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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 

"Gni t Abbrev ia- Unit Abbrevia-
tion tion 

Length __ ____ l meter __________________ m foot (or mile) __ _______ ft . (or mi. ) 
Time _____ ___ t second ______________ ___ s second (or hour) __ ___ __ sec. (or hr.) 
Force ___ _____ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb. 

Power _______ P horsepower (metric) ____ _ ---- ------ horsepower ___ _____ ___ hp. 
Speed __ _____ V {kilometers per hour __ ____ k .p .h. miles per hOUL ___ ____ m.p.h. 

meters per second ___ __ __ m .p. s. feet per second ___ _____ f.p.s. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity=9 .80665 

m/s2 or 32.1740 ft./sec.2 
ltV 

Mass=-g 
Moment of inertia=mk2

• (Indicate axis of 
radius of gyration k by proper subscript.) 

Coefficient of viscosity 

v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-'-s3 at 

15° C. and 760 rom; or 0.002378 lb.-ft.-' sec.2 

Specific weight of "standard" air, 1.2255 kg/m3 or 
0.07651 lb. /cu. ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure=4p V2 

Lift , absolute coefficient OL= ~ 

Drag, absolute coefficient OD= ~ 

Profile drag, absolute coefficient GDO=~S 

Induced drag, absolute coefficient GDI=~S 

Parasite drag, absolute coefficient ODP=~S 

Cross-wind force, absolute coefficient Oc= q~ 

Q, 
n, 

Vl 
p --;;' 

Angle of setting of wings (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m .p.h. normal pressure at 15° C., the cor-
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, a.bsolute (measured from zero

lift position) 
Flight-path angle 

R, R esultant force 



REPORT No. 645 

CORRECTION OF TEMPERATURES OF AIR-COOLED 
ENGINE CYLINDERS FOR VARIATION IN ENGINE 

AND COOLING CONDITIONS 

99547- 38-1 

By OSCAR W. SCHEY, BENJAMIN PINKEL, and 

HERMAN H. ELLERBROCK, Jr. 

Langley Memorial Aeronautical Laboratory 

I 



----.~--

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

HEADQUARTERS. AVY BUILDING. WASHINGTO • D. C. 

LABORATORIES. LANGLEY FIELD. VA, 

Created by act of Congress approved March 3, 1915, for the supervision and direction of the scientific 
study of the problems of flight (U. S. Code, Title 50, Sec. 151). Its membership was increased to 15 by 
act appToved March 2, 1929. The members are appointed by the P resident, and serve as such without 
compensation. 

JOSEPH S. AMEs, Ph. D., Chairman, 
Baltimore, Md, 

DAVID W. TAYLOR, D. E ng. , Vice Chairman, 
W ashington, D. C. 

WILLIS RAY GREGG, Sc. D., Chairman, Executive Committee, 
Chief, United States Weather Bureau. 

WILLIAM P. MACCRACKE , J. D., Vice Chairman, Executive 
Committee, 

W ashington, D. C. 
CHARLES G. ABBOT, Sc. D ., 

ecretary, Smithsonian Institut ion. 
LYMAN J . BRIGGS, Ph. D., 

Director, N ational Bureau of Standards. 
ARTH R B. COOK, Rear Admiral, United States avy, 

Chief, Bureau of Aeronautics, Navy Department. 
HARRY F. GUGGE HElM, M. A., 

P ort W ashington, L ong Island, . Y. 

SYD lEY M . KRAUS, Captain, United States avy, 
Bureau of Aeronautics, N avy Department. 

CHARLES A. LINDBERGH, LL. D ., 
New Y ork City. 

DENIS MULLIGAN, J. S. D., 
Director of Air Commerce, D epar tment of Commerce. 

AUGU TINE W. ROBINS, Brigadie:- General, United States 
Army, 

Chief Materiel D ivision, Air Corps, Wright Field, 
Dayton, Ohio. 

EDWARD P. WARNER, Sc. D ., 
Greenwich, Conn. 

OSCAR WESTOVER, Major General, United States Army, 
Chief of Air Corps, War Department. 

ORVILLE WRIGHT, Sc. D., 
D ayton, Ohio. 

GEORGE 'vV. LEWIS, Di?'ector of Aeronautical R esearch 

J OHN F. VICTORY, Secreta?'y 

HENRY J. E. REID, Engineer-in-ChMge, L angley Memorial Ae?'onautical L aboratory, Langley Field, Va. 

J OHN J. IDE, T echnical A ssistant in Europe, Paris, France 

TECH ICAL COMMITTEES 

AERODYNAMICS 
POWER PLANTS FOR AIRCRAFT 
AIRCRAFT MATERIALS 

AIRCRAFT STRUCTURES 
AIRCRAFT ACCIDENTS 
I VENTIO S AND DESIGNS 

Coordination of Resea?'ch Needs of Mi lita?'Y and Civil Aviation 

P?'epu?'ution of R esearch P?'ogrums 

Allocation of Problems 

P?'evention of Duplication 

Consideration of Inventions 

LA GLEY MEMORIAL AERO AUTICAL L ABORATORY 

LANGLEY FIELD. VA. 

Unified conduct, for all agencies, of 
scientific r esearch on the fundam ental 
problems of flight . 

OFFICE OF AERONAUTICAL I TELLIGE CE 

WASHINGTON. D. C. 

Collection, classification, compilation, 
and dissemination of scientific and tech
nical information on a eronautics. 



REPORT No. 645 

CORRECTION OF TEMPERATURES OF AIR-COOL/ED ENGINE CYLINDERS FOR 
VARIATION IN ENGINE AND COOLING CONDITIONS 

By OSCAR "IV. 'CREY, BENJAMIN FINKEL, and HERMAN H. ELTJER13ROCK, Jr. 

UMMARY 

Factors are obtained jrom semiempirical equations jor 
correcting engine-cylinder temperatures jor variation in 
important engine and cooling conditions. The variation 
oj engine tempemtures with atmospheric tempemture is 
treatecl in detail, and correction jactors are obtained jor 
various flight and te t conditions, such as climb at con
stant indica.ted ail' peed, level flight, ground running, 
take-o:!f, constant speed oj cooling air, and constant mass 
flow oj cooling ail'. 

even conventional air-cooled engine cylinders enclosed 
in jacket and cooled by a blower were tested to determine 
the effect oj cooling-ail' tempemture and carburetol'-ail' 
tempemture on cylindel' temperat1tres. The cooling-air 
temperature was varied jrom approximately 80 0 F. to 
230 0 F. and the carburetor-air temperature jrom approxi
mately 40 0 F. to 1600 F. T ests were made over a large 
mnge oj engine speeds, bmke mean e.tfective pressures, and 
pressure drops across the cylinder. The correctionfactol's 
obtained experimentally are compared with those obtained 
jrom the semiempirical equations and a jail' agreement is 
noted. 

I TROD UCTIO 

In present-day air-cooled engines of high specific 
output, cooling is very often the factor that limits 
engine performance, As are ult, several problems arise 
which require that cooling data obtained at one set of 
test conditions be converted to apply at another. Be
cau e of the stric t limi t set on ma2l.'irnum cylinder 
temperatme in acceptance test and because of the 
difficulty of obtaining a standard et of te t conditions 
both in flight and on the ground, a method is r eq uired 
for correcting the engine-cylinder temperatme to the 
standard condition. It i very often neces ary to 
predict cylinder temperfLLures at al titude from tests 
made on the ground and cylinder temperatures in the 
summer from tests ma.de in the winter. 

The cone tion of cylinder temperature for va.riatioll 
in atmospheric tempemture is of particular interest to 
person concerned with acceptance tests . In the past, 
everal methods have been used for making this cor

rection. 

In May 1933 the Chief of the Bureau of Aeronautic, 
J avy D epartment, i ued to the inspector of naval air

craft the following correction to be applied to observed 
cylinder temperature for change in t rut ail' tempera
tures: "l.5° F. for every 10 F. trut air for the cylinder
head temperatures and 0.5 0 F. for every 10 F. strut ail" 
for the cylinder-base temper n,ture ." 

The Al'my Ail' orps h fLS issued tLe following in trllc
tion for correcting eno-ine-cylinder temperature. : 
"In determining temperat~ll'e for ati factory opera
tion to be encountered with anticipated summer tem
perature, a correction will be added to the actual 
recorded temperature and the corrected temperatlU'e 
will be the anticipated engine summer tempemture. 
Thi correction is the difference between the actual ail' 
temperatlU'e and the anticipated summer air tempera
tlU'e for the particular alti tude and it is added directly 
to all engine temperature to determine the antici
pated UlIDner temperature in each case." 

ampbell (reference 1) obtained a correc tion factor 
of 1; that is, for every degree rise in air temperatm e, 
there i a 10 F.l-i e in cylinder temperature for a constant
veloci ty condition. The ArlllY and Navy m ethods 
did not specify the condition for which the orrections 
applied and i t is to be a sUllled that they were to be 
applied to aU flight condition. 

Beside affecting the temperature of the ooling air, 
the variation in atmo pheric temperature affects other 
factor that, in turn, influence the engine coolino-; for 
example, the den ity of the cooling air, the p ed of the 
airplane, the engine power, and the temperature of the 
mixture at the intake manifold. It is thus evident that 
the value of the correction factor for variation of 
cylinder temperature with atmo pheric temperatlU'e 
will depend to some extent on the type of te t to which 
it i to be applied. 

All expression for t ile correction factor as a function 
of tbe Le t condition will be obtained from equation 
for the rate of transfer of heat from the engine gas to 
the cylinder wall and from the cylinder wall to the 
cooling air. Under Application of R esults, curves of 

1 



2 REPORT NO. G45- NATIONAL ADVISORY COMMITTEE FOR AERONA TICS 

this function will be presented and an explanation. will 
be given of the procedure by which the correction fac
tors may be readily determined without reference to 
tbe analysis. A table bas been prepared covering cor
rection factors for flight and ground conditions of: 
climb at a desio'nc ted air speed, level flight at a given 
pres ure altitude, stationary on ground at a given at
mo ph eric pres ure, constant airplane velocity, and 
con tant mass flow of cooling air. From this table, a 
close estimate of the correction factor may be rapidly 
obtained. A discu sion of tbe table is included later in 
the report. 

In any maneuver of sbort duration in 'which there is a 
udden increase of power or decrease of cooling-air 

velocity, tbe cylinder temperatures, because of tbe time 
required for temperature to stabilize, will depend on 
the time necessary for the completion of the maneuver. 
I n such ca es, the correction factor for the variation of 
atmospberic t mperature will depend on the effect of 
atmo pheric temperature upon the time duration of tbe 
maneuver. An equation will be derived for the cylinder 
temperature as a function of the engine and the cooling 
condition and the time. The effect of variation of 
atmospheric temperature upon cylinder temperatme 
for the take-off and the climb cond ition will be dis
cussed. 

The result of tests made at the request of the 
Bureau of Aeronautics, avy D epartment, by the 

. A. C. A. at Langley Field, Va., during 1934, 1935, 
and 1936 to determine the effect of atmospheric tem
perature on cylinder temperature for seven service 
cylinders at various operating conditions are given 111 

thi report. 
DISCUSSION OF PROBLEM 

Cylinder temperature as a function of engine and 
cooling conditions .-As a starting point in the analysis, 
the equation for the transfer of heat from the combus
tion ga es to the engine cylinder and from the cylinder 
to the cooling air will be reviewed. It has been shown 
in reference 2 that the rate of heat transfer (B. t. u. 
pel' hr.) from the combustion gases to the cylinder 
bead may be written, as a good first approximation, 

El= BaJn'(Tq-T,,) (1) 

and the rate of heat transfer from the cylinder head to 
the cooling air may be wri tten 

(2) 

wheT' JJ j the heat transferred pel' unit time from 
combustion gases to cylinder h ad, B. t. ll. 

per hr. 
R fllld J(, constant. 

a'l, intemal ar a of head. of cylinder, sq. in. 
I , indica, ted hoI' epower of each cylinder. 

n' fI,ncl tn, exponents. 
Tq, effective gas temperatLU'e, of. 
T", average temperature over the cylinder-head 

urface when equilibrium is attained, OF. 
Ell! heat transferred per unit time from cylinder 

head to cooling air, B . t . u. per hr. 
ao, out ide wall area of head. of cylinder, sq. in. 
I1p, pre sure drop across cylinder, in. of water 

(includes loss out exit of baffi.e). 
p, average density of cooling air, lb. ft.- 4 sec. 2 

Po, density of air at 29 .92 in. Hg and 70° F., lb. 
ft.-4 ec. 2 

Ta , inlet temperature of cooling ail', OF. (tempera
ture of atmosphere). 

(For convenience, a complete list of the symbols u ed 
is given in an appendix.) 

For eq uilibrium the rate of heat trans1er to the 
cylinder head is equal to the rate of heat transfer away 
from the cylinder head and, solving equations (1) and 
(2) for Tn, the followino' equation is obtained 

T = Tg- Ta +T 
" Kao(tlppjpo)m + 1 a 

BalIn' 

Equation (3) o·ive the average It ad tempemturc as a 
function of the important engine and cooling variables. 
A set of equations imilar to (1), (2), and (3) may be 
wri tten for the barrel. In the following discus ion, 
wherever an equation is derived for the head, i t is to be 
remembered that a parallel equation applies for the 
baneI. The values for Kao, Bal, m, and n' were ob
tained from blower-cooling test on Pratt & Whitney 
cylinders 1340- H and 1535 (reference 2) and are given 
in the following table. 

11' 

Cylinder 

H ead Barrel lIend Barrel lIead Barrel lIead Barr~1 

----11----------------
1340-1I __ ._____ 78.1 33.0 5.22 2.77 0.34 0.34 0.64 0.64 

1535 _____ ._.__ _ 34.5 17.1 2.71 ______ ._ .35 .31 . 68 _______ _ 

T he values for Bal' m, and n' should be about the 
same for a cowled engine under flight condition and 
Kao should be omewhat higheT. The form of equation 
(3) was ch cked by flight te ts on a Grumman Scout 
airplane equipped with a Pratt & Whitney 1535 engine 
(references 2 and 3) . 

It is also shown in reference 2 that the temperature 
of the combustion gases Tq is dependent on t he air-fuel 
mtio, the compreRsion ratio, the carburetor-air tem
pm'atul"e, a nd the spark setting and, as a good fLrst 
appro:\imation, is independent of the engine speed and 
the brake mean effective pressure. Curves obtained 

_._- ______ 1 



CORRECTION OF TEMPERATURES OF AIR- OOLED E GI E CYLI NDERS 3 

from reference 2 showing the variation of To ,,,ith air
fuel ratio, spark setting, and carburetor-air tempera
ture for a Pratt & Whjtney 1340- H cylinder and with 
air-fuel ratio for a Prll,tt & \iVhitney 1535 cylinder are 
reproduced in figure 1. In the range to the rich ide of 
the theoretically correct mixture, To increa es from 
approximately 1,100° F. at an air-fuel ratio 01 10.5 to 
1,150° F. at 12.5, an d to 1,200° F. at 14.5 . The fore-

Cylinder Engine b .m.e.p. Carburetor-

By a reananO"ement 01 terms, equation (3) may also 
be wri tten 

T u- ThI ",_ K aO(A / )'" 
T T - - IJ.pP Po 

h - a B a! 
Thu , for a given engine in talled on a given airplane, a 

T - Th 
traight line i obtained when T O - T I '" plotted 

/I a 

again t t::. p p/ po on logarithmic coordinates. The lope 

speed (Ib/sq. in.) air temp. 
(OF.) 

1340-H Cylinder 1340-H Cylinder 
(r.p.m.) 

1340 -H 0 1,500 1030 85 Eng ine speed, 1,500 r .p.m. Eng ine speed, 1,500 r.p.m. 
96.2 8 1 1535 "<7 1,850 b.m.e.p. , 1020Ib/ sq. in. b. m. ep., /01.5 Ib/sq. in. 

1,850 112 7 83 Spark timing, 26° B rc, X Carbure tor-air temp., 93°F. 
1,400 I I 1.7 76 0 Air-fuel ratio, 1234 Air - fuel ratio, 1225 

I::. varied 96./ 81 
+.1,850 varied 79 

1,200 (600 (,600 

I--<>-f.--
~ - J 

(,000 1,400 (,400 
r,,; 

0 . 0 ~ 

=& 
x +-= I-

f-"p-
if' + 0 

...0-" + 1,200 (,200 2/, 100 + 
I-----" :S. I ;>-- I-<r-- !..-- -0-

~ 

700 I ,1,000 !.OOO 

, 
I 

500 1 800 
I 

800 

~ , 
4' " 0 I-- y -"" 

[ +-< - - -cT 
600 n 600 600 =S ->= x + '. x " 0 

\) 

" " ~ --~ ~ -
100 

/ 400 400 
~ Theoretically correct 

mixture 

200 200 200 

0 0 0 
1 I 12 13 14 20 24 28 32 100 140 180 220 

Air - fue( r atio Spark setting, crankshaft degrees B. rc. Carburetor-air temperature, Of. 

FrGURE l.- ElTect of air-fuel ratio, spark setting, and carburetor-air temperature on T, (curl-es from referencc 2) . 

going values apply for a carburetor-air temperatUl'e of 
about 0° F. A 1° F. varia tion in the carburetor-air 
temperature produces approximately a XO F. variation 
in To. 

For the ban el, To has a value of about 600 0 F . at an 
air-fuel ratio of 12 .5 and a carburetor-air temperature 
of 00 F. ThE' effect of carburetor-air temperatul"e on 
To for the barrel i about the same as for the h ad. 

of the line will be equal to m and the intercept at 
t::.p p/Po= 1 will be equal to K.ao/JJa!. All the tempera
ture data for the O"iven installation should fall on this 
curve provided, in each ca e, that the equilibrium tem- . 
perature ha been attained. It i evident that the 
temperature Th corresponding to any desired se t of 
te t condition within the U eful range can be calculated 
from th i curve. A curve of thi type i shown in 
fi gure 12 of reference 2. 
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Change in cylinder temperature with change in 
engine and cooling conditions,- For a con tant ma 
flow, engine hoI' epower, and T o, the variation of Th 
with T a is obtained by differentiating equation (3): 

where a, ,yhich may be called the "ba ic temperature 
correction factor" is the change in cylinder-head tem
perature per degree change in cooling-air temperature. 
Figure 2 show a for the head and the barrel plotted 
against the average head and barrel temperatures for 
various value of T a and T o. J{ao(t~.pp/ po) 1n 

aTh BalIn' To- Til 
a= aTa = J{ao(!1pp/po)'" +1 = To- Ta 

BalI n' 

(4) 
If variation also occur in the den ity , the pres ure 

drop, the indicated horsepower, and in T o, then the 
increment in cylinder-head temperatme for a mall 
change in the e factors is given by 

1.0 

.9 
To. 

!lead (Of , ) 

/00 [ t::-
l --.::::::....:. ~ 

o { k ~ §s? t-- -.::. :::- I-:::----~ ~ -------=--: ~ r-_ 
~ ~ ~ t----=-----;---. -- t::--: 

r---:-:: ---T9 (neod) ~ 

.8 

. 7 

.6 

("F.) 
I, lOa .5 

---- -- 1, 150 
- 1, 200 

.4 

.3 

Tg (borrel) 

c-F.J 
Ta 550 

( Of.) --- -- 600 
- 650 

.9 

-loa ( 
, 
~ ~ ..... , 

{~ ~ 
.......... , , ..... a 

~ I--,,~ ....... " 
~ . ~" ........ ....., 

~ 
,--.......... ~ 

........ 

....... ~ 
...... 

~ ~ .......... ................., 
.......... 

~ 
............... 

~ , 
Barrel 

~ .......... 

~ 

.8 

.7 

.6 

. 5 

. 4 

.3 
200 250 300 350 400 450 500 

r;, ond To , of. 

FIGORE 2.-EfIect of cYlinder temperature T. or '1'. on a at va rious values of To and 1',. 

Head, a~(T,-T.)/( T,-To) . Barrel, a=(T,-T.)/(T,-To). 

- ___ _ _ _ _ _ _ - - _ _ ____ _ _ - - - ______ _ _ _ _ _ 1 
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dTIl Kao(D.pp/po)7n+
1 

BalIn' 

[ dTa- m(T/i - Ta)d~~;;:ao) +n' (T,,- Ta) df] 

dTo 
+ Kao (D.pp/ Po) '" + 1 

BaJ'" 

With a a previou ly defined, 

r dTIl = a dTa +(l -cildTo_mad(/:::,pp/po) +n'adI (5) 
TII- Ta T,.-Ta TII - Ta D.PP/Po I 

Thus, for ma.ll change in the variable T a, T o, D.PP/Po, 
and I , T"is increased by the amount adT" and (l - a)dTo 
and a percentage change in T II - Ta is effected equal 
to -ma times the percentao'e change in D.PP/Po fl.nd 
n' a times the percentage change in 1. For example, 
with a= O. ,m= 0.34, and n' = 0.64, a 10° F. increase in 
each of T a and T o cause an ° F. and a 2° F . increase 
in T ,., respectively. A 10-percent change in each of 
D.PP/Po and I cause a -2.7-per ent and a 5.2-percent 
change in TII - Ta . Similar relations may be obtained 
for the barrel. The value of m and n' 3,1'e about the 
ame for the barrel as for the head but, as seen from 

figure 2, a is slightly lower for the barrel. 
From equation (4) 

pD.p is proportional to pX ]11. From this relation be
tween p/:::,p and pXP , there is obtained 

d(/:::'pp/po) dp + dI 
/:::'PP/Po =xp Y7 

Since p vanes inversely a the ab olute atmospheric 
temperature, 

dp dTa 

p T,,+460 

With regard to carburetor-au' t mperatul'e TCJ two 
conditions will be considered, one in which the car
buretor-air temperature is equal to the n,tmospheric 
temperature, and the other in which it is 11 eld con
stant by means of a carburetor-air heatel'. The rela
tion between the carburetor-au' temperature and th e 
atmospheric temperatme for these two ca es may then 
be expressed by 

dTc=zclTa 

where z= l for the first case mentioned and z= O for the 
econd case. Then, as the indicated horsepower for a 

constant manifold pressure varies inversely as the 
quare root of the absolute carburetor temperature, 

Let 

ell d(Tc+ 460)-J.> dTa 
7 = (Tc+ 460)- >4 =-z 2(T a + 460) 

b
_ dTu 
-dTc 

T,,-Ta=(l-a) (To-Ta) 

and equation (5) may be written 

(6) Then dTu=~~: ~~: dTa= bzelTa 

r d(D.pp/ Po) 
dT,,= adTa+ (1- a)dTo- mex(l - ex) (To- Ta) /:::, / pp Po 

+ n' a(l - ex) (To- Ta) f (7) 

It is evident from equations (4), (5), and (7) that, when 
the values of To or a are known, the variation in cylin
der temperature with engine and cooling conditions can 
be determined for any te t condition. 

The present tests of seven service cylinders were made 
to determine the value of a and Tu for a range of 
engine condition . T ests were also made to obta.in the 
effect of carburetor-air temperature on Tu and cylinder 
temperature. 

Effect of variation in atmospheric temperature on 
cylinder temperature at constant pressure altitude.
For tests in which atmo pheric temperature is changed, 
in addition to changes in Ta , there are generally intro
duced changes in Tu, D.pp/ Po, and I. These changes 
depend on the specific tests under consideration. 

As the pressme drop acros the cylinder in a given 
flight condition depends on the atmospheric density 
and the airplane velocity, and the velocity depends on 
the engine power, the assumption will be made that 

Inserting the foregoing quantities in equation (7) and 
combining 

where A=~[X+~(Y-n')J 0.34 2 m 
(9) 

The correction factor al- is the change in cylinder 
temperature per degree change in atmospheri tempera
ture at a constant pressure altitude. The effect of both 
atmospheric pressure and temperature on cylinder tem
peratures can be obtained from equation (3). 

The last term in equation (8) is a small correction 
for variation in Tu. When the carburetor-air tempera
ture is held constant, z= O and this term is zero. When 
the carburetor-au' tempera ture is n,llowed to vary with 
the atmospheric temperature, Z= 1 and this term be
comes (l-ex)b. The value of b, a stated in the 
results, will be taken equal to 0.50 for both the head 
and the barrel. In figure 3, the remaining term in ex)" i 
plotted as a). again t A for various values of a, T u, 

and Ta. The cmve pass through ex). = a at A= O. It 
is noticed that, for a given value of a, the value of ax 
does not depend appreciably on the value of Tu used. 
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CORRECTION OF TEMPE RATURE OF AIR-COOLED ENGI:>lE YLI DE R 7 

From fi g ure 1, 2, and 3, i t is ap parent th at th e 
valu e oJ a~ for any o'iven aver age cylinder -h ea d tem
perature and cooling-ail' tem peratm e m ay be ob tain ed , 
provid ed th at th e value of A fo r th e fli ght or the test 
condi tion i known . It will a1 0 be noticed th at, 1'0 1' 

lurbe temper a ture "a ria tion , the val ue of a~ varie 
ligh tly in going from the ini tial to th e fmal val ue of 

Ta ancl it i neces ary to choo e an aver age valli e fo r 
th range cover eel . A an added r efin ement after th e 
fir t ap proximatio n , a cOJ'l'ected va lue of a A m ny he 
ob Lc) in ed by Il"er aging Lhe ,,<l Ili es nt the ini t ia l nncl the 
fin al cO lldi Lion . A Ilumber of te t comli tion inclu d
inO' th o e oJ clim b, level fligh t, ground rUllllillO', nnd 

on tan t velocity will be considered in a la ter eetion 
on Appli cntio n of R e Hits . 

Equation for cylinder t emperature for varying oper
ating eonditions .- \\'hen Lhe PO \\' ('J' and thc cooli ng 
con dition of an el]O'in e ch ll nge, tim e i req uired 1'01' 

t he cylin der temperature to r ench th eir eq uilib ri um 
vl1Jues. Fo!' shor t ma neuver or 1'01' maneuver in 
W11ich Lll e co ndi tio n arc vl1 l'y in o', tJl e time req uired 
Lo com plete the maneuver m u t be consider ed in t he 
determin a tion of the e[l'ect of a tmo ph eric tem pera ture 
on cylin der temperature. 

The rate II at w hich h en t is carried from the ga to 
Lhe cylind er h ead j equlll to the s um of the r ate at 
whi ch the cylin der I1bsorb h CHt unci th e r ute ITI fit 
\\' II i h hc,) t is tmll felTcd to the cooling ail' : 

H = CNf-"'i" + III 

wh ere C is th e pecillc h eat of the head. 
111, the weight of tbe h ead. 

t, t he time. 

ub tituting from equation (1) an 1 (2) for II and 
Il l 1'e pectively, th ere resul t 

or 

cMdIt"+[Kao(ClPP/po)"'+BaJn']T,,= Bal l n'T u 

+ Kao(Clpp/ Po)mTa 

For any given variation of Clp, P, I , To, and Ta wi th 
time, th e olution for T" is 

wh ere 

T = e eMJ. _ eeMJ. dt+ T" -~ ( 'Adl[ [t B ._L ( 'Adt ] 

" • 0 cN[ 0 

A = Kao(Clpp/ Po)'" + B aJn' 
B = BaJ"'Tg+ J-{,lo(Clpp/po )mTa 

(10) 

and T"o i the average temperature of th e head .at t= O. 
For th e ca e where A and B cbange at the tIme t= O 

fi nd thereafter remain ub tantially constant, equation 
(10) reduces to 

!)95~7-38-2 

At 

T",= T,, - (T,,- T"o)e -eM (11) 

wber e Til is the final average temperature that the h ead 
will reach wh en cq uilibri um i a ttainecl and i given b . 
equation (3) , an 1 Til, is th e average temperature of th e 
head at t ime t. EquaLion (ll) may be u ed fol' ca e 
in which small \~arjation in A occur a fter t he i ni tial 
ch ange at t= O. In sllch ea e an average of the valu e 
o f 1 ho uld be used. 

Variation of cylinder temperature with atmospheric 
temperature for a maneuver of short duration.- ,YiLh 
t 11 0 \\' taken as eC[wll to tll time of completio n of tll l' 
maneuver, 7\, is the temperature at the com pletion of 
tIlC m a neu ver . The efI'eet of Ta on cylinder tompera
t1l1'e will he ob tain ed for tIl e ca e wher e the cflJ'burc tor
ail' temperature fi nd the e llgine power are a t llned to 
be held co nstant. F r om equation (11 ), Jor a cha nge in 
a tmosphel'ic temperatUl'e of dTa for th e pre sur e al ti
tu de at which the maneen'er i completed and of dTo 
for the pre ure al ti tude Itt which the maneuver 
tarted, th e ch fl ngc in T" i given by 

r d-T (T 7' )tA (dA+dt) -~~ dT",= aA a+ ,,- - "0 clod Ate 
At 

- (axdT,,-aAOdTo)e -eM 

where aAO is the eOlTection factor , and To is the tem 
PCl'lltUl'C of the atmosph er e at t ime t= O. 

d 1 mJ{ao(Clpp/po)'" d(Clpp/po) mad (Clpp/po) 

A [Kao (f:lpp/po) "' + B at!"'] ClpP/po ClpP/ po 

. \.s I is held COil tan t, f:lpP /Po may be a sumed to be 

Pl'opOl'tional to pZ an d t Pl'opol' tional to pU 01' to 
(T +460)-U where T is th e average temper atme of th e 
atm o phere during the m aneu ver ; then 

dA +~=(max+u)dp 
A t p 

illce p is inver ely proportional to T+460 
dp dT 
-;= -T+ 460 

and the equation for dT"t becom es 

-~tA dT 
clTfI,= aAdT(I.- (T ,. - T"o)e eMcl\l/max+u) T +460 

At 

From equation (11) 

and 
At T,.-T"o 
M = 10geT - T c II ht 

I 
I , 

-~ 



.5 

.4 

V 
1 

/ 
.3 

r 

I 

j 
.2 

REPORT 

............ 

O. 645- NATIONAL ADVISORY COMMITTEE FOR AERONA TICS 

~ 
"\ 

1\ 
\ 

1\ 

The quantity r is hown plotted in figure 4 again t 
(T"- T,,) I(T,,-T,,o)' When Th , i equal to Th , r is 
equal to zero and dT", i equal to et"AdTa. For T",= Tho, 
r is again zero and clT",= etxoclTo. It i ' thu eviden t 
that, for very short maneuver., the change in Til, de
pend ,a may be expected , more on tho change iu Tho 
than on th e change in T

" 
with atmo pheric tempera

ture. The conditions of climb to critical altitude and 
take-off will be considered in a later section. 

APPARATUS 

.I I \ 
The apparat.u consisted of a single-cylinder air

coo led engine, a supercharger for boosting earburetol'
in take pre me , an electric dynamometer, a cooling 

II 

o .4 .B 
tr,. -T" ) I(T,. -T" ) , Y r 0 

.2 .8 

f\ 
\ 

/.0 

ystem, heaters f r varying the temperature of the 
cooling and the carbUTetor air, a refrigerating y tem for 
cooling the carburetor air, and the neces ary in truments 
to mea UTe the factors involved. diagrammatic 

FIGUHE 4.- un-e showing eITect of (T,-T,, )/(T.-T,o) on T. 
ketch of the set-up is sh wn in figure 5 and a photo

graph of the engine with the cylinder enelo ed in the 
cooling jacket is hown in llgure 6. 

Th- '1\ ~ '111t_~I'"O 

T=: 'J' ,,- T he Jog, '1\- '1 'h
t 

a . Cylinder-thermocouple ',Jyrometer d. Thermometer 
e , Static-pressure monometer 
f . Thermocouple terminal box 

g. Cold-junction thermometer 
h. Carburetor -air thermometer 

and manome ter 
b. Air-
c. Manometer 

Onflce tank. 

a 
' . 

Selei::lor 
switches 

Cooling-air blower 

d 

Or ifice 

Cylinder-air 

j ac/;:.:.e t (Heaters 

J-.,~~""""-'~ 

e 

Engine Dynamometer 

j1' IGUHE) .-DiagratnmaLic sketch of equipment. 

!:JUf ge 
lank 

Supercharger 

and the equation fo r dT", finall y become ' AW -COOLEO C YU NOEllS 

where r _ T"- T,,, TII- T"o 
Til- Tho log. TII- Th , 

The even air-cooled cylind er (fig. 7) used in the e 
teo ts were from the following engine : Pratt & Whi tney 
1340- H , 1535, 1 30, and 1690 engine; and Wrigh t 
1820- ] , 1 20- G , and 1510 engine . They were 

(12) adapted to the ba e of a universal te t engine (reference 
4). The valve movement and the timing of the ingle
cylinder enaines were approximately the ame as of the 
multieylinder engine. liaht changes in stroke were 
made on the ingle-cylinder engin a compared wi th 
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the multicylinder engines to permit the use of available 
crank haf ts. The bore, the troke, and the compres
ion ratio of the cylind ers mounted on the single

cylinder te t tand are given in the following table. 

Bore troke Com pres-
Cylinder (in.) (iD .) sion 

ratio 

Pratt & 'Whitney: 
134o-rL ____________ 5~ , r. .i.52 
1535 __ __ ____________ 

5~1O 5~t 6.73 
1 

0 __________ ______ 5), .'ih 6.15 
1690 ________ --- -- 6~H 6 5.65 

Wright: 
1 2o-Y __________ ___ 

6t~ 7 6.64 
1 20-0 ________ ____ 6j. 7 7. 40 
1510 ____ ____ _______ : 5 5H 6. 20 

area of the e».'it of the jacket to the deal' area between 
the fins for the 1340- H, 1 20- F, 1690, 1 20- 0, and 
1510 cylinders was approximately 2; for the 1535 fl,nd 
1 30 cylinders, the ratio was appro~imately 3. 

TEST EQUIPMENT 

An I . A. C. A. Roots upercharger wa u ed to in
cr ease the carbur'etor-intake pre sme dming te t with 
manifold pre sme greater than atmo pheric. tank 
\Va placed in the ail' duct between the uperchal'gel' 
and the engine to reduce pre m'e pulsations caused by 
the e units. }\.n electric dynamometer absorbed the 
power and measured the torque of the engine. 

FIGU RE 6.- et-up of single-cylinder air-cooled engine showing jacket and air duct. 

CYLl OER JA KETS 

In ea It test, the cylinder was cnelosecl in a shceL
rncLal jacket open at front find rOfll'. T he jacket had a 
wide eutmnce se tion giviuO' a low velocity or appro/l,ch 
or Lbe cooling ail' to t11 e fron t half 0 r th e cylinder fI n d 
fltted do elyaO'aln t the fms over the 1'e3,r half, resulting 
in a high air velocity in thi region. The ratio of the 

The cooling y tem con i ted of a blower to supply 
the cooling ail', an orifice tank to mea me the quantity 
o( itil', flnrl nn ail' dueL boLween the blower and Lbo 
jiLek-et elleiosing thc cylinrleJ'. Baffle and creen wel'c 
located in the ail' duct to in me a uniform temperature 
and velocity di tribution. 
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FiGURE i (a).- Front and rear views of cYl inders from Pratt & Whitney engines showing location of thermocollples. 

A 50-kilowatt heater consi ting of four groups of 
eparately controlled heating elements located in the 

air duct between the blower and the jacket wa used for 
varying the temperature of the cooling air. In the tests 
in which the carburetor-air temperature wa varied, 
temperatures bigher than tho e of the room were ob
tained by heating the air with electric beaters placed in 
the in take-air line. For temperature lower than 
atmospheric, tbe air to the carburetor was passed 
through a radiator ubmerged in a batb of kerosene into 
which carbon dioxide \Va expanded. 

The standard test-eno'ine equipment was u ed for 
measuring the engine speed and the fuel consumption. 

I STU MENTS 

Iron-constantan thermocouples and a direct-reading 
portable pyrometer were u eel to measure the cylinder 
temperatures. The thermocouples were made of 0.016-
inch-liameter wire and were peened to the cylinder head 
and spot-welded to the barrel. The temperature were 
mea ured on all cylinders by 22 thermocouples on the 

head, 10 on tbe barrel, and 2 on the flange, located as 
shown in figure 7. Thermocouple 12 was a standard 
I avy gasket-type thermocouple placed under the rear 
spark plug. The temperatme of the cooling air a t the 
inlet of the jacket was measured near the cylinder by 2 
thermocouple connected to a sen itive galvanometer. 
The temperature of the cooling air at the outlet of the 
jacket was measured by 10 iron-constantan thermo
couples. The cold j unction of all the thermocouples 
were placed in an insulated box. Liquid thermometers 
were used to measure the temperature of the air entering 
the orifice tank, of the cold-junction box, and of the 
carburetor intake. 

Th e pre sure drop across the cylinder was measured 
by a static tube located in the space a head of the cylinder 
where the vcloci ty head wrrs negligible. This static 
tube wns connected to a water manometer. A water 
manometer \\'l1 S llsed to measure the pressure in th e 
orifice tank and t1 mercury manometer was u ed to 
m.ea ure the carburetor-intake pressure. 
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FIG URE 7 (b).-Front and rear views of cylinders from 'Vrigbt engines showing location of tbermocouples. 

TESTS 

Test were made of the seven cylinders to determine 
the values of a and T o at various engine speeds, indi
cated horsepowers, and mass flows of the cooling air. 
A list of the test conditions covered is given in table I. 
In each te t the engine power, the engine peed, the air
fuel ratio, the carburetor-air t,emperature, the oil tem
perature, the spark timing, and the mass flow of the 
cooling air were held constant and the cooling-air tem
perature was varied. The range of the cooling-air tem-

peraturcs in mo t of thc tcsts was from 80° F. to 230° F. 
The a in a given test for each of the 34 thermocouples 
was determined by plotting the temperature measured 
by the thermocouple again t the cooling-air temperature 
and obtaining the slope of the resulting straight line. 

From equation (1) it i evident that, with engine con
ditions held constant, Hi zero when Til is equal to T o; 
and from equation (2) it is apparent that at equilibrium, 
for a constant value of the mass flow, H is proportional 
to TII - Ta. 
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TIm, in the foregoing te t 'when the average tem
perature difference between the cylinder head and the 
cooling air is plotted again t the average head tempera
ture, the value of T" at which T,.-Ta i zero is equal to 
To. The value of To for the barrel may be obtained in 
a imilar manner. The procedure i illu tra ted in 
:6gur A traight line is drawn through the points 

Head 
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1\ .. f- ~ 

I. (~rr(l) 

o 200 400 600 BOO 1,000 1,200 
Th and Tb ,0 F. 

l<'IGUJt~ .-Yalues o( 1', (or head a lld barre l of I . 0 cylinder: 

~~~~~jii!.~~-~~~~:: ::::::::::::::::::::::::::::::::::: 1,5£ 57 
Indicated mean efIective pressure, Ib ./sq. in ___ _________ 11 4. I 
tJ.pp/po' Ill . ofwaoo'-____ __ ___ ____________________________ 15.2i 
Carburetor·air temperature, o ~' _______ __ ._____________ _ _ 94 
Fuel consumption, lb./i. hp./hr ___ _ . ___ .________________ 0. 46 

and extrapolated to the horizontal axis. Becau e of the 
laro-e range through which tbe extrapolation is made, 
tbe yulue 0 obtained i appro)..'imate . 

Additional te t were made of the 1340- H, 1535, 
1 20- F, 1 30, and 1510 cylinder, for whi h the cooling 
conditions and the engine power were held ('on tant 
and the carburetor-air temperature was varied. It was 
nece sary to readjust the throttle etting at each ne,,
carburetor-air temperature to maintain con tant po\\-er. 

From equation (7) it is evident that for this ca e 

or 

The quantity b i 
SlOn: 

dTII=(l - a)dTo 

IT To- Ta dT 
c 0= T - T h 

II a 
then given by the following expre -

To- Ta dTIl 

T'l- Ta dTe 

The value of b wa obtained as indicated by plotti.llg 
Til against Te, obtaining the lope, and multiplying by 
(To- Ta)/(T'l-Ta) , where the value of To and Th 
were taken corresponding to a carburetor-air tempera
ture eq ual to atmo pheri tempera ture. The value of 
b obtained in thi manner is approximate but, ince the 
errect of variation of To on Til is mall, an accurate 
value is not required. 

During each te t, observation were made of the 
engine torque, the ngine speed, the fuel consumed, the 
carburetor-in take pres ure and temperature, the spark 
etting, the temperature of the air en tering the orifice 

tank, the temperature of the cooling air entering and 
leaving the jncket, the cylind er temperature, the pres
sure drop acro the orifice tank, the pre sure at the 
entrance of the jacket, and the barometric pres ure. 

The weight of the cooling air was controlled by vary
ing the speed of the blower. The cnrburetor-intake 
pre sures were yarie 1 either by throttling the intake or 
by boosting with the upercharger. 

Ga oline conforming to Army pecification Y - 3557 
and having an octane number of 7 wa u eel for most 
te ts. For the most severe conditions, ethyl fluid wa 
added to the gasoline in a ufficient amount to uppre s 
audible knock. 

COMP TATIONS 

The eno-ine hoI' epower given in this report are all 
ob ervee! values and were calculated from the corrected 
dynamometer- calc reading and the engine peed. The 
method of computing the cooling-ail' weight is o-iven in 
detail in rc(erence 5. 

The cylinder temperatures, the inl t cooliIw-air tem
peratures, and the outlet cooliJlg-air temperature were 
co rrected for j nstrull1ent calibration and cold-j II nctio1l 
te Il1peratul"e. 

The specifi c fu'l cOJJsumpLion wa calculated froJll 
the observed weight of fuel u ed, the time required to 
use thi fuel, and the indicated hor epower. 

The pre ure drop obtained from the tatic tube 
placell in front of the cylinder included both the drop 
across th e cylinder and the 10 out the exit of the 
jacket. It i denoted by the ymbol!:::,.p in this report 
a lld is given in inches of water. 

RES LTS 

Experimental values of a.-The experimental values 
of a for the varioll point on the cylinder howed no 
consistent trend with either the location or the tempera
ture of the point , except tha t the val Lles on the head 
grouped about a common value ancl the values on the 
barrel grouped about another value . It was al 0 found 
that thermocouple locations on the cylinder which hac! 
higher than averaO'e a 's in some te ts had lower than 
average a 's in other and , again , no con i tent trend 
could be detected. It was, therefore, con iclered expe
dient to averaO'e the value of a for the head and the 
banel separatcly and to present the e values in this 
paper a the correction factors. The value of a are 
shown in table II. 
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Effective gas temperature To.- The value of To 
were obtained in the manner previousl. de crib d find 
are li ted in table I. An averao-e value of 1'0 wa ob
tained a represcntfltive of thc cylinder for flvcrage teo t 
condition amI is listod at the bottom of the olumn in 
table I. Mo t of thc average val ues for t he head and 
the barrel were clo e to 1,150° F. and 600° F. , respec
tivel)7. The laro'ost cleviation from these value oc
CUlTed for the I 690 and 1820- F cylinder and for the 
barrel of the] 535 cylind er. A shown in no-ure J , the 
value of 1'0 vary with the park timing, tho air-fu el 
rati , and the carburetor-air temperature. The fore
going value hold for a normal spark timing, a carbu
retor-air temperature of approximately 80° F ., and all 
air-fuel ratio of approximately J 2.5 and agree fairly 
well with the value~ gi \-en in fio'me l. 

Calculated values of a .- The vfllues of a for the 
variou test conditions were calculated, making u e of 
equation (4), and are hown in table II . Th e valu es of 
To u ed (see table II) were 1,150° F. for the Il eac1 and 
600° F. for the barrel except for the 1690, 1 20- F, and 
1535 cylinder ' , for which the averao-e value of 1'0 
shown in table I were u ed. The values of I'll, Tb, and 
1'a u ed correspond to the condi tion in which no heat 
wa aelded to the cooling air by the electric henters. 
The va lue of a were calculated for the 1510 cylinder, 
u ino- tbe values of Ta, Tb , and 1'" corresponding to 
maxim um cooling-air temperature and are shown in 
table III. Compari on of these value with the cal
culated values hown in table II for th e 1510 cylinder 
shows very little difference, a is to be expected . 

The experimental values of a arep loLtecl in figllre \) 
against the calcuJflLed vfllue ·. A jill e is dnl\\'J1 ill each 
flgure Cor It 1:1 corre J.loJldence beLween the cH lclilltLed 
and LI10 experimental value'. The poilJts fall about 
euch lill e alld, althouo-h the scaLtcr is wide, the same 
general trend is indicated. 

Experimental values of b.- The values of b, the ratio 
of increa e oJ 1'0 with increa e of carburetor-air temper
ature, were ohtained in the' mallner already described. 
The variation of cylinder temperature with carburetor 
temperature was small , o( the oreler of 15° F . increase 
in cylinder temperature per 100° F . rise in carburetor
air temperature. It i apparent that small extraneOllS 
variations in cylinder temperature du e to variation in 
other conditions woulcl introduce a large per entage 
error in the value of b; however, becau e of the small 
effect of variation of 1'0 on cylinder temperatw-e, tbe 
value of b nee 1 not be very accurately known. The 
value of b obtained from severn.l test of the varioL! 
r.ylinders arc listed in table IV. 

As there i no apparent rea on for a large difference 
between the values of b for the variou cylinders, an 
average was taken of all the available value . An 
average value of 0.3 is obtainecl a comparecl with the 
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t ~ x i?<' x - -+-+-+- r:--- ~ )(f" 

6~ X'--I-~-l---1--+I--t-(e)-r-i ~ 
. .66 ~ -1-.74 .iii .d2 .10 .74 .78 .82- 86 

/.0 1 ~ I=:- l a (colculo/ed) 
f i Values o f Tg . 7; 7;'(or 7;) 

-t,-,.'!--bD1~ICIo°-i used In r ollo 7.
9
' - fa 

, ~r:-<I;;' "'I 0 Cylmder 7;(Heodj"f. T,,(8orre/rF. .8t xx: I t' ~I ----- 0 

'(-
= x XI gJtH ~:1P ~~? 

.6 X 1 I I 17')- 18i"0-F 1,/83 571 
_ _.1. ,L- ---::'=-- 1690 1.i"J0 645 

.66 .10 .74 .7B .82 :%Jg'G 1,/50 600 
d (calculo/ed) 1510 ;,;~g ~~~ 

(a) 1340- IT cyli ndcr. 
(c) 1820- F cylinder. 
(e) 1 0 cylinder. 
(g) 15 10 cylinder. 

(Il) 1535 cyli nder. 
(d) 1690 cylinder. 
(f) 1820-0 cylinder. 

F'GUIlE 9.- Experimental against ca lculated ,'alues of cr. 

value of 0.5 obtaine 1 from figure 1. In the 1)1'e ent 
report a value of b= 0.5 will be 1I eel in making the 
computations. The term containing b in equatio ll ( ) 
occu r ' only in Cfl e where the ca rburetor-,) lr Lelllperfl
Lli re is ;ll1o\\,e<1 Lo vary with Lli e 11 tmospheric LO llI perll 
Lure ,llld , Jor these cases, all LIIlC rtllill L'y ill Lhe C()lll 

puLed valu e of ax cqual to 50 percCllt of b(l - a) will 
exi·t wll IJ tbe foregoiJlg vnlue of b i ' used. IJI 1Il0sL 
en es, thi uncertain ty will be <" small percentage of ax. 

APPLICATIO OF RESULTS 

The correction factors for the variation of cylinder 
temperature wit.h atmospheric temperature will be con
sidered for the following ca e : 

A. on tant carburetor-air t mperature and engwe 
power. 

1. Climb at con tan t indicated air peed to a 
Diven pre ure altitucle. 

2. Level flight at a given pre sure altitude. 
3. tationary on ground at a given barometer. 
4. Con tant airplane velocity. 
5. Con tant mas flow. 

B. arburetor-air temperature equal to and varying 
with atmo pberi temperature; engine power 
varying with carburetor-flir temperature; 
constant manifold pre UTe ; and constant 
engine speecl. 

I 
) 
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1. Olimb at con tant indicated air speed to a . 
given pressure altitude. 

2. Level flight at a given pressure al titude. 
3. tationary on grolmd at a given barometer. 

O. Maneuver of short time dmation. Oonstant 
carburetor-air temperature and engine pow r . 

1. limb to critical altitude. 
2. Take-off. 

Oases A and B refer to equilibrium condition and 
case refers to varying conditions. 

In the following calculation , the value given for 
the Pratt & Whitney 1340- H cylinder in the earlier 
Discussion of the Problem will be u ed for m and n'. 
The values of m and n' for other cylinders differ only 
by a slight amount from these value and will introd ll ce 
only a small difference in a A• 

Throughout the rest of the report, the problem will 
be simplified by taking the average den ity of the air 
flowing around the cylinder as equal to the atmospheric 
den ity. This assumption introduces no appreciable 
error a the two den ities are practically proportional 
and it is only the percentage density ch ange that is of 
con equence in the analysis. 

CON TA T CA RBURETOR-AIR TEMPERA TU R E AND ENGINE POWER 

From the relation given earlier, that p!::"p may be 
written proportional to px]v, i.t is evident in the pre ent 
case (con tant engine power) that y= O. It has also 
been tated earlier that 2= 0 when the carburetor-air 
temperature is h eld constant. Thus, for the ca 'es 
noted under A, the value of y and 2 in equations ( ) 
and (9) arc %ero and ).. = :1"' . Thr vall1t' of T will be 
found for the various cases. 

Climb at constant indicated air speed (A- 1) .- li'or 
climb at constant indicated ai r peeel , 

where Vi 
As 
then 

p V 2= constanL 

the true velocity of the airplane. 
!::,.p = K1P VZ 

p!::"p = pX constant 
and, thus, X= 1. 

The correction factor a", may be obtained from figure 
3 for ).. = 1.0 for various value of Ta and Tv; it applies 
for the case of slow climbs in which the final equilibrium 
temperature is very nearly reached. For fast-climbing 
airplanes, the cylinder temperatme lags behind the 
equilibrium temperatme and the effect of atmo pheric 
temperature on the time of duration of the climb mu t 
also be considered in obtaining the correct factor. This 
case will be discu ed later. 

Level flight at a given pressure altitude (A- 2).- At 
the level-flight condition 

K 30n P V 3= L.llp. 

where ](3 is a constant and OD is the drag coefficient. 
If it is assumed tllat the thn thor epower remains 

constant for a constant engine power and that the drag 
coefficient is practically con tant at the maA-llnum
velocity onclition. in. level fl ight, then 

p V3= constant 

and, since !::,.p = K 1P V 2 

p!::"p = p2(~)f, X onstant= p1.333 X constant 

For thi case x= A= 1.333. 

Stationary on ground at a given barometer (A- 3).
From reference 6 a relation may be obtained between 
the nondimensional quantity ,,1!::"p j ptnD and the non
dimensional power coefficient P jpn3D5 for a cowlecl 
engine s tationary on the ground . This relation may be 
approximated by 

-V!::"P =K(~)~ 
ptnD 4 pn3D 5 

where n, propeller speed. 
P, propeller power. 
D , propeller diameter. 

](4, a constan t. 
d, an cxponen L. 

The exponent d may be taken a a constant for a giYeJ1 
propeller and cowling combination ancl for a short 
range of variation of P jpn3D5. The value of d obtained 
[rom reference 6 were found to lie between ~~ and }~ . 
From the preceding relation for a given engine power, 
engine speed, and propeller, !::"p is proportional to 
pI- a, and p!::"p i proportional to pH i.. The value of 
A for this case lies between l.50 and l.666. As may 
be seen hom. figUl'e 3, there is only a small difference 
between the values of a A for these two values of A. 

Constant airplane velocity (A- 4).- The case of sub
stantially constant airplane velocity with variations in 
atmospheric temperature occur in level flight when the 
carbm'etor-air temperature and engine power are al
lowed to vary. This ca e will be taken up in section B. 
In some acceptance tests on a dynamometer stand, 
however, a constant air velocity is maintained irre-
peetive of atmospheric temperature while carburetor

air temperature and engine power are held cons tan t. 
The following factor apply in correcting the average 
bead and barrel temperatures obtained in these tests 
to a standard cooling-air temperatme. 

V = eon tant 
p!::"p = K Ip2T,12= p2 X constant 

A= 2 

The correction factors for this case are the highest of 
those obtaincd. Oampbell (reference ] ) found that, 
for con tant velocity, constant power, and constant 
carburetor-ail' temperature, a A was approximately 1.1 
for t.he thcrmocouple 011 tll c head of the cylinder te tcel. 

--- - - - --- -- - - -
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Co rrespon ding to un air tempera ture of 70° F . (the 
m ean of Campbell 's temperatures) , it value of To of 
1,150° F ., and fi ll ~wel'age of his eylinder temperat ures 
OJ } tbe head or 3.'58° F. , fi g ure 2 gives a vallie of ex or 
0.73. Wi th this ex and a valu e or Ta of 70° F ., fi gure 3 
shows that, for constan t velocity (A = 2), CiA is approxi
m ately 1.0 . 

Constant mass flow (A- 5).- I t i advisable in ac
ceptance tes t con ducted on the cly nam.on"leter stand, 
wh enever po ible, to m ain tain II s tandard m as Dow, 
because then there i no cOlTection ll eces itry for varia
tion of pt.p since 

pt.p= K 1P2V 2= con ta n t 

1-. = 0 Hnd exA= ex 

CARBUUETOR- AIR TEMPERATURE EQUAL TO AND VARYING WITH 
ATMOSPHEHIC TEMPEUATUUE 

Ca. es wh 1'e the carburetor temperature is equal to 
and yaries with the atm ospherjc tempera ture will now 
be considered. For these cascs Z= 1. 

Climb at constant indicated air speed to a given pres
sure altitude (B- l).- The angle of attack for op timum 
cl im b for un airpla ne equip I ed wi th a constan t-speed 
propeller depend s m ore on the angle of attack for mini
mum h oI' cpower l'eq uirccl than on the horsepower 
available . It may therefore be assumed that the sligh t 
variation in horsepower available clue to tempera ture 
change will not appreciably aft'ect t. ue indicated au' 
speed for op tim um climb. As in the caS3 of A- I 

p V2= constant 
pC:,.p = K JP2V 2= pX constan t = ploX const an t 

Thus x= 1 and y= O 

and from equation (9) 

[ 1( 0.64)J A= 1 + 2 0 -0.34 = 1- 0. 941= 0.059 

Level flight at a given pressure altitude (B- 2).-In 
level fligh t at full open throt t le, p V 3 is approximately 
propor t ional to the thrust hor epower. If the thru t 
horsepower is assumed proportional t o th e in dicated 
horsepower of the engin e, 

pVS = K J 

Thus 
4 2 

x= "3 y ="3 

and 

A=[~+~(i- 1. 82 ) J = 0.725 

Stationary on ground at a given barometer (B- 3) .
As in case A- 3, 

On t he n.ssLlmp tion tha t the propeller power IS pro
por tiol1 ll1 to th e indicated horsepower n.nd th at th e 
e ngll1 e peed i held cons ta.nt, 

Thus 

n,nd 

When 

2]'1 

Pc:"P=KB~ = K6p2-dl d 
P 

x= 2- d y = d 

1 
d= 3" A= 0.S9 

d=~ A= O. 1 

The value of x, y, Z , and A for the variou conditions 
consid ered are lis ted in ta ble V. Calculated correction 
factors for tb e variou condition for several valu es of 
a tmospheric and average head and barrel temperatures 
are a lso given in th e table. The valu e of T u in the com
puta tions was t aken as 1,150° F. for the h ead and 600° 
F . for th e barrel. The maximum cylinder-hea.d tem
pera ture was assumed to be 125° F . higher than th e 
average head temperature and the m aximum cylinder
barrel temperature wa as umeel to be 30° F. higher 
th an the average barrel temperatme. Differences 
between the maximum and th e average cylu1cler-heacl 
temper atur s as low as 40° F . are being obtained on 
modern cylinders. For condition B, in which the 
carburetor-air temperature was varied, the quantity 
(l -ex) b was added to the v alue read from figure 3 to 
obtain the value of CiX in the table. 

MANEUVER OF SHOUT TIME DURATION 

Climb to critical altitude (C- l ).- The ca e of climb 
at con tant indicated air speed from a pressure altitude 
of Po to a pres ure altitude of p at con tant indicated 
horsepower , engine speed, carburetor-air t emperature, 
and air-fuel ratio will now be considered. The rate of 
climb or vertical a cent will be a umed to be practi
cally independent of atmo pheric t emperature. The 
height of the climb in feet i given in r efer ence 7 as 

Z = 122 .9 (1 + 460) 10glO~0 

Then th e t ime of climb may be obtained by the equa
tion 

. T + 460 .[ po 
t= 122 .9 X 60 oglO-

Vc P 

wh ere t 'e is t he rate of limb, It. per mill . 
From t he equa tion for time f climb, it i evident 

that the value of u ill equ a tion (12) is - 1. The 
pre ent climb condition corresponds to the condition 
A- I , from which the value of A= x= l i obtained. If 

\ 
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the la term of eq uation (12) is omitted as negligible, 
the in rea e in cylinder-b end temperatur with an 
in cl"ea in n.tmo pheric temperature of dTa at the 
pre ure alt itu de Ji <e nd nil ill creft e ill the nverage 
t1.tmosplwric temperature of dT i givcn hy 

where 

The magnitude of the fnctOl" 0'" wbich wa intro
duced by the variation of the time of climb with the 
mean atmospheric temperature between the pressure 
Il ltitude Po tllld p, will now he investigated . Figure 10 
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FIGURE 1O.- Variation of correction factor a, with T. - T . ,. 

a, _ T.- T "(l - ma)r 
T+460 

60 

how O't plotted again t T,,- T"t. The values of 0', 

tn, and l' were taken a O. , 0.336, and 00 F., re pec
tively. Curve are given for values of T"- T,,o of 
1000 F . and 1500 F. It i een that, when the cylinder 
temp r ature lack only 100 F. of reaching it equilib
rium value, the value of O't is 0.04. l'Vhen the equilib
rium temperature i reached, a 111 a low climb, 
1',,- T"t = O and 0'(= 0. Thi case revert to the ca e 
A- I. The maximum value of O't for T,,- 1'''0= 100 i 
0.06 and, for other value of T,,-TIIO ' is in the direct 
ratio of T"-T,,o to 100. Although it i rarely kno\\rn 
by wbat amount the cylinder temperature lag behind 
the equilibrium temperatme in an actual climb test, 
figure 10 is of intere t in bowing the magnitude of the 
elTOl" Lbat migh t be expected. in neglecting O't. In some 
en c. , where the value f T,, - Tilt is known roughly, t ho 
value of O't can b e timated. 

A method of estimating T,, - 1'''t in llight [or a co \\'led 
engine provided with adju table cowlinO" flaps i to 
record the cylinder temperatures and the test con
ditions at the top of the climb and then to fly in level 

flight at the final altitude with tbe flaps adju ted to 
1'e trict the PH', me drop across the cylinders to that 
oht:'lined ill tile climb Witll the arne engine conditions 
<mel again to record t lt e cylinder temperatme. It 
should be borne in mind, however, that the two cooling 
condition may Jlot be entirely equivalent, a a differ
ence in the turbulent ail' movement in front of the 
cylinder may be expected. 

It i evident, from the foregoing con ideration , that 
the cylincl r tempera tl\l"es at the end of a climb depend 
not only OJI the eJwine and cooling condition prevail
ingatthat time butal oon their hi tory during the climb. 
An ideal ca e wa discu sed in which the eno-ine condi
tion were held constant during the climb. In climb 
te t :'IS they nre performed at pre ent, the thro ttle 
is set at a definite stop at sea level and is adj usted to a 
new position at a pre cribed altitude to bring the mani
fold pre me up. The mL'{tme control and the car
buretor-ail' temperatme are et at sea level and arc 
u ually not again adj u t d unle s the engine ftmction 
improperly during the flight. It is known that the 
mL'{ture becomes richer for a given control etting as 
the altitude is increased. The manifold pre me drops 
between the two altitudes at which it is aclj usted. Even 
the main tenance of a constant manifold pressure does 
\l ot insme constant power, a the charge to the engine 
depend al 0 on the exhau t back pre UTe. Thus, 
until more complete control of the engine condition 
an be maintained dmino- the climb, good correlation 

of the temperature data for this flight condi tion can
not be expected. For an engine provided with cowling 
flaps, more accurate data can be obtained by flying the 
airplane in 1 vcl llio-h at the critical altitude with the 
flaps adj u ted to provide the ame pre ure drop a i 
obtained in climb. The temperatures obtained in this 
manner would be clo e to the equilibrium temperatures 
corre ponding to the enO"ine and coolin o. condition in 
climb at the critical al titude. 

Til e following exampl is o-iven as an illustration of 
the variation of cylind er-head temperature in a climb. 
TllC airplane i a umed to be provided with a 9-
cylinder Pratt & Whitney 1340- H engine operating at 
550 hor epower. The climb is as umed to take place 
at a con tant indicated ajr peed that provide a con
stant pre Ufe drop L1p of 4.7 inches of water acro the 
cylinders. The weight of the cylinder head is 18. 6 
pound and the specific heat i 0.25 B . t. u. per lb. per 
of. for aluminum. The averao-e cylinder-head tem
perature jut before en tering into the climb is assumed 
to be 300 0 F. A climbing peed of 2,700 feet per min II te 
is a Sli med . Th e tem peraLures and densities corre
spond to Lit e stnndard alLiLucic (rcferenc 7). The 
foregoin o. va lue ' were lib tituted ill equation (11 ) . 
The value u ed for J(ao, ]Jab 1n, and n' are those 
obtained from the single-cylinder-engine test. The 
value of K would probably be somewhat different for 
the cowled engine in flight. The calculated average 

I 
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cylinder-head temperatme T ht at each 1,000 feet of 
altitude up to 7,000 feet i hO"111 in the following table. 
The equilibrium t mperature T il tha t would be reached 
at each al titud e, if the engine temperature re ponded 
in tantaneously to a change in conditions, i al 0 

listed in the table. 

A Iti t ude (ft .) '1'A (O F .) T A, (OF .) 

0 450 300 
1,000 450 :137 
2,000 450 3li3 
3, 000 450 381 
4 , 000 450 400 
5, 000 450 41 2 
6, 000 '15 L 42 L 
7. 000 451 428 

It \vill be noticed that, for thi case, the equ ilibrium 
temperatu re Til is the same at ea level a at 7,000 feet , 
the eIT ct of the lecr a e in den i ty being compen ated 
by the effect of the decrea e in atmo pheric temperature. 
The actual temperature T ilt still lack 23 ° F. of attain
ing equilibrium at 7,000 feet. 

Take-off condition (C- 2).- In the tak -ofl', Lhe engine 
i first warmed up until the 0111'eache the de ired tem
perature. The throttle i then opene 1 to the manifold 
pre sure for take-off and the airplane i put into motion. 
In general, the pressure drop available in take-off is not 
uffieien t to cool the engin eat the high power take-oIT 

rating. Becau e of the heat capacity of th cylinder 
material, however, the temperatures increase at a finite 
rate with tim and the final temperature reached at the 
in tant of tak -off depends, other factors remaining 
con tan t, on the time of duration of the take-o ft run. 
'rhe time durn ti 0 n 0 ( til e tfl ke-o rf nm for In nel plnnes i 
II sually ill t he neighbo rhood of" 10 to 20 seconds anci, 
in thi hor t time, t he cylinder t('mpE'ratllres arc C011 -
siderably les' than the eq uilibriuJll t('mperatur for the 
11 01' epo wer and the ooling-j re Ul"C drop in volv E'd. 

As an illu tration, con ider all airphm eq uippe l 
with a Pratt & IVbi tney 1340- H cylinder that, in being 
warm d up preparatory to take-oft·, has at.tained an 
average cylinder-head temperatm e of 300° F. The 
thro ttle is then opened to provide a power of 550 
horsepower, or 61.1 horsepower p l' cylind er, at a pro
peller speed of 1,500 r. p . m. For a typical cowling 
and propeller combination , a value of 0.177 wa ob
tained from reference 6 corre ponding to the present 
value of -Jf1p/n (n is in revolutions per second, and f1 p 
i in pound per quare foot). Then 

f1p = 3.75 in. of water. 

It i shown in reference 6 that, for low airplane peeds, 
the pres ure drop depend mainly on the propeller 
slipstream and that, as a o'ood approximation , f:.p can 
be a umed to remain con tant up to the take-ofl" 
velocity . 

The average cylinder-head temperature for equilib
rium at the given power and pre ure drop may be 

obtained from equation (3) . The value of Tv is taken 
a 1,150° Ij . and of Ta as 59° F. 

Inasmuch a th · engine and cooling conditions remain 
con tant during the run , equation (11 ) may be u cd : 

A = J{ao(f1pp/po) m+ B aJ '" 
= 7 .1 (3.75)°·34 + 5.22 (61.1 )0.61 = 195 

The weight of the head NI is 1 . 6 pound and the pe
cinc heat c [or aluminum is 0.25 B . t. ll . per lb . per OF . 
so tbat 

where t is in hom . 

1 
cM= 41.3 h.r. 

On the a sumption that the take-off run requires 10 
second , the value of Til, ov(']" thi period is given by 

--
, (scr .) 0 2 4 6 10 

------------
T Al (O l<.L _______ 300 304 307 3 11 315 31 

It is seen that, for thi Cll e, tIl e fl v('rage head tem
pcratLu'e increases only lO.v p el' 'on t of the difference 
b('tween the initial and the final (,quilibriulll tempenl
tlJrE',. 

Th e time required for take-oli' varie inve rsely a ' the 
square root of the aLmo pheric density nn 1 it i ' a simplo 
matter to calculate the eHect of varia tion of atmo -
pllCric conditions on the temperatLLl"e rise of tIl e cylinder 
dming take-oIL The c.yllndor teJ1lperatme at the time 
o[ take-off depends mainly on th e initial temperatme 
of the engine and therefore depends on the instru ction ' 
followed by the pilot in warming up the engine. For 
examlle, if the pilot i in tructed to warm up the engine 
to the arne temperatme at the start of the take-off nm 
irrespective of atmo pheric temperatme, then variation 
of atmo ph eric temperature will have only a mall effect 
on the cylinder temperature at take-off. 

As an illustration, refer to the case just con idered 
of take-off at a given eno·ine power, a given carburetor
air temp rature, and a given engine peed. The in
crea e in cylinder-head temperature i O"iven by equa
tion (12), where no\v To= Ta= T. Equation (12) 
becomE'S 
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where a,o i the variation of the initial head tempem
tme T ho and a, is the variation of the final equilibrium 

head temperature Til with atmospheric ternperatu re. 
From the values of T o, TIl) and Ta previously obtained, 
a value of a= 0.63 i calculated from equation (4) . 
Since the pilot is assumed to warm up th e engine to the 
ame temperatme prior to take-off independent of 

atmo pherie temperatme, a,o is equal to zero. If the 
take-off OCCLll' at a con tant indicated air speed, as 
previou ly mentioned, the time for take-oft i inversely 
proportional to the sq uare root of t he den i ty 

from which there is 0 btainecl U= - K (See develop
men t of equation (12).) The val ue or x as given hy 
condi tion A- 3 will be used becnuse only a mnll chano-c 
in -J b.p/n witb airplane velocity in th e take-off range is 
indicated in reference 6. 

x= A= 0.5 to 0.666 

ing values of x=0 .5, a= 0.63, axo= O, U= - Yz , and 
m = 0.34, th e foregoing equation becomes 

clT", 0.4 (T" - T ,,o)1' T II,-Tllo 
dTa Ta+460 + TIl- T"o ax 

0.4 X 169r 
59 + 460 +0.106a, 

The llHlxllllU III valu e LlmL r eau lw ve io l ie a ud Lbe nwxi
mum value of 0.131' i 

0.13 = 00-
2.71 . b 

For the pre ent ca e, however, 

Th- T", 
T T = 1- 0.106 = 0. 94 
,,- 110 

>1.11 0 1'= 0.10 (fig. 4) 

clT 
~=0.130 X 0.10 + 0.106a,= 0.01 + 0.106a, 
dTa 

The value ofax(A= 0.5, T o= 1,150, Ta= 59, a= 0.63 ) as 
obtained from figure 3 is 0.72 and 

It is evident that the effect of atmospheric temperature 
on the take-off temperature in the present case is mal l. 

Attention i du:ected to th e fact hown by the c<l1-
culations that the pow r in take-off can be increa ed con
siderably and still not r sult in dangerous cylinder head 

and barrel temperatmes if the temperatures of th e 
cylin 1ers just prior to take-oft are low. Piston temper
atLll'es, however, will respond more rapidly to a udden 
in crease in engine power and may be the limiting Ineto!". 

S MMAUY OF METHOD 0 1' DETERMlNl G CO HR ECTIO ' 1' ACTORS 
FOR VA .RIATION OF CYLIN DER T], MPERATURE WITH ATMOS
PHE RI C TEMPERAT R E 

Reference to equation (8) or flgure 3 sho\\-s that the 
correction factor a, (change in cylinder temperature per 
degree chano'e in atmo pheric temperature) ll1HY be 
determined when the values of To, Ta, a, anel A a re knowl1. 
A pointed out in the discLl sion following equation (8), 
the values given in fig ure 3 do not include the Ill. t term 
in eql1ation ( ), zb(l - a). ' \Then the carburetor-air 
tempeT'fLture i held const,mt, z is e [unl to zero nncl this 
term reduce to ze ro. , 'rhen tll e ca rhure to r-eli r tem
perature i allo\\'ed to vary with the utmo pheric tem
perature, z= l and this term becomes b(l - a), where b 
may be taken equal to 0.5. This small correction must 
be added to the value of a, obtained from figure 3 'ror 
the case of Z = 1. ~When tbe exact value of Tu is noL 
knowD, it is seen from figure 3 that a value of 1,150° F. 
for the head and of 600 0 F. for the banel may be chosen 
without introducing appreciable error. The value of A 
COITe poneling to the condition lU1ele r consideration may 
be obt,lined from table V. It may also be dete rmined 
from equation (9), a previously shown. The ba ic 
correction factor a (change in cylinder temperature per 
degree change in cooling-ail' temperature when mass 
Dow of cooling air, engine power, and ca rburetor-air 
Lr Il1j.l emLure arc ll r ld C"on sLnnL) may he determined from 
equation (4) or figure 2 when Ty , T", '1'", lindT" are 
k:no\\-n ; '1'" is the aLmo 'ph eri<.: tcmperaLure, T " the 
average head LemperaLu re, and Tb the cwerage banel 
Lempern,tu rc. As Jllay be sern from Jigme 2, tbe as
sLlmed values for To m,ty al 0 be used for determining a 

without introducing an appreciable error. 
In many pra,ctical cases only the maximum head and 

barrel temperature and the atmosph ric temperature 
arc obtained in the te t. The diIrerence between the 
average bead temperature ,wd the m,n.inuun cylinder 
temperature depends on LIte type of fll11li.l1g and baf
iling; the better the finnllo-, of cour e, the smaller the 
dillerence. In the following table are given the approx
imate difference between the averaO'e head and t he 
ma~lID.um cylinder temperatures for the cylinders 
te ted. 

Cylinder 

PraLL & Whitney: 
1340-1L __________________________ _ 
1535 ______________________________ _ 
1535 (fli gh L) _____________________ _ 
1830 ___________________________ _ 
1690 _______________ ~ _ _ _ _____ _ 

\\' ri ~h L: 1820--F ___________________________ _ 
120-0 _______________ ____________ _ 
1510 ___ _____________ ______________ _ 

rremperaLure 
difTerence (0 F.) 

150 
50 

100 
fiO 
\10 

70 
40 
90 
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The average barrel temperature is of the order of only 
300 F.lower than the maximum and can be quite closely 
estimated. From figure 2 it may be een that an error 
of 25 0 F. in the estimated value of the average head 
temperature will cause an error in the value of lX for 
the head of 0.03 ; an error of 100 F. in the e timated 
value of the average barrel temperature "\ow cause an 
error in the valu e of lX for the barrel of 0.02. 

The preceding method is illustrated with the following 
example. An engine is tested in level flight and a 
maximum head temperature of 425 0 F . and a maATIn1.lm 
barrel tempera ture of 250 0 F . are obtained at a cooling
air temperatme of 20 0 F. The engine is provided with 
an air heater adapted to maintain a standard tempera
tlU"e at the carbmetor of 70 0 F. It is desired to deter
mine the value of the maximum cylinder temperatures 
if the cooling-air temperature were 70 0 F. at the same 
altitude and engine condition. If it is as umed that 
the average head and barrel temperature are 125 0 F. 
and 300 F . lower than the respective maximum tempera
tures, the values of TIl and Tb are 300 0 F . and 220 0 F. 
Corre ponding to these values of T il and Tb and to a 
value of Ta of 20 0 F. and To of 1,1500 F. and 600 0 F. 
for the head and the barrel, respectively, figure 2 shows 
a value of lX for the head of 0.73 and for the barrel of 
0.6 . From table V, case A- 2, a value of A of l.33 is 
obtained. The required correction factors lX}. corre
sponding to the value of A, lX, To, and Ta are read from 
figure 3. The values obtained are lX}.=O.93 for the 
head an 1 O. 0 for the barrel. The maximum cylinder 
head and barrel temperatures, corrected to a cooling
air temperature of 70 0 F., are then 472 0 F . and 290 0 F., 
respectively. 

The correction factors for a number of test concli
tions are included in table V. For each condition, the 
factors were determined for average head temperatures 
of 3500 F. and 275 0 F. , average barrel temperatures of 
300 0 F. and 225 0 F. , and atmo ph eric temperatures of 
1000 F. and 00 F . These values bracket the usual oper
ating range. For most test conditions, the variation of 
the correction factor over this range is small and an 
average value may be used. Wh re a large variation 
exists, the correction factors corre ponding to a de ired 
et of conditions may be obtained by interpolating be

tween the values given in table V. In this connection 
it hould be noted that a probable uncertainty of ± 5 
percent exists in the values of the correction factors. 
Appro).rimate maximum head and barrel temperatme 
are al 0 listed in the table and were obtained by adding 
1250 F. to the average head temperature and 300 F. to 
the averaO'e barrel temperatme. 

GENERAL REMARKS 

The dependence of cylinder temperatures on the 
engine power, the air-fuel ratio, the carbmetor-air tem
perature, the pressure drop of cooling air across the 
cylinder, and the cooling-air temperature has been 
hown. It has also been shown that the correction 

factor for variation of cylinder temperatme with at
mospheric temperature depend on the type of :flight 
or test to which it i to be applied. Correction factors 
have been obtained for several ideal case. Various 
airplane, however , have different refinements of equip
ment for controlling the engine and coolino' factors and 
therefore present separate problems. These problems 
can be readily investigated by th methods illustrated. 

Obviously, when cooling test are made for accurate 
comparison of cylinder temperatures, the factOl"s that 
are not intentionally varied should be held as closely 
as lOS ible to a standard and should be measured in 
oreler that corrections may be applied for mall varia
tions from the standard . 

It is the practice at present to use th e temperature 
of the rear spark-plug o'asket as the index of the cooling 
of a cylinder. The temperature of the rear park-plug 
?'a, k t ha been found to depend on the condition and 
construction of the plug, the cleanness of the plug, and 
the tightness with which it is inserted in the cylinder. 
For these reasons, the temperatUl"e of the rear spark
plug gasket may at times give incorrect indications of 
the cooling of a cylinder. The comparison of the cooling 
of a cylinder ba ed on the reading of a ingle thermo
couple may be mi leading and it i recommended th at 
the average of a number of thermoco uples located at 
standard positions on the head and the barrel be used 
to obtain average head and barrel temperatUl"es. 

In a multicylinder engine, variations of as much as 
50 0 F. occur between the maximum temperatures of th e 
variou cylinder. This fact t ends to complicate the 
problem of correlating the temperature data obtained 
on uch engine . An average of the maximum tem
peratures for all the cylinders would give the be t 
correlation. 

Although the method in this paper apply for correct
ing the average head and barrel temperatures, the mag
nitude of variation of these temperatures indicates 
closely the magnitude of variation of the maximum 
cylinder temperature to be expected. 

In the computation , various additional refinements 
that migh t have been con idered would have introduced 
mall correction . For example, it was found in the 

present tests that heating the cooling air tended to 
reduce the weight of the cliarO"e and the engine power 
even when the carburetor-air temperature and the 
manifold pres ure were held constant. 

In the consideration of the supercharged engine, the 
a smnption was made that a 10 F. variation in carbu
retor-air temperature cau es a 10 F . change in inlet 
manifold temperature. Thi assumption is only a rough 
approximation, as compr ion by the supercharger, 
cooling of the com pre sed charge, and evaporation of 
the gasoline would alter the relationship. The effect 
of carburetor-air temperature on cylinder temperature 
for a constant engine power is mall, however, and it 
was not considered wor th while to make a more accu
rate analysis. 

j 
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T e t of one cylinder were made to determine the 
effect of oil temperature on cylinder temperature. It 
was found tha t a variation in oil-out temperature from 
12 0 F . to 171 0 F . caused only a very small change in 
cylinder temperature. Although the majority of the 
thermocouple indicated a slight increa e, ome of the 
thermocouples showed a decrease. The quantity of oil 
circulated wa foulld to have a greater effect. 

The correction factor in the present report apply to 
the case where th e engine is not detonatino-. When de
tona tion occurs, the engine temperature changes more 
rapidly with atmospheric temperature becau c tllC in
tensity of detonation is also affected by the change in 
temperature. 

CONCLUSIO S 

1. The values of the cylinder-temperature correction 
factors for cooling-air temperatm e for cons tant engine 
conditions and constan t mass flow calcula ted from 
semiempirical equations agree reasonably well wi th th e 
experimental value. 

2. Th e cylinder-temperature correc tion fac tors are 
lowe t for the constant-mass-flow condition and highe t 
for the con tant-velocity condition. 

0. The cylinder-temperature correction fac tors for a 
fast climb are slio-htly higher than those for a slow 
climb when the cylinder temperatures do not attain 
equilibrium in the fast climb. 

4. A change in carburetor-air temperature affect 
the cylinder-temperature correction fac tors by chang
ing the effective gas temperature, but tbe effec t is small. 

5. It j recommended that the average of a number 
of thermocoupJ es on t be cylinder head and barrel be 
used as a measure of the head and barrel tempera tures. 
A single thermocouple, especially one located on the 
rear spark-plug gasket, may give misleading resul ts. 

L ANGLEY M E MOR I AL A mWNAUTICAL L ABOR.\.TORY, 

N ATIONAL ADVISORY C OMMITTEE F OR A ERO AUTICS, 

L ANGLEY F IELD, V A., J une 20, 1938. 



APPENDIX 

B , 
B, 
c, 

CD, 
el, 

D, 
H, 

SYMBOLS 

out ide wall area of head of cylinder, q. 111 . 

internal area of head of cylinder, q. in. 
Kao(f::lpp/ Po) 1n + BalI n' 
ratio of change of effective gas temperature 

(To) to change of carburetor-air tempera
tme (Tc). 

B alI n'T o+ Kao(f::lp p/ Po) 1nTa 
constant. 
specific heat of metal in cylinder head, B. t. u. 

per lb. per of. 
drag coefficient. 
e:xponent. 
propeller diameter, ft. 
heat transferred per unit time from combustion 

gases to cylinder head, B. t . u. per h1' . 
heat tran ferred per unit time from cylindcr 

head to cooling air, B. t. u. per hl'. 
I , indicated horsepower of each cylinder. 
1<', K l , K 3, 1<'4, K s, K a, constants. 
m, exponent. 
M, weight of cylinder head, lb . 
n, propeller speed, r . p. s. 
n', exponent. 
Po, pressme at initial altitude of climb, in. Hg. 
p, pressure at final altitude of climb, in. Hg. 
P, propeller power (brake horsepower), ft.-lb . per 

l' , 

T , 

u, 

sec. 
T,,-T"t T" - T ,,o 
=---,~ loge --=---;""" 
Til- T hO T,,-Tllt 
time, hr. 
inlet temperature of cooling air, OF. (tempera

ture of atmosphere). 
average temperature over the cylinder-barrel 

surface when equilibrium i attained, OF. 
temperatme of carburetor air, OF . 
effective gas temperatme, OF. 
average temperature over the cylinder-head 

mface when equilibrirnll is attained, OF. 
average temperatme of atmosphere dming 

maneuver, OF. 
temperature of atmosphere at time t= O, OF . 
average temperature of cylinder head at time 

t= O, OF. 
averaO'e temperature of cylinder head at time 

t, OF. 
exponent. 

V C, 

V, 
:/:, y, z, 
Z, 
a, 

A, 

p, 

Po, 

f::l p, 

rate of climb, ft. per min. 
true velocity of airplane, m. p. h. 
exponents. 
heigh t of climb, ft. 
basic temperature con ection factor; change in 

cylinder temperatme per degree change in 
coolin O'-air temperature; rna s flow of coolin O' 
air, engine power, and carburetor-air tem
perature remaining con tanto 

correction factor for any test condition when 
equilibrium is attained; change in cylinder 
ternperatme per degree change in atmos
pheric ternperatme. 

correction factor for any test condition at time 
t=O; change in cylinder temperatme (ThO) 
per degree change in cooling-air tempera
ture (To). 

correction factor dming a climb ; change in 
cylinder temperature per degree change in 
atmospheric temperature. 

~[x +~(y - nl)] 
0.34 2 m . 
average density of cooling air, lb . ft.- 4 sec. 2 

(average den ity of the air entering and leav
ing the fins). 

density of air at 29.92 in. Hg and 70° F., lb. 
ft. - 4 sec. 2 

pres ure drop acro cylinder, in . of watcr 
(includes loss out exit of baffle). 
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T AB LE I.- TE T CONDITIONS F OR EFFECT OF COOLI N G-AIR T E MPERATURE ON CYLI ' DER T E MPERAT RE 

Indicated Indicated Carbu-
'rQ 

Indi- mean Engine fu el can· 6Pp/po retor·air Cylill' Series cnted effective speed sumption (iD. of temper- ylin-
der borse- pressure (r. p. der 

power (Ib./sq. m.) (lb./i. water) ature IIead Barrel 
in.) hp. /br.) (OF.) (O F .) (OF.) 

----------- ------- ---
L __ .. 37. 71 123.2 1,556 0.457 17.37 83 1,155 585 
2. __ •• 41. 25 133.6 1, 569 : :~~ 17.60 83 990 535 
3 ____ • 29. 70 97.7 1.545 18.89 74 1,007 557 4 __ . __ 56.50 137.6 2,0 2 ::n 17.26 87 1, 400 667 
4' ____ 50.19 aO. 8 I, 21 17.24 92 I , 113 679 
5 ____ • 41. 64 136. 4 !,fi51 .461 16. 35 6 1, 373 631 
7 • • • __ 32.10 107. 6 1, .515 . 439 1 .03 72 1,150 580 1690 
7' ____ 40.40 134. 9 1. 5~~ .472 17.44 77 1,120 584 
8' ____ 

~~:~ 110. '1 1,51, .442 12.71 i7 1,150 592 
1 ~4()-U 

9 __ • __ 97.3 l,4\:}2 .420 9. n 72 1,040 563 
9' ____ 27. 7 97. 2 1,456 · ·137 13.46 ~ 1,142 474 
10 •• __ 40.00 137.0 1,480 .479 14.53 1,134 1i92 
11 . ___ 44.91; 150.6 1,515 · 'Ji6 16.33 81 1, 1~~ 658 
11' __ _ 62. 69 150. 9 2,110 . 164 I .01 62 1,273 622 
14 •• __ 42.40 146. 4 1,470 .471 17.49 64 1,142 ·'i99 
10 ____ 42. 01 101.4 2,104 .469 17.94 60 1,089 563 
16 ____ 

i~: ~~ 164.7 1.480 :~~ 18.18 73 1,139 .592 
17 • • __ I IL.8 1.508 15. 20 93 1,065 635 
I 41. 25 ]40.4 1,491 · 54~ 13.77 92 905 657 
19:::: 47.98 115.7 2,106 .412 14.49 80 1,1 0 601 -----

A vcrnp:c __ . 1,136 .;98 
= 1830 

1-- ••• 26.0 118. 1 1,500 O::g~ 17.92 94 1,105 648 2 _____ 26.1 118. ,0 1,503 12.7.) 97 1,098 (,37 
3 _____ 26.2 11. 1,501 .449 . 02 91 1,045 485 
3' ____ 29. 3 121. 0 1,652 · '143 16. 47 97 1,100 46'; 4 _____ 32.5 122.1 1, 809 · 43~1 16. 14 85 1,060 540 
4' ---- 36. 125.2 2,001 . 431 16. <\7 6 1, 107 534 
5' ____ 32.4 122.7 1, SOl .431 15.90 92 1,126 500 
6 .. __ 37. 3 169.5 1, 499 . 490 15.26 109 1,300 ~~~ 1535 
6' ____ 31. 9 144.35 1,503 .470 15.41 101 1, 140 
7 24.3 110.6 1,497 . 440 15.20 95 1, L05 579 Ir ---- 28.2 127. 1,502 .455 15.65 90 1,175 572 

31.8 143.8 1,503 .475 15.63 105 1,095 469 0::::: 31.5 ].13.8 1,489 .475 15. 39 103 1,304 580 
1,0 ____ 36. 4 124.3 1,997 .415 

~~: ~~ 91 1,303 575 
IL __ 26.3 U9.5 1,499 . 451 97 I,I~ 611 I 20-0 12 __ •• 26.3 119.2 1,500 . 453 7.77 87 1,17 646 
14. __ • 32.5 122.3 1, OS .44-1 15.60 83 1,174 620 
21. ___ 26.4 H9. 0 1,508 .455 15.30 82 1,140 545 ----

Avernge __ . 1,151 561 
--1. ____ 37.27 95. 42 

i:~~~ o::g~ 14.47 76 1,100 600 
2. __ •• 37. 21 95.40 6.63 76 1,4 0 710 
3 •••• • 37. 33 95.44 1,502 .459 9. 29 97 1, 100 710 
4 ••• __ 37.13 95.29 1,497 .455 11. 51 103 1,495 0 
5 ••• __ 49.22 99.2'3 ~:~2~ .444 14.69 98 1,070 600 
6 __ ••• 43.32 97.42 . 446 14. 66 92 1, 1 5 620 

182O-F 7 _____ 31. 79 93.64 1, 304 .469 14.82 91 1, 100 645 
8 _____ 51. 6 132.68 1,501 .495 1;;.00 82 1,230 625 
9 ____ . 44.65 114.16 1,502 

::~ 14.79 94 1, 195 735 1510 10 __ •• 30.02 76.61; I, 50~1 14. 74 96 1,0·10 050 
11. __ • 49.00 99.06 1,900 .442 14.61 Y9 1,035 .530 
13 •• __ .57.45 147.36 I , ,197 .1i02 13. 10 87 1,230 75 
14. ••• ,17. '14 9 . fi8 1, 848 · 145 I I. 49 96 1,100 640 -- -.-

T~ 
1.1 'j 671 

= = 

I ndicated/ Indicated Carbu-Indi- mean Engine fu el COD· 6Pp/po retor-air 
Series cated effective speed sumption (in. of temper-horse- pressure (r. p. 

power (Ib ./sq. m.) (l b./i. water) ature 
in.) bp./br.) (OF.) 

-- --------- --- - - - --
1 ••• -- 35. 06 104.6 1, 493 0.481 1l.15 ~~ I ' ____ 35.16 104. 6 1,505 .477 4.51 
2 ____ • 35.02 10·1.6 1,499 .483 6.45 79 
2' ____ 34.91 104. 5 1,494 .481 8.55 79 3 _____ 27.77 82.3 1,5~~ .453 II.l9 87 3' ____ 35.03 104. 2 1,505 .444 11.13 ~ 4 ____ • 40.83 121. 0 1,510 .44 11.14 
5 __ __ • 35. 13 104.4 1.506 .472 8.42 81 
6. __ __ 3'1. 7 104. 1 1,499 .479 4.42 

~ '- - - --35~ii6- --- iii4~4--
2,012 --- ------- I~ :~ 8 .. __ 1, 503 .471 SO 9 ___ .---.--- --. - ------ 1,643 ---------- 11. 23 84 

9' ___ .------- ------- -- . I, ,08 ----- --- - - I I. 30 1 

.1\ \'eragc ___ 

1-- 32.4 1 130. 6 1,504 0.479 17. 8 6 
1' . . == 32.33 130. 1,4?8 .470 11 . 13 85 
2 _____ 32.34 129.4 1,514 :!~ 16. 6 95 
3 ••• __ 32.34 129.5 1,514 12. 1 83 
3' ____ 32.25 129.2 1,513 .465 9.80 6 
4 ••••• 35. 6 144.2 

I, 5~~ .491 15. 53 100 
4' __ __ 2 . 57 114.1 1,51 .4 6 15.27 94 
5 __ • __ 32. 01 129.2 1,501 .467 15.42 9 
5' ___ 44.67 135.6 1,99G .452 15. 78 5 
5" ____ 40. 18 133. 'I 1,825 .460 15.18 6 
5'" __ _ 35. 80 131. 7 1,647 . 469 15.37 94 

~::: : : 44.61 135.6 1,994 .450 15.66 90 
36.06 144.3 1,514 . "'4 15.69 95 

A verage __ _ 

12 __ __ 37.59 96.0 1,504 0.423 9. 89 ~~ 13 ____ 37.95 96.9 1,505 .426 . 2 
14 ____ 37.45 95.2 1, 510 .424 7. 61 76 
IS ____ 37.43 95.5 ],505 .424 6.22 77 
16. ___ 47.56 121. 6 1,502 .443 9. 48 n 
17 ____ 42.64 108.7 1,506 . 429 9.41 75 
18 ____ 32.91 3.9 1,507 .397 9. ' 69 
19 •• __ 32. 21 95.0 1,302 .422 9.5 76 
20 •• __ 45.39 99.4 1,705 .410 9.59 73 
21. ___ 50.16 101. 4 1,900 .396 9.4 71 2<'- __ _ 51. 09 102.9 1,908 .390 9.55 74 
29 •• __ 5,0.02 101. 4 1,895 .39n .14 72 

Average ... 

I ----- 24.4 II .2 1, 515 0.454 17.71 83 
?- -- - - 24.3 118.0 1,510 . 453 6.29 7 
3 ____ • 23. 11 7.7 1,480 .464 9.03 5 
4 • • __ _ 24.3 II .0 1, 506 .462 13. 29 1 
6,.. __ 37.1 129.0 2,106 .422 16. 64 91 
7 _____ 28.4 122.5 1,699 .454 16.95 2 
8 ••••• 32. 4 125.0 1,897 .468 16.92 87 9 _____ 27.2 132. 1 1,510 .464 16. 62 89 10 ____ 21.2 103 . . 5 1,499 .445 16. 55 4 
11. ___ 33. 165. 0 1,499 .4 9 15. 78 116 
13 ____ 21. 2 103.0 1,505 .430 16. 39 77 
J.\ • • __ 24.2 118.1 1,504 .464 6.19 75 

Average._ 

Avera~e '}', for all CylindersJ •. __ ..!. _______ 

'I'g 

IIead 
(OF .) 

- -
1,320 

---- ---
1,430 
1,100 
1,170 
1,345 
1,140 
1,035 

- ------
1,320 
1, 140 
I,OSO 
1,445 
--

1.230 
= 

1,125 
1,095 
1,125 
1,115 
1,165 
1,110 
1,150 
1,150 
1,105 
1,110 
1,115 
1,075 
1,135 --
1,122 

= 
1,135 
1,155 
1,140 
1,135 
1,200 
1,120 

930 
1,100 
1,210 
1,125 

875 
1,160 
--

1, 107 
--

972 
1,145 
1,100 
1,161 
I , I 12 
1,220 
1,150 

U~~ 
1,205 
1, 135 
1, 167 
--

1,139 

1. 153 

Barre 
(OF.) 

73 
--- --

72 5 
5 

00 
o 
o 

60 
5 
67 
64 
680 

-- ---
5 00 
63 o 
600 
65 

64 

600 
600 
53 

6 

o 
600 
00 
o 

6/) 
62 
5 
60 o 

5 
5 
o 
5 
o 

57 
55 
62 
48 
51 

57 

59 
61 
61 
61 

62 
51 
55 
64 

o 
o 
5 
o 

600 
5 
5 
o 
o 
5 
5 
5 

59 
47 
53 

5 

56 3 
9 
9 
o 
o 
5 

56 
59 
57 
64 
60 

5 2 
6 
65 

00 
5 
o 
I 

61 
64 

60 

60 



r 

Cylin. 
I Series 

'} 'o 

der (OF.) 

--- - - - -
1.._ .. 92 2 __ ___ 

106 
3 .. _ .. 7 
4.. __ . 89 
4' .. _. 88 
5 . . _ . . 9 1 
7 . . . .. 79 7' ___ _ 7 8'. ___ 

~~ I 340- TI .. 
9 . . .. . 
9' . 70 
10 .. : : 67 
11. . . . 90 
11'. __ 65 
14 . . _. 65 
15 . ... 73 
16 .•.. 70 
17. • • • 94 
1 6 
19 .... 2 
I ..... i~~ 2. ____ 
3 . . . .. 90 
3' .. . . 106 
4 ••• . _ 94 
4' __ __ 95 5' ____ 99 
6 . .. . . 102 

1,,35 ... .. 
6' ___ _ 

I~~ 7 . .. . . 
7' __ __ 98 
8. __ . . 106 
9 .. - .. 107 
10 .... 100 
11. •.. I~~ 12 . . . . 
14 .... 99 
21. . .. 93 
I .. . .. 90 
2 .. . __ <\ 
3 .. •.. 85 
4 .. . .. 98 
5 •. .. • 

~ 6 .. . .. 
I 2O- F •• 7. . .. . 

~ .. . . - 93 
9 .. . .. 96 
10 .... 96 
11. . . . 91 
13 . .. _ 91 
14 . . . . 93 

RRECTIO OF TEMPERATURE OF AIR-COOLED E r GINE CYLI JDERS 

TABLE n.-CALCULATED A JD EXPERIMENTAL VALUES OF a 

" (calcu latecl ) a (eX IJeri· 'T fl a (calculated) a (expCri· 
mental) mental) 

T, '1 \ Cylin· Series 
T, 1" T, 

(0 1<' .) (OF.) 'P,rTb (rT " Barrel TIead der (OF.) (oF.) (°1'.) T(J- '1\ T.-T, 
Trr'l'o 'Prr 'l'a 

Barrel TIead ~r(r7"'(J T ,r 'l'a B arrel TIoad 

Barrel TIead 
(OF.) (OF .) 

Barrel TIead 
- - - - --- ----- -- - - -- ------------- --- ----
22~ 271 0.772 O.83L 0.76 0.83 GOO 1, 150 1 . . _ . . 99 242 335 .738 .791 :~ .88 
228 295 .753 19 .69 .77 ------- ---- --- L' . ___ 81 269 3 0 . 666 .740 .96 
195 243 .790 53 .74 0 ---- . -- ------- 2 . . _ .. 4 251 354 .702 .764 . 75 1 
251 332 .682 .771 .69 . 9 1 ----.- - ------ - 2' . ___ 7 245 343 :m .776 .69 .77 
250 332 . 684 .770 .75 .79 ---- --- ----- -- 3 ..... 95 2 17 306 .815 .73 .78 
21'1 280 .758 .821 .81 . 9L ------- ---.-- - 3' ____ 

~~ 
234 332 : ~6~ .790 .77 6 

192 257 .7 4 34 . 77 : ?~ ------- ------- 1690 ....• 'L ..•. 258 370 .7GO .73 .73 
222 296 .737 : 803 .72 ------- -- ----- 5 ..... 8'1 246 350 .711 .768 .71 . 82 
209 276 .750 .816 . 69 · 4 ------- --.- --- 6 ..... 78 283 405 .639 .716 0 . 95 
196 259 .75S . 823 .71 .80 ---- ... ------- ~:.- .. 99 274 3 0 .679 .752 .72 .83 
I 7 237 .7 0 .8'W .72 .79 S2 284 390 .642 .732 . 63 .74 ----.-- -------
2O{ 277 .743 .806 : ~~ .74 ------- --- ---- 9 ..... 95 262 362 .696 .765 . 73 .71i 
221 303 .744 .800 .83 .--- .-- ------- 9' ____ 92 260 365 .696 .760 .7 1 :~ 237 332 .680 . 75~ .73 I ------- --- -- -- I. .... 99 229 301 . 740 .808 .7J 
214 29 .72 1 . 794 .70 .76 ------- ------ - L' . ___ 92 252 330 .686 .775 .69 : f~ 207 285 .747 .802 .74 

: ~~ --- -.-- -- ----- 2 ..... 114 2<17 322 .725 .799 .68 
226 297 . 705 .790 .72 ------- ------- 3 ..... 92 239 321 .710 .7 2 .69 . 80 
232 305 .727 00 .76 .77 ----- -- ------- 3' ____ 90 252 337 .683 .766 .68 .79 
236 316 :~~ .7 4 .75 .73 ------- ------- 4 ..... 96 24 1 315 .712 .792 .69 . 83 
264 351 .748 .67 .76 ------. ------ - 1830 ..... 4'. ___ JO~ 232 304 .742 09 .73 2 
227 3 11 .736 .805 .72 l 56 l l,151 5 ..... 99 232 313 : ~~~ .706 .71 .82 
2-12 329 .700 .7 6 .62 .72 ------- -- ----- 5' ____ 97 249 358 .752 .68 .75 
25-1 353 .652 . 752 .GO :~ --- -.- - .--- --- 5" ____ 102 243 335 .716 .778 .70 .79 
247 329 .690 . 786 .69 ------- ------- 5'" ___ 104 238 329 .730 .785 .74 .79 
245 341 .677 .766 . g~ .70 ------ - ----- -- 6 ..... 105 259 357 .liSS .7.59 .60 .71 
255 348 .657 .760 · iL ------- -- ----- 18, .... 100 249 327 .702 .7 4 .64 .79 
25 1 340 .671 .770 : g~ .75 ----- -- ------- 12 .... 94 236 263 .7 19 .840 .69 .82 
274 361 . 632 .752 . 81 ------- ------- 13 .... 102 246 275 .711 .836 .73 6 
265 354 .639 .756 .56 .69 ------- ------- 14 .... 9 1 VA ~g~ .739 . 841i .72 .83 
243 320 .695 :m .69 .77 ------- ------- 15 .... 90 232 .721 . 8:32 .72 2 
253 326 .6M .70 'I ------- ------- 16 .... 97 245 277 .700 .8:JO . 72 6 
2SS 365 .600 .752 .. ,.1 · HI ------- ------- 1820- (1 . 17. . 98 2:37 271 .723 .8:111 .72 .82 
268 351 .646 .766 .70 

: ~~ ------ ----- 18 . .. 93 212 2:11 .76.1 . HUg .71 <\ 

273 369 .624 .74'1 . f>! ~ . ... .. . 19 90 221 238 . 'fit . StiS . fi9 4 
257 342 .666 . 772 : l,~ .79 ------ ------- 20 .... 93 230 25.1 .7:111 .847 .70 .87 
266 362 .624 .742 .n .------ ." 21 .. 97 239 27 1 .7 18 .8:14 .72 .90 
26~ ~rg .643 . 759 . (;:J .7:3 ------- ------- 24 ... 104 251 28 1 .70·1 :H .fili .77 
233 . 701 . 7 7 . 70 · 79 ------- ----- - 29 103 242 275 .720 .8.10 .66 .85 
254 319 .717 .790 . 71 .79 671 1, 183 L . . . . 99 230 296 .738 .812 .69 .78 
285 365 :~~ .7<14 . 76 .82 ------- ----- -- 2 ..... 91 272 361 . 644 .745 .61 .71 
274 346 . 762 .71 .80 ---- --- ------- 3 . .... 96 255 334 I .774 .70 . 75 
262 332 

7~i 
.7 4 .75 .85 --- ---- ----- -- 4 ..... 92 252 

~~ 
. f 6 . 794 .64 0 

280 363 .67 .754 .61 .72 ------- ------- 6 ..... lOS 280 .65 1 . 760 .70 .74 
263 337 . 69 .772 .69 0 ---- -- - ---- --- 1510 .... . 7 ..•.. I 7 282 351 .7(l.f 28 .73 .80 
237 305 .743 .801 .72 : f~ ------- ------- 8 . .. .. 101 265 336 .671 .776 .68 .75 
281 360 .675 : ~~~ .69 .7 ---- . -- ------- 9 ..... 100 260 320 .680 :~~ .M .76 
271 m .695 .75 

:~~ ----- -- ---- --- 10 . . . . 96 225 277 . 7'14 .70 :I? 252 . 728 .796 . 6 ---- --- ----- _. lL . . 109 290 363 . 631 .756 
: ~~ 280 370 .674 .745 . 58 .67 ------- ------- 13 .. _ . 91 239 283 .710 21 . 1 

290 372 . 656 .742 .74 .80 ------- --- ---- 14 .•.• 0 290 356 .597 .742 .70 .79 
269 359 .695 .756 .70 .76 ------- ----- --

TABLE IlL-VALUES OF a CALCULATED AT HIGHEST AIR TEMPERATURE 

Cylinde r 

1510 

Series 

1 
2 
3 
4 
6 
7 
8 
9 

10 
1\ 
13 
14 

'1'0 

(OF.) 

236 
237 
219 
244 
205 
277 
235 
249 
24'5 
19 
227 
224 

'J'b 1\ 

(OF .) (OF .) 

325 398 
362 467 
340 427 
350 431 
346 429 
350 429 
351 436 
355 440 
334 407 
36L 434 
335 392 
393 462 

a (Calcul aL eI ) 1'g 

To-Tb 7"fo-T" Barrel liaael 
To-'J'tJ 'l',-To 

B a rrel IToad (OF.) (OF.) 

0.756 0.822 600 1,150 
.655 .74 ---- ----. -. -- ------ -----
.682 .777 --- ---------- ---- -------
.702 .793 ------------- -----------
. 642 .763 -- -- --------- -----------
. 774 .826 ------------- -----------
.682 .780 --- ------- --- . ----- -----
.69 . 7 ------ ------- ------- ----
.750 .821 ------------- ------- ----
.595 .752 ------------ - -----------
.710 .821 ----.----- --- -----------
. 550 .742 --------- ---- ------- ----

23 

'1''1 

Barrel Head 

(°F.) (OF.) 

----
M5 1,230 

------- -------
------. ------ -
------- .------
------. ---- ---
------- -------
-- ----- --- ----
------. ------ -
------- ------ -
------- -------
.-----. -------
------- ------ -
"'000' 1,1 50 
.------ -------
------- -------
--.---- .-.--- -
-----.- ------ -
------- .------
------- -------
------- ----.--
--._--- -------
------- --.---
------- -------
------- ---- ---
"'oiiii' -------

1,150 
------- -------
-- ----- ------ -
------- --- ----
------- -------
------ ----
.. . .. .. 
------ ----
---- ----- . 

.' ... . . . . 

. .. ... ... ." 

... . ------
flOO 1, 150 

------- -------
--.---- .-.----
------- --.-.--
------- ------ -
-- ----- --- ----
-- ----- ------ -
------- --.----_._. --- -------
------- --. ----
------- ---- ---
------- --- --- -

J 
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TABLE IV.-VALUES 01- b OBTAI JED FROM '{LINDER T -STS 

Indicated Carlluretor· Engine luean Indicated t:.PP/Po Fuel con· air tempera-ylindcr speed effective horsepower (in . or sumption ture (r. p.m.) pressure water) (l1l ./i. hp./hr.) (OF.) Head Darrel (Ib./sq.in.) 
------

1340-11 ........ . ..•.. . ...................•........ { 
1,501 140.6 41. 53 17.18 0.461 45- 120.2 0.794 0 
1,502 153. I 115.25 IS. 50 : :~~ 47.3-126 1. 096 .519 
1,537 97. 7 29.54 19.35 74- 187 .740 0 

1535 ................................. .......... { i: ~~~ !l9.2 26.7 15.47 .444 45-153 46 .364 
135. I 35.5 15.97 .459 34-154 .607 .360 

--- -
. { 1,302 94.25 31. 96 13.32 .601 39-148 -.159 0 

I 20- F ........... --------.-- ----.--- 1,50l 117.12 45. SO 13. 4 . 442 76-128 .324 .211 
1,503 120.23 47.07 13.97 .477 H60 .366 .279 

----------
1830 ..............•.•.... ... { 1,634 117.9 31. 79 20.52 .51 58.5-150 .590 .388 

------------.--.- 1,650 117.3 31. 93 20.63 .467 SJ-l4 .519 .634 
------

1510 .. . .. { l. 503 11S.0 24. 2 16.33 .433 46-157 .254 .209 
---------. ------- ------- --.------- 1,702 122.6 2R 5 IH. 14 .442 7 - 153 .233 . ll7 

TABLE V.- EFFECT OF FLIGHT COKDITIONS ON ENGINE TEMPERATURE CORJlECTlO N FACTOR 

I 

I 
' a, 

Fligh t cond i t iOll X T '1\ Tbmo< 
'l 'b '1', 

Y z T hmuz 
(" F .) (O F.) (° F.) (O F. ) (O F.) 

Head Barrel 

----- - - --- ----- --- ------
A. Constant carburetor·air temperature and engine power: 

1. Climb at constant indicated air speed to a giyen Ilres· 0 0 I I 4i6 350 330 300 0 0.88 0.60 
SLlre altitude . .... ................ .......•............ 475 350 330 300 100 .87 .67 

400 275 25.1 225 0 • YI .72 
400 275 255 225 100 .91 0 

2. Level night at agiven pressu re alti tude. -- ---- 0 () 1.33 I. 33 475 350 330 300 0 . \)3 .65 
475 350 330 300 100 . 91 .69 
400 275 255 225 0 .96 .76 
400 275 255 225 100 .95 2 

3. tationarY on groLlnd at a given barometer ..... __ .....•. 0 0 1.50- 1.66 I. 50-1. 66 475 350 330 300 0 .98 .6\) 
47.5 350 330 300 100 .94 .71 
400 275 255 225 0 1.00 .78 
400 275 255 225 100 .97 4 

4. Constant ai rplane velocity .................... . ......•. 0 0 2 2 475 350 330 300 0 l. 05 .73 
475 350 330 300 100 .98 .74 
400 275 255 225 0 1. 06 3 
400 275 255 225 100 1.00 .85 

5. Constant mass fiow •... . .. .... __ ..... ..•.• .. . .. ..••..•. 0 0 0 0 475 350 330 300 0 .70 . 50 
475 350 330 300 100 .76 .60 
400 275 255 225 0 .76 .63 
400 

D. Oarburetor·air temperature equa l to and varying witb at· 
275 255 225 100 3 .75 

mospheric temperature, engine power varying witb 
carburetor·air temperature, constant manifold Pres· 
sure, and constant engine speed: 

I. Climb at constant indicated air speed to a given pres· 0 I I .032 475 350 330 300 0 .85 .75 
sure altitude .....•.... .......•.... ....... ........•... 475 350 330 300 100 . 88 . 80 

400 275 255 225 0 .88 I 
400 275 255 225 100 .91 .87 

2. Level night atagiven pressure altitude ...............•. . C,6 J I. 33 . iO 4i5 3.10 330 300 0 .97 .83 
475 350 330 300 100 .96 .85 
400 275 255 225 0 .98 8 
'100 275 255 225 100 .97 : 90 

3. Stationary on ground at a given barometer . . __ .. .....•. .33- .5 1 1. 50-1. 66 .81- . 9 475 350 330 300 0 1.00 5 

I 
4i5 350 330 300 100 .97 .86 
400 275 255 225 0 1.00 .90 
400 275 255 225 100 .99 .91 

• The values of a, ror the head are calculated ror T,= I, 150° F. and for the barrel ror T,=6OO° F. 
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Axis 

y 
~.--------- /----

./ 

'\. 

" ... ... 
---

z 
Positive directions of axes and angles (forces and moments) are shown by arrows 

Moment about axis Angle Velocities 

Force 
(parallel Linear 

Designation Sym- to axis) Designation Sym- Positive Designa- Sym- (compo- Angular bol symbol bol direction tion bol nentalong 

- -
Longitudinal. ____ X X Rolling __ ___ 
Lateral. ___ ______ y y Pitching ____ 
NormaL __ ____ __ _ Z Z Yawing __ __ 

Absolute coefficients of moment 
L M 

C1- qbS Cm = qcS 
(rolling) (pitching) 

L 
M 
N 

axis) 

Y~Z R oll _____ 

'" 
u p 

Z~X Pitch __ __ 8 v q 
X~Y Yaw _____ .p w r 

Angle of set of control surface (relative to neutral 
position), o. (Indicate surface by proper subscript.) 

4. PROPELLER SYMBOLS 

D, 
p, 
p(D, 
V', 
V., 

T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

T 
Thrust, absolute coefficient CT = 2D! 

pn 

Torque, absolute coefficient CQ = pn~V 

p , 

C., 

7}, 

n, 

if>, 

Power, absolute coefficient Cp = ~D5 
pn 

5 /p V6 
Speed-power coefficient=" Pn2 

Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle = tan-{2!n) 

5. NUMERICAL RELATIONS 

1 hp.=76.04 kg-m(s=550 ft-lb./sec. 
1 metric horsepower= 1.0132 hp. 
1 m.p.h.=0.4470 m.p.s. 
1 m.p.s.=2.2369 m.p.h. 

1 Ib.=0.4536 kg. 
1 kg=2.2046 lb. 
1 rni.=1,609.35 m=5,280 ft. 
1 m=3.2808 it. 




