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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL MEMORANDUM NO. 895 

THE POWER OF AIRCRAFT ENGINES AT ALTITUDE. 

By Paolo Ragazzi 

The consistent increase in flying speed i s perhaps 
the most outstanding feature of modern aircraft design. 
This rise is due in part to the progressive i mprovement 
of the aerod~namic characteristics of the air plane, and 
in part due to greater horsepower of the installed engines 
and the normal flying heights . As a result the airplane 
designer is iacei with the quest for engines capable of 
developing greate r pe~formance and at higher altit u de. 

Among the many problems involved in the development 
of high-powered altituie engines the prediction of engine 
characteristics presents many obstacles which increase in 
the same mensure as the p ower and the rated horse~ ower 
ceiling. As a result of this the last fe~ lears have seen 
numerous investigations in the attempt to find formulas 
and methods by means of which the performance characteris
tics established on the ground could be correlated to the 
performan ce expected at altitude. 

The conventional formulas and systems are accurate 
enough for engines of average performance and low rated 
horsepower ceiling, but not for eng ines with rated horse
poer ceiling .o f over 4,000 meters, as built today. The 
formulas are then quite inaccurate and fail altogether if 
applied to engines intended for 9ubstratosphere flying. 

The difficul ties are particularly great in an at
tempted comparison of the coolin g conditions of air-cooled 
engines at sea level with those at altitude . By the pres
ent state of knowledge this problem has not been solved 
satisfactorily; it may even be contended that our present 
technique does not rest on reliable data on the basis of 
which the results of engine-cooling flight tests carriod 
out at a certain flying speed and air density can be aceu
rately compared with the diverging conditions. 

---------------------------------------------------------------------
*"Contributo allo studio del comportamento in quota dei 
motori d'aviazione." Reprint of paper presented at meet
ing of Lilienthal-Gesellschaft flir Luftfahrtforschung, 
October 12-15, 1938, Berlin. 
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The efforts of numer6us able en g ineers in the attack 
of this p roblem have, to be s ure, increased our knowled g e 
enormously, but still fall short of gene rally applicable 
p ractical results . The reason for this lies in the fact 
that the formulas and coefficients are largely dependent 
upon the cylinder form and coolin g fins as well as on the 
type of cowlin g used, i.e" on quantities which chan ge 
from one engine to the next and are subject to con t inuo u s 
modifications and improvements. 

The subject of the p resent report is confined to the 
investi gations and methods employed by the Fiat company 
in their studies on the altitude performance of an air
cooled en g ine of the production type. These studies, it 
should be borne in mind, were not undertaken for the pur 
pose of obtaining scientific data or general formulas, 
but primarily to assure all the data necessary for unin
terrupted and constant progress in 'the manu facture of tho 
engine and to predetermine the operating characteristics 
in flight of new types . 

The experiments therefore have a more industrial than 
scientific character; but even so, it is hoped that the 
d escription of a complete test p ro g ram on a modern engine 
will contribute to the study of altitude performance of 
aircraft engines . 

DESCRIPTION OF TESTS 

Experimenta l Set-Up 

The altitude test stand, begun in 1932, (figs. 1 and 
2) has already been described elsewhere (Rivista Aeronau
tica, no. 5, nay 1 934). Ori ginally designed for water
cooled engines of 1,000 hp. at 5,000 m and ' fo r 500 hp . at 
1 0 ,000 m, and for air-cooled engines of 500 hp. at 5,000 m, 
subsequent improvements have made , it possible to accomodate 
air-cooled eng in es up to 1,000 hp . at 5,000 m at air 
speed s up to 350 km/h. 

Test-Engine Data 

Th e en g ine used for the tests is an air-cooled, 1 8 -
cylinder 2 -row radial, type A 80 Re 4 1 (fig . 3) with the 
fo llowing princ ipa l charact o risitcs: 

-~-----------------~~--~---~---- ~--------
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Bore and stroke 140 ' X 165 mm 

.Displacement 45,720 cm 3 

Rated r.p.m, 2,100 

Rated altitude 4,100 m 

Compression ratio 6 .7 

Rate~ sup ercharge ratio 1.6l. 

Ra te boost pressure 735 mm Hg 

Rated full power at 4,100 m 1,000 hp. 

Peak horsepower 1.100 hp. 

The total cooling surface of a cylinder is 0,8930 rna 
divided as follows: 

Cooling surface of barrel 0.3650 rna 

Cooling surface of head 0 . 5280 rna 

The design of the cooling fins and the disposition 
of the baffles can be seen (fi g . 4) . 

Mounting of En g ine on Torque St an d 

The engine was mounted on the stand with the same 
baffles ordinarily used, and so was the cow l ing. The ex
haust collector had the sam e Bection as employed on the 
airplane, in addition to an outside water jacket with 
which the cooling air was heated from t he engine direct. 

The cowling was fitted to the outlet opening of the 
cowling air nozzle by me~ns of a cDnoid so that the circu~ 
lating air passed across the cylinders. The engine shaft 
was connected with the ~rake by means of an . elastic coup
ling of the same polar moment of i~ertia as the regular 
propeller. The original intention was tQ co·nne ct a fan 
with the coupling so as to give the c~oling air the same 
turbulent motion as afforded by the regula.r propeller, but 
was drop p ed again because of the almost insuperable com
plications in the r easurement of the enGine performance. 
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Particular attention was paid to the instrumental re
cording of 

a) rhe total p ressure in the air inlet duct b efo re 
the conoid connecting the cowling, 

b) The static pressure in the test chamber behind 
the motor, 

c) The total head and the static pressure und e r th e 
cowling ahead of the cylinders . It was found 
that tnis pressure was practically equal to 
the static pressure and t hat t he velocity ef
fect can be almost completely neutralized or 
reduced to a simple turbulent motion. The 
pressure was comp~t ed from the records o f eight 
suitably arranged (ref e rence 2) p ressure re
corders, 

d) Total head and static p res s ure b ehind the cowling, 
measured as for (c). 

The cited pre s sure recorders were purported to give 
the pressures and velocities to which the t~mperature 
values during the cooling tests were referred. For com
parison with the velocity conditions encountered in free 
flight, it was decided to as~ume the velocity between the 
c y linders, which corresponds to the difference between the 
total p ressure before t he cO ll oid and the ~tatic pressure 
downstream from the en g ine as flow velocity. This is not 
quite exact, since the p ressure difference between entry 
and exi~ from the cowling is not merely dependent upon 
the air p lan e speed, but also on other factor s , such as 
t he cowling form, type of baffles, etc . But for the pur 
pose of our investigations the approximate values obtained 
on this p remise were sufficient . For more accurate ap
praisals, we refer to figure 5, which gives the presslre 
difference between air entry and exit from the cowling in 
relation to the recorded velocity as indicated above . 

other than these instruments, we used 

e) Thermocouples and special thermometers for cylin
der temperature, cooling air, air intake, mix 
ture temperature at cylinder entry and exhaust 
gases, 

f) An air flowmeter mounted outside, 

, 
~ 
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g) The customary other instrument s used on altitude 
t e st stands, such as revolution counters, flow
meters, exhaust-gas analyz ers, altimeters, 
pressure gages, etc. 

~X?ERrhENr s CONCERNING THE HORSEPOWER C~ARACTERISTICS 

Tne ehanee in power o f supe r char ged engines in rela
tion to altitud e is a pro blem of capital importance with 
which numerous i nvestigat io n s within the las t few years 
have be e n conce r ned . 

The p rediction of the powe r at altitude on the basis 
of sea-l evel data is gen erall y achieved by either one of 
two methods, on e derived from En glish , the other from 
N .A.C.A. researches an d experiment s . 

The N.A.C.A. method is based on the determination of 
the sea-level power with open t h ro t tle, either measured 
direct (but under abnormal operating cond it ions) or, if 
this is impossible, determined by extrapolation. 

The altitud e perforr: a nce is computed from the sea
level data by mea n s of s u itable formulas. This method 
has found widespread use in the United States for the 
lightly supercharge d engines built ther e during the years, 
because the low supercharge of the U.S. engines enables, 
by quick execution of the measurements, the determination 
of the sea-level power of t he en g ine without mechanical 
injuries. 

In Europe, nh e re fo r military r easons higher super
charging is customary, the English met:od has proved more 
suitable. In this method an altit ude depre ss ion box iQ 
hooked up to the air intak e a nd th e po wer computed with 

ell-known correction formu las. 

At times a comp oun d system is employed. The power 
at rated altitude is determined b y the English method, 
after which formulas starting from t he ra ted altitude gi ve 
the decrease in pow er with increasin~ height . 
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DISCUSSION OF FORMULAS OF REDUCTION OF POWER WITH ALTITUDE 

The best-known fo~mu1as are: 

which restQ on the relative air density. 

(N .A.C.A. Report No . 295) 

K = P 1 + 'r) Xl - Xl 
------ ,. 

Po 'r) 

(From Devi11ers: La Moteur a Explosion 1935) 

K=(O -~~) 
7.55 

(Formula by Gagg and Farrar, SAE Journal, June 1934) 

K := P z 529 + 15· 
Po 529 + t z 

(A) 

(B) 

(0) 

(D) 

(E) 

(Formulas of the Italian Committee for Aircraft Specifi
cations) Formula E is derived from formula A. 

In experiments with a liquid-cooled nonsupercharged 
engine in the Italian altitude test chamber, the follow 
ing formula was arrived at: 

K = P - 60 617 - t z z 

700 

(Aerotecnica,May 1935) 

(F) 

Experiments with liquid-cooled supercharged Fiat en
gines (A 30 RA and similar) in the altitude test chamber 
gave the formula 

---~----~---------------
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Substitution herein of the , valu~ of equation (1) for Pmpz 
giv e s ' for.m.ula (H). 

It should be noted that when applying the above for
mulas the engine power as well as the total ~ower losses 
at 0 altitude must be determined. 

For the A 80 engine with full throttle a~ altitude 
0, a pow e r of 1,625 hp. by a brake mean effe~tive piston 
pressure (Pmeo) of 15.24 kg/cm~ and a pressure loss 
(Pmpo) of 2.44 ,kg/cm a was established. 

The potential errors involved in measurements of this 
kind are deleterious factors in the application of these 
formulas as regards accuracy. 

Figure 6 illustrates the actual power drop starting 
at t h e rated altitude of 4,100 m in comparison with the 
percent of power drop at altitude 0 computed on the basis 
of formulas (A), (0), (D), and (H). 

The d egree of accuracy of the various formulas is 
readily a p parent . 

If t he power at rated altitude can be obtained di
rect (ei t her in altitude test chamber or by dynamometer 
hub in free flight), this power may be used as the start
ing point of the calculations, beginni~' with the horse
power at rated altitude inst~ad of with the power at sea 
level. In this case, the accuracy of the formulas is 
notir.e~bl v greater, as seen in figure 6, 

DISCUSSION OF CONVENTIONAL CORRECTION FORMULAS 

EMPLOYED IN TESTS WrrH ALTITUDE DEPRESSION BOX 

The formulas in the en g ine test specifications of the 
Italian ~ir Ministry, which a~e large~ p~tterned after the 
British (reference 3), stipulate that, to determine the 
power at altitude z, the power obtained ~t sea level 
from an altitude depression box at negativo pressure z 
must be multiplied by the following coefficients: 

Wz = Wo xl + 0. 0 0 0 63 p8 (t _ t z )5'29 + t (1 + _~ 2,60 - pz (2) 
529 + t z 100 35) 
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K = 
p - 85 350 - t z _____ z 

(G) 
67 5 350 - to 

which resembles F . 

From test s on air-cooled supe rcharged en g ines tested 
i n t h e Fiat altitude test chamber the following formula 
was developed : 

( 
Pmpo ) 

1 + - -
Po Proeo 

Pmpo · ( z 

+ (Fiat) 
Proeo Pmeo 

Her ei n: 

P z is air den sit y a tal tit ud e z 

Po' air don sit y a tal tit ud e 0 

Pmpo, mean p iston p ressure corresponding to the power 
loss due to parasite resi~tanc e in operation 
with full t h rottle at altitude 0 

Proe 0, mean effective piston pressure of en g ine op erat
ing with full throttle at altitude 0 

z , operating height (km) 

(, proportionality factor of equation 

Pmpz = Pmpo - (z (1) 

The above formula presents the chan g e with altitud e 
o f the mean piston pressure correspondin g to the power 
loss at sea level . For the A 80 engine, the value 

E: = 0 .0455 

was expe rimentally arrived at . 

Formula H rests on the assumption that the mean in
dicated p iston pressures at the vario~s hei gh ts are pro
portional ' to the -respective density, i.e., 

Pz Prnez + Pmpz , ::7 - (Pmeo + Pmp,o) 
Po 
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minUi error and that the relation between 
boost pressure and amount of mixture inducted 
into the engine (and hence the engine power) 
varies considerably on changing from the test 
conditions in the altitude depression box to 
the actual operating conditions at altitude. 

The verification of the change of this relation and 
of the accuracy of t'le individual factors of the correc
tion formula are treated next. 

EFFECT OF DECREASE OF EXSAUST BACK PRESSURE 

In nonsupercharged engines a reduction in exhaust 
back pressure is synonymous with an increase in effective 
displacement and hence in the horsepower, which is a func
tion of the difference between intake pressure and exn aust 
back pressure. 

In supercharged engines the variation in power is 
more complicatedly connected with this pressure differ
ence. A c h ange in pressure, o~ing to decrease in back 
pressure, of the bur ~ ed rest gases in the cylinder changes 
at the instant of inlet-valve open ing the conaitions on ' 
the outlet side of t he supercharger and hence it operating 
conditions. A chan~ e in a:r volume and boost ratio re
sult, i.e., the supercharger op~rates at a different point 
of its characteristic power curve. 

The increased engine power represents the algebraic 
sum of the following factors: 

a) Power gain resultifig from greater cylinder charge, 

b) Change of power absorbed by supercharger through 
increasad volwnetric output, 

c) Gain due to chan~ed pum?ing cycle. 

Two important observations follow herefrom, namely: 

a) It is not correct to employ the same formulas for 
engir es with and without superchargers, 

b) The test specifications make no allowance for the 
change in intake pressure resulting from the 
changed delivery volume at the different exhaust 
back pressures. 



N . A . C . A . T e c h 11 i ca l Me m 0 ran d um ~I o . 8 9 5 9 

Tnose three coefficients serve, as is known, at alti
tude z to account for 

a) The increase in the boost ratio of the supercharg~ 

b) Th e cnange in temperature of the inducted air 

c) The drop in exhaust back pressure. 

The method of check ing the total error deriving from 
the appl ication of altitude depression bo x es an d the rela
tive co nversion formulas was as follows : 

The eng ine was tested in the altitude test chamber 
under the s ame co nd ition s as in the test with altitude de
press ion box, i . e . , at a 7 60 mm Hg exhaust back pressure 
and 1 5 0 C. inta.ke-air and coolin g-air temperature . The 
charge p ressure a nd t h e p ower with fu l l throttle up to 
8 ,000 ill were comp uted by the official formulas . The above 
cited formulas are valid only up to 7,000 m, wh ile, for 
the sake of clarity, the tests were made up to 8 , 000 m. 

Subse quent ly the actual power and the charge pressure 
under oth e r wi se identical conditions were me asured on the 
altitude test stand under actual conditions of altitude 
operation. 

The findings of the two tests made at normal r.p.m. 
are compared in figure 7 . For other r . p.m. the curves ar~ 
very si milar . 

~n examination of the curves reveals two very signifi 
cant facts: 

a) The actual power decrease (curve E), beyond the 
rated altitude differs from that co mput ed on 
the basis of the test with altitude depression 
box (curve A). 

b) The actual rated boost p ressur e (735 mm Hg) is 
considerably below that establishe d on the 
basis of th e for mu la (765 mm Hg) 

c) In spite of this pressure difference the effective 
power at rat e d altit u d e is littl e diff e rent 
from t h at arrived at by for mula. Th is ind i
cates that the formulas lead to a substantial 
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Since this change i n boost p res sur e is a function of 
the del i v e r y vol um e, i t __ ll.e. t u .:r.9:.1.1;'i.--.i.§.._~~!l d e !li~!l-.!.h~ 
l~~~££~rch~£ger. From this it becomes clear that it 
is very difficu l t to establish a formula of general valid
ity accurately enough for all eng in es . 

The above cited pressure c h ange, which has also been 
treated by Gagg and Farrar (r e ference 4), afforded an ex
planation for many abnormal phenomena during the testing 
of carbureto rs with diffusers of different diameters on 
the Fiat altitude test stand; it also explains the defi
ciency in effectiv e charging pr essure observed on many en
gines in relation to that obtained by formula, which is 
particular ly notic eabl e in climbing where the auxiliary 
action of the dynamic p ressure is lower. 

VARIATION OF . CHARGE PRESSURE IN RELATION TO EXHAUST 

BACK PRESSURE 

For the determinati on or the effect o f exhaust back 
pressure on the chargin g pressure, the procedure was as 
follows: At 760 mm Hg. exhaust back pre s sure the engine 
was so regulated that the charging p ressure at altitude 
with full throttle a nd a constan~ intake te~pe~at~re of 
15 0 C. amounted to 800 mm Eg. The throttle was looked in 
that position and the back ? ressure l owered by stages 
while the charge p ressure was mea sured. 

The charging p ressur e ran ge from 800 to 500 mm Hg. 
was plotted which give s the de crease in cha r ging pressure 
in relation to the back pressure (fig. 8) . 

These curves disclose that t he decreas e in back pre s
sure is followe d by an increase in delivery vo lume and 
simultaneously by increased engine powe r , while the charg
ing pressure drops almost proportionally to the increase 
in delivery volume . 

The drop in charging press ure follows along a very 
flat curve, approaching at great heights the abscissa 
asymptotically. This is indicative of a consistent de
crease in t h e effe c t . of the back-pressure reduction with 
decreasing back pressure ; it app roaches zero when the ex
h a us t b a c k pre s sur e b e com e s z e r 0 ( a b sol ute 'va c u urn). Up 
to 0,000 or 7,000 m the curve remains pract i cally linear, 

---~---------------
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which greatly facilitates the development of a correction 
formula and this allows for the effect of the too -high ex
haust back pressu;~ in test wi~~ altitude depression box. 

The correction factor is a function of charge p ressure 
and altitude, from the e quation for the rectilinear part 
of the curves in figure 8 the correction factor 

z 2 50 + Po ---- ----
100 0 250 Po 

(3) = 1 -

where Z is operating h eight 

PO' boost pressure at altitude o. 

This formula holds only for e ngines with supercharger 
characteristics similar to those of the A 80 type, since 
t h e boost pressure decrease is intimately related with the 
type and the operation conditions of the supercharger. 

Discrepancies of about the same order of magnitude 
were observed in the altitude chamber tests of 7 and 9 
cylinder radials of different design from the A 80. 

CHANGE OF ENGINE PO WER IN RELATION TO EXHAUST BACK PRESSURE 

To establish t he formula for computing the change in 
horsepower in relation to exhaust back pressure, the engine 
was operated at various back pressures, while all other 
factors controlling the power chang e, such as r.p.m., boost 
pressure, mixture ratio, etc., were kept constant. These 
tests were made for the whole practical range of boost 
pressures, and t h e results p lotted for altitudes up to 8 ',000 
m (2 6 ,250 ft.) at constant r.p.m. (2,100) and constant in
duction temperature (15 0 C.) (fi g . 9). The tests were so 
carried out that in the recording of the curves only one 
variable was changed at a time. 

Admittedly this method afforded only individual points, 
but the chosenr.p.m. ranges were characteristic and the 
uniformitY ' of the test values constituted an important 
check on the accuracy of the measurements. 

The p lotting o f the test curves for different heights 
is, besides, of great importance because it . enables one to 
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determine the engine powe r at throttle r.p.m. (cruising 
speed), where the formulas for the pow er decrease and the 
formulas for power computations based on altitude depres
sion-tank tests are inapplicable. 

Figure 9 indicates a different rise for the curves 
plotted at diffe rent heights under al titude conditions and 
also that the engine requires by increasing altitude a 
lower boost pressure for the same power output. For that 
reason it is not possible to compute the actual course of 
the calibration curves at altitude on the basis of sea
level test data nor from formulas. These calibrati on 
curves were developed by the Fiat Company and applied to 
all altitude eng ine testing (reference 5) , 

It affords the double a dvantage of obtaining valuable 
data for flight testing as well as a simple method of 
st udyin the effect of the different factors governing 
horsepower at altitude. Figure 10 shows the eng ine power 
plotted against the exhaust back pressure for different 
boost pres sures. As far as 7,000 ill the curves are ap
proximately linear. App lyin g to each of these straight 
lines a formu la similar to that given in the official test 
specifications the correction factors for the different 
boost pressures are as fo llows: 

K 1 
1 ~L = + For 800 mm boost pressure : 

100 36,3 

K 1 .+ 1 6p 
= For 750 mm boost pre ssure : 

100 31.55 

K 1 
1 6p 

= + --For 700 mm boost pressure : 
100 27,02 

For 650 mm boost pressure : K = 1 + 
1 /::'p 

100 22.93 

K = 1 + 1 6 E Fo~ 600 mm boost pressure : 
100 19.46 

K 1 
1 6. P = + --

100 I S .OO 
For 550 mm boost pressure : 

K 1 
1 6. E = + --

100 13.16 
For 500 mm boost pressure : 
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The formulas ~iffer merely by a numerical value in the de
nominator . .. The formula given in the test specifications 
and containing only the numerical value 35. ia therefore 
not applicable for all operatjng conditions of the engine , 
but merely for boost pressures around 760 mm for which it 
was established . At lower boost pressures the formula gives 
too low at higher boost pressures, t oo high values. 

To make the formula applicable for all boost pres
sures, the donominator mus t be made a function of the 
boost pressure instead of a constant. 

Figure 11 . giv e s the change in the denominator term 
in relation to the boost pressure . Writing the equation 
for this curve in the formula of the test s p ecifications 
gives a formula applicable to any other boost pressure Pa . 

Correction factor = 

1 + 
760 - h z -------------------------------- (4) 

2295 + 7.55 (Pa - 650) + 1.52 , (Pa - 6 50) 0.92 

This correction factor allowing for the exhaust back pres
sure has proved satisfactory for engine types similar to 
the A 80. 

EFFECT OF INDUCTION PRESSURE ON ENGINE HORSEPOWER 

Tests of Fiat engines with natural aspiration in the 
altitude test chamber indicated that the power correction 
formula can be suitably expressed by 

K = 

The approximate results with this formula are much better 
than are obtainable with 

or with the official Italian acceptance test formula 

I 
I 
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K = 529 + ~ 
529 + t z 

1 5 

Subsequent tests with supe rcharged engines disclosed 
that for this type no general formula, which reproduces 
the change in en g i ne power in relation to the temperature 
of the aspirated air alone with sufficient a ccuracy, can 
be established for the reason that the p o wer of the super
charged engine is not dependent upon the temperatur e of 
the inducted air but on that of the mixture entering the 
cylinder s, i.e., on the density of the charge. The ~ix
ture temperature de pend s u p on t he followin g f a ctors: 

a) temperature of inducted air 

b) temperature rise due to the work of t he super
charger 

c) cooling due to evaporation of fuel 

d) heat i nput of the oil circulation t h ro ugh the 
walls of the supe rc h arger 

e} cooling due to th e outside air t h rough the out
side walls o f the supercharger and the gas 
leads to the cylinders 

f) heating of mixture in the induction pipes in 
proximity o f the cylinders because of con
duction , conv e ction, and friction. 

Since the mixtur e temperature is the resul tant of 
all these fact ors no constant proportionality with the 
temperature of th e inducted air is possible, and as a re
sult the correcti o n factor for eng i n e power c annot be 
made exclusive ly a function of the air temperature. In 
consequence, to e stablish this relation the correc tion 
factor must be changed a ccording t o height and induction 
pressure. 

The height effect can be eliminated by r eferring the 
correction factor to the mi xture temp era tur e instead of 
to the temperature of the inducted air. 

This factor is suitable, however, for comparative 
tests but not for correct i on formulas intende d for the 
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calculation of the altitude performance of an engine at 
altitude temperature on the basis of depression-tank tests 
and of i nt ake-air-temperature measurements. So lo ng as 
the formula is app lied to the temperature of the inducted 
air, bot h values appe~ring in t he formula are known, i.e., 
the tempe rature of the ov..tside aip which can be meas u red, 
and the air temperature at altitude which is assumed to 
be equal to the standard air temperature for this ~ltitude. 
But , the u se of a formula based upon the mixture temp erature 
lacks the altitude reference values. De p ression-tank tests 
afford th e mixture temp erature at sea level but not at al
ti.tude, wldch is dependent upon the factors cited under a) 
to f). 

In our tests on the ~ 80 engine t he effect of changes 
i n intake-air temp erature on tne - power in operation under 
normal ~ir conditio n s at rated altitude _ was investigated. 

Cal ibration curves for varying inlet-air temperature 
at full throt tle ( fig . 12) wor e p lott e d, ~nd the c~rves 
(fi g . 13) gi ving the powe r in relation to the mixture tem
perature at con~tant. boost pressure, derivated. Fi gure 
14 follows from figure 13 . It g ives the chango in correc
tion factor K when val~e 1 (base point fo r the correc
tions) c o rrep p onds to 15 0 C. inlet-air temperature. 

Fi gure 15, giving the correction factor plotted 
against t h e temperature of tne inlet air, was obtained in 
th e samo man, er. 

r h e correction curve is seen to be much more uniform 
when referred to mixture temperature than if referred to 
the inlet-air tewperature. 

The correction percent~ge decreas e s with the charge 
pressure. Fi g ure 15 indicates at the same ti~e a co mpari
son with the values obtained on the basis of the of f icial 
s pecif icat ion formula 

K = 
529 + t z 

Fro ~ fi gure 14 a li n ear relation giving the cha ng e 
in correction factor K in function of the mixture tem
perature can be deduc~d, while from figure 1 5 a much more 
coup licated for mula results f6r K. 

J 



N.A.C.A. Technical Memorandum No. 895 17 

CORRECTION FORMULA FOR THE BOOST RATIO 

In the study of the effect of in let-ai r temperatura 
on the supercharg e ratio, the eng ine was operated at rat
ed altitude and the chan g e in supercharge ratio measured 
·between _4 0 0 and +40 0 b y changing inlet-air temperature. 

Mixtur e ratio, c y linder temperature and all other 
factors of potential influenc e on the superchar ge ratio 
were kept constant. 

In the attempt to define the c hange in supercharge 
ratio by means of a formula si mi lar to the well-known 

1 + 0.00063 p8 (t - t ) z 

it was found that the numerical value for the rated height 
is 0.00045 rather than 0 . 00063 (fig. 1 6 ). 

To check the effect of the suction head on the super
charge ratio, the suction pressure at full throttle wa s 
gradually reduc ed - starting at 4 ,100 m - to a value cor
responding to that of 8 , 000 m alti tud e, whereby the super
charge ratio was found to inc.rease with altitude, as shown 
in figure 17. 

Figures 8, 16, and 17 illustrate the c hange in super
charge ratio under changing air conditions of the engine. 

CONCLUSIONS FOR THE PERFOR4ANCE DETER MI NATION 

From the foregoing test data it is clear that the 
formulas in the present test s pecifications are no longer 
applicable to modern engines . 

In the Fiat factories every engine type was subjected 
to tests si~ilar to t hose desc r ibed , ani correction for 
mulas or curves establis~ed which ~ere s atisfactor il y ap
plicable to engin es of similar design . 

The Fiat metho d is as follo~ s: 

a) The eng ine, receiving the inlet air from a depre s
sion tank, oper ate s at an induction pressure 
corresponding to a lt itude z: the charge p res
sure is recorded . 

j 
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b) The charge ' pressu~e is corrected ' apcording to for
mula 3, giving the pressure corrected for re
duced exhaust back pressure effect. 

c) The supercharge ratio is ~omputed and corrected 
for temperature effect according to the known 
formula by applying a suitable correction fac~ 
tor; it affords the true charge pre ssure at 
altitude z. 

d) Read from the sea-level calibration curve the sea
level p ower at the real charge pressure corre
spondin g , to altitude z as established in (c). 

e) Correct this pover with the factor given in for
mula (4), which gives the power corrected for 
exhaust back pr ess ure . 

f) Reduce this performance in accord with the air-
f u e 1 t em per a t ur e ( fig. 14) 0 r the in 1 e t - air t em
perature (fig. 15 ), which gives the true power 
at altit ude z. 

This method is very advantageous for normal torque
stand use because it enable's computation of the power at' 
altitude from torque-stand tests by means of the calibra
tion curves without having to resort to me asurements on a 
dynamometer brake. 

If the test is made on ,8 dynamometer brake the proce":" 
iur a is reversed, i.e., the sea-level power at charge pres
sure corresponding to altitude z is measured on the basis 
of the calibration curves, followed by ( e) and (f). 

ENGINE COOLING 

The factors governing ,the cylinder temperature of an 
engine may be classified into: 

a) Factors governed by engine design: 

1. Engine diameter and cyli~der arrangement 

2 . Design and dimensions of cooling fins 

, 3. Desi g n of cowl (baffles and N.A~' C.A. cowling) 
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b) Factors governed by loading of engi ne:' 

1. Indicated horsepower developed in cylinder 

2. Air-fuel ,ratio and type of fuel used 

c) Factors governed by atmosph e re: 

1. Speed ,of cooling air 

2. Temperature of cooling air 

3 , Density of cooling air 

4 . Temp erature of inlet air 

d) Factors governe1 by (a), (b)" and (c) : 

1. Mixture temperature 

In our altitude ch amber t ,e sts, th e factors cited un
der (a) were disrega rded since they already had been es
tablished in the design, neither did we explore the abso
lute effect of every single e ffect for itself, but rather 
attempted to study the actual behavior of the engine at 
altitude, 

First we studied the relationship existing between 
spark4plug and cylinder-flange temperature and the mean 
cylinder temperature . 

The cylinde r temperature of an en g ine is, in general, 
gaged by the temperature of the s p ark plugsand that of the 
cylinder flange . 

In some engines wher e the s park plug s are especially 
cooled ( for instance , b y lateral arrangement on the cylin
der), it is standard practice to mount thermocouples at 
the rear portion of the cylinder head, that is, at the 
points considered characteristic o f the mean cylinder tem
perature by the design er. 

On the A 8 0 t he rear ;park plugs arc in fact the hot
test part of the cylinder and the r ear of the cylinder 
flange the hottest part of the cylinder barrel, which are 
therefore fitted with thermocouples intended as a check 
on the engine cooling in fli g ht as we ll as on the torque 
stand. 

--------------- ----------------~--
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The hl et~od of explotin~ "" th~ telation bet.een t~e rear 
s park- plug temperature and the mean barrel temperature was 
as follo ws: 

Whil e the engine wag opcTated "at constant air- fue l ra
tio and constant rate and temperature of cooling, the tcmpor
at -are wa s recorded "with thermocouples at different load.s. 
To avoid interf orence with the flow of cooling air at the 
fi ~s the thermocouples were not all mounted at once, but 
in s everal staGes . Figure 18 shows a cylinder ready f or 
such a test . By averagin~ the temperatur e readings and 
proportional distribution of the cooling surface covere d 
by each thermocouple the mean temperatures were established . 

In this manner the curves of fi gure 19 were obtained, 
which shoW the temperature of t h e rear spark plug and of 
the flan~e p l otted against the mean cylinder-head tempera 
ture and the mean barrel temperature. 

The same measurements were repeated on the altit u de 
test stand with" a s maller number of suitably distributed 
t h ermocouples . It ~as found " that th e relation shown in 
figure 19 remains applicable without excessive error up to 
heights of 8,000 m for standard air and speeds between 200 
and 350 km/h (125 - 217 m. p . h.) 

It was foun d t hat pressure and temperature change s of 
the outside air have an identical effect at any point of 
the cylinder . 

Change s in air s p eed increase the t empe rat u re differ 
ence between front and rear cylinder portions. Th e mean 
cylinder temperature rises a little faRter with altitude 
than the spark plug tempe rature, alt h ough it causes no 
perceptiblo change in the curve of figure 19 at the 
s p eeds and hei ghts in ~uestion. 

To determitie the mean temperature increment the air
outlet temperature at t he cylinder-head baffles and barrel 
as we ll ~B , the mean air-outlet temperature at the cowling 
aft of the en g ine were recorded s~parately . Of course, 
this temperature included the temperature ris e due to heat 
dissipation fro m the crankc~Be; 

The tempetature measurements at : t he cylinder head and 
barrel are ~uite inaccurate, s i nc e the rad.iation of the 
cylinder itself ~ affects " the thermocoupl~a . For this rea
son the mean temperature difference of the cooling air be
tween entry and exit from the cowling was assumed in first 
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approximation as mean temperature increm on t between c y l
inder and coo ling air. 

COOLING TESTS 

Tn o s e comprised chiefly the total c h an ge in cylinder 
temperat u re with increasing h ei gh t in standard air an d 
constant cylinder output, the cooling air temperature i n 
st andard air being varied in stages of 1, 000 m from saa 
l evel to 9 ,000 m, To keep the indicated power constant 
tho i n 1 e t t e in pa r a t ur e, t he air - f u 0 1 rat i 0, th e eng i n e r, p . m. , 
t n e charge p r ess ure, and the back p ressur e were kept constant. 

As the cylinder temperature drops the e ffective p ower 
drops despi te constant charge p res sure as a result of t he 
i ncreasing friction losses and the mixture temperat u re, 
thereby causing a reduction in indicated p ower. 

This p ower loss can be avoided by s o changing the in
let temperature that th e volume and hence th e indicated 
powe r remains constant. It wa s therefore assume d that a t 
constant charge pressure t h e indicated hor sepower could be 
considered constant . Moreover, the cited p ower changes 
are not so great as to cause an essential change in the 
obtained mean t empe rature records, 

To afford at the same time th e facilit y of exploring 
the effect of s pe ed change s, tho s peed of the coolin g air 
was c h a nged in 25 km stag es at every altit ude betwe en 200 
and 350 km/h . The char ge pressure wa s varied at every 
s peed value and the correlated cylinder temperature re
corded, 

The exe cut ion of such tests is qu ite difficult and 
exact s great demands on the pat ience si nce the thermoc ou
p les used for the cy linder temperature records are very 
a pt to yield errors of the order of magni tud e of 2 0 to 3 0 

and impercep tible changes in the const an t factors can 
cause a ppre ciab le variation in the cylinder temperatures. 

After tedious and exacting tests tae curves (fig. 20) 
were obtained. Th ey give the mean s park p lug temperatures 
from sea level to 8 ,000 m in relation to the air s p eed at 
constant charge pre ssure (constant cy linder output) for 
all pr act ical charge pr es sures of th e A 80 engine. 

-----~~-~-----------
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From figure 20 follows figure 21, which gives the 
change in spark-plug temperature in relation to the air 
density at constant horsepower and constant speed. It 
will be note1 that the temperature rise becomes so much 
greater as th e air speed dec rea ses . Moreover, it drops 
rapidly witn the density . Figure 22 gives the tempora
ture change at constant horsepower plotted against the 
air speed at different hei ghts and standard air. The 
tempera t ure decrease is soen to increase with altitude as 
a result of increasing speed. 

In a ddition , we studied the actual cooling conditions 
in the engine wi th increasing height in stand.ard air, con
stant c harge pressure, and a n effective output correspond
in g to curve B in figure 7 . To simulate actual conditions 
as closely as possible the s peed was changed proportionall y 
to the third root of power a nd in tho i nverse ratio of the 
air density . 

Fi g ure 23 shows the tem p era t ure distribution of the 
rear s p ark plug of a cylinder which is characterist ic of 
the mean temp erature of al l r e ar s p ark plug s . 

The firs test was made by starting fro~ normal charge 
pressure of 7 60 mm Hg and raising t h e altitud e beyond the 
ratEd al t itud~ up to 8,000 m with full throttle. Curve C 
in figure 23 indicates t h e com~uted speeds for each alti
tude st ag e . 

The second te st was made by starting from a 50 0 mm 
charge p ressure and increasi ng the hei ght , while keeping 
the char g e pressure constant, until the throttle was wide 
open . Th e correlated s p eeds are shown as curve D. 

The s p ark-plug temp erature increases up to the rated 
power altitude where the p eak output occurs ; above it, it 
decreases. 

Fi ~ure 24 gives instead of th e s park-plug tempera
ture the temperature increment betwe e n cylinder and air 
re~orded in the tost as difference between me an c y linder 
temp e r ature an d mean te mp e r ature 1ifference of the ai r 
cnt o ri n~ ani l e~ving tho cowlir.g . 

The ' mean temp e rature increment ~etween air and cylin
der is s~en t o increase steadily t~roughout th e investi
gated h e i gnt o f 8,000 m. Th~ , change in the mean tempera
ture i n crement oet~oen sea level and rat Gd po~er altitude 
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follows a law di f f ere n t fro m t hat between ra ted powe r al
titude a nd the h i gh est e xp eri mentally ob t ain ed altit u de. 

The cha nge in mean temp erat u re incr ene nt ~as studied 
for the norma l as we l l a s for 500 mm c h ar ge pressure . 
Figure 24 inc ludes t he tempe rat u res rec o rded a t entry and 
exit of the c owl i n g . The s e curves gi ve a complete picture 
of the engine behavior at alti t ude, so t hat no furthe r 
cooling tes t s on the A 80 were n e cessary . 

Mention sh ou ld also be made of t h e c h a nge in spa r k
plug tempera t u r e in relation t o the ou t side temperature 
at constant power, hei ght, and speed, as obta ined on s in
gle-cylinde r models of t h e same desi gn at 0 . 830 for 1 0 

change in out si de temp erature. Alt h ough t h is law of 
change could no t be c h ecked very accurately i n the engine 
test, various t rial tests seem to co n fir m i t . 

As a result o f the s e e xp eri men t s on t h e altitude 
test stand i t s ho u l d be borne in mind that t h e p ower o f an 
air-cooled eng i ne i s n o little a f fect ed by t he c ooling 
conditions of the eng i n e. Even though we a re unable t o 
give the laws g ov e rning t he chan g e in p ower i n relation t o 
spark-plug and oil t emperat ure, it stil l r e ma ins a fact 
that under o the r wi s e i de n t ical conditions t he po~er of an 
engine in flight is de p e n de n t also on t he t ype and the de
sign of its c owl i ng . 

RE MARKS AND CONCLUSIONS 

In conclusi on , it may be p ractical to to uch upon the 
genera l points of v iew o f t h e t o rqu~-stand e ngineer in his 
methods and means · of def in i ng th e charact e ris ti c curves o f 
altitude engines. 

For modera t e l y superchar ge d eng i n es o n wh i ch the de 
termination of th e power out put with f u ll thrott le can De 
e s tablished at s ea l &ve l, the e xpe ri me n tal for mu las of Gagg 
and Farrar, Fiat, a n d ot he r g ive th e hors ep o ~ e r curve with 
certain approximat ion; they c an t he r ofore b e of practical 
use to the test eng i n eer. 

On fully supe r char ged eng ines whe re th e d i re ct deter
mination of the s ea-lev e l p ower with f ull t h ro t tl e is im
possible, these fo r mulas l e ad to u n c e rt a i n r e s u l ts, unless 
the power can be exa c t l y mea sur e d at any he i g ht i n an alti
tude test chamber o r , whe n in fli gh t, by dy namometer hub. 



24 N.A.C . ~. T£chnical : Memo~andum No . 895 

The method employing an altitude depression tank and 
a corresponding correction formula does riot app~ar to be 
quite suitable in its present form for altitude engine 
testing. As regards the applicability of the various coef
ficients contained in the correction formulas, t~e experi 
ments on the altitude test stand manifest th~ following : 

Correction factor for the 
eff~ct of the lacking back 
pressure on the power } 1 1 7 60 - p z = + --x---

100 35 

This formula is applicable to altitudes up to 6,000 ill 

and charge pressures of around 760 mm,but beyond these fig
ures it makes no aLlo wa nce for the change in charge pressur e . 

1he numerical value in the denominator is dependent 
upon the charge pressure and on the typo of s upercharger. 

Correction factor for 
inlet-air temperature } 

/273 + t 

-J;73+t z 

529 + t 
or 

This formula ·affords appr oximately correct values for 
pressures of around 700 to 7 60 mm and small temperature 
changes, but introduces great errors at other pressu~es and 
great temperature chang es. 1he accuracy of the formulas 
varies, moreover, with the supercharger characteristics and 
the air temperature within which the en g ine op e rates. 

Correc ti on facto: for s~per- } ' = 1 0 00063 P (t _ t ) 
charger comprcsslon ratlo + . z 

The formula g ives s ufficiently eia ct values for height s 
up to 4 ,000 to 5,000 m. Above these the value of the numer
ical factor, whic ~ to a certain extent is dependent upon 
the type of supercharger and the compression ratio, varies. 

1 e altitude chao ber tests have mad e it possible to es
tablish new formulas and factors which, when applied to the 
test values obtai ed frOIL altitude 'depression-tank tests, 
give the altit~ie pe rformance of an e n ; ine fairly accurately. 

On the other h and t the Fiat experiments disclosed that 
the nu~erical v~lues of the correction formulas change con
siderably ith the peculiarities of, di ff erent en~ines due 
to design . 
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Hence, to maintain the method involving the use of 
an altitude depression tank would necessitate the classi
fication of the engines into several types (for instance, 
into liquid-c ooled e ng ines with 12 cylinders, air-cooled 
engines wi th 1 8 cyli n ders and superchargers of design x, 
as well as with sup erchargers of type y, etc.) and then 
write into the formulas for each' class the numerical val
ues previous ly obtained on the altitude test stand for an 
engine of this sam e class. 

However, thi s method is not simple a nd is fraught 
with danger of dispute and controversial opinions between 
manufacturer a nd test stations. 

Even though the obtained formulas are more accurate 
than those in the official test requirements, their po
tential use is limited and susceptible to error under dif
ferent outside operating conditions of the e n gine. Hence 
it should not be hoped that altitude chamber tests could 
yield correction formulas of general a pp licab ility and 
precise accuracy. 

But the method usin g an altitude depression tank 
should be abandoned in favor of direct tests on torque 
stands with reduced exhaust back pre s sure a nd cooled inlet 
air. 

The costs of in sta l ling and operating such plants are 
not excessive; besides, it should be borne in mind that 
engine manufacture rs will be forced to erect s uch plants 
within the next few years in order to be able to predict 
the characteristi c curves of substratosph ere ~ngines. 

The absence of exhau st back pre ssure and cooling of 
the air not only renders all studies ab ou t the cooling 
behavior at altitud e difficult , but is also the source of 
many errors during the determination of the horsepower 
curves. The errors are in many cas es negligibl e if an al
titude test chamber is used, or at any rate substantially 
smaller than by the altitude depression-tank method. 

Al though no accurate and s pecifi c inves tigation haa 
been made on the subje ct, it is nevertheless of interest 
to point out the discrepancies brought out in the Fiat 
altitude test chamb er on operating the same engine once 
in cooled air at low pressure and then at normal sea-level 
pressure and temperature. The p rincipal difficulties at
tributable to the absence of d epression were as follows: 

---~-- ---------------- -- - ~ ------------
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1. Penetration of ~ oil in the -- cylinder at the pist on 
rings and valve guides because of the greater 
outside pressur e, 

2. Leakage of oil past the labyrinth packing of the 
supercharger (may be eliminated ~y an energetic 
blast of compressed air through the air vents 
of the labyrinth packing)~ 

3 . Faulty operation of carburetor d u e to air sueping 
into the chamber of the membr ane and into the 
casing, hence -abnormal fuel consum~tion at al
titude, 

The absence -of outside cooling had the fol lowing ef-

4 . Change of mixture temperature at cylinder inlet 
as a result of less heat radiation from the 
supercharger casin g and the mixture pipes . 
T1e result was hi g her mixture temperature than 
when the engine operates at correct air tem
perature at altitude. In consequence the re
corded adiabatic efficiency of the supercharger 
is lower than under actual altitude conditions. 
The error varies for every engine and depends 
upon the location of the supercharger and the 
area exposed to the air. In general, it may 
be stated that this error is greater in liquid
cooled engines where the supercharger is mo re 
exposed to the outside air infl uences than on 
radial engines where the temperature of the 
supercharger walls is practically kept constant 
by the oil circulation and the cowling. 

All these difficulties are avoided if the torque 
stand permits the producti on of depregsion and the cooling 
of the outside air. The expense of installation and oper
ation is not very much greater than for a torque stand 
which _permits only the production of depression in - the in
let and exhaust. 

At the present rate of development engines of 1,000 
hp. at 10,000 km altitude ar~ feasible within the near 
future. 

The design of test plants ~here such engines could be 
tested under actual altitude conditions presents ~o diffi-
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culties so long as it relates to li quid-cooled engines. 
The air input of an engine of this horsepower is around 
3,100 kg/h and the weight of exhau s t gas about 3,250 kg/h. 

The inducted air can be cooled to _50 0 (temperature 
of standard air at 1 0,000 km) in three stages - the first 
two - to about -35 0 - might b e designed as spray cooler 
with intermediate refrigerating agent, the third, would 
raise tho temperature to -500 by means of an 'expansion 
turbine. 

The refrigerator for the first two stages would have 
to be designed to devel op about 100,000 cal/h, requiring 
an input of around 80 to 100 hp, for cooling the interme
diate agent. 

The removal of the exhau s t gases would require a 
multistage turboblower of about 400 hp. 

To reproduce the atmospheric conditions the engine 
would have to be installed in a cooled depression chamber 
capable of evacuating the heat given off by the engine. 
The amount of heat removal depends on the design of the 
engine. By creating an energetic air current in the 
chamber the conditions encountered in free flight can be 
closely simulated, but the amount of heat removal is also 
increased considerably. It is therefore better to in
stall a low-power air-agitating devic e designed simply to 
improve the heat transfer between engine and refrigerating 
elements. This would avoid abnorma l changes in the heat 
balance of the cooling water and the oil between tests 
under sea-level and altitude conditions . The cooling of 
the engine chamber would have to be effected by direct ex
pansion, by means of a central, noninflammable refrigerant, 
such as Freion, for instance . The theoretical maximum 
cooling power is about 250,000 cal/h , requiring around 150 
hp. 

But the conditions are altogether different for an 
air-cooled engine of the same hor s epower . Based on the 
present installation of the Fiat company, the characteris
tics of a refrigerating plant for testing a 1,000-hp. en
g ine in standard air at 10,000 m would be as follows: 

To begin with, the pressure difference between air 
inlet and exit from the cowling mu s t be great enough to be 
equivalent to a flying speed of at least 600 km/h (372 
m.p.h.). This requires a fan-shaft power of about 700 hp. 

--------~-------
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for.an air circulation of around 35 kg/so With a fan hav
ing two adjustable propellers, the speed and volume of the 
air could be regulated at will. Assuming the test chamber 
to be made of meta l and of the dimensions similar to that 
of the Fiat company, the refrigerating plant for the cool 
ing of the circulating air in two stages would be about as 
follows: 

The first stage with ammonia compressors and brine as 
refrigerant would lower the air temperature to about _20 0 ; 

the second stage with a refrige~ator with expansion direct 
in the refrigerating chamber would lower it from _20 0 to 
_5 0 0 . Figured on the basis of a heat removal of around 
825,000 callh from engine to cooling air a heat production 
of around 450,000 cal/h due to the fan and a radiation 
loss of the engine chamber of around 40,000 cal/h the total 
refrigerating capacity to be supp lied by the refri gerating 
plant is of the orde r of 1,315,000 eal/h. This corresponds 
to a power input of compressor and its auxiliaries of 
around 800 hp., with a first-stage refri ge rating capacity 
of at lea st 1,900,000 callh and an engine output of 900 hp. 

The maximum figures quoted above indicate that such a 
plant is for beyond the range of an industrial p lan t and 
can be owned and operated only by a large scientific insti
tute . 

With such experimental equipment it would be possible 
to study on different types of engines the laws of horse
power variation, the knowledge of which would enable the 
engineers of the various manufacturers to c h ec k their own 
data obtained on simple test stands operati ng only with 
inlet and exhaust depression. The same holds for the cool
ing data which could serve as standards for the preliminary 
calculation of the cooling capacity of newly developed en
gines as well as for the interpretation of fli ght tests . 
In fligbt tests tne calibration curves obtain ed on depres
sion test stands are particular l y valuable for tne compu
tation of the powe r output to which the measurements of , 
consumption, s~eed, temperature, etc., must be referred. 

Dynamometer hubs and torque-reaction devides incorpor
ated in the en g ine assure greater instrumental accuracy 
and represent a rea l progress in this direction . I would 
recommend t hese instruments to the particular attentton of 
design engineers, since thQir application s h ould incre a se 
within the next few years. 

Translation by J. Vanier, 
National Advisory Committee 
for Aeronautics. 
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figure 3.- The Fiat 480RC41 engine. 
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1. Test-chamber vent 

<::. Exhaust pipe 

3. Sup~lementary air line 
for altitude change 

4. Throttle valve 

5 . Rheostat for inlet air 

6. water circulation pump 

7 . Cooling towers for inlet 
air 

8. Brine circulating pipe 

9. r.ondenser 

10. Compressors 

ll~ Oil separator 

12. Liquid ammonia tank 

13. I additional condenser 

14. II II " 
15 . Mai n regulator 

16. Ammonia vapor pipe 

17. Liquid ammonia pipe 

18. Separator 

19. Ammonia evaporator 

20. Ventilat or 

21 . Brine circulating pump 

22 . Brine filter and inlet 

23 . Ma.in door 

24. Blower 

25 . Movab l e partitions 

26. Rheostat for outside 
air of engine 

27 . Manhole 

28. Brine circulating line 

29. Air co~ler 

30. Main operating post 

Figure 2 (Parts) 

31. Cooling-water collector 
pipe 

32. Deflectors 

33. Safety valve 

34. Test chamber 

35. Dynamometer brake 

36. Hydraulic brake 

37 . Exhaust-gas cooling 
tower 

38. Throttle yalve 

39 . Starting valve for 
turbob lower 

40 . Turboblower 

41 . Servomotors for 
altitude control 

42. Servomotors for lower
ing the depression 
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Figure 18.- Di.tributlon of tbB~couple. 
for recording the meaD cy11nder 

temperature. 
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Figure 4.- Cylinder and baffle. 
of the ABORC41 eng1oe. 
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