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INTERNAL COOLING APPLIKD TO A I2 H.P. GAS ENGIIH,

Introductory.

The follcwing investigation was carried out
with a view to determining the feasibility of internal
cooling as applied to internal combustion engines. By
internal cooling, is meant the injection of water into the
cvlinder,by means of z mechanically operated valve or
nozzle,the several jets striking the cylinder walls,
valves,head and piston,and absorbing heat from them.

This investigation was prompted by accounts of
failures in large ges engines, (See the Mechanical Engineer
Feb.6b6th. ,Feb.13/I4)0f which the majority were due to
seized pistons,caused by failure of the cooling systems
When in large gas engines, (I2" bore or over)the cooling
system of the piston fails,the latter expands and seizes
in the cylinder,generally wrecking the whole engine,
Should the cylinder cooling fail however,less damage would
be done,as there would be no tendancy for the piston to
seize,and the failure would only result in a scorred
cvlinder at worst. In the small engine class,the piston
i not water cooled,but delivers its heat to the cylinder
walls, the latter being jacketed, When cooling feils in
an engine of this type,seizure of the piston practically
never occurs,becavse the cylinder and piston being of the
same material expand at the same rate.

The object of internal cooling as defined above
then, is to cool piston and walls from the inside,and in

case of failure of the system,little or no damage will
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‘he done.
The anplicaticn of this system is expected to
be of great hern@ it to owners and builcers of large gas
engines,by first cutting down the initial cost of casting
a jacketed:cylinder,and by avoiding the elaborate piston
cooling mechanisms. Futherriore,this system leads to greater
safety Irom breakdowns,makegjzggl¢ng canks unnecessary,
and the almount of cooling water used is reduced to less
than one peracent of that needed in present systems.
The objects of this investigation were:i-
(2a) To determine the quanﬁity of water required for the
gsafe operation of the engine.
(b) To determine the effect of the variation of the quane-
tity of water on the temperature of the walls,on the
thermal ahd mechanical efficiencies, and on the form of
the indicator card.
(¢) To compare the efficiencies of the engine with internal
and jacket cooling.
This‘report will be divided under the follewing
headings:-
Thecry appertaining to internal cooling.
Description of engine selected for trials.
Preliminary'trials with jacket cooling.
Final trials with jacket cooling and complete analysis.
Analysis of average indicator card.
Apparatus fitted for internal cooling.

Results of internal coolinge.
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Theory appertaining to internal cooling.

The fundamental principle on which internal
cooling depends,lies in the fact that heat will flow faster
from a metal to a liguid,than from a gas to a liquids
As an example,compare the efficiencies of a boiler and
a superheater.This case is not an exact parallel however
since the heat in the superheater flows from a metal to a
gas,but illustrates the difficulty with which a gas absorbs
heat«The efficiency of the superheater is as a rule only
about ene third of the efficiency of the boiler, the reason
being that the water absorbs the heat from the metal much
easier than the gas does. In the case of internal cooling
heat flows from the hot gas to the cooling water on the
walls,but not as fast as it does from the walls to the
water.

When we inject water into the cylinder of a
gas engine, the object,then,is to make it flow over the
surface of the metal, thus absorbing heat from the walls.
Should the water be injected in the form of a spray however,
the cooling effect on the walls will be lest,since the
spray will be partly evaporated in passing through the hot
gas. The effect of this,as was found in the experimental
trials, is to cut down the peak of the card to such a degree
that the area of the card is diminished. The proper point
in the cycle to inject the cooling water is during ignition,

since the heat returned from the walls to the working fluid

will increase the working pressure toward the end of exp-

ansion. The exact crank angle for opening,and the time of
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opening is an experimental determination,although partly
governed by the practical consideration of lubrication.

It is essential that the streams of water have the shortest
possible distance to travelithrough the hot gasj;and in view
of lubrication,that as little as possible of’the working
surfaces be touched by the streams. For this reason the
injection valve is opened about 20 degrees before dead
centre and closes not later than 20 degrees aftler.

Description of engine selected for trials.

The engine chosen for these thsts was a horiz-
ontal, four cycle,I2 H.P.Northey Gas Engine.df 81/2" bore
by I2" stroke. Governing is of the hit-and-miss type,
the exhaust valve being held open during a miss,and the
automatic inlet being locked in the closed position.'Ignit-
ion origéenally was by hot tube,but a jump-spark system had
been .installed with a timer of very broad range whieh gave
better service for experimental works The fuel used on the
tests was city gas with an average calorific value of
523 B.T.Us per.cu.ft. The mixing valve was of the simplest
type,being nothing more than a flat check valve covering
air and gas ports;the only adjustment being a valve on the
gas main. A large rubber bag was inserted in the gas line
between the engine and the gas meter to steady the flow
of gas through the meter,and also aid the engine in getting
gas on the suction stroke. A Crosby Gas Engine Indicator
was connected by means of a water cooled jacket. Thermomet-
er plugs were pléced close to the jacket on water inlet

and outletyand the cooling water was weighed in a tank
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on scales. The brake used was made up of narrow hard wood
blocks with a strip of leather belting screwed to them,

the ends being fastened in a frame which rested on scales.
This form of brake was found to be much superior to the
ordinary form of rope brake since it was possible to obtain
1ightef loads,as Well as a steadier regulation. During

all triales a Junkers Calorimeter was used with a connection
to the gas main beyond the meter.

Preliminary Trials with Jacket Cooling,

©ince no results of the best working conditions
of the engine were obtainable,an exhaustive series was run
to determine those conditions. The variable conditions were
ISOoand I80°jacket outlet temperature,and different stren-
gths of mixture. As to the latter,the only way to epnumerate
conditions was by different openings of the gas valve,
which had a pointer and a graduated segments In the follow=-
ing sets,#3 signifies the gas valve to be wide open,and #5
to be half open. This sequence of numbers however does not
bear out with the cubic feet of gas used per.hour,on account
of the varying calorific value of the gas. The results of
the preliminary irials showed that the more efficient jackst
temperature was 180? It is possible that a higher jacket
temperature would be still more efficient but is not regar-
deéf%ractical on an engiﬁe of this size and type, Fig.2
shows the thicrmal =fficiency on a base of valve setting,and
clearly demonstrates the advantage of the 180o jacket

0
temperature over the 150. Since the calorific value of the
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fuel was found to vary so much from dav tc day, ==t & more
common Lasc a3 chosan; that of B.T.U.'s per cubic foot of
mixture, and curves of thermal efficiency at fu1ll lcad are
comparcd. (see Fig. 3). To calc:late +h» noirts for this
last curve a2 volumetric efficiency had to be assumed, and was
taken as 85%. This value was kricvn to be approximately
correct under the full load conditions, from a few specimen
cards, although lizht spring cards "7:r: not regularly: tz2x2n
during %he preliminary *trials. Havinp completed the pre-
liminary tfials, the best running conditicrns were chosen
and the final €rials with‘jacket cooiin; were carried cute

v

Final Trials with Jacket Coolins and complete

analvsis.

Fer these trials a few cxitra appliances were
fitted; a . pyrometcr, to measure the temperzture of the
exhaust raszes directly under the exlhiaus® valve, (for position
see FPig. 12) and a sampling tabe on'the exhaust pipe near the
engine, tc collect the exhaust gas for analysis, The governor
was cetached, and the speed was pegulated by the brake and
a tacliciaiztzsr driven from the main shaft. The object in det-
aching the governor was %2 get the maximum possible power
and efficiency out of the enginsat normal sp=a2d, and to give
a2 more accurate reading of the pemperatures of the exhaust
gas; also, to make it possible tc ge%t a better sample of the
exhaust gas for ahalysis.‘ During these trials the Junkers
Calorimeter was operated continually and about twelve read-
ings were taken per.hour. Fé}*thirty minute trials wers

run over the range of gas valves settingsto insure a preper
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mixture being obtained at one of them, and tae jacket temper-
: 0
aturewas kept constant at 180.

Light spring iﬁdicator cards weres taken at inter-
vals during each +trddl to determine the volumetric efficiengy.
Specimen cards are shown in Fig. 4. On the light spring
cards it will be noticed that the exhaust drops very sudden-
ly)and.in some cases to the atmosphere line; while in others
the drop is less severe. This wave was at first attributed
to inertia in the indicator, but a spring of double the
strength was tried and the diagrams showed the same wave.
The greatest wave occurs after the vioclent explosions and
the milder ferm after the weaker explosions. The first card
in Fig. 4 at a 200 scale shéws the series of explosions,
and the first, second, and third light spring cards corres-
pond to the high, medium, and light pressures. The sudden
drop of the exhaust pressurey and the wave in the exhaust
line, is caused by inertia of the exhaust gases in the
exhaust pipe. Results bearing out this explanation were
found in a two-stroke cycle, motor-boat engine. When run-
ning at a constant load and about 650 R.P.M., the cut-put
on the exhaust pipe gave an increase in power, but at 800
R.P.M. and over,maximum horse-power was obtained with the
exhaust passing through the muffler, and the use of the
cut-out proved a disadvantége." This would seem to show that
waves Were set up in the exhaust pipe and muffler and could
be used to advantage at speeds which gave the proper wave.

Conditions as stated above however can only be found by
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experiment,as so much depends upon the design of the valves,

ports,and obstructions in the exhaust line.
The results of the exhaust analysis which was

mede during the final trials are as follows,-

co, 4.96% by volume,
0. 12, Is%n n
co .06 6% n o on on
N. 82,824%" n

An analysis of the ciiy gas was obtained from
the Montreal Light Heat and Power Company and is as follows:i-

Coal Gas,?O% by vols and Carbureted Water Gas 50%'by vOla

Coal Gas Water Gas Per.Cent of total
Co, 2.6 5.4 | 3,45
ng 3.2 12,2 5¢9
0. 0.8 0.6 0.74
co 8.0 2744 13.8%
CH, 30.5 16,0 26,15
H,  49.6 32.5 44445
N, 5¢3 59 5.48
Gas analysis as a check on the excess air:-

Let a = A% Cco By Burning:-

b = % CH 200 4-0, = 2C0,

c = % CH, Volumes I +I/2=1

o
n
RSN

x

CH, +20, = CO,* 2HO

e = % 0, " I +12>1+2
f=< % N, CH 30, - 20Q+ 210
g = %‘ Cco n I+3 =242
2
2H,+0,=2H0

" I 1/2 .
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Therefore for a perfect mixture
Total CO}= (a+b+zctg) =A
" HO = (2bezc+zd) =B
A perfect mixture—additional oxygen = ({a-&b+3c+id-2)=C
and nitrogen with additional oxygen =79/2I C
thersfore total N,=79/2ICHf mmmu~ D
Let x excess air in cu.ft./cu,ft. of fuel gas.
Then total Q,=0.,2Ix
" "

N, D+ 0.79x and exhaust gas in cus.ft./cusfts of

fuel pas=A+sB+D+x

A
Therefore in analysis of exhaust gas COpz ———— ~-«(I)

A+ D ex
O¢2IX

0,=
AxD+4+x -~ (2)
D4+0,79x

N,= ~==(2)
A« D+ x

By substituting values from the above exhaust gas analysis
the x of equations (I) gives 3,57 cu.ft,/cu.ft. fuel gas.
"ox " " (2) " 34553 " " " "
"nox o omow (3) " 3.46 M " moow
Average value =3.52, This value is probably the
most accurate as it is practically the same as the result
of equation (2),which is worked from the 0, analysis of the
exhaust gas.
The theoretical air needed for perfect combustion

is obtained as follows:-

(ZH+ 5.9% by vol., Vols. req'de=3 vola of 0,=17.7 Z

co 13’83 " " " ”1/2 ] " 6‘91
CH‘F 26, 15- n n " 2 " " 52.3
Hu 44445 n n ] I/2 " " 22423



Total 0, req'd. =99.14
99,14

Then theoretical air- = 4¢71 cu.fte/cu.fte. fuel gas.
21

Then total air per stroke =4.7143.52 = 8423 cu.fta/cu.ft.gasq

By light spring dilagraui-
Gas /hour = 220 cu.ft. explosions/minute = I04+5
temp, mixture entering cylinder = 67.2°F
Cu.ft. gas/expe=0+,035 Specific vol. of gas =30 Clie fte/1bo
at 32%,0r 32415 cueft. at 67.2°F. Therefore weight of charge
= 0.,00I9 1bs, Temp. of exhaust gases by pyrometar= 307°F
Vol. cf exhaust gases at this “smpas = clearance +9«65% of
displacemente= 0.I2I4 +0.,0358 = 0,1602 cu.ft.
Vol; of mixture taken in= Volumeiric Efficiencyx Displace=
mente= 0.8599 X 044025 =0,3460 cus.ft. Hence vol.of air
taken in=063460 = 0,035 = 0,3II cuefts
Then total air pers—stmelte =8.088 cu.ft. per. cu.ft. of fuel
gas,

The small di§£%greement in these figures may be
accounted for by inability to measure the correct volumeiric
effictency,either through personal error or error in the
indicator. It is also doubtful as to the accuracy of the
exhaust gas analysis. A D!'Orsat apparatus was used and had
been freshlyrcharged,givihg very constant results. The ana-.
lysis of the fuel as furnished by the company was quite
possibly an average value,as the calorific values are secen
in the results of preliminary trizls to vary from 622 B.T.U.
to 498 in the final trials.

The calorific value by analysis is as follows:w
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% Ty vola B.T.U./cu. fte
CH, 5¢ x I600 = 9440
co 13,83 ¥ 339 = 4690
CH, 20415 X ¢60 = 25I00
H, 44e45 % 795 = 13100
5233 BoT.U./cu

at atmospheric pressure and 32°F. ft.
At 60° for comparison with values obtained with calorimeter,
492
calorific value = 523e3x —— =495 BaT.Us/cuefta
520 T

Analvsis of Average Indicator Card.

et ——————s

From the final trials with jacket cooling twelve
cards were selected at random,and the average ordinates
plotted to an enlarged scale« The points of beginning of
compression and beginning of suction were averaged similarly
from light spring cards, The temperature at begirning of
compression was calculated as follows:i=

Inlet mixture tempe. 67+2°F

Volumetric Efficiency 85.9%

Clearance volume 0.,I12I4 cusfta
Displacement 0.4025 "
Gas pere hour 220 "

Explosions per, minute 104.5
Cu.fts gas per. explosion = 0,035 Cu. fta
Specific vol.of gas at 67.2°%= 32,15 " //‘h
Hence weight of gas peras suction stroke = 0.00I9 1bs.
Average temp « of exhaust gas by pyrometer ( for position
see Fig. I2 )::807°F.V01. of exhaust gas at this temp.=0¢1602cqf%.

Vol. of mixtur= taken in=Vole Effye x Displacement = 0. 3460 o...-f('_
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Spe. heat of exhaust gases taken as .24
Vol. of zir taken in= 0.3460 —0.0%5 = 0,311 cu.ft.
Hence 1lbs. of air taken in = 0.0235 lbs.

Assuming the exhaust gases to be cof the same density as air
520 % 0.1602
their weight would then be= = 0400503 1bs,
I267 x 13409
Let W =weight of mixture including burnt gas

trapped at beginning ¢f:compression. —r—————————"0
W, =Wts of fuel gas,and S 1its specific heat.

Wy= " n air, " S1 " 1t "

=" " burnt gas, S " n n

3 3

Then Wﬁ’%*‘%ﬂ'wg Let t.,t ¢ t,=corresponding temps. abs.

2 ) Z)
= T,( x

and WM 1:“1 Sm W, t‘xSS—i-W_Lx ‘i %:"Ws"t{( S3
To find §3- W S:= W S+ W S+¥ §

therefore Q;:0.235

Hence t ©654,99F abs. W,5(0.00I9
N e ——— .
{0.0215
0.00%
0.0304 )bs.

By setting off the clearance volume at absolute
pressure the distance from zero to minus fifteen may be taks
en to represent 6508F abs,,and hence a temperature scale
may be plotteds By drawing radial lines fromn absolute pres~
gure and zero clearance to the actual pressure scale, actual
‘temperature points will e Ffound Ty dropping perpendiculars
from a horizontal pressure line, to the radial lire from
the same pressure. As a compar#ison, and to determine the

manner ¢f heat flow, to,or from the walls, adiahatic curves

c¢cf temperature and volume are shown on the same figure.

These addabaticsare taken fromthe theoretical curvesat
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variable specific heats shown in Fig. 1,

The maximum teuwperature obtained was 2170 O Fuh,
absolute, and was found to drop during thie expansion to
1800°F, abs. The corresponding pressure droppeg€ sitarting
at 100 1bs./sq.ine. lies most of the way under the actual.pres—
sure drop, showing signs of after-burning. It is possible
that a pressure line starting at & lower pressure,say
140 1bs./sq.in. would lie abowe theactual, as one tested
from 170 lbs./sq.ins fell very much belcw the actual all of
the way. Theradiabatic pressure line plctted lies nearest
to the_actual.»Of the compression curves, it will be noticed
that the actual rises from the adiabhatic very 5uddenly
towards head end, and is explained by the fact that the
cylinaer héad, clearance volume, and piston, were incrusped
with carbon deposits which hindered the heat flow through
the walls., Hence, when the piston was slcowing up itowards
head end, heat was returned to the compressed mixture,
raising its temperature and pressure.

A Temperature EBntropy .diagram was constrﬁcted
from the Average Card to show also, the manner of heat flow
during the different cycles. Owing to thie number of stages
of calculation and measurements necessary to obtain this
diagram, it was not thought practicable to obtain from it
numerical values for heat flow in the different stages.

The diagram shows owever, that during compression, (a Lo k)
heét is being lcst #..te - the walls, or by leakagec. This
probably expiains tiic ocloll temperaturz cuove for compress-

ion in fige. O, which it will be noticed, lies below the
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adiabatice From ¢ to d on the expansion line, heat 1is
being suuvpliede Tris eficct is siiswn clearly on both diagr-
amse

As a demonstration of the effect of variable
valve of

- 3

specific hsats,and to determine the n in the equation PVL K,
the exponents of P and V were plotted from the actual exp-

ansicn curve.( See Fige 7 )
n n lecgeP-10g.P,
PV = BV, therefore n= =slope of curve.
logV, -10g.V,
It will be noticed that the slope of the curve becomes stee-

per as thne volwne incrsases,meaning that the value of n bece
omes less,and that the effect of the tewmperaturs on the
specific heats is also decreasinge A dotted line is shown
and represants approximatesly the average value for n during
expansione.

Very low values for n wv2re2 obtained,varying from
3-175 at hhe beginning of expansion,to 1.025 at the =nd of
expansions These low values are probably duc tu the large

clearance volume,and low compression,

Apparatus fitted for Internal Cooling Trials,

Owing to the design of the engine used foy the
trials, it was found to be difficult to design the apparatus
necessary for interunal ccolinge Had a can shaft along the
side of the cylinder bsen @vailable,and the design of *re
head similar to moderh design,the problem would have been
much simplified,since it would have been possible to install
a mors compact alparatuse Under sne prevailing conditions

however,a small water pump (See FigelO)was fastened to the
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frame of the engine near the main bearings,and driven by

the exhaust caite The pump discharged into an accumulator,
which was fitted with a water glass and pressure gaugss

(See Figell) The accumulator fed directly to theinjector
valve,which was placed in the head of the cylinder, (Piga8)
The injector valve was placed through the water jacket of the
head and held in place by a shoulder butiing against the
inner wall,and a follow-nut in the outer walls The operat-
ing lever was held in a bracket fastened under the cylinder-
head holts, The timing of the injegtor valve was accomple
ished by the mechanism shown in Fig.Ges A pin placed in the
exhaust rod ,operated through a finger,the contact luge

In the figurs,the contact lug is shown in the releass posite-
ions The exhaust v:z1v> is being held open by the governor,
and the pin on the exhaust rod nolds the lugz in such a pos=-
ition . that the cam lever will not operate its When the exh-
aust valve closes previous to an explosion,the contact lug
is thrown into position,and is hit by the camelever. A
steal wira conmscts the contact lug and the operating arm
of the ianjeciur valves The cam wiich operates the wvuilve is
placed on the faez of the exhausy cam,-1d can be adjusted
for any angle of opening. A small blow-off valve is placed
in the bottom of tis accumulator and serves s an adjustment

t0 the water prissurs of the accunulators
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Results of Internal Cooling Trialse

All parts of the apparatus fitted for the inter-
nal coolihg trials were made in the University Shops,and
wers not complated until late in Marcuns These parts were
assembled,and the dngine was first started on March 28th,
It then being so lat:e in the term time was not available to
procure a complete set of trials which would fulfillthe
objects of the investigation as stated in the introductorye.
In the trials which wers run,however,the engine worked well
uhder all loéds,and it was found to be easy tc regulate the

temperature of the walls.

from which

The part of the apparatub,most trouble was eXygecCe=
ted £=e=m was the spray nozzles The first nozzle was made in
the form of a cap,with a hollow ring into which the wmater
flowed after passing under the valve, OSmall holes,10 in nu=
mber,were drilled into the ring with & no.60 drill,and
positioned in such a manner, that three jets would hit the
cylinder hzsad, three the piston,and four the barrels One of
the latter was directed into the exhaust port and hit the
ﬁall just above the exhaust valve.

The temperature was at firet regulated by keeping
the water pressure in the accumulater at about 180 lbs./sq.ﬁl
and adjusting the amssount of opening of the injector valve.
A better manner of adjustment was found later by throttling
the water supply to the injector valve,and keeping pressure
and valve opening constants With this latiter method less
water consumption was noticed,and at the same time the

indicator cards increased ih sizes The explanatdon of this
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fact was found after the trial,when the cylinder head was
backed off several inches and the action of the jets could
be seen., By'throttling the water supply,the jets were not-
iced to be less violent,and with a proper degree of throttl-
ing could be made to just reach the walls without splashing
back from thems When the flow was open)however,the jets
were very fast,and would break into spray after hitting the
walls, In this way,thescreater part of the water injected was
being evaporated by the gas direcitly,and not absorbing heat
from the Wallsjwhile with the throttiing adjustment, the
spray was cut down and the water would run dowvn the sides

of the walls,having a gréater cooling effecvs As a remedy
for»the'%oo-viciou;‘jets,a Plug was placed in the water line
with a small hole drilled in its The size of the hole was
found by experiment,and gave the same effect as throttling,
allowing a range of pressure in the accuuulator frou 15 to
lOOlba./sq.in. A new spray nozzle was then fitted,hafing
only seven holes in it instead of ten., Two jets were dir-
ected into the cylinder head quite high up and two on the
piston,while the remaining three hit the barrel and exhaust
porte During all of these trials,the cam governing the
~time of admission was set to open on dead centre. Finding
that the engine worked well under these conditions,and that
a full opening of the valve continued for 40°,it was thought
advisable to advance the operating cam %o give an opening
20° ahead of dead centre;thereby shortening the average
disvance for strseams to travel to cool the pistons With -

this final adjustuent the following $edarcsults were obtained.
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Cubic PFeet of Gas per. hour =---37¢%
Calcrific Value of Gas =eww-=wu-u52305 (BeToUe/cuefte)
Ignitions per. Minute =wewmeeww-104.2
Mean Effective Pressure —-----=-74s3 1bs./s5qein.
Indicated Horse Power —weew--- -=~=1l%e4
Brake Load —cevecmcrncomecncmeee— 100 1bse <
Brazke Horse Power =w-cwweecevce-wwl0.1 |
¥echanical Efficicacy -"-"“*”—--75a5%
Thermal Efficiency (I.HePo) -=---17.4%

" " (B+HoPo) =w=w13.2%
Cooling Water/I.H.P, /hour ==w-w=2,85 1bs.
Temperzture of Cvlinder Head --=275°F (1/8" from inner wall)

Svacimen cardec for this trial ere so.un v Fire
13. The increased nower davelcped under full licad conditions
is explained by the lisvt swiing cards,which show a marked
increase in volumetric efficiency, Devaloping maximum norse
power wita jacketu cooling and with the goveraor in cperation
the -volumetric efficiency averagaed 55%;whila with internal
cooling an eflicienecy of 96%’was obtainads The overall theww
mzl ¢efficiency is only bettered in one instance in the prelim
inaryv ctrials vhich makes it seem pozuv.ole that higher efficiene
cies night be obtained in a complete series of tesis,

As to thie conditions of the engine after being
coolad by this system it was found that the cyvlinder was kept
very clean; in fact all denosits which had been on the foca
of th: wiston and clzaruice arsza at beginning of triale

avbsolutely disappear~d cf+or 2 short run. As a test of the
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affect of this system on the condition of thes barrel and
clearance area,the encine was given an excess »f 0il ana run
withont wetar for a few minutess,after which the surfacss were
found to be gncrusted with a cerhnrn deposit. On starting up
again the jet was turned on and after a short run the head
was again removed and all traces of deposit had disappeared,
The working surface of the barrel,however,vas still smeared
with o0il showings fhat lubrication was not affected in the
leasts

Thé temperature of the cylinder walls could be
governed easily by altering the ammant of opening of the
injector valve. Under light loads the temperature could be
kept as low as 1509F,but full load could not be obtained with
a temperature less than 275°F, Temperatures as high as 350°F
were obtained and had no bad effects on the working conditions
of the engine. No trials wers taken at this temperature
however as the paint was begirning to burn off the cylinder,
It was also noticed that no preeignitions occured when the
spark was cut out and the gas left on.

On starting the engine,the injector valve should
not be in operation,as very little water .will. stop it when
cold. When above 2759F however,excess water had no effect on
the burning of the mixture. No trouble was experienced with
water oh tre spark plug since it was placed at the bottom
of a deep port in the cylinder head and wasz not in the direc—
tion of a jet,

Photographs are included in this report which

snow the engine and 1ts esquipment.
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As far as it was possible to carry this inves-
tigation,and with the results obtained,it would seem that a
very valuable field had been opened for further experimente
Up to this time,very 1little work has been done on internal.
cooling,and the only trials of a similar nature were carried
out by Professor Hopkinson at Cambridge,;Bngland. His
experiments havs been s0 successful that an engine with a
jacketless cylinder is now in operation at Cambridge.

( A description of this engine will be found in "Internal
Combustion Bnginsering",ldarch 1914). When this investigation
was commenced,a very incompletes report of Professor Hopkinsons
trials had just been published in the "Mechanical_Engineer",
and the only figures civen were for water consumptions

The values given were 2.4 lbs./H.P./hour. This value was
made use of in designing the apparatus used.

As a plan for further investigation,I would
recomend a complete series of tests to be run,to determine
the most efficient temperatures and adjustments. It would
also be possible to experiment with a new cycle of operation
that ¢f having a firing stroke followed by & stroke in which
steam generated by the heat ol the walls was the working flqki
This system could probably be developed to advantage in a
two-stroke cycle engines. A series of such tests would be of
great advantage to the engineering world and the possibilities

in this direction are great.



Results of Proliwinary snd Final Trials.

Index No.
1 Trial Mark
2 Valve Setting
3 Duration of trial (minutes)
4 Gas pers hour (cueft.)
5 Ravolutions p=re iaine
6 Jacket Temp,inlet (F°)
7 " " outlst "
c Explosions pers mine
9 Mean Effective Pressure (1lbse/syeiile)
10 Indicated Horss Power
11 ~ Effective Brake Load (1bss)
12 Brake Horse Power
13 Mechanical Efficisancy (%)
14 Gas per. B.H,P. paras hour (cueft,)
15 Calerific Value of Gas (BoTaUls, Coute)
16 Thermal Efficiency,on the B.HoPs (%)
17 " " woon JT.H.Ps ¥
18 Efficiency Ratio (%)
190 Tempe. 0of Inlet Gas
20 " " n Air
21 " " Exhaust Gas
22 Volumetric Efficiency (%)

2 : ' ; 1
5 Welght of Cooling Water (1bs.)



Index No.

1
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e
N o

N
N o

P,1
8

30
325
205.8
5345
158
9548

75s1
12.1

100
G« 05
7447
3549
622

1143
15.2

1345
768

10.5
14.7

12.5

482

201
207.5
54
151
56;2
7646
7.44
50
4456
613

44.1

9429
1571

11,0
436

73.4 288
206.8 204.4
5623  53.8
151 179
1645 85.8
85.5 76.1
2,44 11.3
0 100
0 9,00
0 7947
0 32,0
0 12.8
13,6 16.0
12.8
143 388

226

206.7
5447
182

67,8
81.7
94 58

75
6.82

71lel

5341

12.3
1743

12.3

324

180
20746
59
185
50.5
77
6473
50
4456
67.7
3945

10.4
153

10.4
266



Index

1

ORI ) I - RN ] N

AVO RN ® o IR N

11
12
13
14

No.
P,2
7

30
289
207
54
146
8648
7445
11;17
106
9.1
81.6
31.8
575
12.8
15.8
15.2
564

227
205
5
147
67.5
7742
9,00
75
6476
751
3346

12;2
16.2
14.5
469

171
206
24
150
49.7
7945
6.84
50
4454
6644
3747

11.6
1645
13.0
366

153

21.3
82.5
3,04

© O O

260'
204

5447
178

89.6
6646
1043
100

8.87
97.3
28.9

15,3

17.5
15.5
298

208
205
5247
180
7249
68.6
8. 65
75
6.71
7844
5047

14.4
18.4
14,3
320

180

5244
182

5349
7047
6. 58
50

4.50
68.5
39.8

11.0

16.1
12. 3
223



Index No,

1
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Py3
6

30
300

-201

5549
150
95
62;5
10.2
100
8.8
8645

33,8
575

1%.0
15.1

155"

549

246
203
5449
150
792
64.6
8.8
75
6.7
758
3647
575
12,0
15.9
14.3
458

192
204
5449
150
60
658
6.8
50
465
6548
4246

575
10. 3

- 15.7

12.3
382

93
205
5644
150
24,8
737
3,1

5%6

15.0

216

288
205

5545

181

9347

7748
12.5

100
9.0

7108

31,9

550

14.0

1945

1647

340

7548
5345
550

13.8
1842
16.4

259

175
205
5748
179
5442
71.8
6.7
50
445
66e9
3848
550
11.9
17.8
14.2
300

205
6349
174
14,2
81
1.9

550
14,6

228



Index No.

1
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S A = R = S = I Y I S R WP
W0 N o N W N RO

P,4
5

30
295
195
52
150
94,6
59.3
97
100
8.6
88.7

. 3443

555
13.4
15.1
15.9
390

225
205
52
150
7941
63.8
8.73
75
6476
77+3
5343
555
13.9
17.9
16,5
362

172
205

150
61e7
62,5
6465
50
4451
67,8
3843
555
12,0
1747
14.2
229

205
55
150
22.2
68.7
2,63

555
17+2

112

233
204
52
177
791
6245
8455
75
5.83
68.2
3949
584
10.9
16.0
12,2

355

185
205
54
176
62.6
64;4
6494
50
4452
6541
4l.0
584

10.6

1643
12,6
218

64,8
206

57
175
1.4
69
2.31

584

15.5

84



Index No.

1 F

W 0O 3 O oUW

11
12
13
14
15
16
17
18
19
20
21
22

23

Cylinder Constant 0.001729

8

30
230
195
56.8
180
94
45.6
744
7548
64 52
882
36.8
498.1
14.5
14,45
17;2
69.4
7244
822
84.9
230

7
30
230
193.5
5148
180
97
4741
7+89
7646
6e52
82.6
3648
498,1
14445
17.5
17415
68
72.7
812
7942
230

Brake Constant 0.0044

30
220
209
513
180

10445

47.7
8.63
7545
6494
80.4
3147
498,1
16.1
20
16.1
654 3
69.2
807
8549

P

180

30
224
193.5
512
180
96.7
47,0
7.86
7345
6426
79.6
35.8
498.1
14,3
17495
16495

6748
804
83.6
166
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