4.~49E+OO 4.844E+OO 4.849E+OO 
~.029E~00 b.O~QL+OO L.012E+OO b.007E+OC 6.090E+00 6.196EtOO 5.48dE~OO 4.605E+00 4.881E+00 4.675E+OO 
5.98~~+OO 5.979C~00 5.973C+OO 5.963E+00 6.022E~00 6.094C+00 5.492E~OO 4.b63EtOO 4.929E+00 4.921E+00 
o.892C~OO 5.8~2E+00 ~.8~2C~OO 5.B09C+00 5.917E+OO 5.949C+OO 5.485E~00 4.7BOEtOO 4.979EtOO 4.980E+OO 
5.794E+00 5.7~~E+OO 5.797E+OO 5.799E~00 5.803E+OO 5.780E+OO 5.44EE+OO 4.875EtOO 5.01IE+OO 5.021E~00 
5.b80E+00 5.6U2EtOO 5.bti4é~OO 5.686~+00 5.67~E+OO a.614C+00 ~.371E+OO 4.911E.00 4.986E+00 5.004E+00 
~.~17E+OO 5.519E+OO ~.52JC+OO 5.5~2E+OO o.512C+OO 5.4u4E+00 5.27gC.OO 4.642E.00 4.669EtOO 4.923EtDO 
5.~53E+00 5.L5~EtOO 5.LS5~tOO 5.u5LE+oa 5.647ftOO 5.597~tOO 5.416EtOO 5.047EtOO 5.12IE.OO 5.195EtOO 
L.2~5t.00 L.2~aCtOU 6.2~6rtOo o.250LtO~ 6.250CtOO 6.210E+OO 6.07IC+OO 5.952E+OO 6.066E+OO 6.164E+OO 
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2.61410-02 45 1.674E+OO 2.085E+00 2.1~OE+00 2.135E+OO 2.134~+00 2.133E+00 2.131E+~ 2.130E+00 0.0 

44 1.00910+01 I.U4IE+Ol 1.045C+Ol 1.046C+Ol 1.046E+OI 1.04t.C+Ol 1.047E+Ol-I.Q47E+ol 0.0 
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42 2.043E+OI 2.117E+OI 2.129E+Ol 2.133E+Gl 2.IJ4C+Ol 2.135E+Ol 2.13SE+Ol 2.136C+Ol 0.0 
41 2.J31EtOI 2.41110+01 2.424E+Ol 2.427E+Gl 2.428E+Ol 2.42910+01 2.430E+Ol 2.430E+Ol 0.0 
40 2.4KIE+01 2.~79E+Ol 2.599(+01 2.603E+01 2.605EtOI 2.6Q6E+01 2.60bC+01 2.607E+01 0.0 
39 2.~52E+ùl 2.656E+Ol 2.678E+01 ~.fa2E+Ol 2.684(+01 2.685EtOI 2.686E+Ol ~.687C+Ol o.a 
38 2.583EtOI 2.b91E+Ol 2.714E+01 2.719CtOI 2.721E+Ol 2.72~E+Ol 2.72410+01 2.724CtOI 0.0 
31 2.570E~01 2.~78E+OI 2.702EtOI 2.708EtOI 2.710E+01 2.712E+Ol 2.713E+Ol 2.714C+OI 0.0 
36 2.515E+01 2.622E+Ol 2.b5ùEtOI 2.tGSE+Ol 2.cseC+01 2.6S~EtOl 2.ù60C+UI 2.b61E+Ol 0.0 
35 2.422~+01 2.53b~+Ol 2.5~OE+01 2.Û~SC+01 2.uu7(+01 2.ab7C+Ol 2.S~UE+OI 2.S6SE+Ol 0.0 
34 2.332C+OI 2.4~2E+Ol ~.4b~EtOI ~.46SE+Ol 2.467E+01 2.46uE+01 2.469E+Ol 2.4b9E+01 0.0 
33 2.272E+Ol 2.372~+01 2.392~+01 2.3)6E+Ol 2.400CtOl 2.401C+Ol 2.40~E+Ol 2.403E+Ol 0.0 
32 2.1alE+01 2.2~3C+Ol 2.274~+01 2.218E+Ol ~.2aOE+01 2.281E+Ol 2.26ZE+01 2.262EtOI 0.0 
31 1.940E+Ol 2.03~étOl 2.0seEtOI ~.Q6JE+Ol 2.064é+Ol 2.065E+Ol 2.0buC+Ol 2.0b6E+OI 0.0 
30 1.690E+01 1.700E+OI 1.798C+OI 1.803C+OI 1.60'>EtOI 1.80:>EtOI 1.805E+Ol I.BObE+01 0.0 
29 1.430E+01 1.~lIE+OI I.S29E+01 1.533E+OI 1.534E+Ol 1.535EtOl 1.5351::tOl 1.535E+Ol 0.0 
28 1.166EtOt 1.260~+01 1.27ùE+OI 1.279E+OI 1.280E+Ol 1.280C+Ol 1.280C+Ol 1.2BOE+Ol 0.0 
27 1.024EtOI 1.091EtOI 1.1I0E+Ol 1.1l5EtOI 1.116E+01 1 •. 1Ic.E+Ol 1.116E+Ol 1.1l5E+OI 0.0 
26 9.020(tOO 9.635E+00 9.761EtOO 9.180E+OO 9.182E+00 9.16ZE+00 9.78IE+00 9.779E+00 0.0 
25 d.315E+00 0.900E+00 9.109EtOO S.I~9E+00 9.1b4E+00 9.163EtOO 9.160E+00 9.156EtOO 0.0 
24 7.a26EtOO 8.382E+00 8.5!'>9E+00 8.S94C+00 B.S96EtOO 0.594E+00 8.590C+00 8.506E+00 0.0 
23 7.J91E+00 7.900E+00 0.064E+~ O.092E+00 8.092E+00 6.089E+00 8.085E+00 8.082EtOO 0.0 
22 7.~OOEtOO 7.'>19E+0~ 7.o27C+OO 7.6~OE+OO 7.648E+OO 7.645E+00 7.b40E.00 7.b36E+OO 0.0 
21 b.b59C+OO 7.102(+00 7.251E.00 Q.2b7E+00 7.262E+OO 7.257EtOO 7.25ZE+00 7.249EtOO 0.0 
ZO 6.dJ2E+QO 6.523C+00 6.~70etOO 6.576E+oO b.57IE.00 6.567CtOO 6.562E+00 L.558E+OO 0.0 
19 5.BI2E+00 6.0~8E+00 6.11bC+00 6.115EtOO u.108è+00 6.I03E+00 6.099E+00 6.096E+OO 0.0 
18 5.441E+00 5.552EtOO S.S61EtOO 5.558E.OO 5.552EtOO 5.548E+00 5.544E+00 5.541E+00 0.0 
17 ~.193E.00 5.2aoE+00 5.261E+ùO ~.254E+OO 5.249E+00 5.245E+00 5.2~2E+00 5.240E+00 0.0 
lb 5.049E+OO 5.077E+OO ~.075E+00 5.0~6C+OO 5.0L3EtOO 5.060EtOO 5.057EtOO 5.056E+00 0.0 
15 4.961E+00 4.962ë+00 4.95710+00 4.954E+OO 4.950E+00 4.948E+00 4.945EtOO 4.943E.00 0.0 
14 4.972E+00 4.980E+00 4.972E+00 4.9b8E+00 4.9b4e+00 4.962E+00 4.959E+00 4.9~7(+00 0.0 
13 4.913E+0& 5.051E+00 5.027EtOO 5.007~+00 5.00IE+80 4.998E+00 4.997EtOO 4.996E+00 0.0 
12 4.966E+00 5.045(+00 &.028E.00 &.016E~00 t.OIIEtOO 5.01 CE+UO 5.009EtOO 5.009EtOO 0.0 
Il 4.960E+00 4.999E+00 4.997E+00 4.994~+OO 4.991E+00 4.989EtOO 4.988EtOO 4.987E+00 0.0 
10 4.9SeEtOO 4.964EtOO 4.9LOE+00 4.95ÔC+00 4.953E+00 4.952E+00 4.950E+00 4.950E+00 0.0 

---- ti~A~:~i 

9 4.900C+00 4.951C+00 4.94~E.OO 4.9~9E+OO 4.9~7EtOO 4.93t..EtOO 4.93~E+00 4.93SEtOO 0.0 
8 4.984E+OO 4.907E+00 4.Ç~lE+OO 4.958E+00 4.957E+00 4.956EtOO 4.955EtOO 4.955E+00 0.0 
7 4.9aOE+00 4.970E+00 4.967C+00 4.965E+00 4.964E+00 4.964EtOO 4.964EtOO 4.963EtOO 0.0 

~ ~:~f;~!gg ~:~t~~!gg !:~t~~!gg ~:~~~~!gg ~:~f~~!gg ~:~ti~~gg ~:~t!~:gg ~:~:!~g g~g 
4 6.169E+00 6.195E+00 L.194e+00 6.193E+OO o.193C+OO b.193EtOO G.193E+00 6.192E+00 0.0 
3 7.1'>4E+00 7.147E+00 7.1,>uE+QO 7.146E+00 7.145E+00 7.145EtOO 7.145E+00 7.145E+00 0.0 
2 7.647E+00 7.650E+OO 7.653E+OO 7.654E+00 7.654E+00 7.654EtOO 7.655EtOO 7.655C+OO 0.0 
1 0.0 O.U 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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.J 
50 4.500E+02 
49 4.~00E,,02 
48 4.50JC+02 
47 4.!.>OOE+02 
4(, 4.500E+02 
4~ 4.5!l'-.JE+02 
44 4.5001:"02 
43 4.50.JE~02 
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1.190E-OI 1.201E-OI 
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1.456E-01 
1.4B6C-01 
1.495E-OI 
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1.210E-OI 
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1.076E",01 
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2b 1.310E-Ol 1.~B4E-OI 2.153E-OI 2.540E-OI 2.745E-OI 2.B48E-01 2.952~-~ 3.0~E-OI 3.022E-OI Z.057E-OZ 
25 1.31310-01 1.t.Ol-C-Ol 2.172E-Ol Z.553C-Ol 2.75ZE-Ol 2.853E-OI Z.953E-Ol 3.004E-01 3.022E-01 2.049E-OZ 
24 1.317E-Ol 1.~19E-OI 2.19ZE-OI 2.5~5E-OI Z.7éOE-OI 2.857E-OI Z.955E-Ol 3.004E-OI 3.022E-OI Z.04IE-02 
23 1.JZIE-OI 1.63~-01 ,.213E-01 2.518~-Ol Z.767E-01 2.862E-01 2.957È-Ol 3.00SE-Ol 3.0Z2E-01 2.034E-02 
22 1.327E-Ol 1.b60~-01 2.23'1E-Ol 2.S91E-Ol 2.715E-Ol 2.8~1E-Ol 2.959E-Ol 3.006E-Ol 3.022E-OI 2.026E-OZ 
21 1.J~LE-OI l.b9J~-Ot 2.266E-OI l.blOE-OI 2.78LE-OI 2.674E-OI 2.962E-Ol 3.006E-OI 3.Q2ZE-Ql 2.016E-02 
la 1.351E-Ol 1.731E-Ol 2.30SE-OI 2.f33E-Ol 2.199E-Ol 2.882E-OI 2.965Ë-Ol 3.00lE-OI 3.022E-Ol 2.003E-OZ 
19 1.J1lE-Ol l.791E-01 2.34ÇE-OI 2.6~7E~OI 2.813E-Ol 2.89IE-OI 2.969E-01 3.00BE-OI 3.02ZE-OI 1.987E-OZ 
18 ~.397E-Ol 1.852E-Ol 2.J95E-01 ~.682E-OI 2.S27E-OI 2.900E-OI 2.97JE-Ol 3.009E-OI 3.022E-OI 1.964E-OZ 
17 1.424C-QI 1.910E-01 2.433E-Ol Z.7~3E-01 2.B39E-01 2.907E-Ol 2.976E-Ol 3.010E-OI 3.0Z2E-OI 1.941E-OZ 
16 1.4511~-01 1.9b2E-01 2.4f>5E-01 2.721E-Ol 2.049E-Ol 2.914E-01 2.97tlC-lll 1.OIIÉ-01 3.02ZE-OI •• 911E-02 

.15 1.473E-01 2.00IE-01 2.488E-Ol 2.7J4(-OI Z.057E-01 2.916E-Ol 2.9aOE-01 J.OllE-OI 3.022E-01 1.894E-02 
14 1.484t-01 2.022(-01 2.500€-OI 2.740E-Ol 2.8blE-01 2.921E-Ol 2.981E-01 1.01IC-OI 3.02ZE-Ol l.B79E-OZ 
Il 1.490E-Ol 2.034(-01 2.506E-OI 2.743C-OI 2.062E-Ol 2.922E-ol 2.9S2E-OI 3.012E-OI 3.0Z2E-OI 1.87IE-02 
12 1.499E-Ol 2.0S3E-OI 2.~15E-Ol 2.748E-ùl 2.865E-Ol 2.923E-OI Z.98ZE-Ol 3.012E-Ol 3.0Z2E-OI 1.863E-OZ 
11 1.~18E-01 Z.08bE-01 Z.~32E-Ol Z.7~7E-OI Z.B70E-OI 2.9Z7E-OI 2.9B4E-OI 3.012E-~ 3.0Z2C-Ol I.S50E-OZ 
10 1.555E-01 2.141E-ol 2.500E-OI 2.'7~C-Ol 2.B80E~Ol Z.933E-Ol 2.986E-OI 3.0IJE-~~J.022E-01 1.6ZBE-OZ 

9 l.bI9C-01 2.2l6E-01 2.60ùC-01 2.7gSc-bl 2.892E-Ol 2.94IE-OI 2.989E-Ol 3.01~~-01 3.022E-Ol 1.190E-02 
B 1.722E-OI 2.JIJ~-01 2.LSOE-Ol 2.822[-01 2.908E-01 2.950E-Ol 2.99JE-Ol J.015E-Ol 3.022E-OI 1.725E-02 
1 I.UoHf:-OI 2.411E-Ol 2.706C-OI 2.1i52é-Ol,2.925E-01 2.9611:-01 2.998E-Ol 3.016E:-OI J.022E-OI l.bI5E-02 
b Z.07IE-01 Z.~35E-OI 2.7o9E-OI 2.B8bE-Ol 2.944E-OI Z.973E-OI 3.003E-OI ..l.017E-OI 3.022E-OI 1.429E-02 
5 2 • .30.JE-01 2.66IE-OI 2.835E-Ol Z.92ZC-ùl 2.9t-5E-01 2.98bE-OI 3.008E-01 3.0 "SE-al 3.02ZE-Ol 1.IIIE-OZ 
4 Z.54.3E-~1 2.786E-Ol 2.YOOE-Ol 2.957E-Ol 2.985~~OI Z.999E-OI 3.013C-Ol ..l.Q2~E-01 3.022E-01 7.937E-OJ 
.3 2.~78E-Ol 2.777E-01 2.aç2E-Ol<2.9~2E-Ol 2.982E-01 2.997E-01 J.012E-OI 3.0Z0E-Ol 3.022E-01 4.762E-03 
2 2.062E-OI 2.411E-Ol 2.b1~é-Ol 2.1i2~E-OI 2.906E-Ol 2.940E-OI 2.992E-01 3.014E-OI 3.022E-Ol 1.567E-03 
1 1.000E-01 I.OOOE-OI I.OOOe-fll 1.OOOE-Ol 1.000E-01 1.oooE-01 l.OOOE-OI 1.000E-Ol 3.022E-OI-l.567E-OJ 

x= 0.0091S03 0.009.3$09 0.OU9'1~12 O.0~~541.3 Q.0095664 0.0095789 0.0095915 0.0095977 0.0096022 .--
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.-.-.-.-*-*-.-*-~~*-*-.-*-*-*-.-.-.- •• *- VIS VIS VIS VIS VIS VI~ VIS VI& VIS -.-.-*-~-*-.-.-.-.-+-.-.-*-.-.-.-.-.-.-. I~ 
I;:r- 1 2 3 4 S 6 7 6 9 10 1 1 Y =. 30 

~u 2.334E-Qo 2.334E-OS 2.334~-O~ 2.334E-Ob 2.333E-OS 2.333E-OS 2.33IE-OS Z.329E-OS ?~l8E-O~ 2.304E-Ob Z.254E-05 ~.0420 
49 2.334E-O~ 2.J34E-Ob Z.334E-07 Z.334E-05 2.333E-05 2.333E-OS 2.33IE-OS Z.329E-OS 2.318E-OS 2.304E-OS 2.2S4E-OS 0.0388 
48 Z.~34E-05 2.334E-05 Z.334E-~ 2.334E-05 2.333E-05 2.333E-OS 2.33IE-OS 2.329E-OS 2.318E-05 2.30SE-OS 2.263E-OS 0.0357 
47 2.334E-05 2.334E-05 2.334E-05 2.333é-0~ 2.333E-OS 2.332E-OS 2.33lE-OS 2.330E-OS 2.3l9E-OS 2.30fE-OS 2.27~E-OS 0.0325 
46 2.334E-06 2.334E-OS 2.334E-OS ~.3J3E-OS 2.332E-OS 2.331E-05 2.3JIE-OS 2.J30E-OS 2.3l9E-OS 2.307E-OS 2.288E-OS 0.0293 
4!> 2..,334E-05 2.J34E-05 2.334E-05 2.333E-05-2.332E-05 2.331E-OS 2.330E-OS 2.330E-OS 2.31BE-05 2-o307E-05 2'.29DE-OS 0.02bl 
44 2.334E-OS 2.334E-05 2.334~05 2.333E-05 2.332E-05 2.331E-05 2.330E-05 2.330E-OS 2.31~E-OS~.305E-OS 2.29SE-OS 0.0252 
43 2.J34E-05 2.3J4E-OS 2.3J4~-05 2.333E-05 2.J3Jé-05 2.331E-05 2.33lE-OS.2.330E-05 2.3l4E-05 2.301E-OS 2.292E-OS 0.0243 
42 2.334E-O~ 2.334E-0~ 2.334C-0~ 2.334E-O~ 2.333E-05 2.33lE-OS 2.33lE-0!> 2.330E-05 2 • .lllE-05 2.297E-DS 2.288E-05 0.0239 
41 2.334E-05 2.334E-05 2.334E-OS 2.334E-05 2.333E-05-2.332E-05 2.33lE-05 2.J30E-OS 2.309E-OS 2.294E-OS 2.28SE-05 -0.0235 
40 2.334E-OO 2.~34E-05 2.334L-O~ 2.334E-05 ~.333E-05 2.332E-OS 2.334E-~b 2.330E-OS 2.30SE-OS 2.290E-05 2.2alE-~S 0.0232 
39 2.334~-OS 2.334E-OS 2.334E-OS 2.334E-OS 2.333E-05 2.332E-OS 2.33SE-05 2.330E-OS Z.30ZE-05 2.2eLE-OS 2.27BE-OS 0.0230 
38 2.334E-05 2.334E-05 2.334E-05 2.JJ4E-05 2.333[-05 2.3J2E-05 2.336E-05 2.329E-05 2.299E-05 2.203E-05 2.275E-05 0.0228 
37 2.335E-05 2.335E-O~ 2.334~-O~ 2.3]4E-~5 2.333E-O~ 2.332E-05 2.330E-05 2.329E-05' 2.296E-OS 2.279E-05 2.272E-05 0.J226 
36 2.335E-05 2.33SC-05 2.33:[-05 2.334E-DS 2.333E-05 2.332E-05 2~336E-OS 2.32BE-05 2.292E-OS 2.274E-OS Z.269E-OS 0.0224 
3S 2.J3SE-OS 2.JJSE-OS 2.335E-OS 2.335E-05 2.J33E-OS 2.333E-OS 2~337E-OS 2.327E-OS 2.207E-OS 2.2L9E-OS 2.264E-OS 0.0222 
3~ 2.337E-05 2.337E-0~ 2.337E-Ob 2.33~C-05 2.334E-05 2.33uE-OS 2.338E-05 2.32oE-OS 2.282E-05 2.2L4E-OS 2.260E-OS 0.0220 
33 2.33UE-05 2.338E-05 2.338E-05 2.337E-05 2.336E-05 2.337E-OS 2.J38E-05 2.326E-OS 2.279E-OS 2.260E-OS 2.2S8E-0S-- 0.0220 
32 2.33~E-ù5 2.330E-OS 2.338E-0~ 2.33se-05 2.33SE-05 2.338E-05 2.338E-05 2.325E-OS 2.275E-OS 2.25~E-OS 2.2~~E-05 0.0218 
JI 2.33dE-05 2.338E-05 2.338E-05 2.33BE-OS 2.338E-05 2.338E-05 2.338E-Q5 2.323E-oS 2.208E-05 2.248E-05 2.249~05 0.0216 
30 2.JJUE-05 2.338E-OS 2.338E-OS 2.33aE-~5 2.J38E-OS 2.338E705 2.33SE-05 2.320E-05 2.257E-05 2.237E-OS 2.241E-OS 0.0213 _ l-
29 2.33ùE-OS 2.338E-0~ 2.338E-OS 2.33S(-0~ 2.33BE-05 2.338E-0~ 2.33SE-05 2.3l6E-05 2.245E-OS 2.223E-OS 2.233E-OS 0.0211 
28 2.J38E-O~ 2.3JBE-OS 2.33SE-05 2.3]8E-05~2.3J8E-05 2.J38E-05 2.J37E-05 2.31lE-05 2.2JIE-0?~~.207E-OS 2.226E-05 0.0209 '-
27 2.338E-OS ~.3J8E-05 Z.33SE-OS 2.330E-OS 2.3leE-05 2.338E-05 2.33IE-05 2.30DE-OS 2.2l8E-0~.192E-OS 2.220E-OS 0.0207 : 
20 2.338E-05 2.33aE-OS 2.33eE-Ob 2.J38E-O~ 2.338E-0~ 2J338E-05 2.337E-05 ?300E-OS 2.207E-OS 2.l81E-05 2.217E-OS 0.0206 - 1 
25 2.3JUE-05 2.33SE-05 2.JjUC-~5 2.338[-05 2.338E-05 2.J38[-05 2.336E-05 2.295E-05 2.198E-05 2.175E-05 2.215E~~-~0.0205 
24 2.338L-OS 2.33BE-U5 2.338E-O~ 2.338~-~5 2.338E-05 2.338E-OS 2.336E-OS 2.292E-05 2.l93E-OS 2.l71E~05 2.2l3E-OS a.0204 ! 
~3 2.33aE-05 2.338E-05 2.338E-O~ 2'338E-05 2.33BE-OS 2.330E-05 2.336E-05 2.Z87E-OS 2.18BE-OS 2.lL7E-05 2.2l2E-OS 0.0203 l' 
22 ~.3JBE-05 ~.JJBé-05 2.330~-OS 2.JJBE-05 2.~3BE-OS 2.33BE-05 2.335E-OS 2.2B3E-OS 2.183E-OS 2.164E-OS 2.211E-OS 0.0203 
21 2.J3ùe-O~ 2.330E-0~ 2.3JaE-Ob 2.330é-J5 2.33BE-OS 2.33SE-OS 2.334E-05 2.278E-OS 2.l78~-O~ 2.1blE-OS 2.209E-OS 0.0202 • 
20 2.3l8E-05 2.33dE-05 2.33BE-OS 2.33BE-OS' 2.J3eE-05 2.3J8E-OS 2.333E-05 2.270E-05 2.l71E-OS 2.1S8E-05 2.208E-OS 0.0200 • 
19 2.33UE-ùS 2.J38E-OS ~.338L-05 2.J30E-J5 2.J38E-05 2.33BE-OS 2.330E-0~ 2.257E-05 2.162E-OS 2.fS6E-OS 2.206E-05 0.0199 1 
18 Z. 33ùE-oo 2.338E-05 2.J38E-0~ 2.33BE-OS 2.J38E-OS 2.33SE-OS 2.32SE-05 2.237~-OS 2.153E-OS 2~SE-05 2.206E-OS 0.0196 t 
17 2.33clE-05 2.338E-05 ~.J3SE-Ob 2.338E-05 2.338E-05 2.~36E-05 2.31JE-U5 2.2l2E-05 2.l45E-OS 2.lSSE-OS 2.20SE-05 0.0194 ~ 
16 2.33B~-05 2.33de-05 2.3JHC-O~ 2'330E-05 2.337E-OS 2.333E-OS 2.28rE-OS 2.l92E-05 2.l41E-OS 2.154E-OS 2.204[:-05 0.0192 ~ -', 
15 2.33dE-Oo 2.338E-OS 2.3J8E-0~ 2.336E-OS 2.330E-05 2.3l8E-OS 2.248E-OS 2.la2E-05 2.138E-05 2.1S2E-05 2.203E-05 0.0189 
14 2.JJSE-OS 2.J3éE-OS 2.33lE-OS ~.3~~E-OS 2.309E-OS 2.JUOE-05 2.240E-OS 2.l79E-05 2.l3IE-05 2.IS1E-OS 2.203E-05 0.0188 
13 2.32<lE~ 2.327(-O~ 2.32'1E-OS 2'3l7C-Q5 2.30SE-05 2.295E-05 2.240E-OS 2.l78E-05 2.l3oE-OS 2.150E-OS 2.202E-OS 0.0187~ 
12 2.323E-OS 2.323E-05 2.320L-O~ 2.313E-OS 2.30IE-OS 2.292E-05 2.240E-05œ.177E-05 2.135E-05 2~IS1E-05 2.20IE-OS 0.0186 '1 
11 ~.319E-05 2.31~E-05 2.J16[-05 2.310[-05 2.299E-05 2.290E-Ob 2.240E-Ob 2.176[-05 2.135E-05 2.IS2E-OS 2.20IE-05 0.0185 - • 
la 2.J1LE~ 2.315[-O~ 2.313[:-05 2.30dE-OS 2.299E-05 2.289E-05 2.239E-OS 2. 174E-05 2.133E-05 2.l52E-aS 2.199E-05 0.0183 i 

9 2.J13E-'OS 2.3l3E-05 2.lIIE-uS 2.J08E-Of> 2.301E-OS 2.289E-05 2.2.J7E-OS 2.170~-OS 2.l.3IE-05 2.ISIE-OS 2.l9SE-05 0.0179 - i 
8 2.312E-05 2.3l2C-Ot>. 2.3l0C-0!> 2.3JtlE-05 2.303E-OS 2.2BOE-OS 2.234E-0~ 2.loSE-OS 2.l2~E-OS 2.l4oE-OS 2.187E-OS .0.0173 : 

"1 7 2.312E-O~ 2.3llE-Oti 2.310L-OS 2.307E-O~ 2.302E-OS 2.Z8SE-05 2.228E-05 2.l~7E-05 2.llgE-OS 2.l39E-OS 2~l71E-OS 0.0162 '1 
'. 6 2.Jl~C~05 2.JllE-05 ~.3l0E-OS ~.JJ6E-OS 2.299E-OS 2.~BOE-OS 2.2l9E-OS 2.l47E-05 2.l07E-OS 2.130E-05 2.139E-OS 0.01~3 • 

5 2.3l3E-~ ~.JI2E-OS 2.310E-OS 2.~O~E-05 2.296E-OS 2.273E-05 2.209E-05 2.130E-05 2.092E-OS 2.11SE-OS 2.08SE-OS 0.0111 
4 2.3IbE-05'2.315E-05 2.3l2E-OS 2.3ù7E-~5 2.296E-OS 2.2b8E-OS 2.201E-05 2.l35E-05 2.076E-05 2.074E-05 2.018E-OS 0.0079 
J 2.J2~E-JS 2.J21E-05 2.3l9E-OS 2.3ISE-05 2.JOS(-05 2.2BOE-05 2.22dE-05 2.1bSt-05 2.080E-OS 2.009E-0!> 1.94SE-05 0.0048 
2 2.334~-0~ 2.3J4E-0!> 2.33JE-05 2.J32E-OS 2.329E-OS 2.32DE-OS 2.295[-05 2.267E-05 2.2l9E-OS 2.1J8E-05 2.0S5E-05 0.0016 
1 2.33dE-05 2.3J8E-OS 2.33SE-OS 2.3J8E-Q5 2.3J~E-05 2.J38E-05 2.338E-OS 2.338E-05 2.338E-~5 2.338E-05 2.338E-~S -0.0016 

x: -O.ù00012~ O.000UI2~ 
1= 1.2 C; 13 
.J 
50 2.081~-~ 1.897L-Ob 
49 2.001E-05 1.U97E-OS 
4a 2.1~5E-05 1.910E-OS . 
A'.. ., ~ 1 C"(H~ _,,~ • • • ("JC"'r..'- _"e:: 

0.00ù~ù27 
14 

1.797k;-Oo 
1.7S,7E-05 
1.804E-05 
1.B21E-05 
1.1-4" l "'""_ur.. 

0.0001030 0.00031.>30 0.0007046 0.0010b72 0.00J1721 O. 00b3tH 6 0.0-0798t.b 0.0067890 
15 ID 17 lS 19 20 21 22 Y 

1.747E-OS 1.722E-OS 1.710E-0~ 1. b97E-05 1.69IE-OS l.b89E-OS 4.202E-02 
1.147E-05 1.722E-05 1.710E-05 1.697E-OS 1.69lE-05 •• 689E-05 3.884E-02 
1.15IE-OS 1.724E-05 1.711E-OS 1.698E-OS l.b9lE-05 l.b89E-OS 3.5t.7E-02 
l.ibOE-OS l.fJOE-OS './i'E-OS I.G99E-05 l.b92E-OS 1.6a9E-OS 3.249E=~ 
1 • 7 7ç.~ _Ile:: 1 _ 7"1.n~ _ne: 1 7 "')f\t':_I'\1: • "~_f\C: • ~O"'J:"_I"II-= • ç,.gnr= .• ne:. " o"~r " .. 
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::; 2:2~î~~05 2:ôf2Ë~o5 i:&97Ë-05 î:êolË-o; i:7~3Ê-05 i;729Ë-05 i:iosÈ-05 .:&93È-05 î:6B9E-05 2:iI4Ë:02 
4 Z.282E-0~ 2.15IE-05 1.95eE-OS I.B36C-05 1.773E-05 1.742E-OS 1.710E-OS l.é95E-OS 1.689E-05 2.521E-02 

.~ 2:z8ïe:"os 2.203f:-05 

.1~2.279E-05 2.210f:-05 
2.276E-05 2.216E-05 
2. 27.E-OS .2 .222E-OS 

~ 2 Z83E-05 2.179E-05 1.983E-U5 1.a50E=US~6nE~O~~7E=05"~712E~OS-I~&9S~T~oa9E=Ds-2~28E-02 
2.009~-0~ 1.8u8C-0~ 1.792E-05 1.7S3E-OS 1.71~E-05 1.696E-05 1.689e-OS 2.J9IE-02 
2.018E-OS I.B73E-05 1.795E-05 1.75SE-05 1.716E-05 1.69éE-05 l.ba9E-05 2.354E-02 
2.0zeE-OS 1.877E-OS 1.797C-OS 1.757E-OS 1.116E-OS 1.696E-OS 1.6a9E-OS 2.318E-02 
2.03~E-OS I.BBbE-OS 1.002t-05 1.7bOE-05 1.718E-05 1.697E-OS l~689E-05 2.296E-02 
2.04~E-05 I.Ba9E-OS 1.804E-05 1.761E-OS 1.718E-OS 1.697E-~5 1.609E-05 2.Z7BE-oa 
2.04BE,05 I.B94C-05 I.007E-05 1.763E-55 1.71ge-os 1.~97E-OS l.ba9E-OS 2.2S9E-02 
2.~43~-05 1.BYOE-OS-l.a05C-OS 1.7e2E-OS 1.71ge-05 1.697E-OS l.b69E-05 2.239E-02 
2.03IE-OS I.BU3E-OS 1.aOIE-os 1.759E-05 1.717E-OS 1.697E-Ob l.ba9E-05 2.219E-02 
2.028E-O~ I.BBIE-OS l.aOOE-OS 1.7S8E-05 1.717E-OS l.u97E-05 loo89E-OS 2.204E-02 
2.025E-OS I.07BE-05 1.798E-OS 1.757E-05 1.717E-OS 1.696E-05 1.6a9E-05 2.196E-02 
2.023E-OSI.878E-05 1.198E-05 1.757E-05 1.717C-05 1.696E-05 1.689E-05 2.181E-02 
2..018C-O~ 1.87~E-05 1.796E-05 1.7~cE-OS 1.7!bE-OS l.é9éE-05 l.ba9E-OS 2.15lE-02 
2.009E-05 1.86ge-05 1.792E-05 1.7S4E-05 1.71SE-OS l.b96E-05 1.6a9E-OS 2.134E-02 
1.997C-05 1.860~-05 1.7a7E-05 1.75IE-05 l.71~E-OS 1,.o9bE-OS l.b89E-OS 2.IIIE-02 
.1.965C-05 I.B5JL-OS 1.783E-QS 1.748E-b5 1.713E-OS l.b95E-05 1.6a9E-05 2.088E-02 
1~974E-05 1.846E-OSLl~779E-05 1.745E-05 l.lIZE-05 1.69SE-05 l.ba9E-OS 2.07ZE-OZ 
1.9~E-05 1.64IC-05 1.17bE-05 1.143E-0~ t.711E-OS l.o95E-OS l.ba9E-05 2.057E-02 
1.9LOE-05 1.637E-05 1.774E-05 1.742E-OS 1.710E-05 1.69SE-05 a.689E-05 2.049E-Q2 
1.9b3E-05 1.833C-05 1.1lIE-OS J.74IE-05 1.710E-OS J.695E-05 1.689E-05 2~04IE-02 
J.946E-OS 1.629C-05 1.709E-05 1.739E-05 J.709E-OS 1.694E-OS l.b89E-OS 2.034E-02 
1.939C-QS 1.62bE-05 1.766E-05 1.737E-05 1.709E-05 l.ô9.E-05 1.6a9E-05 2.02bE-02 
1.929E-0~ I.BI9E-05 1.7b3E-OS 1.735E-05 1.70BE-OS l.o94E-05 l.ba9E-05 2.018E-02 
1.91~E-05 1.~IIE-OS 1.759E-05 1.733C-05 1.707E-OS 1.694E-05 l.b89E-05 2.003E-02 
1.902E-OS I.B03E-05 1.754E-05 1.730E-OS 1.706E-05 1.693E-OS 1.6a9E-05 1.907E-02 
l.a67ë-0~ 1.795E-05 1.750E-05 1.727E-OS 1.704E-OS 1.693E-05 1.u89E-05 1.9L4E-02 
1.87SE-05 t.7u9E-O::; 1.746E-05 1.72SE-05 1.704E-05 1.693E-05 1.6a9E-OS 1.94IE-~2 
1.864E-05 1.783E-05 1.743E-05 1.723E-OS 1.703E-OS l.b93E-05 1.ba9E-05 1.917E-02 
I.U57E-05 1.779E-05 1.740E-05 1.72IE-05 1.702E-OS l.b93E-05 1.6a9E-05 I.B94E-02 
I.SS3E-05 1.777E-05 1.739E-OS 1.720E-05 1.702E-05 1.692E-05 1.6a9E-OS 1.879E-02 
I.SSIE-05 1.776E-OS 1.739E-05 1.720E-OS 1.702E-OS 1.o92E-OS l.u69E-05 1.67IE-02 
1.848E-05 1.175E-OS 1.73aE-OS 1.7Z0E-OS 1.702C-05 1.692E-05 l.ba9E-OS l.aL3E-OZ 
1.843E-05 1.77ZE-OS 1.736E-05 t.719E-OS 1.70IE-05 1.692E-OS l.ba9E-OS 1.6~OE-02 
1.834E~05 1.7~7~-05 1.734E-OS 1.717E-05 1.700C-05 l.b92E-05 1.6a9E-05 1.~2BE-02 
1.822E-05 1.76IE-OS 1.730E-OS 1.715E-OS l.b99E-05 1.692E-05 l.ba9E-05 1.790E-02--
1.807E-OS 1.752E-OS 1.725E-05 1.712E-05 1.698E-OS l.b92E-OS 1.6B9E-OS 1.725E-02 
1.769E-05 1.743E-05 1.720E-05 1.70BE-05 1.697E-05 1.691E-05 l.6a9E-OS 1.~15E-02 
1.770~-05 1.132E-05 1.714E-05 1.705E-05 1.695E-OS 1.69LC-05 l.b89E-05 1.429E-02 
1.74~E-0~ 1.12IC-05 l.l07E-OS 1.70tE-Oa 1.694E-05 1.b90E-05 l.b89E-05 t.IIIE-02 
1.129E-05 1.710E-OS 1.70IC-05 l.é97E-05 1.~92E-05 1.690E-O~ 1.689E-05 7.9J7E-03 
1.72IE-05 1.707C-05 1.699E-05'l.696E-OS 1.692E-05 1.&90E-OS 1.6B9E-05 4.762E-03 
1.71Ie-os l.buoE-OS l.b49E-05 l.b47E-OS 1.664E-05 1.679E-05 t.b89E-OS 1.~B7E-03 
2.338E-05 2.3J8E-OS 2.33BE-05 2.338E-OS 2.33BE-05 2.338E-05 2.33BE-05-1.SB7E-03 

.0 
39 
38 
31 
31.> 
35 
34 
33 
32 
31 
30 
29 
28 
27 
2<> 
25 
24 
23 
22 
21 
20 
19 
Id 
11 
16 
15 
14 
1 :1 
12 
1 1 
II> 

9 
a 
7 
b 

2.272C-OS 
2.270E-O!i 
2.zô7E-OS 
2.264E-05 
2.2LIE-05 
2.2bOE.-05 
2.~S7I:-05 
2.2531::-05 
2.2.9E-OS 
2.245E-0~ 
Z.242E-OS 
2..240E-05 
2.23dE-OS 
2.237L-05 
~.236E-05 
2.234E-OS 
2.233E-OS 
2.2301:-0::; 
2.225C-OS 
2.l19E-05 
2.210E-OS 
2.2,021.::-05 
2.19JE-JS 
2.18!:iE-O!> 
2.101E'-05 
2.179E-05 
2. 17(.E-05 
z.169E-OS 
2.IS8E-05 
2.I:JuE-05 
2.10bE-05 
2.061E-O~ 
1.99t..E-05 

,j 1.9221:;-05 
'+ 1.847E-0:;' 
:1 1. ,BoiC-OS 
l. 1.943E-OS 
1 2.3JdÉ.:"05 

~.225E-05 
2.22,7E-05 
2.224E-05 
2.LI4E-05 
2.210E-Ob 
2. Z 0ge-05 
2.2061::-05 
2.lilIE-05 
2.192E-05 
2.laIE-05 
2.170E-05 
2.lo0E-OS 
2.ltJ2E-0~ 
2.146(-05 
2. .140e-05 
2.134E-05 
2.127E-05 
2.116E-05 
2.102E-05 
2.084E-05 
2.<lu4E-05 
2.045E-05 
2.021E-05 
2.014E-05 
2.00BE-OS 
2.004E-05 
1.998E-05 
1.987E-OS 
1.970E-pS 
1.9401:-05 
1.915E-05 
l.bB2E-OS 
1.045E-OS 
1.805E-0~ 
1.7ÙC,E-05 
1.15ZC-05 
1.602E-0!> 
2.33dE-OS 

x= ~.~091~03 0.0093909 0.0094912 O~009~41J 0.009~b64 0.0095769 O.0095Çl~ 0.0095977 0.009b022 
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1= 1 2 :J 4 
J • 
50 7.3a~E-OJ 7.~U2C-OI 7.~U3E-OI 7.3d3E-OI 
49 7.383E-Ol 7.~82é-Ol 7.:J83E-Ol 7.303E-Ol 
48 7.383E-Ol T.38ZE-Ol 7.383E-Ol 7.383E-Ol 
47 7.383E-OI 7.382E-OI 7.38~E-Ol 7.3U4E-OI 
4ù 7.384E-OI 7.383E-OI 7.384E-OI 7.386E-Ol 
45 ~384E-Ol 7.38JE-OJ 7.3b4E-OJ 7.38~E-OI 
44 ~384C-Ol 7.302C-OI 7.383C-OI 7.3U5E-OI 
43 7.384E-01 7.382E-Olr7.:J83E-01 7.J84E-Ol 
42 7.3H4E-Ol 7 • .:IIlZE-01 7.383E-01 7.3H4C-Ol 
41 7.384C-Ol 7.302f-Ol 7.303C-bl 7.3U4E-OI 
40 7.384E-01 7.383E-OI 7.383E-Ol 7.384C-OI 
39 T.3ti4C-01 7.~83E-OI 7.363C-OI 7.384E-Ul 
38 7.385e-01 7.383E-OI 7.384E-OI 7.385E-OI 
37 7.380E-OI 7.384E-OI 7.384E-OI 7.385E-OI 
3é 7.38oE-01 7.385e-01 7.3UbE-OI 7.:JtlbE-UI 
35 7.38'1E-Ol 7.387E-OI 7.387E-Ol 7.J88E-OI 
34 1.j9~E-OI 7.J9IE-Ol 7.3~IE-Ql 7.390E-Ol 
33 7.396E-Ol 7.394E-Ol 7.3!J4E-OI 7.3'J2E-OI 
32 7.390E-OI 7.395E-Ol 7.395E-01 7.390E-01 
31 7.J96E-01 7.395C-01 7.395E-OI 7.3Y5E-OI 
30 7.390E-01 7.395L-01 7.395C-OI 7.395c-OI 
29 7.39éE-01 7.395E-01 7.390E-01 7.395E-Ol 
20 7 • .:I96E-01 7.39&E-Ol 7.39~C-OI 7.:J96E-OI 
27 7.390E-OI 7.39&E-OI 7.39bE-01 7~39~E-OI 
Zb 7.J96E:-Ol 7.396E-Ol 7.396c-01 7 • .:IY6E-Ol 
Z~ 7.396[-01 7.396E-01 7.390E-OI 7.390C-Ol 
24 7.390E-01 7.39t.E-01 7.39é.E-01 7.390E-OI 
23 7.39~[-01 7.396E-OI 7.396E-OI 7.396E-Ol 
2Z 7.390C-01 7.396E-01 7.390E-OI 7.396E-Ol 
21 7.390E-OI 7.396f-Ol 7.390E-01 7.39~E-Ol 
20 '.39ô[-01 7.397~-01 7.397E-OI 7.3Y7C-Ol 
19 7.39uE-01 7.397E-01 7.397E-01 7.397C-OI 
ID 7.396E-OI 7.~97E-OI 7.397E-OI 7.397E-01 
17 7.39GE-0~7.397E-01 7.397E-01 7.397E-01 
16 7.390E-OI 7.397E-OI 7.3'-7[-01 7.397E-01 
I~ 7.390C-OI 7.397E-Ol 7.39bC-qt 7.394E-Ol 
14 7.396E-OI 7.39J~-01 7.367[-01 7.384E-Ol 
13 7.3~~E-01 7.3é.7E-01 7.372E-OI 7.379C-Ol 
I..! 7.35IE-01 l.303E-01 7.3t.ole-01 7.374E-Ol 
II 7.J3dE-01 7.340E-OI 7.3~OE-OI 7.366E-OI 
10 7.]27E-OI 7.3~OE- 1 7.3.ulE-01 7.354E-OI 

9 7.32IE-OI 7.322E-~ 7.329[-01 7.342[-01 
8 7.JI7L:-OI 7.JI8E-01 7.323t:.-01 7.332E-OI 
1 7.JI5[-01 7.~loE-01 7.~21e-OI 7.331E-OI 
6 7.31~E-OI 7.JI6E-Ol 7.324C-OI 7.338E-01 
5 7.319E-OI 7.322E.,0 7.33IE-01 7.34eE-01 
4 7.328[-01 7.331 7.3411:.-01 7.302E-OI 
3 7.34uE-01 7.349 7.308[-01 7.3'LE-01 
2 7.384E-OI 7.365E-OI 7.387E-OI 7.3'JIC-OI 
1 7.39c.C-01 7.:'96E-01 7.39b[-01 7 • .396E-OI 

!J 

7.3USE-Ol 
7.385E-0 1 
7.385E-Ol 
7.386E-OI 
7 .389E-0 1 
7.390E-Ol 
7.38'JE-OI 
T. 386E-0 1 
l.388E -0 1 
7.387E-ul 
7.3~7E-OI 
1.387E-OI 
7.3871:-01 
T.38TE-Ol 
T.306E-Ol 
1.J8i--01 
T.38liE-01 
7.390E-0 1 
7.3~oE-01 
7.395E-OI 
7.395E-Q-I 
7.390E-OI 
7.39&E-OI 
7.39ùE-OI 
7 • .:I90E-OI 
7.396E-Ol 
7.39é.E-01 
7.3961:-01 
7.390E-OI 
7.396E-OI 
7.397E-01 
7.397E-01 
7.397E-OI 
7. 397E-0 1 
7 .39(,E-0 1 
7.394E-Ol 
7.393E-OI 
7.393E-01 
7.391E-01 
7.J67E-01 
7.378E-OI 
7.36~E-OI 
703501::-01 
7.350E-Ol 
7.3bbE-01 
7.30JE-01 
7.40IE-01 
7.408E-01 
7.399E-OI 
7.390E-OI 

7.J87E-01 
7.387E-01 
7.388E-Ol 
7.:J89E-Ol 
7.393E-OI 
7.396E-Ol-
7.395E-Ol 
7.394C-Ol 
7.39410-01 
7.393E-Ol 
7.393E-OI 
T.393E-OI 
7.393E-OI 
7.3~2E-Ol 
7.392E-OI 
7.392E-Ol 
7.393E-01 
7.394(-1)1 
7.395E-Ol 
7.395E-OI 
7.390e-Ol 
7 • .:I<.tSE-Ol 
7.39uE-01 
7 .J9t.E- 01 
7.3<J"E-OI 
7.39t.E-01 
7.396E-OI 
7.396E-OI 
7.396E-OI 
7.396E-OI 
7.390E-OI 
7.397C-OI 
7 • .J91E-Ol 
7.39&E-Ol 
7.39I:>E-01 
7.396E-Ol 
7.402E-OI 
7.402E-OI 
7. 401C-0 1 
7.399E-01 
7.397E-Ol 
7.397E-Ol 
7.400E-01 
7.410E-Ol 
7.427E-OI 
7.450E-OI 
7.470E-01 
7.4&3E-01 
7.417E-OI 
7.396E-OI 

7.392t;:-01 
7.392E-OI 
7.J93E-OI 
7.394E-01 
7.397E-Ol 
T.400E-OI 
7.39<)E-OI 
7.J98E-OI 
7.J9aE-~1 
7.397E-Ol 
7.395E-OI 
7.393E-OI 
7.39JE-Ol 
7.393E-;-01 
7.394E-OI 
7.394é-Ol 
7.395E-OI 
7. 395E-0 1 
7.395E-OI 
7.395E-OI 
7.390C-Ol 
7.396E-OI 
7.39"E-OI 
7.397E-OI 
7.397E-Ol 
7.:J98E-Ol 
7.398E-0 1 
7.398E-Ol 
7.399E-OI 
7.400C-Ol 
7.40IE-01 
7.403E-OI 
7.407E-OI 
7.418E-01 
7.443E-OI 
7.485E-01 
7.495E-OI 
7.495e-01 
7.495E-UI 
7.495C-OI 
7.497E-Ol 
7.500E-OI 
7.506E-OI 
7. !;Il 8E-0 1 
7.536E-Ol 
7.S5bE-01 
7. 569E-0 1 
7.535E-OI 
7.452E:-Ol 
7.39bE-01 

7.40ZE-Ol 
7.402E-Ol 
7.403E-OI 
7.402E-OI 
7.401E-OI 
7.40IE-01 
7.401E-OI 
7';40IE-Ol 
7.40IE-01 
7.402E-OI 
7. 402E-0 1 
7.403E-OI 
7.404E-OI 
7.404E-OI 
7.405E-01 
7.407E-Ol 
7.408E-01 
7.409C-Ol 
7. 'II OE-OI 
7.412E-OI 
7.415E-OI 
7.<020E-01 
1.42~E-Ol 
7.43IE-OI 
7.437E-OI 
7.443E-OI 
7.447E-OI 
7.452E-OI 
7.457E-OI 
7.463E-OI 
7.472E-Ol 
7.488E-OI 
7.SIIE-OI 
7.542E-OI 
7.569E-Ol 
7.5EJ3E-OI 
7.588E-OI 
7.590E-OI 
7.!>9IE-OI 
7.593E-OI 
1.596E-01 
7'f;.~-01 
7. c;-roE-;" 0 1 
7 .,&2:2e-0 1 
7.o3èE-OI 
7. 654Ë'-o 1 
7.65(,1"-01 
7. oiSE-ai 
7.488E-OI 
7.396E-Ol 

9 10 II V = 

7.416E-O,- 7.432E-Ol 
7.416E-Ol 7.432E-OI 
~\416E-OI 7.43IE-01 
7.4ISE-Ol 1.430E-OI 
7.4ISE-OI 7.429E-OI 
7. 416E-0 1 7.43-0E-OI 
7.418E-01 7.433E-OI 
7.42IE-OI 7.437E-01 
7.425E-OI 7.442E-01 
7.428E-OI 7.44&E-OI 
7.432E-OI 7.451E-01 
7.436E-OI 7.4~~E-Ol 
7.439C-OI 7.4&OE-OI 
7.443E-OI 7.4~4E-OI 
7.448E-OI 7.469E-Ol 
7.453E-OI 7.47~E-01 
7.459E-OI 7.48ZE-Ol 
7.403é-01 ~.48&E-OI 
7.4b8E-01 7.49IE-bl 
7.477E-OI 7.50IE-01 
7.489E-OI 7.SISE-01 
7.504E-OI 7.532E-OI 
7.521E-OI 7.553E-OI 
7.538E-OI 7.S72E-OI 
7.552E-Ol 7.588E-ol 
7.St.2E-01 7.597E-OI 
7.569E-OI 7.b03E-01 
7.57&E-Ol 7.60BE-01 
7.083E-01 1.613E-OI 
7.589E-OI 7.bIGE-01 
7.599E-Ol 7.622E-OJ 
7.61IE-OI 7.~25E-Ol 
7.b23E-01 7.627E-OI 
7.634E-OI 7.b27E-01 
7.b40E-01 7.~26E-OI 

~:~~4~:g! ~:~~g~=g: 
7.040E-01 7.633E-Ol 
7.&49E-Ol 7.6:J2E-OI 
7.650E-OI T.630E-Ol 
7.65ZE-OI 7.f29E-01 
7.&56E-OI 7.b3IE-01 
7.~b2E-01 7.~37E-OI 
7.673E-Ol 7.64~E-OI 
7.089E-01 7.oS5E-01 
7.708E-OI 7.672E-OI 
7.734E-017.730E-01 
7.739E-OI 7.84fE-01 
7.554E-OI- 1.673E-OI 
7.396E-OI 7.~90E-OI 

7.490E-Ol 
7.490E-OI 
7.479E-OI 
7.464E-Ol 
7.450E-OI 
7.443E-Ol 
7.445E-OI 
7.449F-01 
7.454E-OI 
7 .457E-0 1 
7.,n;2E-01 
7.466E-01 
7.4691:-01 
7.473E-01 
7.4 77E-O l 
7.402C-Ol 
7.487E-OI 
7 .490E-0 1 
1.493E-OI 
7---50IE-OI 
7.510E-OI, 
7.5201"-01 
7.529E-OI 
7.536E-OI 
7.54IE-OI 
7 .544E-0 1 
7.546E-01 
7.549E-OI 
7.551[:-01 
7.S53E-OI 
7.oSSE-01 
7.SS7E-Ol 
7.558E-OI 
7.559E-01 
7.S60E-Ol 
7.5bIE-01 
7.56ZE-OI 
7.564E-Ol 
7 .5b7E-0 1 
7.S70E-OI 
7.5 7:JE-0 l 
7.579(-01 
7.587E-OI 
7.é.03E-01 
7.~4IE-OI 
1.70BE-01 
7.817E-01 
7.969E-OI 
7.8$!8E-OI 
7.396E-Ol 

0.11 .. 20 
0.0388' 
0.0357 
0.1)325 
0.1)293 
0.0261 
0.0252 
0.02 .. 3 
0.0239 
0.OZ3S 
0.1)2-'2 

-0.0230 
1).0228 
0.0226 
0.0224 
0.0222 
0.0220 
0.0220 
0.0218 
0.0216 
0.0213 
0.0211 
0.0209 
0.0207 
0.0206 
0.I)Z05 
0.020" 
0.0203 
0.OZ03 
0.0202 
O.OZI)O 
0.01.99 
0.0196 
0.019" 
0.0192 
0.0189 
0.0188 
0.0187 
0.0186 
0.0185 
0.0183 
0.0179 
0.0113 
0.0162 
0.0143 
0.01 II 
1).0079 
0.0048 
0.0016 

-0.0016 
x= -0.ùOOuI25 

1 = 12 
O.OOÙO~~ 0.0000b27 0.0001630 0.0003636 0.000'648 0.0015072 0.00317Z1 0.0063e18 0.007gBb6 O.00878~0 
13 , -' 14 15 16 17 lB 19 ZO 21 Z2 

J 
50 
49 
48 

7.7J4~-01 a.~61E-Ol 8.2~7E-OI ~.JaIE-~1 
T.734E-OI 8.0&IE-OI 8.2~7E-OI 8.3tlIE-01 
7.&9_(J~-a.l_)1003&E-01 ts.254C-UI 8.373E-OI 
7.~~3E-Ol '.9'4E-Oi b.ZI/L 01 8.352E 

0\,; /' .... f • .,r_"" 7~U:"''''C_I''\; ~ ,r:~~r_l\, n.'""1.·C 

"./ ~ t 
" 

y 

8.439E-OI 8.469E-OI a.500E-01 8.515E-01 8.5Z2E-OI 4.Z02E-02 
a.439E-OI 8.409E-01 8.500E-01 8.515E-Ol 8.522E-OI 3.884E-02 
8.435E-61 8.4b7E-01 8.499[-01 8.515E-Ol 8.S22E-OI J.5C;7E-O:;Z~ _____________ _ 
~E 01 8.459E ua d.496E-OI B.514E-Ol B.522E-OI 3.249E=02 
n ',.,." ,..., <"0 Jo' .... ,... " • _ i'- .... • - ~ ~-

1 
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30 

'lit ., __ *H\~ "'1'_ .. ___ --------" ~.r.l1 ... , ~~_-..; ......... 'f_"" ..... _ ..... ,. - ;-----~--- ______ ~.;~.~ liC"\oIÔ'~~"""~·~--"-------
'. 

---~ 

, 
~l , 

! 
f 

1 

! 

i 
.l---, 

-1 



_...: _____________ ..... ________________ .... _ .... ___ , ..... ,"' ... , _______________ ._~.dl:E" il .... Ji! ;8 ILJIiA :, FT * pc; > « ~ 

-~t~ .. ~~ ... ~ 
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po 

1 

•• .Jv,-L--oJ'" ...... , , .. -w. _ ....... _ .... -"" ....... -..I ....... ..--v .. _ ... >J .... ~->J 4 "' ............ _~ ...... 

45 7.495E-OI 7.748E-OI 8.0LIE-OI 8.2êOE-OI 8.3L9E-Ol 8.42SE-Ol 
44 7.459C-OI 7.b25E-OI 7.943E-OI 8.183E-OJ 8.322C-Ol 8.39GC-Ol 
43 7.45a~-Oi 7.585E 01 7.B9B~-01 B.153E-ar-0ë303E-Or-a03ff3E=Or 
42 7.4~2E-OI 7.552E-OI 1.850E-Ol 8.117E-UI d.2~OE-OI a.Jo8C-OI 
41 7.46SE-OJ ~.543E-Ol 7.83~E-Ol B~IObC-UJ a.273E-01 8~363é-Ol 
40 7.468E-Ol 7.53SE-OI 7.B24E-OI B.09dE-01 6.2b6C-OI 6.J&IE-OI 
39 7.47IE-OI 7.521E-OI 7.ù04E-ùl 8.08IE-Ol 8.257E-Ol 6.353E-OI 
38 7.473~OI 7.524E-OI 7.l9~E-Ol 8.073E-OI 8.~51E-Ol B.34~E-Ol 
37 7.47bE-OI 7.520E-OI 1.784E-OI B.Ob3E-OI 6.245E-OJ 8.J4SE-OJ 
36 7.479E-OJ 7.~24E-OJ 7.791~-OI B.070E-Ol a.249E-01 B.348E-Ol 
35 7.lf8.3E-Ol 1.!l3aE-01 7.aIlE-OI -8.0aSE-OI 8.259E-OI 8.J54E-Ol 
34 7.487E-Ol 7.S43E-01 7.811E-OI B.089E-OI 8.261E-OI 8.355E-OI 
33 7.48B~-OI 7.544E-OI 7.822E-OI a.094C-01 a.265E-OI 6.356E-OI 
32 7.49IE-OI 7.547E-êl 7.d2SE-01 a.09SE-01 a.26bE-01 B.JS6C-OI 
~l 7.4~6E-Ol 7.555E-OI 7.8J3E-Ol ~.IOIE-OI 8.2&9E-OI 8.3&1~-OI 
30 7.S0IE-OI 7.5uSE-01 7.848E-Ol 8.113E-Ol 8.277E-Ol 8.3é&E-01 
29 7.506E-OI 7.~8aE-01 7.8éSE-Ol 8.129E-Ol S.Z07E-Ol S.372E-Ol 
28 7.50~E-Ol 7.595E-OI 7.889E-OI 8.144E-OI 8.297E-QI a.37ùE-OI 
21 1.512E-01 7.~09E-QI 7.908E-OI a.159E-QI 8.JOb~-Ol 8.38SE-Ol 
~b 7.514E-OI 7.b20E-01 1.92JE-Ol a.llOE-QI a.JI3E-OI a.389E-Ol 
Z~ 7.~15E-01 7.L26E-OI 7.93SE-Ol 8.170E-OI a.31aE-01 a.392E-OI 
24 7.S17E-Ol 7.é37C-01 7.947E-OI B.lS7E-01 8.324E-OI a.39&E-Ol 
2J 7.51YE-01 7.b41E-01 7.960E-OI 8.196E-Ol 6.329E-OI 8.400E-OI 
22 7.52IE-OI 7.L07E-Ol 7.973E-Ol 8.205E-Ol 8.33SE-Ol 8.403E-Ol 
21 7.S24E-Ol 7.67JE-Ol 7.~93E-Ol 8.218E-Ol a.J43E-OI 8.40SE-OI 
20 1.529~-Ol 7.b95E-OI a.OISE-OI 8.234E-OI 8.353E-Ol 8.415E-OI 
19 7.537(~ 1.722E-Ol 8.047C-Ol 8.252é-01 8.Jb4E-OI 8.422E-OI 
18 7.541E-01 7.755E-Ol 8.077E-Ol 8.~1IE-Ol 8 • .375E-Ol a.429E-01 
17 7.559E-OI 7.767E-Ol 6.103E-OI a.286C-OI a.384E-0L-S.435E-01 
16 7.S70C-OI 1.811E-01 8.124(-01 6.299E-QI 8.392E-Ol 8.440E-Ol 
15 7.50IE-01 7.tJ40E-Ol a.140E-01 a.30BE-OI 8.397E-OI 8.443E-Ol 
14 7.588~-OI 7.052E-Ol S.149E-OI 6.313E-OI 8.4QOE-OI S.445E-Ol 
13 7.592C-Ol 7.859E-Ol 8.1S2E-Ol a.JI5E-O~ 8.40IE-01 8.446E-Ol 
12 7.59ùE-01 7.tl69E-01 8.157E-Ol 8.317C-Ol 8.402E-Ol 8.446E-Ol 
Il 7.o07E-01 7.8R6E-OI 8.1b7E-01 B.323E-Ol 8.40bE-Ol 8.449E-Ol 
10 7.b22E-01 7.'.I15E-01 o.18JC-01 8.333C-Ol 8.412E-Ol a.452E-Ol 

9 7.647E-Ul 7.958E-Ol 8.208(-01 8.347E-OI 0.420E-Ol 8.458E-Ol 
d 7.68dC-01 8.015E-Ol 8.241E-OI 8.3LéE-01 8.43~E-OI a.4b5E-OI 
7 7.154E-OI 8.080E-OI 6.279E-OI 8.308E-Ol a.444E-01 8.473E-Ol 
6 7.85bE-01 8.155E-OI 8.324E-OI 8.413E-Ol a.4S9E-01 8.483E-Ol 
5 7.98~E-OI 8.240E-01 O.372E-OI 8.440E-01 8.475E-Ol a.493E-OI 
4 1i.1.j3~-01 a.3-27E-OI B.420E-OI 8.4t.1E-ùl 8.49IE-01 a.503C-01 
J 8.2BIE-OI 6.417E-OI 8.470E-OI 8.493E-OI 8.50~E-OI 8.511E-Ol 
2 8.13TE-Ol 8.517E-Ol B.77.jE-01 s.a8BE-OI 8.904E-Ol 8.865E-Ol 
1 7.390E-OI 7.396E-OI -1.39~é-01 7.39t.E-01 7.396E-01 7.396E-OI 

... 

e:;éjE-ôi 8:5i2Ë~oi a:522E-Ol 2:6ï4E-02-
8.470E-OI S.S09E-OI 8.522E-Ol 2.52IE-02 
~4~6E-~r S;50aE=crr-~522E~OI-2.~~E-~ 
a.460E-01 d.507E-OI 8.5Z2E-Ol 2.39IC-
8.458E-Ol 6.~07C-01 6.~23E-Ol 2.354E-0 
8.451E-Ol S.507E-01 8.523E-OI 2.318E-02 
8.454E-Ol B.506E-Ol S.523E-OI 2.298E-02 
8.452E-Ol 8.505E-OI 8.523E-OI 2.27aE-02 
8.4S0E-OI 8.505E-OI 8.523E-OI 2.259E-02 
8.451E-Ol S.505E-01 8.523E-Ol 2.239E-02 
8.454E-Ol a.SOéE-OI 8~23E-OI 2.219E-02 
8.45SE-01 8.S06E-OI 8.523E-Ol 2.204E-02 
8.45t.E-01 8.S0GE-Ol 6.523E-Ol 2.19GE-02 
8.456E-ol a.506E-OI 8.522E-Ol 2.ISJE-02 
B.4S7E-OI 8.506E-OI 6.522E-Ol 2.157E-02 
8.45BC-OI 8.S0GE-Ol 8.522E-Ol 2.134E-02 
8.46IE-~J 8.507E-01 B.522E-Ol 2.SIIE-02 
a.464E-OI_B.507E-01 8.o22E-01 2.088E-02 
8.466E-OI S.S08E-Ol 8.S22E-Ol 2.072E-02 
8.460E-01 8.50SE-Ol 8.522E-Ol 2.0S7E-02 
8.4b9E-OI S.S09E-OI a.~22E-OI 2.049E-02 
8.4l1E-01 8.509E-Ol 6.S22E-OI 2.04IE-02 
8~72E-OI a.509E-01 a.S22E-01 2.03.e-02 
a.~14E-01 6.510E-01 8.522E-OI 2.026E-02 
8.476E-Ol S.SIOC-OI 6.522E-Ol Z.0IBE-02 
8.478E-Ol 8.51IE-OI 8.522E-01 2.003E-Q2 
8.4BIE-OI 8.512E-Ol a.522E-01 1~9a7E-02 
8.464E-Ol 8.512E-01 a.s2zE-01 1.964E-02 
8.4a7E-ol 8.S13E-Ol a.S22E-01 1.94IE-OZ 
8.489E-OI 8.514E-01 8.522E-OI l.SI7E-02 
a.490E-OI S.514E-OI a.S22E-01 l.a94E-02 
8.491E-OI a.514E-01 8.S22E-OI 1.879E-02 
8.491E-OI a.514E-01 S.522E-Ol 1.67IE-02 
8.49IE-01 8.514C-OI a.522E-OI 1.so3E-02 
8.492E-Ol 8.5ISE-01 8.522E-OI I.SSOE-02 
8.494E-01 8.5ISE-01 B.522E-OI 1.828E-02 
8.496E-Ol S.5IéE-01 8.S22E-Ol 1.790E-02 
a.499E-Ol S.SI6E-Ol a.522E-01 1.725E~02 
a.503E-01 S.517E-OI S.522E-OI 1.6ISE-02 
8.50GE-OI 8.SI8E-Ol a.S22E-01 1.429E-02 
8.S1IE-01 8.S19E-Ol 8.S22E-OI 1.IIIE-02 
8.515E-Ol a.S21E-01 8.S22E-OI 7.937C-03 
a.SISE-OI S.S22E-OI S.522E-Ol 4.1L2E-03 
B.710E-Ol S.594E-OI 8.522E-OI 1.587E-03 
7.390E-Ol 7.39bE-OI 7.396E-OI-I.587E-03 

X= 0.0091S0J 0.009.3909 0.0094912 0.0095413 0.0095604 O.OO~S7d9 0.0095915 0.0095977 0.0096022 
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5 6 7 B 

.J 
50 
49 
413 
41 
46 
4~ 
44 
4.3 
4~ 
41 
40 
39 
.l8 
37 
.Jb 
35 
34 
33 
32 
31 
30 
2'J 
28 
27 
26 
25 
24-
23 
22 
21 
20 
19 
Id 
17 
16 
15 
1.4 
13 
12 
\ 1 
10 

9 
8 
7 
b 
:> 
4 
.l 
2 
1 

1 • II .lie: .03 
1. II JE .03 
l.. 11 JE t03 
1.1131: .03 
I.IIJE.OJ 
I.IIJl:h)) 
1.1131:..03 
1 • Il JE .03 
1.II.JEt03 
1.1131:..03 
1.1 I.n. +03 
1. Il JE tOJ 
1. Il ~E t03 
1 • 112E tO) 
1. 1121: .03 
1.11.2;:t03 
1.111Et03 
1.1101:.+03 
1.ll'>Et03 
1.\10Ct03 
1 • t 1 OE t03 
1.IIOEf03 
1.IIOE"03 
1.1101:.+03 
1.II01:t03 
1.110E"03 
1.IIOEt03 
1. 1 1 OE t03 
\ ~ l' OE .. 03 
1.ll0Et03 
1.IIOLtOJ 
1. t 10EtOJ 
1.1101::t03 
I.JIOl:t03 
1.ll0E"03 
1.IIOEt03 
1. Il OE t03 
1 • 1 1 7C t03 
10120E"03 
1.12JE.03 
1. 12~C"'\l.3 
1.12 7E .03 
1.123E~03 
1.1231:+03 
1. \28" +0.,1 
1.127Lt03 
1.12:>t.tOJ 
1.I.!lFt03 
1. Il 3L tO.l 
1.IIOCt03 

X:= -0.000..)12.:5 
1= 12 
J 
50 
4-9 
4~ 

1.IIJE"03 1.113E .. 03 
1.113E"03 1.113~tù3 
1.113Et031.113Et03 
1.113E"03 1.IIJ~t03 
1.IIJEtOJ 1.1131:.tOJ 
1.113Et03 1.1J3EtO.l 
1.113E.0) 1.IIJE.03 
1.113Et03 1.1131:t03 
1.113Et03 1.113Et03 
1.113Et03 1.113E+03 
r.113Et03 1.113C+O~ 
1.113E~03 1.113EtO~ 
1.IIZE+03 1.IIZEt03 
l.l12E~03 1.112E+03 
1.112e+03 1.112e+03 
l.ll~Et03 1.11~I:+03 
1.IIIE+03 1.IIIE+03 
1.110E+03 l.l10Et03 
1.110E+03 1.110[+03 
l.lI0E+03 1.IIO[t03 
1.IIOE+03 I.II0E+03 
1.110E+03 I.I10E+03 
1.IIOE .. 03 1.110~t03 
1.IIOEt03 1.110Ct03 
l.ll0et03 1.110~+03 
1.IIOE.03 1.110~"03 
I.I10Et03 1.IIO~~03 
1.110et03 1.IIOEt03 
I.IIUEt03 1.110Et03 
I.IIOE+03 1.110EtOJ 
1.1101:t03 1.110l:':t03 
1.1IOet03 1.ll0Ct03 
I.I10Et03 1.IIOEt03 
1.IIOEt03 1.IIOEt03 
1.1101:..03 1.1101:.+03 
1.1101:t03 1.ll0[t03 
l.l11E+03 1.114E+03 
1.117Et03 1.11dCt03 
1.120E.OJ 1.120e.OJ 
1.123Et03 1.1~JetOJ 
1.IZol:t03-1.12uC~03 
1.127[t03 1.127tt03 
l.l~dCt03 1.128C+03 
1.128l .. 03 1.128C+03 
1.I~U[t03 l.l~~EtOj 
1.127E"03 1.121Cr03 
1.125EtOJ 1.12~Et03 
1.121Ct03 1.12IE+OJ 
1.IIJEt03 1.113C+03 
l.l'OE .. 03 1.IIOE+03 

1.1'1'.)tt03 
1.1l3et03 
1.113Et03 
1.113Et03 
loll.JEt03 
1.113E+03 
1.113E+03 
1.113Et03 
1.113Ct03 
1.113E+03 
1. II 3Et03 
1. 113Ct0.3 
1.112Et03 
10I12[t03 
l.llZEt03 
1. 112E+03 
1.llll:t03 
1.110Et03 
1.110ttU.J 
l.l10Ct03 
1.1fOEt03 
lol10Et03 
1.110E""i'O.1 
1.IIOCt03 
1.110Et03 
1.1101:+J3 
1.110EtU3 
1.IIOEt0'3 
1.IIOEH)3 
1.110Et03 
1~llbEt03 
1.IIOE+U3 
1.110E+O.l 
1. 110Et03 
1.1I0Ct03 
1.111E+03 
1.117Eot0.3 
1.I?OEtIl3 
1.122EtO] 
1.1.!4Ft03 
1.IZ6Et03 
1.1~7EtOJ 
1.120ET03 
1.128f-t03 
1.I.!tlt:TOJ 
1.127\:t03 
1.125ET03 
1.1.!lcT03 
1.1131:+03 
.1.110EtO] 

1.113Et03 1.1l3E+03 1.11310+03 1.II31:t03 
1. II JE.O 3 1. Il 3Et03 1.1 13Et03 1'. 1\3E .03 
1.113E-I-03 1.113E+03 1.113E+a3 1.113Et03 
1.113Et03 1.113E+03 1.113EtO] 1.112Et03 
1.IIJE-I-03 1.113E.0.i 1.113Et03 1.11ZEtO) 
l.llJetOJ 1.113Et03 1.112Et03 1.112Et03 
1.1l3Et-03 1.11.1Et03 1.112Et03 1.112Ef-03 
l.llJEt03 1.113E+03 1.112E .. a3 1.112Et03 
1.113EtOJ l.ll~Et03 1.112Et0.1 1.112E+03 
1.ll.lE.03 1.112E+03 1.112Et03 1.112Et03 
1 • 1 1 3E t 0 3 1. 1 1 2E + 0 3 ï. 1 1 2 E t 03 1 ~ 1 1 2E + 0 3 
1.113E+03 1.l12E.03 1.IIIEtOl 1.112Et03 
1.11JEt03 1.112E.03 1.IIIEt03 1.IIZEt03 
1.113E+03 1.112E+03 1.111~.03 1.113Et03 
1.113E+03 1.113E"03 1.IIIE"03 1.113Et03 
1.IIZEt03 1.112E"03 1.110Ct03 1.113Et03 
1 • Il 21: • 0 ) 1. 1 IlE .. 0 3 1. 1 1 OE t 0 3 1. 1 1 JE + 03 
1.IIIE+03 1.IIOEt03 I.IIOE+O.! 1.113Et03 
1.IIOtt03 1.IIOEt03 1.110E+03 1.114E .. 03 
1.1I0E:t03 1.lIOE.03 1.IIOE+03 10I14E.03 
1.llott03 1.110E"OJ 1.110E.03 1.115Et03 
1.IIOEt03 1.1IOE.03 1.I\OC+03 1.lloEt03 
1.110EtOl 1.II0E+03 1.11010-1-03 1.118Et03 
1.IIOEt03 1.110E.03 1~110E+03 1.119Et03 
1.IIOEt03 1.IIOC .. 03 1.IIOEt03 1.121Et03 
1.IIOEt03 I.I10Et03 1.llOEt03 1.122E+03 
\.110I:t03 l.l10E.03 1.110E.03 1.123Et03 
1.110EtO) !.IIOEI-03 1.IIIE.03 1.125Et03 
1.IIOEt03 1.IIOE+03 1.IIIEt03 1.126Et03 
1.II0Et03 1.110Et03 1.IIIE+03 1.127E+03 
1.IIOCt03 I.I10Et03 1.ll1E.0.1 1.130E+03 
1.IIOEt03 1.110Et03 1.112E+03 1.13/fEt03 
I.I10E+03 1.1101:t03 1.114E.03 1.139Et03 
1.IIOEt,03 1.IIIE.03 1.118E+ù.l 1.146Et03 
1.ll0E1-03 1.112Et03 1.126E"03 1.152Et03 
1.1131:+03 1.11810+03 1.137E-I-03 r.1551:t03 
1.12~EtOJ 1.1241:+03 1.140Et03 1.156E.03 
1.124Ct03 1.12éE.03 1.140E-I-03 1.1~6Et03 
lol2~E:tOJ 1.128E+0·3 1.14-0E.03 1.1561::t03 
1.126Et03 1.129Er03 1.140Er03 1.1~7Et03 
1.127E .. 03 1~IZ9E+03 1.140Et03 1.1571:t03 
1.12SEt0.1 1.1~9E.03 1.140Et03 1.158Et03-
1.123E+03 1.130E-I-03 1.141Er03 1.1~9Et03 
1.IZ,t+o.3 1.130E"03 1.142E+03 1.IL1E.03 
1.1~8EtOJ 1.130E~03 1.144Et03 1.164E.03 
1.128L"03 1.13IE+03 1.140Et03 1.1b7EtOJ 
L.126ttU] [.131E"03 1.148Et03 1.167ËtO] 
1.122E+03 1.127Et03 1.141Er03 1.1~&Et03 

-1.113EtO;) l.ll:>Et03 1.122E-I-03 1.129Et03 
1.IIOEt03 I.II0C+03 1.IIOEt03 1.IIOE+03 

1.II.bEt03 
1.1 r6EtO) 
1.116E-I-03 
1. Il 6E-I-0.3 
1.lléE"03 
1 .lI6EtOl 
1.IICEf-03 
1~117Et03 
1.118E+03 
1.118E-I-0.3 
1.II~Et0'3 
1.120Et03 
1.12IE,.03 
1.122E+03 
1.123E .. 03 
1.125E"OJ 
1.12bEt03 
1.127E,.03 
1.128EtO] 
1.130E,.03 
1.133EtOJ 
1.137E+03 
1.141EI-Ol 
1.145E.03 
1.146Et03 
1.150Et03 
1.152E-I-03 
1.15JEI-OJ 
1.155E1-03 
1.15DEI-OJ 
1.158EtOJ 
1 • 1-60E.0 J 
1.163E+OJ 
1.165Et0.3 
1.lobEt03 
1.lfi7EtO] 
1.168Et03 
1.1(,8Et03 
1.1(;,6E+03 
1.1(,8Et-03 
l.l09Et03 
1.169Et03 
10171Et03 
lol73E+OJ 
1.1761:1-03 
1.180Et03 
1.185Et03 
1.183Et03 
1.1431:+03 
1.110Et03 

1.I~OLt03 
1.120E+03 
1.120Et03 
1.119E-I-0] 
1.II"'Et03 
1.119E-I-03 
1.120E1-03 
1.12IE.03 
1.122E"0] 
1.123Et03 
1.124E+03 
1.125Et03 
1.126E.03 
1.127Et03 
1.126E+03 
1.1301.'+03 
1.131E-I-03 
1.132E+03 
1.134 E I-Ol 
1.I]éE.03 
1.13c;,Et03 
1.143E"03 
1.147E1-03 
1,152Et-03 
1.155E.03 
1.156E"03 
1.158Et03 
1.159Et03 
1.159E1-03 
1.160Et03 
1. 161 Et 0] 

~ "~~n:g~ 
I~ 162E.03 
l.l(,ZE+03 
1.1t.3E>03 
1.1<'3Er03 
1.163E.03 
1.lfi3Et03 
1.1i.3Et03 
1.1(,3EI-0] 
1. H.3E"03· 
1.lt.!>EI-03 
1.lt.7E+03 
1.170U03 
1.174E1-03 
1.IBiEt03 
1.2031.'-1-03 
1.lé5E1-03 
1.IIOEI-03 

1.134Et03 
1.134E .. 03 
1.132Et03 
1.128Et03 
1.124E.03 
1.122Et03 
1.122Et03 
1.123Et03 
1.124E+03 
1.125Et03 
1.126Et03 
1.127C-l-03 
1.128E+03 
1.129Et03 
1.130" .. 03 
1.131Et03 
1.1]2E.03 
1.133Et03 
\ .134-Et03 
1.136Et03 
1.1J8Et03 
1.140Et03 
1.142E-I-03 
1.14410.03 
1.I4-SE.03 
1.145Et03 
1.145Et03 
1.14bEtO.i 
1.14-6Et03 
1.147Et03 
1.147EtO] 
1 • 1 4 7("tO 3 
1.148E.03 
10I4-8E+03 
1.148Et-03 
1.148Et03 
1.146("t03 
1.148Et03 
1.I-.Be.03 
1.148Et03 
1.'4-9E.03 
1.ISOE .. 03 
1.152E.03 
1.151f:'t03 
1 .167E .. 03 
1.182Et03 
1.202Et03 
1.220Et03 
1.18~EI-03 
1.IIOEt03 

~3ÙÙ0012~ ?400UO~27 ~;J001~JU ~J0003~3é ?;0007048 ?âOOI5('7~ ~90031721 ~aOOo3818 gi0079~66 ~200878~0 

0.0+20 
0.0388 
0.0357 
0.0325 
0.029'3 
0.0261 
0.0252 
0.0243 
0.0239 
0.02.15 
0.0232 
0.0230 
0.0228 
0.0221> 
0.02Z4 
0~0222 
0.0220 
0.0220 -
0.0218 
0.0216 
0.0213 
0.0211 
0.0209 
0.0201 
0.020E> 
0.0205 
0.0204 
0.0203 
0.0203 
0.0202 
0.0200 
0.0199 
0.0196 
0.0194 
0.0192, 
0.0169 
0.0>188 
0.0187 
0.0186 
0.0185 
0.0183 
0.0179 
0.0173 
0.01f2 
0.0143 
0.0111 
0.0079 
0.004-8 
0.0016 

-0.0016 

y 

1.IU.3L-I-0) 1.2J3E"OJ 1.~LIEtUj 1.27:>1:.+03 1.~e2Et03 1.28~EtOj 1.2&9Et03 1.290Et03 1.~9IE+03 4-.202E-02_ 
1.18JE+OJ 1.~33E .. 03 1.261Et03 1.215E+03 1.282Et03 1.285Et03 1.269Et03 1.29010+03 1.291Et03 3.684E-02 
1.176E+0:3 1.229L+03 1.2~9Et03 1.274Lt03 1.281EtU3 1.285Et03 1.28BEt03 1.290Ef-03 1.29IE.03 3.567E-02 
1.lG4e:.-O:l 1.2201!F03 1 • .(!54Ef'03 1.21 ((+03 1.280"E"+Ol 1.2B4E+03 [.288[+03 1.290E+03 1.29iE+03 3.249r-O:z-----------
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45 î:î35c;o3 î:ld5E~03 î:z35Ë~o5 î:2~ÔE+03 î:~7jÈtOj i:280E;03 i:Z80ft03 î:Z90Et03 î:Z9ÎEt03 2:61~E-02 
44 1.12oL?OJ 1.lb4L~03 1.217E~OJ 1.2aOE~O~ 1.2~dC~03 1.27éE~OJ 1.285E~OJ 1.2a;E~03 1.291E~Ol 2.521E-02 

--n-r.-t~E"~-.rst5ê+ 03 1.':1 OE+1ïSï'-z" SC-i-v:3--r;Zf;SE"f'O"3 --r.-Z7SE"fl):Y-I-;21JliE fO;r-I';289rf1J3 -.. 291 noT2;-;J28E-'02 
42 1.120E+03 1.I~OE+03 1.203C+03 1.242E+0~ 1.26JE+03 1.273E+03 1.284E~03 1.289Et03,1.29IE+03 2.391E-02 
41 1.127C+OJ 1.147E+03 1.201E+03 1.240C+OJ 1.2L2E+OJ 1.27JE~3 1.283E+0~ 1.289E+03 1.291E+03 2.354E-Oe 
40 1.12dét03 1.140C~03 1.1~9C~03 1.239C~03 l.201Et03 1.27~t~I.283E~03 1.289Et03 1.291E~03 2.318E-02 
39 1.128E+03 1.144E+03 1.19vC~03 1.237Ct03 1.260Et03 1.~1IEt03 1.283Et03 1.289Et03 1.29IE+OJ 2.298E-02 
38 1.129E+03 1.143ë+03 1.1946+03 1.2~bE+03 1.259E+03 1.271E+03 1.28~Et03 1.289Et03 1.291EtOJ 2.278E-02 
37 1.1JOEt03 1.142ct03 1.192Et03 1.23~Et03 1.2~8Et03 1.271Et03 1.283Et03 1.289E+03 1.291Ct03 2.259E-02 
3C> 1.1.JOLi-03 1.143C~03 1.194Et-03 1.23éE+03 1.~59t:tOJ 10271E~03 1.283Et-03 f.269E~03 1.291Et-03 Z.2J9E-02 
35 1.l31ti-OJ 1.146E+03 1.191t+OJ 1.236E+03 1.Z60L+03 1.272Et03 1.283E+03 1.289EtOJ 1.291Et03 2.219E-02 
34 l.lj~t+03 1.141E~03 1.1986+03 1.238C~03 1.2~OE+03 1.212Et03 1.283C+03 1.289Et03 1.291E~03 2.204E-02 
33 1.13~E+03 1.148Et03 1.199Et03 1.239E~O.J 1.2~lE+Ol 1.272Et03 1.2SJE+03 1.289E+03 1.291E+OJ 2. 196E-02 
32 1.133Lt03 1;148EtOJ 1.199E~OJ 1.239E+03 1.2élE~03 1.212E+03 1.2S3E~03 1.269Et03 1.291Et03 2.10IE-02 
31 1.1J4E+03 1.I~OE+03 1.201L~OJ 1.240E+03 1.2b2E+03 1.272EtOJ 1.28JEt03 1.289Et03 1.291E+03 2.157E-02 
30 1.1J5Et03 1.152E+OJ 1.2003E+0o3 1.24'E+OJ 1.2603EtOJ 1.2703Et0o3 1.284EtO~ 1.289Et03 I.Z91E+OJ 2.134E-02 
29 1.1037CtOJ 1.1~~E+03 1.207Et03 1.244Et03 1.264E+OJ 1.274Et03 1.264Et03 1.289Et03 1.291E+03 2.111E-02 
28 1.137E+03 1.159E+OJ 1.210Et03 1.246Ct03 1.2~SEt03 1.275Et03 1.264Et03 1.289Et03 1.29IE+OJ 2.0BBE-02 
27 1.103ëE+OJ 1.162E+03 1.21JC~OJ 1.24BC+03 1.266Et03 1.215Et003 1.28SE.03 I.Z69Et03 1.291E~003 2.072E-02 
26 1.IJ9étOJ 1.1~4C~03 1.215C~03 1.249è.OJ 1.267E~03 1.27~E~03 l.Z85Et03 1.289Et03 1.291E+03 2.051E-02 
25 1.139EtOJ 1.165Et03 I.Z17Et03 1.250~+03 1.2~8E~Oj 1.276E~OJ 1.285r.~U3 1.269Et03 1.291EtOJ 2.049E-02 
24 1.139E~03 1.167Et03 1.216Et03 1.251C~03 1.26aC~03 1.277Ct03 1.285E+03 1.289E+03 1.291E~03 2.04IE-02 
23 1.140E+03 1.109E+03 1.220Et03 1.2~3E+03 1.2L9E+03 1.277Et03 1.2B5C+0.J I.ZB9Et03 1.291Ei-03 Z.034E-02 
22 1.14ùCtaJ 1.171EtOJ 1.222E~~3 1.254E+OJ 1.270E+03 1.278E~003 1.285E~03 1.289E+03 1.291Et03 2.026E-02 
21 1.141Et03 1.174C+03 1.225Et03 1.255Et003 1.Z71EtOJ 1.~78Et03 1.286Et03 1.290Et03 1.291E+OJ 2.018E-OZ 
20 1.142C~03 1.178E+03 1.229E~03 1.257E~03 r~212Et03 1.279E~03 1.28éE~OJ 1.290Et03 1.291E+03 2.003E-02 
19 1.144Et03 1.18~C+03 1.2~2E~OJ 1.259E.03 1.~7jEt03 1.280Et03 1.286EtOJ l.29UEtOJ 1.291EtOJ 1.987E-OZ 
18 1.147~t03 1.18aL~OJ 1.236C~OJ 1.2o~Et03 1.274(t03 1.280E~03 1.287EtO] 1.290Et03 1.29IE~03 1.9L4E-02 
17 1.14vE+03 1.193Et03 1.240E.03 1.263E~03 1.275Et03 1.2HIE~03 1.287EtOJ l.290Et03 1.291Et03 1.94IE-02 
16 1.152é~03 1.190Et03 1.243Et03 1.2~5Ctù3 1.27éEt03 1.282E~03 1.28lf.t03 I.Z90Et03 1.29IE+003 1.917E-02 
15 1.154Et~3 I.Z02Et03 1.245Ct03 1.26bCtOJ 1.277Et03 1.282Et003 1.287E+03 1.290Et003 1.291EtOJ 1.894E-OZ 
14 1.lS5~+03 1.20JEt03 1.246Et03 1.267Et03 1.~77Et03 1.282Et03 1.281Et03 1.290Ei-003 I.Z9IEtOJ 1.879E-02 
13 l.l~~Et~3 1.204Et003 1.24ùL~ù3 1.2v7E+03 1.277E+03 1.~82Et-003 1.287E.03 1.2~OEt03 1.29IE~OJ 1.871E-02 
12 1.15~CtOJ 1.206E+03 1.247Et03 1.267CtOJ 1.277EtOJ 1.28ZC~03 1.2S7Et03 1.290E+Ol 1.29IE~03 l.eLlE-OZ 
11 1.ISOEt03 ~.209E~003 1.248~t03 1.268E~OJ 1.278E+03 1.283Et03 1.288Et03 1.290E+03 1.291Et03 l.abOE-OZ • 
10 1.lblF+03 1.214Et03 1.251Et03 1.2u9~+03 1.279Ct03 1.283Et03 1.288Et03 1.290Et03 1.291Et03 1.826E-02 , 

9 1.1~lCt03 1.221Et03 1.254E~03 1.211E+03 1.280Et03 1.ZB~E+OJ 1.288Et03 1.290E+03 1.29IE~03 1.190E-02 
8 1.17oEt03 1.229EtO~ 1.2b9~t03 1.274CtOJ 1.281E+03 1.285E~03 1.268E.03 1.290Et03 1.291Et03 1.72~E-OZ 
7 1.190Et03 1.Z3aC+03 1.264ctOJ 1.27oCt03 1.283CtO) 1.286E+03 1.289Ct03 1.290(t03 1.29IE.03 1.615E-02 
6 1.20aEt03 1.249c~0~ 1.2é9E+OJ 1.279L~03 1.~U4E~03 1.287E+OJ 1.289E.03 1.290Et03 1.291Et03 1.429E-02 
~ 1.228Ef03 1.260E+03 1.27~Et03 1.282Ct03 1.266E+03 1.288EtOJ 1.290Et03 1.291E+03 1.29IE~03 1.11IE-02 
~ 1.250t+03 1.271~+03 1.280E~03 1.285Ct03 1.2H8Et03 1.289~+03 1.290Et03 1.291E~03 1.291Et03 1.9037E-03 
3 1.252e~3 1.269Et03 1.260ct03 1.2U5EtOJ 1.287Ft03 1.289Et03 1.2906+03 1.291E+03 1.291E+03 4.762E-03 

i ~:î~~~!o~ !:~1t~{g~ ~:îi~~!g~ ::~r~~!g~ ::îi~~!g~ ::f~5~!g~ ::î~~~:g~ ~:ifg~:g~ ~:i~t~!g~-~:~:~~:~~ 
x= O.OO~1903 0.0093909 0.0094912 0.OU9541J 0.Où~~o04 0.0095709 0.0095915 O.OU95977 0.009b022 
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t-*-*-*-"*- *-lI<-~ *-*-*- *-*-*- *-*-*-*-*-*- OIF PIF DIF DIF DIF DIF DIF OIF OIF -*-*-.. -*- .-*-*-.-*-*-*-*-.. -*-.-*-*-.-*-* D 
1; 1 2 .3 ,. b o 7 a ." 9 10 11 V = 
J / 
50 S.049~-05 5.050E-OS ~.049E-05 5.049E-~5 S.047E-05 5.04jE-OS·S.OJ6E-05 5.0~IE-05 4.9B~E-O~ 4~9J7E-05 4.772F-Oa 
49 a.049E-05 ~.050E-05 5.049E-05 5.049(-05 5.0~7~-05 5.043E-05 5.03~E-05 5.021E-OS 4.98SE-05 4.937(-05 4.772~-05 
40 5.049E-05'5.050E-05 5.049E-05 S.048E-05 5.046E-05 S.043E-05 5.035E-05 5.022E-05 4.985E-05 4.940E-05 4.û02É-05 
47 5.049E-0~ S.050E-05 5.049E-05 5.048E-05 5.04~E-05 5.041E-05 5.034E-05 S.025E-05 4.966E-05 4.944E-Q5 4.845E-OS 
4~ ~.049E-05 5.050E-05 ~.048E-05 S.04uE-OS 5.041~-05 5.035E-05 5.03IE-OS S.026E-05 4.986E-OS 4.947E-OS 4.BB4E-OS 
45 5.049E-OS 5.0S0E-05 a.048E-OS 5.045f-05 5.040E-05 5.032E-05 5.027E-OS 5.026E-05 4.984E-OS 4.946~-05 4.908E-05 
44 5.049E-0~ S.OSOC-05 a.049E-05 5.046E-05 :.041E-05 5.033E-05 S.026E-05 5.02bE-05 4.978E-05 4.937E-Os 4.904(-05 
43 5.049C-Oa 5.050E-OS 5.049E-05 5.047[-05 5.042E-05 5.0J4E-05 5.029C-05 5.026E-05 4.970E-05 4.92LE-05 4.893E-OS 
4~ S.049ri5 5.050E-05 5.049C-05 5.046E-05 5.043C-05 5.035E-OS 5.030[-OS S.026E-05 4.960E-05 4.913E-05 4.881E-05 
41 ti.049C b 5.050E-05 b.ObOC-O~ 5.048C-OS ti.043E-05 5.035E-05 5.03IE-05 5.02SE-OS 4.9S1E-05 4.902E-05 4.872E-OS 
40 S.049~ 5 S.OSOE-OS 5.0S0E-05 5.040(-05 5.044E-05 5.036E-OS S.039E-05 5.024E-05 4.940E-05 4.889&-05 4.B59E-05 
~9 S.04YC-Os 5.0S0e-05 5.050L-05 S.048E-OS 5.044E-OS S.036E-OS S.045E-OS S.023E-OS 4.929E-05 4.875E-05 4.84SE-05 
38 S.04QE-OS ~.OSOE-OS S.OSOE-OS S.04BE-05 5.044E-05 S.0.37E-OS S.04SE-OS S.OZIE-OS 4.920E-05 4.Bc4E-OS 4.839E-05 
37 5.049E-05 5.0~OE-OS 5.050E-OS S.048E-OS S.04SE-05 S.037E-OS 5.046E-OS S.OI9E-05 4.908E-05 4.eSIE-05 4.829[-05 
J6 5.04ge-0~ 5.0S0E-OS S.049E-05 S.046E-05 5.045E-05 5.036C-05 5.04bE-05 5.017E-05 4.695E-05 4.837E-05 4.817E-05 
35 &.049[-05 5.0S0E-OS 5.049E-05 s.046e-QS 5.04SE-OS S.039E-OS 5.048E-05 -S.014E-05 4.8BOE-05 4.620E-OS 4.804E-05 
34 5.049C~OS 5.050E-OS 5.05CE-05 5.049E-OS 5.046E-05 5.047E-05 5.049E-OS S.OIIE-OS ~.8b~E-OS 4.aOZE-05 4.790E-05 
33 S.049E-05 ~.OSOE-OS S.050E-OS S.O~OE-OS S.04BE-05 5.0S0E-OS S.OSOE-OS S.006E-05 4.652E-OS 4.790E-05 4.7B2E-05 
3~ 5.u4~~-OS S.OSOE-05 S.OSOE-05 S.OSOE-uS S.OSOE-05 S.050E-OS S.050E-OS S.00SE-05 4.UJ9E-05 4.776E-OS 4.772E~OS 
31 S.Ù4',~-05 5.J50E-05 5.050E-05 S.O~OE-05 S.050E-05 S.050E-OS 5.04?E-OS 4.998C-05 4.615E-05 Io.75IE-05 4.753E-05 
30 5.04ge-05 S.050E-OS S.050E-05 S.OSOE-OS s.osoe-05 S.050E-OS 5.049E-OS 4.969E-05 4.781E-05 4.714E-05 4.726E-05 
29 S.04Yé-05 5.0S0E-OS 5.0S0E-05 S.050E-05 5.050E"S 5.050E-05 5.046E-05 4.977E-05 4.741E-05 ~.b70E-05 4.700E-05 
28 5.049[-O~ S.OsOE-Ob &.050[-O~ 5.0s0E-OS 5.0bO~-05 5.050C-05 5.047E-05 4.9bO[-05 4.~95E-~ 4.ùI9E-05 4.L78E-OS 

-27 a.049c-05 S.OaDE-OS S.OSOE-OS S.050(-05 S.OSOE-05 S.OSOE-05 5.04LE-OS ~.942[-05 4.6SJE-05 4.571E-05 4.L61E-OS 
26 ~>.04'cI·':'05 5.05010-05 5.0S0E-05 S.OSOE-OS 5.0S0E-OS s.OSOE-OS 5.045E-ùS 4.924[-05 4-.o18E-05 4.S34E-OS 4.b49E-OS 
~~5 E-Q5 S.Q50é-05 5.049E-05 S.ù49E-05 5.050E-05 5.049C-05 5.044E-05 4.907E-05 4.591E-OS 4.SI6E-05 4.b43E-05 
~4 .-04YC-05 S.049E-05 5.04~E-05 S.049E-OS S.049E-05 5.049E-OS 5.043E-05 4.895E-05 4.S75E-05 4.S02E-05 4.6J7E-OS 
Z3 5.04YE-05 5.04ge-05 5.a~9E-a5 S.049E-OS 5.049E-05 5.049C-OS 5.041E-OS ~.B8IE-OS ~.S5ùE-05 4.490E-05 4.633E-05 
22 ~.049E-05 5.049E-OS p.0~9E-05 5.049E-OS 5.049~-05 S.049E-05 S.039C-05 4. 667E-OS 4.S42E-05 4.4uOE-OS 4.é28E-05 
21 5.049E-05 5.049E-Os 5.049~-05 5.04YE-05 5.049E-05 5.049E-05 5.037r-05 4.850E-05 4.S27E-05 4.472E-05 4.623E-05 
20 5.04~C-05 5.0~9E-05 5.049c-05 a.049E-OS 5.049E-05 S.049E-05 ~.033~5 4.823E-05 4.505E-0~ 4.4uOE-05 4.bI7E-05 
19 5.049C-0~ ~.049E-05 S.049E-05 5.049E-05 5.049E-05 5.04ge-05 ~~025E-OS 4.78IE-OS 4.477E-05 4.453E-05 4.éI4E-05 
Id ~.049E-U5 S.049E-05 5.049C-OS S.049E-~5 S.U49~-05 S.048E-OS S.OOdE-OS 4.719E-05 4.449E-OS '.4S0E-OS 4.611E-05 
17 S.049E-Oa ~.049E-05 S.049E-OS 5.049C-OS 5.049E-05 5.045E-OS 4.9b9E-0~ 4.b38E-05 4.42SE-05 4.449E-05 4.609E-05 
16 5.049E-05 ~.049E-05 5.049E-05 5.049C-05 5.046E-OS 5.03éC-05 4.BS8E-OS 4.S73E-05 4.411E-05 4.44,7E-05 4.607E-05 
15 S.049E-OS 5.049C-05 5.04ùE-05 5.045C-O~ 5.~3IE-0~ 5.000C-05 4.762E-05 4.54IE-05 4.402E-OS 4.443E-05 4.604E-05 
14 5.049E-05 S.O~7C-05 S.040C-05 5.019E-OJ 4.981E-05 4.9~IE-05 4.73uE-05 4.531E-05 4.391E-05 •• 4JaE-OS 4.é01E-05 
13 S.U49E-05 5.04bE-OS 5.035E-05 S.011E-05 4.970E-05 4.9.39E-05 4.736E-05 4.526C-~5 4.394E-05 4.43JE-05 4.599E-05 
t2 S.049C-05 S.04bE-05 5.03JL-0~ ~.OUbE-05 4.9b3E-OS 4.933E-05 4.7.3bE-OS 4.52.3E-OS 4.39.3E-05 4.4.38E-05 4.59bE-05 
11 5.ù49E-OS 5.04bC-05 5.031~-OS S.004E-05 4.9LOC-05 4.929E-05 4.735E-OS 4.519E-OS 4.391E-OS 4.442E-05 4.S92E-05 
10 S.04·~E-OS 5.046E-05 s.0.33E-05 5.00BE-05 4.967E-OS ..... 928E-05 4.7JjE-05 4.51.3E-OS 4.3BbE-05 4.44i3E-05 4.565C-05 

9 S.049E-05 5.047c-05 S.037E-OS S.OIOf-OS 4.9~2~-OS 4.92dE-OS 4.727E-05 4.501E-05 4 • .378C-OS 4.436E-05 4.57JE-05 
8 ~.049E-05 5.047E-05 5.04IC-05 5.027E-OS S.000E-05 4.~23E-05 4.715E-05 4.484E-05 4.3~4E-05 4.424E-05 4.549E-05 
7 5.04~E-05 S.047E-05 5.040E-05 5.C26E-05 4.998~-OS 4.907E-ùS 4.u92E-05 4.4S8C-OS 4.J41E-05 4.402E-Q5 4.503E-05 
o ~.049E-0~ 5.047E-05 ~.037E-O~ 5.018~-OS 4.976C-05 4.862C-05 4.b~6E-OS 4.425E-05 4.10bE-05 4.J7àE-05 4.406E-05 
5 5.049t-05 5.04bt-05 5.033E-05 5.008f-05 4.957E-05 4.84~E-05 4.620E-05 4.39IE-05 4.264E-05 4.1~E-05 4.255E-OS 
4 ~.04~C-05 S.045~-0~ 5.031E-05 ~.OOlC-05 4.942C-O: 4.82IE-OS 4.594E-OS 4 • .388E-OS 4.2J4E-0~ 4.2f2E-05 4.045E-05 
3 S.049t-0~ 5.04oC-0~ S.OlJE-OS 5.ùO~t-05 4.958E-OS 4.a54E-05 4.o79E-05 4.461[-05 4.216E-05 4.ol1E-05 3.e20E-05 
2 5.ù4'.1(-05 S.04SE-05 5.045E-05 5.039E-05 5.o25E-05 4.90tiE-05 4.900E-05 4.804E-05 4.b44E-05 4.3'~-05 4.1J3E-05 
1 5.049,[-05 5.049C-O~ 5.049E-OS 5.049t-OS ·S.04\1E-05 5.049E-Ob 5.049E-05 5.049E-05 5.049(:-05 5.049~05 5.049E-05 

x~ -0.~OOÙIG5 ~.0000125 O.OOOOé~7 O.CùU16JO 0.OO~Jb3b 0.0007648 0.0015672 0.003172t 0.00b381B 0.00158~o 0.OO~7B90 
L= 12 13 14 15 10 17 lB 19 20 21 ~2 J 
50 4.~~~C-05 J.684C-05 3.41uE-05 J.287E-ù5 J.2~5E-05 J.194E-05 .3.164E-OS 3.146E-OS J.143E-05 4.202E-02 
49 4.222E-Oa 3.o84E-05 3.410E-05 J.Z87E-05 3.Z25E-OS 3.194E-05 3. 164E-05 3.148ê-05 3.143E-05 3.864C-02 
48 4.298C-05 3.721[-05 J.433C-0~ 3.29LE-ù5 J.229E-05 3.197E-05 J.16=E-OS 3.149E-05 3.143E~05 3.S67E-02 
fl7" 1I.4:l0~:~~ i.~f~;~=~~ ;.~~e~~~~ ~:~.1~~:--~~ ~.~~~~:~~ ~~~~~~_~~ ~.!~~~:~~ "-!~~?~-,!; ~.!!~~-~; ~.~!~~-~~ 

0.0"'20 
0.0388 
0.0357 
0.0325 
0.0293 
0.0261 
0.0252 
0.0243 
0.0239 
0.02.J5 
0.0232 
0.a230 
0.0228 
0.0226 
0.0224 
0.0222 
0.0220 
0.0220 
0.0218 
0.0216 
0.0213 
0.0211 
0.0209 
0.0207 
0.0206 
0.0205 

'0.0204 
0.0203 
0.0203 
0.0202 
0.0200 
0.0199 
0.0196 
0.0194 
0.0192 
0.0169 
0.0188 

_0.0187 
0.0186 
0.0165 
0.0183 
0.0179 
0.0173 
0.0162 
0.0143 
0.0111 
0.0079 
0.0048 
0.0016 
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_tp 4 a: _$1 $ S ;; AX4 MW? 

-'") r) 
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j!J 

-- ~._,--'~- _.,_._- ___ .~---- --------- ------ -- --- .. ---- _o .. _____ ~{:~ .. _____ .. ____ _ 
45 4.762E-05 4.197E-05 3.6SSé-OS 3.426E-05 3.30IE-05 3.241E-05 3.la~E-OS ;r..153E-05 3.143E-05 2.614f-OZ 

:~ ::~~~:g~ ::~1~~:g; ~:~~~~:g; ~:~~?~:g~~~~:g;-~~~~~g; ~;i~;~:g~:5~~;~~~~~i~~:g~-~~~~à~:g~ 
42 4.US9E-05 4.b09E-05 4.008C-05 3.6~5E-05 3.40IE-OS 3.302C-0~3.L06E-05 3.159E-OS 3.143E-05 2.39IE-02 
41 4.a~2E-OS 4.~32E-OS 4.034E-QS 3.62QE-~5 3.410E-OS 3.307E-OS 3.208E-05 3.1ti9E-0~ 3.143E-OS 2.354E-02 
40 4.U43E-OS 4.6SIE-05 4.054E-OS 3.clIE-OS J.41SE-OS l.lIOE-OS l.209E-OS l.IS9E-OS 3.143E-05 2.l1BE-OZ 
39 4.834E-05 "olIE-05 4.0bSC-05 3.6S4E-05 3.429E~05 3.319E-0~ 3.212E-ù5 3.lbOE-~3.143~-05 2.29BE-02 
38 4.8ZSE-05 4.~80E-05 4.IObE-O~ 3.u~5E-O~ 3.43~E-05 3.323E-05 3.214E-05 3.101C-~3.143E-05 2.278E-OZ 
37 4.820E-05 4.é89E-05 4.12SE-05 3.o77E-05 3.442E-05 3.327E-05 3.21SE-05 3.16IE-05 3.143E-05 2.259E-02 
36 4.812E-05 4.b79E-OS 4.110E-OS 3.bo8é~OS 3.437E-OS 3.324E-OS 3.214E-05 3.161E-OS 3.143E-OS 2.2J9E-02 
35 ~.a01E-OS 4.o4Së-OS 4.07aC-OS 3.ù46E-OS 3.425(-05 3.JI7E-OS J.21IE-05 3.160C-05 J.143C-~5 2.21~E-02 
34 4.792E-05 4.b~2E-05 4.064E-05 3.u42E-~S 3.423E-05 J.315E-05 3.Z11E-OS J.160E-05 3.143E-05 2.204E-02 
33 4.787E-OS 4.u26ë-05 4.057E-05 3.635E-05 3.41d~-05 3.312E-OS 3.210E-05 3.160E-05 3.143E-05 2.196f~02 
32 4.178E-05 4.b2IE-OS 4.0S1E-QS 3.cJ3E-OS J.417E-QS 3.3IZE-05 3.210E-OS 3.100E-OS 3.143E-05 2.18IE-02-
JI 4.766C-05 4.602C-05 4.0~6E-05 3.624E-OS 3.413E-05 3.309E-OS 3.209E-OS 3.159E-OS 3.143E-05 2.157E-02 
30 4.7~3E-05 4.576E-05 4.009C-Q~ 3.b06E-OS J.403E-OS J.304E-OS 3.20bE-05 3.159E-05 3.143E-05 2.134E-02 
29 4.74QC-05 4.540E-05 3.973E-05 3.586E-05 3.39IE-05 3.296E-OS J.204E-OS 3.15SE-OS 3.14JE-05 2.111E-02 
26 4.7JIE-OS 4.~04E-05 3.940E-05 3.507E-OS 3.360E-OS ~~2B9E-OS 3.20IE-OS 3.1S8E-OS 3.143E-OS 2.088E-02 
27 4.7235-05 4.473E-05 3.906E-OS 3.547E-OS 3.Jé9C-05 3.2aJE-OS 3.î98E-05 J.1S7E-OS 3.143E-OS 2.072E-02 
26 4.71/E-05 4.448E-05 3.884E-05 3.533E-OS 3.36IE-OS 3.27Bé-05 3.196E-05 3.157E-05 3.143E-05 2.057E-02 
25 4.714E-05 4.43lE-05 3.8&oE-05 3.523E-OS 3.35SE-OS 3.2746-05 3.1~5E-05 3.15bE-05 3.1A3E-05 2.049f-02 
24 4.7105-05 4.41IE-05 3.647C-05 3.51~E-OS 3.349E-05 3.270e-05 3.193E-OS 3.156E-05 3.143E-OS 2.04IE-02 
23 4.706E-Q5 4.~91C-05 3.827E-OS 3.S00E-05 3.343E-OS 3.267~-05 3.19ZE-05 3.ISSE-OS 3.143E-OS 2.034E-02 
22 4.700C~05 4.Jb9é-0~ 3.B07E-QS 3.4H9E-OS J.3J7E-OS 3.263E-OS 3.190E-05 3. ISSE-OS 3.143E-OS 2.02~E-02 
21 4.b90C-05 4.336E-OS 3.777E-05 3.47JE-05 3.J28E-05 J.2S7E-05 0 3.IBdC-05 3.1S4E-05 3.14JE-05 2.01BE-02 
20 4.~7oÈ-Qb 4.292E-OS 3.741E-05 3.454E-OS J.317E-05 3.251E-05 3.IBbE-05 3.154E-OS 3.143E-05 2.003E-02 
19 4.oobE-05 4.237E-05 3.700E-OS 3.433E-OS J.305E-OS 3.244E-05 3.183E-OS 3.153E-D5 3.143E-OS 1.987f-02 
lB 4.6~OE-05 4.174E-OS ~.6SqE-~3.411E-05 3.294E-05 3.236C-05 3.IS0C-OS 3.152E-05 3.143E-05 1.9é4E-02 
17 4.b02E-05 4.117E-05 3.b24E-05 3.J93E-OS 3.2B4E-05 3.230E-OS 3.17BE-OS l.152E-OS 3.14JE-05 1.941E-02 
16 4.57JE-05 4.0é4E-05 3.595C-OS 3.J79E-05 3.276E-OS 3.225E-05 3.176E-OS J.15IE-OS 3.14JE-OS l.gI7E-02 
15 4.550E-05 4.02SC-05 3.574E-OS 3.J6UE-OS J.270E-OS 3.222C-05 3.174C-05 3.ISIE-OS 3.143E-OS 1.894E-02 
14 4.tiJoE-05 4.004E-OS 3.564E-QS 3.Jb2E-OS J.Zo7E-05 3.220E-OS 3.173E-OS 3.1SIE-05 3.14JE-05 1.879E-02 
IJ 4.527E-05 3.992E-OS 3.559E-05 J.3~OE-OS J.~66E-OS J.219E-05 3.17JE-OS 3.IS1E-OS 3'143E-05 I.S7IE-OZ 
12 4.~16E-Q5 3.97~E-05 3.5~2E-05 3.357€-QS 3.264E-05 3.218E-05 3.173E~05 3.150E-05 3.143E-05 1.8~3E-02 
Il 4.490E-Ob 3.94~E-05 3.5395-05 3.JaOE-05 3.260E-OS J.2IbE-05 3.172E-OS l.150C-OS 3.143E-05 I.SSOE-02 

\, 

10 4.46~E-05 3.89ôE-05 3.S16E-OS J.339E-05 3.2SJE-OS 3.212E-OS J.170E-OS J.150E-OS 3.14JE-05 I.B28E-02 _ 
9 4.400E-OS J.02uE-OS 3.484E-05 3.322C-05 J.244E-OS 3.206E-05 3.1éSE-OS 3.149E-OS 3.143E-OS 1.79~E-02 
8 4.J05~-05 J.740E-05 3.443E-OS J.JOIE-OS J.2J2E-OS 3.199E-OS 3.16SE-05 3.148E-OS 3.143E-05 1.725E-0 
1 4.169E-05 3.648E-OS 3.397E-05 J.277E-05 3.219E-OS 3.190E-05 3.16ZE-05 3.148E-OS 3.143E-05 1.6 -02~_ 
6 3.~B~E-05 3.b4bE-05 3.34oE-OS 3.2~lE-Q5 3.204E-05 3.18IE-05 J.ISSE-05 3.147E-05 3.143E-OS 1.429C-OZ 
5 3.16~-05 3.440E-OS 3.293C-OS 3.223E-os J.18SE-OS 3.17IE-OS 3.154E-OS 3.145E-OS J.14JE-05 l.lIIE-OZ 
4 3.~b~E-Q~ 3.339E-O~ 3.242~-05 3.196E-05 J.173E-05 3.16IE-05 3.1~OE-OS 3.1~4E-05 3.143E-05 7.937E-03 
J 3.q3bE-O~ J.Z80C-OS 3.Z1ZE-05 J.laOE-Os 3.lt4E-OS J.ISLE-OS 3.148E-OS 3.144E-OS 3.143E-05 4.7tZE-Ol 
~ 3.730E-05 3.320E-05 J.OBéE-OS 2.983E-05 2.954E-05 2.964E-05 J.OJ9E-OS J.I01E-OS J.143E-05 1.~87L-03 
1 S.ù49E-05 ~.049E-OS ~.049E-OS ~.049E-05 S.049E-05 5.049E-OS S.049E-OS 5.049E~OS S.049E-05-1.587E-Ol 

x= Q.OO~1~03 0.U093909 0.OU~491~ 0.0095413 0.00956b4 0.ù095769 U.O~959IS 0.0095977 0.0096022 
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.-.-.-*-*-*-*-*-~-*-*-*-.-*-*-.-.-.-*-*- CUN CON CUN CONCCClN CON CON CUN CON -*-*-*-*-*-*-*-*-*-*-$-*-*-*-*-$-$-*-$-$ 

1 30 1= 1 2 :J 4 5 6 7 6 , , 9 10 11 Y '" 
""J SÙ 3.740e-\l2 3.746C-02 3.74LL-02 3.74!>E-02 3.745E:-02 3.74Qj,;-02 3.741C-023.737C-02 3.725E-02 3.7~OE-ù2 3.t.5éE-02 0.0~20 

49 3.74oC-02 3.74-6E-OZ 3.74cE-023.745E-02 3.745E-02 3.14 4E- 02 .J.741E-02 3.737E-02 J.725E-02 J.710E-02, J.656E-02 0.Ol88 
48 3.74bE-ù2 J.746~-02 3.74ùE-ù2 3.745E-02 3.145E-02 3. 144C-02 J.14IE-02 3. ZJ7E-02 3.72bE-02 3.711 E-02 J.666E-02 0.0351 
41 3.74610-02 3.74oE-02 3.74bE-02 3.14SE-02 l.14AE-02 .J.743E-02 3.141E-02 J.136E-02, J.72GE-02 J.713E-02 J.é6IE-02 0.0325 
46 J.746E-O.: 3.746E-02 3.745E-02 3.745E-02 3.743E-02 3.74IC-02 3.740E-02 3.73aE-02 3.7~6E-02 3.714~-02 3.693E-02 0.0293 
4:> 3.746C-02 3.746E-02 3.745E-02 3.744E-ù2 3.743C-02 3.7401:-02 3. 7J~I:-02 3. 738E-02 3.725E-02 3.7IJE-02 3. 701E-0 2 0.;)Z61 
44 3.7401:-02 3.746E-02 3.74SE-02 3.l4~E-02 3.74JE-02 3.740E-OZ J.7J9E-OZ J.7JSE-02 3.723E-023.71IE-02 J.700E-02 0.0252 
4.J 3.746E-02 3.746E-02 3.7451::-02 3.745e-02 J.743E-023.14IE-02 3.739E-02 3.13810-02 3.72IE-02 J.701E-02 :::l.697E-02 0.0243 
42 3.74oE-02 3A746E:-OZ 3.7~bC-02 J.14~E-02 3.743E-02 3.74IE-02 J.739E-02 3. l38E-02 J.118E-02 J.703E-02 J.69JE-02 0.02J9 
41 3.746E-02 3.146E-02 J.74LE-02 3.14SE-02 3.744E-02 3.141E-02 J.140E-02 3. 738E-02 3.715E-02 J. 700E- 02 J.690E-02 0.0235 
40 J. 746C-02 J~74"E-02 3.74bE-0.2 3.7~5E-02 3.744E-02 3.741E-02 3.1421::-02 3.73BE-02 3.712E-02 3.b95E-02 3.686E-02 0.0232 
J9 3. 746E-;)~ 3.746E-02 3.746E-02 J.745E-02 J.744E-02 ~.14IE-02 J.744E-02 J.13IE-02 J.IOSE-02 J.691 E-02 J.b6ZE-02 0.0230 
36 J.746F-02 3.746E-02 3.746C-OZ J.745E-02 3.744E-02 3.742E-02 3.744E-02 3.737E-02 3.705E-02 3.687E-02 3.679E-02 0.0228 
3T--:3.74ùE-02 3.146E-02 3.746E-02 3.74!>E-02 3.744E-02 3.l42E-02 3.74'oC-02 3.7J6E-02 3.70IE-02 3.b83E-02 :3.676E-02 0.0226 
J6 3. 746E -02 J.746E-02 J.74bC-02 3.745E-02 J.744E-02 3.742E-02 J.144E-02 3.7J6E-02 3.é91E-02 3.67IlE-02 J.672E-02 0.0224 
35 J.146E-02 J.74bC-02 3.745E-02 3.145E-02 3.744C-02 3.742E-02 3.745E-02 J.1J5E-02 3.b92E-02 J.é72E-02 :::l.bb7e-oz 0.0222 
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J4 3.74010-02 J.746E-02 3.74bC-02 3.145E-02 3.144,,-02 3.14SE-02 J.74SE-02 3.1J41:-02 3.667t:-02 3.tt7E-02 3.66JE-02 0.0220 
.33 3.14,,1:-02 3.14bE-02 3.14LE-02 J.145E-02 J.745E-02 3.14SE-02 J.14SE-02 3.73JE-02 3.603E-02 3.bb2E-02 3.ébOE-02 0.0220 

1 
i 

32 J.74bE-ù2 J.74éE-02 3.74LE-023.746E-02 J.746E-02 3. l46E-02 3.745E-02 3.732E-02 3.o79E-02 :3 .(,58 E-02 3.L57E-02 0.0218 
31 3.14uE-02 3.74 .. E-OZ 3.14bE-02'3.746E-ù2 3.74éE-02 3.74LE-02 J.145E-02 J.7JOE-02 J.67IE-02 3.64<;'E-02 3.é50E-02 0.0216 

i 
l 

JO 3.74oE-02 J.746E-02 J.74bE-02 3.l46E-02 J.746E-02 3.746E-02 3.745E-02 3.727E-02 3.65'ôrE-02 3.6Jf.E-02 3.64IE-02 0.0213 
29 J.746~-02 J.746E-OZ 3.146E-02 J.74bE-02 J.74f.E-02 3.746E-02 3.745E-02 3.723E-02 J.6·H.E-02 3.621E-02 3.C.3ZE-02 0.0211 
26 3. 74cE -02 3.14bE-02 3.746E-02 3.14éE-02 3.746E-02 3.74bE-02 3.745E-02 J. 71 SE-02 J.é30E-Oz 3.bOJE-02 J.é24~2 0.0209 
27 :.l.746E-02 3.746E-02 3.14éE-02 3. 746E-02 3.740E-02 3.146E-02 3.745E-02 3.712E-OZ J.éI5E-OZ 3.S8t.E-02 3.018 -~2 0.OZ07 
26 3.74oE-OZ 3.740E-02 3.14bE-02 j.l'toE-02 3.146E-02 3. 74bE- 02 J.1445-02 3.106E-02 3.602E-02 3.S72E-02 J.é 14E-02 0.020t 
25 3.74bE-02 3.74bE-02 3.74bE-02 3.l40E-02 J.74éE-~2 3.74oE-02 3.144E-02 3.70IE-02 3.593E-02 3. 565E- OZ 3.bIIE-02 0.020-5 

i 
i 
t , 
1 

,24 :::l.7Q6C-02 3.746C-02 3.746E-ù2 3.746e-ù2 3.746E-02 3.l46E-02 3.744E-02 ~.697E-02 3.5S7E-02 3.S60E-02 3.60IlE-02 0.0204 
2.J 3.7401:-02 3.746E-02 3.74<>1:-02 3.746E-02 3.746E-02 J.74oE-02 3.743E-02 J.69-3E-02 J.58IE-02 3.555E-02 3.t. OOE-02 0.0203 
22 J. 746E-0~ 3.746C-02 3.74bE-02 3.746E-02 3.746E-02 3.746E-02 3.743E-02 3.6BBE-02 J.575E-02 3.552[:-02 J.bObE-02 0.0203 
21 3.74t.C-02 3.746E-02 3.746E-02 3. HbC-02 3.746E-02 3.746E-02 3.742E-02 3.bSZE-02 3.5b9E-02 3.549E-02 3.L04E-OZ 0.0202 
20 3.746E-02 J.7~6E-02 3.746e-02 3.74(, E-02 3.74éE-02 3.74bE-02 3.74IE-02 3.67JE-02 J.SbIE-02 J.544E-02 3.bO:!E-02 0.0200 
,<,/ 3.l46C-02 3.746E-O~ 3.14bE-02 3.l46E-02 3.746E-02 J.74SE-02 3.138E-02 3.659E-02 3.55IE-02 3.542E-02 J.LOIE-02 0.0199 
lB 3.7'obE-02 3.74<>C-OZ 3.74oE-02 3. l'toE-02 3.746E-02 3.745E-02 3.7JJE-02 3.6J8E-02 3.540E-02 3.540C-02 J.('00E-02 0.01<,/6 
17 3.7461:.-02 3.746E-02 3.746E-02 3.74éE-0~ 3.T45E-02 3.744E-02 3.72Ie-02 3.610E-02 3.5J1E-OZ 3.54 OE- 02 3.599E-02 0.0194 
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1 
f 
1 
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16 3.146~-OZ 3.746E-02 3.746C-02 3.14610-02 3.745e-02 3.742E-02 3.o95C-02 3.586E-02 3.!>25E-OZ 3.5J9E-02 3.599E-02 0.0192 j 
la 3. 7'toE -02 3.746E-02 3.745E-OZ 3.7/.4 E -02 .3 .1'tOE-0 2 J.73IE-02 J.653C-02 J.574C-02 3.522E~02 J.5J8E-02 3.59BE-OZ 0.0169 
14 3. 746E-0..! 3.1451::- 02 J.74Jf:-O..! J.737C-02 J.72SE-02 J.7ISE-OZ 3.64'lE-02 3.S70E-02 3.520E-02 3.53GE-02 3.S97E-OZ 0.018B 
13 J.7'lue-oz 3.74~C-02 3.742E-02 3.734C-02 3.7Zle-023.71IE-OZ 3.644C-02 3.5&9E-02 3.519E-D2 J.535E-02 3.596E-02 0.0187 
12 J. 740E -02 3.1'tSC-02 3.1'tIE-02 3. lJ3 e-02 3.TI9E-02 3.109E-02 3.64'tE-02 3.5b8E-02 .J.518E-02 .J.53éE-02 3.S95E-OZ o.olsé 1 
Il J.7116E-OZ :3.745E-0~ 3.74IE-0~ 3.732C-02 3.71 ée-02 3.10ClE-02 J.044E-OZ J.S66E-02 3.5ITE-02 3.S:l7E-02 3.593C-02 0.0165 
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l 
t 

la 3.74ue-02 3.745E-02 3.7'tIE-02 3.7J4E-02 3.7Z0E-02 3.708E-OZ 3.b43E-02 3.b64E-02 J.SILE-02 3.5J8C-02 3.591E-02 0.01B3 
9 3. 746E-02 3.746E-02 3.74JE-02 3.7.31E-02 3.7Z5E-02 J.70Be-02 3.641E-02 3.500E-02 J.512E-02 J. 536E- 02 3.SS&f'-02 0.0179 
8 3.74oE-OZ 3.7'to~-02 3.744E-02 3. 140E-02 3.73IE-02 3.106E-02 3.o3uE-02 J.~53E-02 3.507E-02 J.530E-02 3.S7èlE-02 0.0113 
1 3.740[-02 3.74"E-02 3.74~E-02 3.739E-02 3.730E-02 3.70IC-02 3.&29[-023.544E-02 3.496E-02 3.522E-02 3.5bOE-02 a.Olb2 
6 J.7461:-02 J.7461:-02 3.74.1[-02 ..1. 7J6E-0~ 3.724E-02 3.693C-02 3.bITE-02 3.531E-02 3.4S4E-02 3.512E-02 3.523E-02 0.01to3 
5 3.74oE-02 J.74:>E-02 3.74IC-02 3.733E-02 3.717C-02 3."SIE-02 3.bOJE-02 3.S18E-02 3.467E-02 3.49~E-02 3.463E-02 0.0111 
4 3. 74foE -02 3.74510-02 3.741L-02 3.73Ie-02 3.712E-02 3.L73E-02 3.594~-02 3.517E-02 3.44b[-02 3.44!:.E-02 3.374E-02 0.0079 
J .1.746E-02 3.745[-02 3.14IE-OZ 3. 733E-02 3.7ITE-02 3.bIlIlE-02 3.b24E-02 3.555E-02 3.449E-02 3.360E-02 3.274C-02 0.0048 
2 3.746E-02 3.74LE-0~ 3.74SE-02 3.7~3L-02 3.7381:-02 3.127E-02 3.699E-02 3.007E-02 3.b12e-023.515E-02 3.407E-02 0.IlO16 
1 3.146E-02 3.74foE-02 3.746E-02 3.74éE-02 3.74ôE-02 J.746E-0..:! 3.746E-02 3.146E-OZ 3,746E-OZ 3.746C-02 3.74bE-02 -0.0016 
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1= 12 13 14 lb 16 17 18 19 20 21 22 Y '" 
J 
50 3.4S0E-rJè 3.206E-02 3.070E-0~ 3. OlJOE-tl~ 2.9L4E-02 2.94bE-02 2.928E-02 2.919~-02 2.91C.E-02 4.202E-OZ 
49 3.4~JE-02 3.208E-02 J.Ol0E-02 3.000~-J2 2.9c4E-OZ 2.946E-02 2.928E-02 2.919E-02 2.91éE-02 J.S84E-02 
4a 3.48IE-02 3.226[-02 3.019E-02 3.004C-02 2.9C.7F-ù2 2.948E-02 2.929E-02 2.920E-02 2.916E~02 3.507E-02 
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i 
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~7 3."3ZC-02 J • .!70f:-02 3.104E-02 3.0IBE-02 2.974E-02 2.953E-02 2.931E-02 2.920E-OZ 2.916E-02-r.-z<r9C=uz::-------
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4~ 3:i~3Ê~02 3:4;ÔË-02 3:2~9Ë-02 3:07~è-02 3.00eC-02 2;97~Ë~02 2:93~ë-02 2:922Ë-02 2:9i~Ë-02 z:iï4Ë=02 
44 3.uB7E-02 3.o38E-OZ 3.2916-02 3.125E-02 3.0J7E-02 2.992E-02 Z.947E-02 Z.9Z4~~OZ Z.~16E-OZ Z.52IE-OZ 
"., ..,. O!S!!I!-OZ :S. S711!:a OZ .,. 3Z"4C~~"4"5C-OZ·-3 ;04' BE-OZ '2 ;9'9?E-U2-2~ 950E-OZ-Z-;9Z5E-0Z-' Z-;9"Il>E""':OZ-""2-;~20E'::'D2 
42 J.uB6E-OZ 3.599E-02 3.3b9E-02 3.169E-02 3.0u3E-OZ J.008€-02 2.954E-02 Z.926E-OZ 2.9IuE-OZ 2.39IE-OZ 
41 3.é8JE-02 J.~06E-02 3.37IE-02 3.lll~-02 J.066F-OZ J.OIIE-02 2.955~-02 '.926E-02 2.916E-OZ Z.3~4E-OZ 
40 3.bBOE-OZ 3.~14E-OZ ~.3796-0Z 3.18Ze-OZ 3.070E-02 3.013E-02 Z.956E-02 Z.~Z7E-02 2.916E-02 2.310E-OZ 
39 3.u71E-02 3.622E-02 3.394E-02 3.194E-02 J.01BE-02 J.OIBC-OZ 2.957E-02 2.927E-02 2.916E-02 2.290E-02 
36 J.67oE-02 J.~25E-02 J.4016-02 3.199C-0~ 3.0BIE-0~ 3.020C-02 2.9566-02 2.927C-02 2.916E-02 2.Z1&E-OZ 
31 3.013E-OZ 3.u20L-02 3.41~E-02 3.20~E-02 3.085E-02 3.0226-02 Z.909C-02 2.926E-02 2.916E-02 2.259E-02 
36 3.070E-02 3.~24E-02 3.403E-02 J.201E-02 J.OU2E-02 ].02IE-02 2.9596-02 2.9Z1E-02 Z.916E-OZ Z.Z39E-OZ 
35 3.é66E-02 J.612E-0~ ~.388E-02 3.1QOC-02 3.076E-02 ].017C-02 2.957E-02 2.927C-02 Z.91éE-02 ?219E-02 
34 3.663C-OZ 3.b08~-02 3.38~E-02 3.188E-OZ 3.074C-OZ 3.010E-OZ 2.9~76-0Z Z.9Z7C-OZ 2.910E-OZ 2.204E-02 
33 3.6~2E-OZ 3.60GE-OZ 3.J60~-OZ J.164E-02 J.012E-02 3.014E-OZ Z.956E-02 2.927E-02 Z.916E-02 2.196E-02 
3Z ].6~~C-02 3.~04~-OZ 3.37UC-02 3.IU3C-02 ].011E-OZ 3.014E-02 2.950E-02 2.927E-OZ Z.916E-OZ Z.18IE-02 
31 3.o55E-02 3.~91E-02 3.37IC-OZ 3.179E-02 3.069E-OZ 3.0IZC-OZ Z.955E-~2 2.927E-02 Z.91~E-02 Z,I57E-02 
30 J.G50E-02 3.587E-OZ J.359E-02 3.171E-02 J.~64E-02 3.009E-02 Z.954E-OZ Z.926E-02 2.916E-OZ Z.134E-02 
29 3.0.~ç-02 3.574E-OZ 3.343E-OZ 3.1~9E-02 3.0S1E-02 3.00~C-02 Z.95ZE-02 2.926E-OZ Z.9IéE-02 2.llIE-02 
28 3.642É-02 3.~61E-02 J.3ZBe-OZ 3.149E-02 J~O~IE-OZ J.00IE-02 2.951C-02 2.925E-02 2.91~E-02 2.0e8E-OZ 
~7 ~.640E-D2 3.549E-OZ 3.3146-02 J.IJ9E-02 J.v45~-Oz z.997E-02 Z.949E-OZ 2.925E-OZ Z.YlbE-OZ 2.072E-02 
2ù 3.636E-02 3.~39~-OZ 3.30Jé-OZ 3.132E-02 3.04IE-02 2.99~E-02 2.948C-02 2.9Z5E-02 Z.916E-02 Z.051E-02 
25 3.e36E-02 3.533~-OZ J.Z95E-OZ 3.1276-02 3.038E-02 2.992E-02 Z.941E-02 Z.924E-OZ 2.916E-02 2.049E-02 
24 3.63~E-02 3.02~C-02 3.2déE-02 3.12Ie-oz 3.034E-02 2.990E-OZ Z.940E-OZ 2.924E-OZ Z.916E-02 2.041~-02 
23 3.u]3e-02 ].~17E-02 3.271E-02 3.115E-02 3.031E-02 2.988E-02 Z.945E-02 Z.924E-OZ Z.916E-OZ 2.034E-02 
2~ 3.632E-02 3.509E-02 3.Z67E-02 3.I09E-02 J.027E-OZ 2.986E-OZ 2.944E-02 2.924C-02 Z.916E-02 2.026E-02 
21 J.62BE-02 ].496E-OZ 3.253~-OZ 3.IOIE-OZ 3.~Z2E-OZ 2.963E-OZ Z.943E-02 2.9Z3E-02 2.916E-OZ 2.016E-02 
20 3.oZJC-02 3.476E-OZ 3.Z}6C-OZ ].09IE-02 J.OlbE-OZ Z.979E-OZ Z.94ZE-02 2.9ZJE-OZ Z.916E-02 2.003E-02 
19 J.616E-0~ 3.456E-OZ 3.Z ~E-OZ 3.080E-O~ J.OIOE-02 2.970E-OZ Z.940E-02 2.923E-OZ 2.916E-02 1.907E-OZ 
18 3.6076-02 3.430~-02 3.19~E-OZ 3.008E-02 3.003E-02 Z.91IE-02 2.938E-OZ 2.9Z2E-OZ 2.916E-02 1.964E-OZ 
17 3.597E-02 3.406E-p2 3.176E-0~ 3.0U8E-Q2 2.998E-OZ Z.~6dE-OZ Z.9J7E-OZ Z.922E-02 2.91hE-02 1.94IE-02 
16 3.5duE-OZ 3.383F-OZ 3.lô4C-OZ 3.051E-OZ 2.993E-OZ 2.9b~E-OZ Z.936E-OZ Z.9Z1E-OZ Z.916E-02 1.917E-02 
15 3.57BE-OZ 3.J~6E-OZ 3.153E-02 3.0q5E-02 2.990E-OZ 2.9éZE-02 Z.93SE-02 2.92IE-02 Z.916E-02 I.B~4E-02 
14 3.~73E-02 3.J57E-02 J.146E-02 3.042E-02 2.96dE-OZ 2.~éIE-OZ ~.9~4E-02 2.921E-02 Z.91éE-02 I.B79E-02 
13 3.S09E-02 3.Jb2C-02 3.14uE-02 3.041E-02 2.9UBE-OZ 2.9ôl~-02 z.9J4E-OZ 2.9ZIE-OZ Z.916E-02 1.871E-02 
IZ 3.505C-OZ 3.344~-02 J.14ze-oz 3.0J9E-OZ 2.987E-OZ Z.9éOE-02 2.934E-02 2.92IE-02 Z.9IcE-02 1.6f3E-02 
II 3.55<1E-02 J.J3IC-02 3.135E-0~_3.0j5E-OZ Z.9B4C:"02 2.9~9C-OZ 2.933E-02 2.92IE-OZ 2.916E-02 I.BSOE-OZ 
10 3.544E-02 3.JOBE-02 3.1ZJE-02 J.028E-02 2.90IE-02 Z.9S1E-02 2.93JC-02 2.92Ié-02 2.916E-02 1.62BE-02 

9 3.521E-OZ J.Z7bE-OZ 3.looE-02 3.019E-OZ 2.975E-02 2.953E-02 2.93IE-02 2.9Z0E-OZ 2.916E-OZ 1.790E-OZ-
6 3.484E-02 3.Z35E-OZ 3.0B5C-OZ 3.007E-02 2.966E-02 2.949C-OZ 2.9Z9E-02 2.920E-OZ 2.916E-OZ 1.725E-OZ 
1 3.428E-OZ 3.190L-02 3.0~OE-02 2.994E-02 2.90IE-02 2.944E-OZ 2.927E-OZ 2.919E-OZ 2.9IéE-02 1.615E-02 
Ô 3.l45E-02 3.1l8E-02 3.032E-02 2.9'9E-02 2.95ZC-02 Z.939E-OZ 2.925E-OZ 2.919E-02 2.916E-02 1.4Z9E-OZ 
a 3.247E-OZ 3.~B]E-OZ 3.00JE-02 ~.963E-02 2.943E-02 2.93]6-02 2.92JE-OZ Z.918L-02 Z.9IcE-02 1.11IE-OZ 
4 3.145E-02 3.0ZSC-02 2~914E-OZ 2.9476-02 2.934E-OZ 2.921E-02 2.92IE-OZ 2.917E-OZ 2.9IbE-OZ 7.937E-03 
J J.066E-02 J.000E-02 ~.959E-02 2.940C-0~ Z.930E-OZ 2.9Z5E-uZ Z.9Z0e-02 2.917E-OZ 2.916E-02 4.7~ZE-03 
2 '3.Z4JE-02 3.041E-02 2.910E-02 2.~41E-OZ 2.820E-02 2.~ZBE-02 Z.86SE-OZ 2.S96L-02 ~.916g-02 1.5B7E-03 
1 3.7466-~2 3.74bÉ-OZ'3.74t.E-OZ 3.74~F-02 3.74éE-02 3.146E-02 3.74éE-OZ 3.74éE-OZ 3.74C>E-OZ-l.567E-03 

x; 0.UU91903 0.009]909 0.009491Z 0.009~41J 0.0095064 0.00~57a9 0.0095915 0.0095977 0.009bOZ2 
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~ ! J R/D wulFI- ,.,rLUX HMl !>Hl tU" 51-1 HI"LuX H NU ST 
30 1 

, \ 
------------------------------------------------------------------------------------------------------------------------------~-- 1 1 2-5.32970 O.3t.410 1.000t.-04 ~.061E-.J.J 5 •• II)Oe.oo 4.149E-O..! 4.076E.00 -Z.368E+0~ -Z.3H8EtOZ -Z.040E+Ol -Z.9421:-02 . \ 

3-4.337,,3 0.3041'> l.OOOE-04 t.. 971E- 04 1. 768E+ 00 1.002E-OZ 1.375E+00 I.Z67E+03 1.Z87EtOI 1.099E+00 1.58~E-O.3 i • 4-3 • ..34~~ü 0.3b411 1.000E-04 (,.:'3~E-04 1.b7f.E+00 1.50IC-OZ 1.289Ei-OO 1.74IE+03 1.74IE+OI 1.487Et-OO Zo144E-03 1 5-.l • .35..l5U 0.3to411 1.OUOE-04 9.98IE-04 2.S60EtOO 2 • .!93E-02 1.%8EtOO 2.6C16Et-ù3 2.b06Et-01 Z .ZZ7CtOO 3.2I1E-03 
(,-1.30143 0.3<'412 1 • .>00e-04 1.3!>4E:-'>3 3.473(t-00 3.111E-02 2.670E-tOO 3.:'04E-t03 3.504E.01 2.993E;f-00 4.3171::-..03 i 

l 

5.366E-03 
! 7-0.777dn 0.30412 1. 00llE-04 1.0951:-03 4.346f:+00 3.0 ... .3E-OZ .i. 34Z E+O 0 4.357Ef-03 4.357EHU .3.7 22E ."0 1 d-0.4.34511 0 • .30""12 I.OOOE-O,," 1.997f:-0.3 5.1~2CTOO 4.5BBE-OZ .3.93BEf-00 5011ZET03 .5.IIZEt-01 4.367EtOO ".298E-03 

9-0.232<:'é 0.3f.412 1. OOOE- 04 2.270E-03 S.SZ2Ef-00 S.2IbE-OZ 4.477Et-OO 5.772Ef-03 5.77ZEf-01 ·4.93IEf-OO 7.IIIE-03 
10-0.11Jd!l O.3b412 1. OOOC- 04 2. 4il 7tc:- OJ 6.377e+00 5.713E-02 4.904E+OO ô.Z62Et-03 6.2t12EtOI 5.361ET"O 7.740t:-03 
11-0.04401 0.30412 1.0<lOE-04 2.048C-03 6.7-l0E+00 6. 083E- 02 5.22IEf-00 6.648E-t03 b.t.48Ef-01 5.è79Ef-00 8.190(:-03 

l.l ) Il-0.vU.!91 0 • .16412 1.000E-M 2.7!>OF-03 7.aS2E+ao (,.3IUC-02 5.423Ei-00 o .872E+03 6.872E+Ol ~.871t:+OO 8.46bt:-03 
-1.1 0.02127 O • .JtJ412 1.0001;-04 2.7971:.-03 7.174Ef-00 ô.427E-02 5.517E+OO ô.9b5E+03 b.9f>5ETOI 5.951 ETOO H.58U::-03 

14 0.<J454b 0.3b412 1. OOOE.- 04 2.d'5E-03 7 • .:?46E+OO 6.492E-OZ 5.57ZE .. 00 7.018ET03 7.018EtOI "5.996Ef-00 8.646E-03 
15 0.093 .. 0- 0.3f.412 1.000E-04 2.89!:C-03 7.42~E+00 6. 652f:- 02 S.710E"OO 7.188Ef-03 7.188E+OI t. .14IE+00 6.65<:.E-03 
10 0.10<>33 0.3l.41Z 1.000e-04 .3.02~L:-03 7.7b8ETOO é.9!>9E-OZ 5.973E+00 7.527E+03 7.527Ef-01 t..430Ef-00 9.273E-OJ 

! 
1 7 0.2JUOo 0.30411 1.00<J1;-04 3.203C-03 a.215Eh10 7.3(,OE-02 6.3HIEf-00 7.974E-t0.J 7.974E+01 b.61.!Ef-tlO 9.8Z4L-03 \ 19 0 • .J1139· 0.30411 J.ooaE-04 3.412E-03 fl.749Ef-00 7.838E-02 6.728E+00 8.507Et-03 6.S07Et-01 7.268E~00 1.048E-02 ,. 
19 O • ..l8392 o. 3b4 Il 1. <l00E-04 3.6611"'-03 9. 397E+ 00 8.418E-02 7.ZZ6E:+00 9.1S8E~03 9.158E+01 7.82I1E+00 1.128E-02 , 
20 0.43227 0.3<-411 I.OtlOE-04 3.9081:-0.3 1.00ZE+01 B.979E-02 7.707E+00 9.784ETO'] 9.70IlEf-Ol 6.309EtOO 1.20"E-02 
21 0.480b3 0.3t.4iO 1. OOIlE- 011 4.13t.E-03 l.a6IEf-OI 9.503E-OZ tJ.157E+OO 1.031Ef-04 1,.0,] 71;' f- 02 6.859E.f-00 I.Z7BE-02 1 j 
22 O.~0400 0.3u410 1.000E-04 4 • .i24E-O·3 1.1 09E t- 01 9.93~E-02 8.S2tlEt-Q.0 I.Otl~Ef-04 1.0tJ!>Et-OZ 9.2e9E+00 1.3J7E-j)2 
2.3 0.5Ztl90 0.3f.>409 1.000E-04 4.4!..C.r:-03 1.14.3E+01 1.0Z4E-01 8.789Et-00 1.119Et-04 1.119Ef-02 9.557E-t00 1.37UE-02 
24 0.55315 0.36409 1.00JE-04 4.t:i91L-03 1.177EtOl 1.055E:.-01 9.0:"SEt-00 1.153Et04 1.153Et-02 9.850Ef-00 1.1I20E-OZ 
2ti 0.577.13 0.36409 1.000E-O~ 4.72L(:-03 1.212Ef-01 1.066E-OI 9.320E+00 1.187E+04 1.187E.OZ 1.014E.TOI 1.4t.2E-02 
26 0.00151 O.3t.40!l 1.00uE-OII 4.1>5JI:.-03 1.245E+Ol 1.115E-Ol 9.57IE+OO 1. Z~OE+04 1.220E.+02 1.042EtOI 1. SOlE-OZ 

i • 27 O.649tlo 0.3(,407 1.000E-04 ~.OI9E-OJ 1.2d7C+OI lol0.3E-01 9.899Ef-00 1.262E+04 1. Zb2E t-02/ 1.0781:.f-01 l.o551:.-0Z 
\ 28 0.(,9021 0.3(,4 Ob I.OOOEo-04 5.259E-03 1.349E+OI 1.2001::- 0 1 1.037E+Ol 1 • .l.!3E+04 1.323Ef-02 t • 130r: + 01 1.63OC-02 2') 0.17074 0.3640,. 1.000E-04 !:l.494E-03 1.409ETOI 1 • .!62C-OI 1.084E+OI 1.381E+OIl 1.381ET02 1.180Ef-01 1.702E-OZ ! 

30 0.84327 O • .3t." 03 1.00OE-04 b.7t.4C-0.3 1.470C+01 1.324E-OI 1.137C"OI 1.449Et-04 1.449Et-02 1.238EtOI 1. 7tl5E -02 .\ ,Il Il.Y158ù 0.36401 l.llOOE-04 5.~c.7C-0.3 1.5,JOE+01 1.,J7IE-01 1.177C+OI 1.498Et-04 1.49IiE,f-OZ 1.260i:-t01 1.1i4œ-02 

32 0.9US.33 0.3L399 1.000e-04 o.072t:-03 1.5:57E+OI 1.395E-01 1.19dE+Ol 1.522E+04 1.522Ef-02 1.3011:f-')I 1.1J7f.E-'02 1-33 I.OJ66'.1 u.3f.,J9U 1.0001::-04 6.0901::-03 1.562E+01 1 • .399E-01 1 • ..!()I Ei-O 1 1.526ETO+ I.S26Et02 1.30+EtOI 1.860E-02 34 1.00066 0.30398 1.000E-\l4 f..11J.>E-O..l 3. ... 58!.JE+01 1.420E-OI 1.219Et-01 1.55IEf-04 1.55IE+02 1 .325E f-Ol 1.9111:-02 t ,]5 1.10921 0 • .3t.397 1.000fr-04 0.2401:.-03 l.bOOEOOI 1.4.34E-OI I.Z3IE+Ol 1.56bEf-04 1.566Ef-02 1.338Ef-01 1.9Z9E-02 36 1.110<:18 0.30397 1.0001:- 04 6.4tl3C-<l3 1. 663C+ 01 1.49'>E-Ol 1.279E .. OI 1.629ETOIl 1.t.29Ef-02 1.391(:+01 2.006E-02 

l 37 1. ~.J2~:j 0.36.39f. l.tlOlll':-04 o.!>tiéC-OJ 1.&!lSEi-01 1.513E-QI 1. 29YE+O 1 1.653E+04 1.653Et-02 1.41.iE.Ol 2.0.i7E-I)Z 
38 1.L9422 o • ..16.196 1.0001::.- 04 6.4b7e-0.3 1. 65t.f:" 01 1.4041:-01 1.273C+Ol 1.('16E"I-04 1.t.16Ef-OZ 1.38 If. tOI 1.99IE-02 ~ 39 1 • .:J~bO\,J 0.30397 1.000E-04 u • .J24l:-03 1.622Ef-01 1.40..3C-01 1. 2,.7Ei-O 1 1. S82Ef- 04 1.562Et02 1.352Et-OI 1.949E-02 40 1.417!:i~ 0.3LJ"'7 1.000E-04 (,.047E-.>.j 1.551':TOI 1.3d"e-01 1.19.1Et-01 1.509"'f-04 1.5091;+02 1.289E+Ol 1.8!:>9E-02 J 
41 1 • (,31 'JO 0.30398 l.tlOOt-04 !>. \12 <;H::- 03 1. 520E+OI .,,1.302E-Ol 1.1ô9E+<l1 1.48ZE+04 1.48.2E'TOZ 1 .266t: .:)1 1.8251:-02 

1 4~ 1.040 .. 0 0.3"400 1.000t:-04 5. 7..1 IJl-\lJ 1.47.!I::+Ol 1.,J1 tlE-OI 1.IJ2Ef-JI 1.433Èt04 1.433Ef-02 1.2'4I::tUI 1.76bE-OZ 43 1.70083 o .3b403 1.0001:-04 5.187C-03 1.33ùEtOI 1.19ZE-01 1. 023Etù 1 1.289EtO .. 1.289EtOZ l .. l0IEt-01 1.!>88E-02 41> 2.0~2bl 0.30" OB 1.000E-04 4.7321:.-03 1.214EtOI 1.087E-Ol 9.333Et-00 1.174E+04 1.174Et02 1.003EtOI ï .4,,7E-02 4:' l.34440 (/.30414 1.00tlE-04 3.6J4f.-\l.3 9.319E+00 0 • .34!lE-OZ 7.106E"OO 8.89JET03 6.893E+OI 7.598C+00 1.09('E-02 <Ou 3.3364L 0 • .31>421 1.OOtlE:-Of< 2.824l::.-tlJ 7. 241Ef- 00 (..487E-OZ ~.5(,8E .. OO 6.8S6EtO'] ù.88t.Et-OI 5 .S83E ~OO 8.483E-03 

41 4 • .:S~U'5.J () • .Jo4~4 1.000E-04 o!.~08"-0.3 5.91YETOO 5. )O~I:.-OZ 4.551E+OO 5.6.32Ef-03 ~.û32E.Ol 4.812E.00 ù.939t:-03 
48 !:J.320olJ 0.3642,. 1.0001;-tl4 2.005E-03 !>.142E~00 4.o0oE-OZ 3.95JCt-1l0 4.91lIEt-03 4.901EtOI 4.167EtOO 6.0.38E-03 

.1t:Jaê'f1JO 4.334E-02 3.1200UO 4.636E+03 4.636EfO, 3.9151 EFOO .. ~OTn!l:-or--'--'---. _. 

r 
,.. ... -..--.... \~ .. _~/oap;,& *._.....,....~,~ ... ·~ . ....,..wa~ .. ,,~~It:'" ... I.,~·~~ ........... _ \ ~,~""" ,'w .... -' ... w,~~_'\._ • .I_....r..,...;.....,~lII~.-....-.--.... ~-'- ~ 

... 



i -
~1.-

\ ,~ 

", ri 
1 

"'-., 

/J''It 

'. 

;J ,VlD IAU ,,' ----cF---CF.-'R"E'Un-' 
----------------------------------------------
~ 't:~~~i~;~~ ~:!~~~~]~i ~:~~l~~:gi f:~~~~~:g~ 
5 2.97b2E+DO-3.&727E-D2-I.o194E-O~1.611aE-Q2 
b ~.9u83Et~O-I.34~9E-Ol-3.7327L-DJ-5.9Q19C-02 
7 4.75blEtDO-Z.1677E-Ol-6.0166E-03-9.5131E-02 

8 5.21~5EtQD-2.7~3LE-DI-7.u428é-D3-1.20a4E-OI 
9 5.49~IE+OO-3.Z641E-DI-9.0596E-03-1.43~4E-Ol 

10 S.6~25E+DO-3.7264E-Ol-1.0343E-02-1.6353E-OI 
11 S.74b8E+OO-4.0994E-OI-I.1376C-D2-1.7990E-Ol 
12 5.8023E+OO-4.~040E-Dl-l.1946E-02-1.86aaS-OI 

13 ~.6J49E+OO-4.3443E-Ol-l.2056E-OZ-l.90b5E-OI 
14 5~659IE+OO-4.3923C-Ol-l.2191E-U2-1.927EE-Ol 
15 5.8954C+OO-4.7077E-OI-l.30LbE-OZ-2.0buOE-OI 
16 S.9556EtOO-S.2475E-OI-l.4565E-02-2.3029E-OI 
17 6.0283C+OO-S.8448E-Ol-l.b222E-02-2.5650C-Ol 

Id b.I009E+OO-6.5U3SE-OI-I.6273E-02-2.B892E-01 
19 6.1 734EtOO-7.5519E-Ol-z.09bOE-02-3 w3141E-Ol 
20 b.233BE+OO-8.3792E-01-2.3257E-02-3.&772E-01 
21 &.2a2~E+OO-9.~600C-01-2.570JE-02-4.0636E-OI 
22 6.3IB4EtOO-~.B410E-OI-2.7314E-02-4.31B7E-01 

2~ 6.34~tt~OO-1.O~5~E+oo-~.a47~E-02-4.5018E-01 
24 b.36~6E+OO-I.Ob53E~Ov-2.9~b9E-02-4.6752E-OI 
25 b.3910E+QO-I.1015C+OQ-3.0572E-02-4.8339E-OI 
26 6.4152E+OO-l.1299E+Oo-3.13bOE-O~-4.95a4E-01 
27 u.4~14EtOQ-l.1500E+OO-3.2085E-02-5.07JIE-Ql 

.!~ t. .4·}9~E+ 00-1. J 961E+ Oo-~ •• U 98E-02-5 .2490E-Ol 
29 û.5&02CtOil-1 .1767E+OO-3 .260 1 E-02-~. lt,42E-Q 1 
10 b.6J27E+OO-l.1292EtOO-J.IJ40E-02-4.955JE-Ol 
31 6.705JE+OO-l.0162E~OO-a.820bE-02-4.4~97E-OI 
32 u.777BE+00-e.3SS7E-01-2.J192E~02-3.6bb9E-OI 

J3 6.8Ja2CtOO-b.7204E-Ol-1.aù~3E-02-2.9492E-~1 
34 b.B745E+OO-ù.07S4E-OI-l.~8u2E-02-2.0U02E-OI 
3S L.9108E~OO-4.8305E-OI-I.3407E-Ul-2.119BE-OI 
36 6.9b56CtoO-3.24SIE-Ol-9.ù070E-OJ-l.4Z41E-OI 
37 7.027SE+QO-I.ZJS4C-OI-J.4269E-OJ-5.4216E-OZ 

38 7.0a~IE+OO 9.4790E-02 2.b30ge-Ol 4.1S~eC-02 
39 7.150dE+OO J.04IbE-OI e.4419E-OJ I.J348E-OI 
40 7.21~=E+OD 4.8955C-Ol 1.J5aaE-02 2.1464E-Ql 
41 7.3005EtOO ù.5ü32E-01 I.B2IuE-OZ 2.600JE-OI 
42 7.414ÇE+OO 9.291~E-OI 2.57s9E-02 4.0776E-OI 

43 
44 
45 
40 
47 

4a 
49 

7.5.293E+OO 1.1315E+OO 3.140SE-02 4.9b~OE-OI 
1.7325E+OO 1.18SBE+OO J.291IE-02 5.2037E-OI 
Il.O.!42E+OO l.3326e+OO 3.u99IE-02 5.646SE-Ul 
8.6uu2E+00 9.5815C-01 2.~~lIC-O~ 4.2075E-Dl 
9.bS~2E+OO 7.0104ë-Ol 1.945a~-o~ 3.0765E-01 

1.-<:lut;OF.+OI ~.3044E-Ol 1.~72~E-02 2.327BE-OI 
1.1642E+Ol 4. 41)5Ç,E~ 0 1 1.247<JE-O.! 1.97JOE-OI 
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AVERAGe THANSPOHT PROPCRTIES 
J PH st. \IlS OEN CP DIFF K. -d 

---------------------------------------------------------------------------------
2 7.202/iE-Ol 6.28l8C-OI Z.OII~E-OS 7.9S35E-Ol 1.2018E+03 4.0~5"E-05 3.~309E-02 -(1 
3 7.2024E-Ol b.2838E-01 2.01l5E-05 7.9SJ5C-Ok 1.2018E+U3 4.0954E-05 3.330~E-02 

" 7.-i~~ZliE-Ot u.Z838E-OL 2.011SE-05 7.9S35E-Ol I.ZOIBE+03 4.09S/ie-05 3.330 E-02 30 
5 7.2024E-Ol 6.Z8l8C-01 Z.Oll~E-05 7.9535E-OI 1.2018E+03 4.0954E-OS 3.J309E-OZ 
6 7. 2024E- 0 1 b.2838E-01 2.0115E-05 7.9535E-Ol 1.2018E+03 4.0954E-05 3.3309E-02 

7 7.20241:.-01 t..2tU8t:-01 2.0115(-057.9535E-Ol 1.2018E+03 4.0954~-U5 3.3309E-02 
8 7.2024E-Ol t.. 2tiJ6C- 0 1 2.0115C-05 7.9S35E-Ol I.ZOI8E+O~ 4.0954E-05 J.J309E-02 
9 7.Z024E-oI b.2838E-01 Z.OIISE-05 7.9535E-OI I.ZOI8E+OJ 4.0954E-O~ 3.J309E-02 

10 7.2024E-Ol 6.~83tlE-01 2.0115E-057.9535E-Ol 1.~018E+03 4.0954E-05 3.J309E-02 
1 1 7.Z024E-Ol 0.283!:lE-OJ 2.011~E-0~ 7.9!:>35E-OI 1.2018Et03 4.0~54E-05 3.~02 

I~ 7.Z0.!4E-OI L.ZU38E-01 2.0115E-0~ 7.9535E-Ol 1.201BEt03 4.0954E-05 3. 09E 02 
13 7.2024C-OI 0.28381'.-01 2.0115E-05 7.9535E-Ol I.Z01BC+03 4.0954E-05 3.J -02 
14 7.20Z4E~ùl c...283B1;;-01 Z.0115E-05 7.9535E-Ol 1.2018E+OJ 4.0954E-05 3.3 09E-OZ 
15 7.2024E-OI b • .!838E-01 Z.OI15E-05 7.9535E-OI 1.2018E+03 4.0954E-05 3.3 9E-02 
16 7.2ùZ4E-OI 0.2tl3BE-01 Z.OI1oE-05 7.'J(j35E-OI 1.2018EtOJ 4.0954E-Oo 3.33 9E-02 

Il 1.20~4C-OI t>. 20J8E- 0 1 2.0115E-",Q,5 7.9535E-Ol 1.201BEt03 4.0954E-OS 3.330 -02 
18 7.202 4E:-O 1 b.2838E-01 2.0115E-05 7.9535E-OI I.Z0IBE+03 4.0954E-05 3.3309 -02 
19 7.Z0Z4E-01 6.283BC-Ol 2.0115E-OS 7.953SE-GI I.ZOI6Et03 4.0954E-05 3.3309E-02 
20 7.2024E-OI 6.2830E-OI 2.01151'.-05 7.9535E-OI 1.2016EtOJ 4.0954E-05 3.JJ09E-~2 
21 7.21l24E-OI o.2B38E-01 2.011~E-05 7.9535E-OI 1 • .!018E+03 4.0954E-O~ 3.3309E-02 

2~ 7 • .!1l.!41;;-01 6 • .!B.3tlt;;- 0 1 Z.0115E-05 7.9535E-Ol 1.201BEt03 4.0954E-05 3.3309E-02 
23 7.2024E-OI 6.2838E-Ol 2.0115E-0:' 7.9Ci35E-01 1.2018CtOJ 4.09b4E-05 3.3309E-02 
24 7. 21l24E- 0 1 L. 2B38C- 01 2'.0115E-05 7.9536E-01 I.Z018E+03 4.0954E-05 3.3309E-OZ 
25 7.ZùZ4C-OI 6.Zd38E-Ol 2.Ull~C-0~ 7.9536E-Ol 1.201SEt03 4.0954E-05 3.3J09E-02 
Z6 7.20.24E-OI c...Z838E-01 Z.OllbE-O::' 7.9536E-Ol I.ZOI8Et03 4.0954E-05 3.3309C-OZ 

27 7.2\1Z41:-01 /...2U3BE-01 2.0 11bl:-O::' 7.9::'36E-UI 1.201tlE+03 4.0954E-Ob 3.3309E-02 
26 7.2024E-.:Jl t..26.J6E-01 2.01151:-05 7.953t.E-.:J1 1.2017E+OJ 4.0954E-05 3.3309E-02 
29 1.2024E-Ol 6.2d3HC-Ol 2.0115E-05 7.9bJ6E-Ùl 1 .2017EtO~ 4.0954E-05 3.3309E-D2 
30 7.20241:-01 t:..2t138E:-Ol 2.0115~-05 7.953LE-Ol 1.2017Et03 4.0954E-05 3.3309E-OZ 
31 7.2024E-OI L.2B3BE,-OI 2.0115E-05 7.95361;;-01 1.2017E+034.0954E-05 3.3J09E-OZ 

32 7 .20~.lC-O 1 L..Ztl3UE-OI ~."'ll~E-O!J 7.9:'31E-Ol 1.2017E+03 4.0954E-OS 3.J309E-OZ 
33 7.2023E-01 b.2t13BC-OI 2 • .J115E-05 7.95.HE-Ol 1.2011E+03 4.0954E-05 3.3l09E-Oa 
34 7.202.310-01 e:. • ..!630E-01 2 • .lII5E-OS 7.9537E-Ol 1.2017E+03 ~.0954E-05 3.330~Iô-02 
35 7.202.JC-OI t..283t1E-01 Z.O Il :lE-O;:; 7.9.)37E-Ol 1.2017E+OJ ~.0954E-05 3.J309E-02 
36 7'f023E- 01 ".283BE-OI 2 .UI15E-OS 7.9S37E-Ol 1.2011E+03 4.0954E-05 3.~3U9E-02 

37 7.20Z lE-OI /...283HE-OI .2.Ull~E-O[) 7.9!>37E-Ol 1.2017E+03 4.0954ê-O:' 3;33091:-02 
:lU 7.Z02.3E-Ol U. 2B38E-O 1 2.011~C-05 7.9537E-Ol 1.2017E+03 4.0954E-05 -S.J309E-02 
39 7.2023E-OI t..2836C-OI 2.0115C-0:; 1.9537E-Ol 1.2017E+03 4.0954E-05 3.3309E-02 
40 7.20~3E-Ol e:..2!:l3!:lE-01 2.011!>E-05.7.9537E-01 1.2017E+03 4.0954E-05 3.33091:-02 
41 7 .20~JE- 0 1 6.28JaE-U~ 2.0115E-05 7.9537E-Ol 1.2017E+03 4.0954E-05 3.j309E-02 rJ 
4.! 7.20Z~E-01 L..Z838E-OI ~.OIJ~C-O!J 7.9S3àE-01 1.2017E+03 ~.0954E-05 3.3309E-02 
43 7.2024E- 01 6.ZtlJtJE-OI 2.0115E-05 7.9536E-OI I.ZOI7E+03 4.0954E705 3.3309E-02 
44 7.2024E-Ol 0.203010-01 2.ùll~E-O~ 7.9536E-OI I.Z018E+03 4.09!J4E-OS 3.3309E-OZ 
45 7.2024E-Ql é.ZIJ3BC-01 2.\)115[-0:' 7.9535[-01 1.2018E+03 4.0954E-05 3.3309E-02 
~6 7 •• W~5E-Ol 6.ZI)31E-Ol 2.0115E-05 7.9534E-OI 1.2018E+03 4.0954E-05 3.J309E-02 

47 7.20251:-01 0.2837E-OI 2.01ISE-O:j 1.95J4f-01 I.Z01HE+03 4.0954E-05 3.3309E-02 
liB 7.2025t::-Ol o.2837E-OI 2.0115E:-05 7.9534E-ol 1.2018E+03 4.0954E-05 3.J309E-02 
49 7. 202!>E- 01 t..28371:-01 Z.011!JE-057.9534E-OI 1.2018E+Q3 4.095/iE-05 3.3309E-02 
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