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COOLIUG AND PERFORMANCE TESTS OF A COUTINEUTAL 

A-75 ENGINE 

By Herman H. Ellerbrock, Jr •• and Robert O. Bullock 

SUMMARY 

An investigation ha s been started by the NACA to de­
termine the p erfor ma nce of a small airplane with two Con­
tinental A-75 air-c ooled en g ines enclosed in the wings. 
The object of the r eported tests was to determine the 
quantity of air and the pressure difference required for 
satisfactory cooling of the engine at s ea level and at 
altitude. The engi n e cylinders we re co mpl etely baffled 
and the step s tak en to obtain a satisfactory set of baf­
fles are described. 

The position of the carburetor and the oil sump be­
low the crankcase of the Co nt inental A-75 en g ine appreci­
ably increases the thick ness of the engine. The use of 
modified intake and oil systems de creases the thickness 
of th e eng ine to that of the crank case. Descriptions and 
test- result s are given of three modified intake-manifold 
systems. 

I NTRODUCTIo:vr 

The exposed wing nacelles of modern mu ltiengine air­
planes account for 10 to 25 p ercent of . the dra g of the 
airplane. As o the r source s of pa rasite resistance gradu­
all y are being eliminated, the necessity for reducing the 
engine-nacelle drag has beco me increasingly important. A 
refinement for multieng ine airplanes is the removal of 
the nacelles fro~ the wings and the enclosure of the com­
plete power p lant within t h e wing. An investigation has 
been started by the NACA to determine the performance of 
a small airplane with two Continental A-75 air-cooled 
engines enclosed in the wings . 
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Several problems are introduced with this type of 
engine installation. The quantity of cooling air re­
quired by the engine must be small in order that the wing 
ducts ' may be of such size as to introduce little inter­
ference with the aerodynamic characteristics of the wing . 
Accordingly, the baffles around the cylinder must be of 
such a design that the cooling air can be used to the 
greatest advantage. Because no air will be flowing o ver 
the crankcase. a provision has to be made to cool the oil. 
The exhaust pipes are a fire hazard when pla ced in the 
wing. and some method of cooli ng them is required. The 
oil sump and the carburetor of the Continental A-75 engine 
about double the thickness of the engine. 

The object of the present paper is to present the 
steps taken in developing a set of baffles for a Conti­
nental A-75 engine. suitable for us e in the wing of the 
projected airplane, and the cooling and pe rformance char­
acteristics of the engine at sea level and at altitude 
with these baffles. A description of the sy~tem used to 
cool the oil and tests with t~is system are given. A new 
manifold system designed and tested for use with the 
engines in the wings is described. 

APPARATUS 

The Continental A-75 engine (fig . 1) used in these 
tests is a four-cylinder. horizontally op p osed piston, . 
air-cooled engine rated 75 brake horsepo';<rer at 2600 rpm 
with a partial pressure of dry air of 29.92 inches of 
mercury and a temperature of 60° F in the manifold . The 
bore and the stroke are 3~8 and 30/8 inches, respectively, 
and the compression ratio is 6.3. The displacement is 
171 cubic inches and the recommended C.F.R. octane rating 
for the fuel was 72 or more. The engine was mounted in 
the laboratory on a specially constructed stand and was 
driven by an electric dynamometer. 

The cylinders were enclosed in sheet-metal baffles 
(fig. 2) that fitted tightly against the fins except at 
the entrance and the exit of the baffles . The engines in 
the projected airplane are to ' be used as pushers and for 
that reason the air is intraduced to the cylinde~s from 
the gear end of the engine·. The baffles did not project 
above or below the crankcase because the wing thickness 
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of the airp lane in which the en gine would be installed was 
just slightl y greate r than the crankcase thickness . The 
baff~es when first ma de ha d many flanged joints h eld to­
gether wi th bolts . Later, most of the jOints of the baf­
fles we r e welded, for reasons to be p resented, and the 
weld ed baffles are t h e ones shown i n fi gure 2. The en­
trance and the exit areas o f a baffle around anyone c y l­
inder were made approximately 1. 6 ti mes th e free-flow a rea 
between the fins. 

The c y lind er co o ling system co n sisted of an ori fic e 
tan k , used for mea s u ring th e quantit y of air, a centrifu­
ga l bl ow er, and a surge tank. The orifice tank wa s co n­
nected to the blower, and air ducts co nne cted the s urge 
t ank to the blower and to the baff les. A surge tank wa s 
installed in the inlet system above the engine to reduc e 
pulsat ions, and a t h in- plate orifice was used to measur e 
t h e air co n sump tion. The eng ine p ower was absorbed by 
the electric dynamometer and the torque was measured by 
dial scales. Standa rd test- engine equipment was used in 
measuring engine s pee d and fuel consump tion. The engine 
set-up is s h own in figure 3 and a diagrammatic sketch of 
the set - up is s hown in figure 4. 

Iron-co nstantan thermocouples a nd a potentiometer 
we re used for mea suring the cylinder temperatures. The 
thermocouples were made of O. 0 1 6-inch diameter wire , enam­
eled and silk-covered, and were pe ened into the c y linder 
head and spot-welded to the barrel. The temperatures of 
cylinder I (see fig. 1 for cylinder locations) were meas­
ured with 8 thermocouples on the cyli n der head, 6 on t h e 
barrel, and 1 on the flan g e. (See fi g . 5.) Thermocoup les 
were similarly located on cylinder 4 except that, in pl ace 
of a thermocouple below the botto m spark plug as ther mo­
couple 15 on cylinder 1, a gasket-type thermocouple was 
pl a ced under the top spark plug. A thermocouple was also 
located in the rocker box of cylinder 4 (fig. 5). Ther­
mocouples were placed o n c y linders 2 and 3 at the same 
loca tio n s as thermocoup l es 1, 14. and 15 o n cylinder 1. 

The tempe rature of the inle t cooling air was measured 
in the duct before th e ba ffles. The temperatures of the 
cooli ng air at the outlet of each barrel and head were 
separatel y measured . Each temperature was determined by 
a multiple thermocouple c on sisting of t wo t hermocouples 
connect ed in series. 
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The cold junctions of all thermoc6uples were located 
in an insulated box. Liquid thetmometers were used for 
measuring the cold-junctio'u temperature, .the inlet- air 
temperatures at the thin-p18te orifices and. in the in'let 
manifold near the cylinder, and the oil- in temperature . 
Iron-constantan thermocouples were used for measuring the 
temperature of the oil in the rocker box of cylivder 4 
and in the oil sump. 

The pressure drop across the cylinders was measured 
by total-pressure tubes placed in the air ducts before 
the baf f les. The tubes were connected to water-filled 
manometers. An inclined, w.ater-filled tube was used to 
meas u re the pressure 1n the orifice tank and mercury mano ­
meters were used to measure the engine inlet pressure and 
the p ressure in an exhaust pipe 1 inch from the port open­
ing . The air quantity to the engine was determined with 
a t h i n - pIa teo r i fie e inc 0 n j u n c t ion with a mu 1 tip 1 e ma no -
meter that indicated the total pressure in inches of mer­
cury and the pressure drop across the orifice in inches 
of water. 

METHODS 

Preliminary tests were conducted on the engine to 
determine the quantity of air required to obtain adequate 
cooling with wide-open throttle and an engine speed of 
2600 rpm. Various changes were then made in the baffles 
and in the oil-cooling system to decrease the quantity of 
air required for cooling. 

After the quantity of cooling air had been decreased 
as much as possible, tests were made in order that the 
performance and the cooling characteristics of the engine 
for any atmospheric ~ondition could be predicted . Equa­
tions h ave been derived (reference 1) in which th~ aver­
age head and barrel temperatures of the cylinder are 
given a s functions of t h e engine and the cooling varia­
bles. The equation for the head may be written as fol­
lows: 

~~--=--~I! = (1) 
Tg - Th 

where I 

I 
_ _ ~_J 
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Th average cylinder-head temperature, of 

Ta inlet temperature of cooling air, of 

effectiv e ,gas temperature, 

indicated horsepower 

5 

pressure difference across 
loss out exit of baffle, 

cylinder. including 
inches of water 

p avera g e dens~ty of cooling air entering and 

1 e a v in g fin s, p o u n d - s e co n d 2 per f 0 0 t 4 

Po density of air at 29.92 inches of mercury and 
024 70 F, pound-second per foot 

n', m, and K1 constants for a g iven engine 

A similar equation may be written for the barrel. 
Equations also 'ha'le been derived (reference 2) for tem­
peratures at irtdividual p oints on the cylinder head and 
ba r reI. T h us, for ate mp era t u rea tag i v en 10 cat ion 0 n 
the head the following equation may be written: 

( 2) 

w her e T his t he temp era t u reo f t'h e c y 1 in d e r he a d at 
x 

some one point . Th e o ther symbols have the same signif­
icance as in e quation (1) and m, n'. and Tg have the 

same values as i n e quation (1). A similaF equation may 
be written for i nd ividual barrel temp eratures. For most 
thermocoup le loc at ions it has been found that f1 (6pp/po) 

can be replaced by a constant. The ' effective gas temper­
ature, Tg • varies with spark s~tting. c arburetor-air 

temperature, exhau st ba ck pressure , and f u el-air ratio; 
for the present tests t h ese' vari a tions may be neglected 
except that with fuel-air rati~. The results obtained 
from a large number of tests for 'several c y linders (r ef -

- , " 0 
erences 1, 2. and 3) 'red to a choice of 1150 F for Tg 
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for t h e head and 600 0 F for the barrel with a ,maximum 
p o wer mixt u re. 

Th e c y li nder temp eratures a re expressed in these 
e qu a tion s in t e r ms o f ~pP/p o' Ta' and I. These rela-

ti o ns h i p s are u s e d t o determine t h e p ressure drop re­
qui red to cool t h e e ng i n e to a g iven temp erature when the 
altitud e and t h e horsepo we r output are known. 

In order to determine the constants of equations (1) 
and (2) and t h e constants for similar equations for the 
ba rrel and to determine the variation of Tg with fuel-

a ir r a tio. it is necessary to vary in turn the pressure 
dro p , th e indicated horsep o wer, and the fuel-air ratio 
wh i le t h e ot h e r e ngine an d cooli ng conditions are held 
co ns t ant. Such te s ts were conducted on the Continental 
A-75 e ng ine. In a d dition, tests were conducted at wide­
op en t h rottle with a maximum p o wer mixture over a ran g e 
of engin e s p eeds from 1600 to 2 60 0 rpm to determine the 
v a riation of mean effective p ressure and specific fuel 
consump tion with engine speed. A series of tests was 
ma de at wide-o p en thro t tle a n d 2600 rpm to determine the 
v a riation of p o wer and s p eci f ic f u el consumption for a 
r a n g e of fuel-air ratios. Th ese tests are n eeded to pre­
dict brak e f u el consumption and brake horsep ower at alti­
tude for mixtur es o the r t han ma ximum-po wer mixture. 

For a g iven t h rot t le setting , t~e p o wer a n engi ne 
dev e lo p s usu~lly i n creas es as t h e c y linder temp erat u res 
decreas e. Because t he p ower re qui r ed for cooling will 
i n cre a s e with an increa se in cooli ng-air weight. it is of 
interes t to determi n e wh ether the n et brake horsep ower 
(brak e h orsep o wer minus p o wer for cooli ng) will increa se 
as t h e t emp erat u re decrea ses. ' Te sts were t he refore made 
a t full th ro tt le an d a t an e n g in e s p eed of 2 600 rp m with 
maxi mu m- p o we r mixtu re an d ma x i mu m-econo my mixture to find 
t he v a ri a tio n of ne t b r ake ho r s e p o wer wit h quantity of 
cool i n g a i 'r • 

Gas o li n e co nfo r mi ng to t h e Ar my Sp ecifica tio n No. 
2- 92, g r a de 10 0 (10 0 octane n umbe r. Army method), was used 
for most of th e tes t s i n ord er to avoid an y detonation 
tha t mi g ht occu r du ri ng the hig h- p ower runs. A fe w tests 
we re made wi th a co mm ercial au to mobile gasoline of a p proxi­
mately 78 oc t ane num b e r to c ompare t h e performance of the 
e ng ine using this fuel wit h t he pe rformance using 100 
octane fuel. 
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The engine horsepowers given in this report are all 
observed valoJ.es excep t those in predj.cted performance 
charts. The friction horsepo ~ er was determined by motor­
ing the engine at the inlet pressures and the speeds used 
in the po wer PlUS. The method of computing the results 
is fully described in reference 1. 

PRELIMINARY TESTS 

The various sections of the first baffles were bolted 
together. A large gap was left between the baffle and the 
cylinder wall around the rocker boxes at the point marked 
A in fi~lre 6 so that air flowed over the rocker boxes. 
The baffles at the point marked E (fig . 6) fitted tight­
ly against the cylinder wall so that little air flowed 
over the flanges. Water was sprayed over the oil sump 
(fig. 19(a)) to cool the oil. 

The results of the tests with the preliminary baf­
fles, at wide-open throttle and 2 600 rpm, are given in 
table I, run 36 . Tn e hottest head, barrel, and flange 
temperatures were on cylinder 4 at the positions of thermo­
couples 14 , 4, and 1, respectively, sho wn on figure 5. The 
head and the barrel temperatures were considered satisfac­
tory but the flange temperature was considered slightly 
high and the quantity of air was too great. The air was 
leaking very oadly t h rough the bolted joints. 

Al n ost all of the joints in the baffles were then 
welded and the gap at point A (fig. 6) was reduced to a 
mere slit . Th e resu lts with these baffles are s h own in 
table I, run 47. The quantity of cooling air app reciably 
decreased co mpared with the quantity needed with the pre­
liminary baffles . The head temperature re~ained the same 
and the barrel temperature decreased 8 0 F. The tempera­
ture in the rock er -oox of c.y linder 4, thermocouple 31 
(fig. 5), increased from 27 6 0 to 312 0 F because less air 
was flowing over the rock er boxes with the welded baffles 
than with t h e pr e liminary baffles. All of the tempera­
tures were considered satisfactory except the flange tem­
perature , which was still high. The slit between the baf­
fles and the cylinder wall around the rocker boxes was 
next closed with a cementing mixture to determine the de­
crease in cooling-air weight. The results are shown in 
table If run 48. The rocker-box temp erature increased 
from 312 0 to 330 0 F, but all of t he temperatures were 
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' 6onsidered satisfactory except the oil-in temperature and 
the hottest fla.nge temperature. 

The water spray was next removed from the oil sump, 
and an oil cooler and pump were placed in series with the 
sump. Oil was circulated from the sump through the cooler. 
which was placed in a tank of water as shown in figures 3 
and 4. and back to the sump again. The results of the 
tests with and without the oil cooler at a lower pressure 
dro p t h an was used in the other tests are given in table 
I. runs 51 and 52. The oil-in tem~erature was decreased 
40 0 F and the flange temperature gO F. compared with the 
temperatures without the cooler. There were indications 
that the flange temperatures would decrease ap p reciably 
with a further decrease of oil temperature. 

The baffles were t h en opened wide at the flanges (see 
point B. fig. 5) and another test was made with a low oil­
in temperature (table I, run 54). Th e hottest flange tem­
perature was decreased from 346 0 F. run 48, to 317 0 F with 
an oil-in temp eratur e of 163 0 F and a cooling pressure 
dro p of 7.5 inches of water. Th e hottest head temperature 
was only 483 0 F. A survey of top and bottom flange tem­
peratures showed that all of t he flanges were approximate­
ly 250 0 F except the bottom flanges of cyli nders 2 and 4, 
which were a little above 300 0 F as shown for cylinder 4 
in table I, run 54. 

All temperatures were considered satisfactory and 
the rest of the tests were made with an oil-in temperature 
of approximately 1650 F and with the baffle set-up as used 
in run 54. 

FERFORMANCE AND COOLING TESTS 

Engine Performance 

The results of the tests with wide-open throttle for 
varying engine speed are given in figure 7. All values 
of mean effective pressure and horsepower are observed 
read·ing·s. The tests were conduct e d with the smallest 
quaht~ty of cooling air possible for adequate cooling. 
The ma~ifold ~ressure was less t h an atmospheric owing to 
the tl~op through the air-measuring ·system. The pressure 
decreased as the 'engine speed increased. For a given 
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manifold pressure and temperature, the brake mean effec­
tive pressure and the indicated mean effective pressure 
increased with an increase of speed within the range 
tested. The tests were made with a maximum power mixture 
and the results show that the indicated and the brake 
specific fuel consumptions and the fuel-air ratio remained 
constant over the range of speeds tested. 

The variation of power, mean effective pressure, and 
specific fuel consumption with fuel-air ratio at wide­
open throttle and at an engine speed of 2600 rpm is shown 
in figure 8. The power is a little greater in figure 8 
at the maximum-power mixture than that given in figure 7 
at 2600 rpm. This difference is due to the fact that the 
engine was a little eooler in the fuel-air-ratio tests 
than in the speed tests. The power remains fairly con­
stant for fuel-air ratios froID 0.07 to 0.085 but below 
0.07 it rapidly decreases. 

The fuel consumption for a fuel-air ratio of 0.069 
will be used hereinafter to denote the maximum-economy 
mixture even though the minimum specific fuel consumption 
is obtained with a fuel-air ratio of 0.065. The ratio 
used will be 0.069 instead of 0.065 because there is 
little difference in the specific fuel consumption with 
either ratio, and the power is appreciably greater with 
the higher ratio. 

The results of the tests to determine whether to use 
a small or a large amount of cooling air are shown in fig­
ure 9 for maximum-power and maximum-economy mixtures. The 
engine was operated at wide-open throttle and 2600 rpm. 
The curves show that, as the pressure drop across the baf­
fles is increased, the net power (brake power minus blower 
power) at the maximum-power mixture increased a little and 
then decreased slightly. For the maximum-economy mixture 
the net power slightly decreased. The temperatures appre­
ciably decreased with an increase in pressure drop. Be­
cause the net power is about the same with a high pressure 
drop as with a low pressure drop and because the engine is 
much cooler, which is advantageous for long life, the con­
clusion can be drawn that it is better to use as much air 
as possible without requiring ~ing ducts of such size as 
to interfere with the aerodynamic characteristics of the 
wing. When a low pressure drop is used, the maximum head 
temperature is about 500 0 F and the engine is called hot. 
When a higher pressure drop is used to reduce the maximum 
cylinder temperature to about 450 0 F, the engine is called 
warm. 
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The blower po~er was based on. lOO-percent blower ef­
ficiency because efficiencies of wing ducts as high as 
100 percent are quite possible. , This pheno~enon is caused 
by the fact that flow through such ducts sometimes affects 
the external flow about the wing in a beneficial ' manner. 
The efficiency is the rati~ of the power required to force 
the air across the engine to the power required due to the 
change in drag of the wing with the wing duct. If hot air 
is , use d, the II Mer edit h e f f e c t II will inc rea set h e 0 ve r- all 
efficiency to something greater than 100 percent. 

Tests were made with a stand~rd commer~ial fuel of 
78 octane number to compare the performance of the engine 
with the performance with 100 octane fuel, the spark set­
ting being the same for both fuels. Tests were conducted 
with a wide-open throttle for e~ch fuel with a hot and a 
warm engine. ~n addition, tests were made with a warm 
engine with the manifold pressure equal to the standard 
pressure at 8000 feet altitude. The results of the tests 
are , given in table , II. 

The values of horsepower with wide-open throttle are 
observed valves and those at part throttle have been cor­
rected to the temperature at 8000 feet. , i11th wide-open 
throttle the power decreased approximately 2.5 percent 
when 78 octane fuel was used as compared with the power 
when 100 octane fuel was used. With part-throttle opera­
tion the power remained the same. The decrease with wide­
open throttle is possibly due to the lower volatility of 
the 78 octane fuel as compared with the 100 octane fuel. 
At , full throttl~ the 100 octane gasoline is probably al­
most completely evaporated, whereas the 78 octane gaso­
line is only partly evaporated. At part throttle the , de­
crease in manifold pres~ure will increase the , percentage 
of 78 octane gasoline evaporated to almost 100 percent 

, and will thus cause the power developed by the two fuels 
to be nearly equal. 

Engine Cooling 

By ~eans of , the tests varying in turn the pressure 
drop ac~oss the angine and ' the indicated horsepower, ~nd 
with all other engine and cooling conditions constant, 
equa t io ns fo r t he a v.erage head an d barre'! temp era tures 0 f 
the engine were obtained. The temperature ~~ta on cylin­
de rs 1 a,n'd 4 were u sed to det ermin e the ave rage temp era tur e 
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because the r e was very little difference in the cooling 
of the two cylinders. The methods of o btaining the equa­
tions are given in reference 1. The tests were conducted 
with maximum- power mixture , and Tg fo r the head was as-

sumed to be 1150 0 F and f o r th e barrel, 600 ° F. For the 
head the equation is 

m - Ta 1 0 . 69 
.1.h 
------- = 0 . 03 1 - ---------.-
Tg - Th (6.pp/P O)0 . 37 

( 3) 

and for the barrel, 

Tb - Ta 1 ° · 6 6 
---_._--- = 0 . 075 -------------
Tg - Tb ( )0.51 

6. p p /p ° 

( 4) 

Fro m the equa tions and the tests in wh ich all of the 
eng ine and cooling conditions except fuel - air ratio were 
k ept constant, the effective gas te mp eratu re was calcu­
lated for each f u el-air ratio . The res u lts are shown in 
fi gure 10 for t he hea d and the barrel . 

Th e cooling d a t a for the te s ts made to establish the 
equatio n for av e r age h ead and barrel te mp e ratures and for 
the t e st s to det er mine t h e net po'JIl er wi t h maximum-po wer 
and maximum-econo my mixtures are correlated in figure 11. 

The ratios 
Tb - Ta 
--- - ---
Tg - Tb 

are plotted against 
Th - Ta 
____ 0 _ _ -

Tg - Th 
and 

and respectively. Th e ratio for 

t h e head is 1.87 and for the barrel is 1.294. The values 
of Tg for t h e var i ous f u el- a ir ratios were obtained fro m 

figure 10 . The h e ad data fall aro u nd a sing le line for 
all the tests, as wou ld be ex~ected . Similarly, a sing le 
line rep resents all the barrel data. 

Wit h the e xp 0 n en t s 0 f e qu a t ion (3), the d a t a for the 
hottest h ead temperature (on cyli n der 4 at the same loca­
tion as t h ermocouple 14. fig. 5) have been correlated in 
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figure 12 by plotting the left-hand side of equation (2) 
against 6 pp/po. The scatter of the data was found to be 
haphazard and no trend with any of the variables could be 
observed. The data for the hottest barrel temperature 
(on cylinder 4 at the same location as thermocouple 4, 
fig. 5) , ere plotted simi larly in figure 12, the exponents 
of equation (4) being used. For both h ead and barrel tem­
peratures , fl (6pp/p o ) in equation (2) can be replaced 

by constants that agree with former correlations of indi­
vidua l temperature data (reference 2). Although some of 
t h e data of figure 12 seem to be rather far from the 
curves, the lines dra wn represent the data very well. 
For instance, the temperature at the p oint farthest fro m 
the curve of head temperatures is only 3 0 F different from 
the temperature calculated by means of the equa tion de­
rived from the cu rve. 

The flange temperatures of cylinders 1 and 4 are 
plotted against average barrel temperatures in fig~res 13 
and 14, respectively. A line drawn (fig. 13) to repre­
sent a 1:1 ratio of flange temperature to average barrel 
te mp erat u re rep resents the data for cyl inder 1 accurately 
enough for all practical purFoses. The flange temperature 
of c y l ind er 4, however, was greate r than the average bar­
rel temp erature and did not vary directly with the barrel 
temp eratu re. as shown in figure 14. The flange tempera­
ture ' of cylinder 3 was app roximately the same as that of 
c ylinder 1, and the flange temp erature of cylinder 2 was 
a little less than that of cylinder 4. It is therefore 
possible, from equation (4) and figures 13 and 14, to p re­
dict the flange temperatures of the four cylinders for all 
engine and cooling conditions. 

The quantit y of cooling air passing across the cylin­
ders during the final performance and cooling . tests is 
given in figure 15 for various pressure differences. All 
the data taken fall along a single line, as would be ex­
pe cted. 

PERFORMANC E AND COOLI NG AT ALTITUDE 

From the foregoing tests the p erformance and the 
cooling character~stics of the en g ine at a n altituA~ of 
8000 feet have been calculated for wide-open throt~le ' and 
an engine speed of 2600 r~m. The engine is assumed to be 
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operated under s~ ch oonditio~l ~n the projected airplane. 
The curves in figure .7 showed . that .. with a maximum-power 
mixture, 66;5 brake hor~ep;wer w~~ " dev~loped at 2600 rpm 
and wide-open thr9ttle, at the manif old pressure and tem­
perature given tn the figure. The . back pressure was 1 
inch of mercury and the engine was hot. The power at 
8000 feet for a hot engi~e was thep determined b~ the 
formula that power . varies dtrectly as , the manifold pres­
sure and inversely as the square root of the absolute 
manifo ld temperature. For low altitudes this approximate 
for mula predicts power within a few percent of that pre­
dicted by more exact formulas. The man~fcld pressure and 
tempera ture at altit lJ. de were assumed to be that of the 
standard atmosphere (reference 4). The brake horsepo wer 
at altitude with a warm engine was determined by assuming 
that the variation of power with engine temperature wa s 
the sa me at altitude as it was in the laborator y tests. 

The fuel-air ratio and the indicated specific fuel 
consumption for maximum- power mixture with wide-op en 
throttle at altitude were assumed to be the same as in 
the tests with wide-op en throttle in the laboratory. A 
test was made in t h e laboratory to check this assumption 
by o~erating the eng ine at t h e same calculated power out­
put obt ained with ma xi mum- power mi xture at 8000 feet. 
The indicated f u el consumption for a given fuel-air ra tio 
under these conditio~s was practically the same as at 
wide-open throttle in the laboratory. The tests with a 
hot and a warm engine showed that the indicated fuel con­
sumption and the fuel-air ratio remained const ant. ,The 
assumption was made that such would be the case at alti­
tude. From the assumption that the me c hanical efficiency 
at 8000 feet was the same as at sea level, and the brake 
horsepo er and the indicated fuel consumption at altitude 
being known, it was also possible to calculate the brake 
fuel consumption. 

The pressure drop required ~o ~ool the engine at the 
calculated pow~r output at 8000 feet with a hot engine 
was obtained by means of t h e equation for the hottest head 
temperature, which was taken as 500 0 F. The cooling-~ir 
temperature was obtained fr o m the standard atmosphere 
tables (reference 4), and th e effective gas temperature 
was read fro m figure 10 • . The pressure droB being known, 
the ho t t es t ba rrel t emp ~ra t ur e , anO,:' the averag e ba rrel t em­
p~ rature were calcu lated . by means 9·f the equations previ­
ously mentioned. The flan4S-€ ~e.mperat-:J.res were .obtained 
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from figures 13 and 14, and the cooling-air weight was ob­
tained from figure 15. With the warm engine at altitude 
the assumption was made that the variation of the average 
barrel temperature with the hottest head temperature was 
the same at altitude as it was in the laboratory tests. 
The avera ge cylinder temperature with the warm engine be­
ing known, the pressure drop and the other pertinent tem­
peratures could be obtained by means of the equations and 
the curves. The performance and the cooling characteris­
tics at 8000 feet with the maximum-economy mixture and at 
sea level with the maximum-power mixture were determined 
in like manner . 

The results of the calculations are shown in figures 
16, 17, and 18. At altitude a very low pressure drop can 
be used with adequate cooling. The quantity of cooling 
air required is also low eno u gh so that it can be supplied 
by means of ducts in the wing. More pressure drop would 
be needed for cooling at sea level than at altitude but 
would be needed only for a short time during take-off. 
The results of figures 16, 17, and 18 show that it is per­
fectly feasible from cooling considerations to install 
these air-cooled engines in the wings of airplanes. 

MODIFIED MANIFOLD TESTS 

The carburetor of the Continental engine is mounted 
below the engine, as shown in figure 19(a). In order to 
install the engine in the small space provided in the wing 
of an airplane, the carburetor had to be relocated and the 
manifolds redesigned. Several arrangements of the mani­
fold piping and the carburetor location were tried before 
an acceptable modification was obtained. It was found 
that the slope of section A (fig. 19(b) should be gradual 
and that the junction point B should be as close to the 
carburetor as possible. Any deviation from this arrange­
ment caused backfiring and rough running, which was par­
ticularly noticeable when 78 octane gasoline was used and 
when the mixture was leaned. The best results were ob-
tained with the modification shown in figure 19(b). 

With a maximum-power mixture and 100 octane fuel, 
the performance with this modification of the manifolds 
was a little betteT, about 2 horsepower, than with the 
standard manifolds over a range of speeds from 1600 to 



NACA , Technical Note No. 916 15 

2600 rpm . With 78 octatiefuel the performance at some 
speeds was slightly b~tter than, and ~t other speeds was 
equal to , the perform~nce with ' the ,, ~tandard fuanifolds and 
100 octane fuel . When the mixture ' was leaned, with this 
modification to the manifolds. the performance at 2600 rpm 
with either 100 octane or 78 octane fuel compared favo r ­
ably with that using ' the ~tandard manifolds and 100 octane 
f'll e1. 

The starting ability of the engine was checked with 
these modified manifolds using 78 o c t ane gasoline . The 
control pos i ti o ns of the dynamometer we r e so set that the 
ma.ximum motoring speed was 250 rpm . Vo ltage was applied 
t o the dynamometer and , as so o n as the dynamometer started 
to turn, the voltage wa s discontinued ; during the interval 
of time that the engine continued to ro t ate , a~ attempt 
was made to start it . While the engine was cold, starting 
was difficult under these conditions be cause it was neces­
sary for the engine to tUrn over several times to fill the 
fuel line and the float chamber. The e ngine was started 
on the fourth atte mp t , and each s 11bsequent attempt suc­
c eeded . After the first successful attempt at starting, 
t he firing began at t h e end of the se c ond revolution of 
t he engine . The difficulties e n countered during the fi r st 
attempts probably could be eliminated by using an effi­
cient priming s y stem. 

CONCLUSIOl~S 

From the results obtained in laboratory tests of a 
Continental A- 75 engine it was found that 

1) The eng in e co u ld be cooled satisfactorily at sea 
level with wiele- open throttle and maximum-po v.' er 
mixture with a pressure difference of 4 . 5 inches 
of water and 1 . 06 p ounds of cooling air per 
s eco nd . 

2) From data obtained in t estd ' on the ground, calcU­
lations showe d that satisfactory cooling could 
be obtained at an altitude of 8000 feet with 
wide- o pen throttle and either maximum- power or 
maximum- econo my mixture wi th a pressure differ­
ence of 2 . 6 inches of water and approximately 
0. 7 5 pound of cooling air per second. 
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3) The net brake horsepower obtained (brake horse­
po~er of engine minus power required for cool­
ing) remaine d approximately constant at wide­
open throttle for a range of cooling-pressure 
difference s . 

4) For satisfactory cooling an oil cooler would be 
required to maintain the oil temperature at 
ap p roxima te ly 165 0 F. 

5) The power obtained with the modified intake mani­
folds. which were designed to reduce the over­
all thickness of the engine to that of the 
crankcase. compared favorably with the power 
obtained wi th the or igina l manifolds. 

Lang ley Memorial Aeronautica~ Laboratory. 
National Advisory Committee for Aeronautics, 

Langley Field, Va •• May 6, 1941. 
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TABLE I 

RESULTS OF TESTS WI'l'H PRELIMI NARY BAFFLES 

.~-
COOling_ [ Oil=~otte st Cooli ng Engine 

Powe r speed I 6pp / po Run system air we ight t em,?er - head t em-
a t u.re pe r a t ure 

(i hp ) I (rp~ (in. wa t e r ) (lb/ sec) (OF') (OF) 

36 Prelim- 7 8 .5 2 600 7 ,3 1. 58 212 493 
inaqT 

I baffl es 
I 

4 7 We lded 75 . 4 I 25 70 6,8 1. 38 202 493 
baffle s 

I 48 Leaks 79 . 4 Z O U 7,5 1.34 2 17 49 6 
i n I 
r ocker I 
boxe s 
s ea l ed 

51 Without 77. 5 2 51 8 5. 7 1.14 2 40 52 1 
oil 
c oo l er 

52 With 7 6 . 9 2 630 5. 8 1. 15 200 519 
oil 
c oo l er 

54 Baffl e s 75. 1 2 59 8 7 . 5 1.3 8 1 63 4 83 
opened 
a t 
fl ang<= s 

:Hottes t 
barre l 
t em~e r-

atu r6 
(OF ) 

3 62 

35 4 

346 

3 68 

3 62 

33 4 

Hott.est Coo ling-
flang e air tem-
t emper - per a t ur e 

a t u r e 
(OF ) (OF) 

350 94 

348 110 

343 94 

360 100 

35 1 98 

317 96 

1 
I _ __ _ ~-

!2; 
lP 
(') 

~ 

I.=] 
(t) 
() 

p' 
P 
1-" 
() 

Ul 
I-' . .." -. o 
c+ 
(t) 

~1 
o 

0:> 
I-' 
01 

I-' 
-.J 
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TABLE I I 

RESULTS OF TESTS ON FUELS OF DIFFERENT OCTANE NUUBERS 

[ Engine speed, 2600 rpm] 

I 
Brake Hottest 

Average 

Engi ne I Octane Thr ottle imep horse- head tem-
cylin-

number der tem-condi tion of fuel setting power perature perature 
(lb/sq in.) (oF) (oF) 

ifarm ---- 100 Wide open 115 . 7 65 .0 439 2 86 
Do - ----- 78 - - do - - 112.2 63 .0 436 276 

I 

Hot 100 - - do - -
I 113.2 63 . 6 490 313 ----- I I Do ------ 78 I p:rt - t;~o~ t~e 1l0 .6 62.0 504 304 

Warm ---- 100 

I 
89 .6 50.5 408 253 

Do -- - --- 78 I - - do - - 89 . 6 I 50 .5 420 265 
I I 
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Figure 2.- Baffles used on Continental A-75 engine. 
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Figure 6.- Top view of baffles. 
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Figures 16 and 17.- Performance and cooling characteristics 
of engine at 8000 feet altitude. 

Figure l A.- Performance and cool ing char - ~ 
acteristics of engine at sea m 

level with maximum-power mixture. 
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(a) Standard manifolds. 

(b) Modified manifolds . 

Figure 19.- Va~ious intake manifold systems tested. 


