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SUMMARY

A brief note de5criﬁes the use of the Fliegner numbers
(functions of Mach number and ratio of specific heats) for one=
dlmenSLOnél compress;ble fluld flow. It is shown that the
introductipn.of the Fliegner numbers simplifies theoretical
derivations for (l) iSentropic one-dimensional flow,

(2) normal shock‘waves, (3) adiabatic one-dlmenSLOnal flow in a
constant area duct with wall friction and (4) frlctlonless one-

dimensional flow in a constant-area duct with heat transfera
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NOTATION

A - Flow area (sq. ft.)

C ~  Specific heat ét constant pressure (6012 ft.~1b./slug
- =OR for air)

F{M) Fliegner (total) number (Eq. 1)

f(M) - Fliegner (static) number (Eq. 2)
(M) ~ Fliegner (impulse) number (Eg. 3)

M .. = Mach number

m - Mass flow (slug/sec.)

P - Total pressure (lbs./sq.ft.)

P - Static pressure (lbs./sq.ft.)

R - ©as constant (1716 ft.-1b/slug-®R for air)
s - Entropy (ft.-1b./slug-°R)

T - Total temperature {°R)

£ - Static temperature (°R)
v - Velocity (£ft./sec.)

5.';.'rffbéh$i£y (élug)cu.fta)

~ - Ratio of specific heaté (1.4 for air)

Subscripts

o - inlet condition

t - throat condition

X - condition upstream of a nofmal'shock
% -  condition downstream of a normal shock

¥ | - choking condition



. I, INTRODUCTION

. Compressible flow derivations and calculations are in general
tedioﬁs, but can be much simplified by using non-dimensional
floﬁ parameters of the main functional relationships. The
use of a mass flow parameter (ref. 1) was shown to expedite
calculations, and the present note illustrates the extension
to some prpblemg,. The Fliegner number (Ref. 2) represents
the mass ﬁlow parameter in honour of the experimentor who

first realized the choked nozzle flow phenomena (Ref. 3)



II, FLIEGNER NUMBERS

In steady, one~dimensional compressible flow of a
perfect gas, the Fliegner number based on the total pressure

ig defined as. (Ref. 2),

Tyl
m,CpT M 1 o 2(y=-1)
. Fliegner {total) Ne. = PF(M) = ——— = ___:[1 + M
AP Jy-1 2
.. (1)

where m 1s the mass flow, C_, the specific heat at constant

P
.pressure, T the total temperature, A the flow-area, P the
total pressure, < the ratio of specific heats and M the

Mach number. Analogously, the Fliegner number based on the

static pressure and that based on the impulse function per

unit area can be obtained (Ref. 4).

1
' : m|C,.T 2 '
- Fliegner (static) No. = £(M) = P . [l + -t Mé] ..(2)

ap Jyv-1 2

Fliegner (impulse) No. = I(M) =

' 1

mlc T . 2

4P R M y=1 o

- e

A(p+pvS) Jv-1 1+yM2 2
.+(3)

where p is the density and V the flow velocity. Figure 1 is

a plot of Fliegner numbers vérsus Mach number at v = 1.4 for

air. The total and impulse Fiiegner numbers reach their

maxima at M = 1,
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rF(M) max

F(1) = 1.281 (W)

100

- max

il

(1)

i

1.010 ...(5)

When.the M;ch number approaches infinity, the limit of the
impulse Pliegner number isz
Lim I(M) = 0.707 .o (6)
Mde o0
The static Fliegner number increases monotonically without

limit as the Mach nunmber increases,

I1l. ISENTROPIC FLOW

For isentropic one-dimensional flow, in which
m, Cp, T, P and 7y are constant, the pressure ratio and

area ratio can be written by applying Eqgs. 1 and 2:

P F{M) .

e " i) -« (7)
A P(1)

A—t: () ... (8)

where At isrthe throat area at sonic.conditioﬁs. In a de
Laval nozzle, Edq. 7 and Fig. 1 show that for a given area
.:atio, F(M) corresponds to two Mach numbers; one is suﬁsonic
for the convergent portion and the other is supersonic for thé

divérgent portion of the nczzle. Knowing Cp, T, P and A, the
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mass flow is determined from Ege. 1 and 4:

1.281 Ap P
m = . .(9)

&

IV. NORMAI, SHOCK WAVES

T, A,

Across a normal shock, for which m, Cp,

p + pvg, and <y are constant, the following equation can be

formed by applying Egqg. 3.

1(e,) = 1(My) ++(10)

where the éubscripts x and y denote upstream and downstream

conditions respectively. Equation 9 and.Fig° 1 show that the

impulse'Fliegner number, lying between 0.707 (Eq.6) and 1.010

 (Eq, 5).corre$p9nds to two Mach numbers; one Supersonic and

::thg_othersubsénic,_upstream and downstream of the shock

réspectivelye Eqﬁation 7 can be alegebraically simpiified to
> (v=1) M + 2 |

oy M2 - (v-1)

... (11)

The static and total pressure ratios across the shock are

(Egs. 1 and 2.)

Py | flw) ... (12)

Py £(My)

!




Py F(My)
.P-.‘ = A 0000(13)
x F(My) :
- The Rayleigh supersonic pitotwtube'formula becomes:
P
Ty o ElM) co. (1)
Px F(My)
The entropy increment due to the shock is
5 -8 p. T I F(My)
Y X g (X ) (=Y) - 1n .. .(15)
R Py mx E(Mx).

where R is the gas constant;, and Ty = T . Hehce, knowing M.,
e y |
Fig. 1 can be used to determine Mys pPressure ratios and entropy

- Increment for the normal shock,

V. FANNO PFLOW

' For the case of adiabatic one-dimensional flow in
a constant—area duct with wall friction {Fanno flow at constant

m,rT, A, ¢_ and v), if the entrance conditions {subscript o)

P
are known, and if the static pressure is obtained at a section,

~the Mach number and the total pressure at that section can be

‘determined. Eds. 1 and 2 give:

(M) = ié_”f?_)_ - ...(16)
>



Ehtering Fig. 1 with this value of £(M} uniquely determines

M and F(M). From this, the total pressure ratio is

P F(M.)
P 2! 2w o {17 )
o F(M) '
And the entropy increment along the duct is
S -8 P F{M)
o}
= 1n (=J) = In ...(18)
P F(M,)

. R
Equa?%on_lB givesra family of Fanno lines which may be
plotted on an entropy temperature diagram,

When the Fanno flow is choked (M = 1) at exit, the exit

conditions (subscript *) can be writter ass

Py - f£(1) _
P | £(M_) ... (19)
P, . FE(1)
Px ’F(Mo) oo (20)
S« - So . 1 (39) =.1n Fl1)

R Py F(M,) | oo (21)

Equation 21 fpr adiabatic flow shows that for a given Mo
(either subsonic or Supersonic)s the entropy increment_along
the duct reaches its maximum at M = 1 since F(l) is a maximum

value (Eq. 4).



VI. RAYLEIGH FLOW

For the case of frictlonlese onemdimensionai flow
in a constant-area duct with heat transfer (Rayleigh flow at
constant in, A, P +:pV2, Cp émd v), ﬁhe entrance conditions
can be used to determine the exit conditions at M = 1

(Bqs. 1, 2 and 3).

T 2 |
* (1) '
T, ==[zza;;] | | < (22)
Po'= f(l)I(MO) | o:n 0(23) ?

P, £(M))I(1)

Po _ B(1)I(Mo)
Px F(M,)I(1) | -o-(24)

The entropy increment becomes

1{1)
I(M,)

‘g, -8 P T, el
X% —1n () 7T = an E(L]
R Px’'"To F(M@)

[ ;Y%%: o )
053(25)

Since 'F(l)r and I(1) are at their maxima (Fig. 1), Eq. 25

gives the maximum entropy increment for a given M, (subsonic

or supersonic). In general the entropy change along the duct is:
Y+l _ |
s - 5o r(m) [ z(u) ¥ |
———— = 1n 0. (26) |
R F(Mo) I(MQ) _ ‘ |

' Equat:i.-on 26 gives a family of Rayleigh lines which may be

- pPlotted on an entropy temperature diagram.



In conclusion, Fliegner numﬁers;.as'ihtfoauced; do
‘not'aad éﬁggping new ﬁo the theory of cne-dimensiocnal com;
pressible f;uid fiow, but the application of Fliegner‘numbers
- simplifies the methematical derivations and célculations fo?
.ordinaiy flow (Ref. 5). In addition, as long as the fiow is
_one—dimgnéionalJat constant specific heats;_Fliegnér numbers
‘cap pe applied_;o flbw Processes with injection or extraction

of gases (Ref. 2)
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