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NATIONAL ANVISORY COMMITTEL FCH ARROMAUTICS

ADVAMCE, REISTRICTED REFORT

CORRELATIOY CF SINGLE~CYLINDER COCLTNG TESTS OF A PRATT &
WIITVEY R-2000-21 ENGINE CYLINDER WITH WIMD-TIMNEL
TESTS OF A PRATT & WHITNZY R-2800-27 ENCIVE

By Herman H. ®llerbrock, Jr., and Vern G. Rollin

SIMMARY

An equation with which it is possikle to correlate the cooling
characteristics of an engine has previcusly been develoned. The
validity of this egration is herein checked by the correlation of
data over a wide range of engine and cooling conditions from single-
cylinder laboratory tests of 2 cylinder of a Pratt & Whitney R-2800-21
engine. The data from the laboratory tests of t‘vf cylinder mounted
on a single~cylinder test unit are compared with thoss from wind-
tunnel tests of a Pratt & Whitney R-24H(0-27 multicylinder engine and
a method is vresented by which the pressure drop required for cooling
the multicylinder erngine was predicted, with little srror, by means
of the cooling ﬂqv tion for the single-cvlinder engine. These pre-
dictions could be made, however, only after estcblishing the relation-
ship between the hottest recr sperlk-plug temperature cf the I'ratt &
Whitney R~2800-27 engine and the rear spark-plug temﬁerﬂtvra of the
single-cylinder test unit. lata are also presented on the adequacy
of the thermal bond between the aluminum muff and the Sueel barrel
of the cylinder from the Pratt & Whitney R-28CC-21 engine.

INTRODUCT TOM

An equation has been develored with which it is possible to
predict the cooling characteristics of an engine (reference 1)« | By
means of the cooling =syration, it is also possihle to compare the
cooling of varions engires. Tests have beeu made on many cylinders
to check the validity of the eqguation (r;fereu ces 1 to 3), but the
data in some cases were rather meager.

The use of a sinple-cylinder ergine for cooling tests is advan-
tageous in that changes can be made in a minimum of time and the
cost involved in makine changes is only a fraction of that for a
multicylinder engine. Single-cylinder ergines have, thersfore,
been used extensively for cooling tests. At times it is important
to know the coolins performance of the multicylinder engine and much



time can be saved if this performance can be predicted from single-
cylinder tests. A comparison has heen made of the cooling perform-
ance of a single-cylinder engine with that of a multicylinder engine
(reference 2).

The object of the present report is to present tests on the
performance and cooling of an air-cooled cylinder, from a Pratt &
Whitney R-280C-21 engine, mourted on a single-cylinder test base.
The tests were run over a wide range of conditions to check further
the correctness of the coecling equetion. This cylinder had a
machined aluminum-finned muff shrunk on the steel barrel, a type of
construction similar to that tested with electrically heated coils.
Another object of this report is to present results on the adequacy
of the thermal “ond between the muif ard the steel barrel of this
cylinder., The results of the single-cylinder-engine tests are com-
pared with the cooling of a Prati & Whitney R-2800-27 engine that
wes tested in a wind tvnnel (reference lj). This comparison was pos-
sible becanse the cooling-surface areas of the cvlinders of both
engines were the same. :

The coclins requirements of the multicvlinder engine were
obtained from the single~cylinder-engine cooling equation and from
the correlation factor thet was ‘estebliched between the single~-
cylinder and the multicylinder tests for several power ratings and
fuel-air ratios for sea-level pressvre and temperature.

This work was conducted atithe Langley lemorial Aeronsutical
Laboratory, Langley Field, Va., during 19L1.

)
1
An equation was developed in reference 1 hy which the averase

temperature over the head and barrel of an engine cylinder could be

calculated. The equation for the head, in the notation of the
present papsr is:

n!

ho~ tg . Ba I
gt K a bopsPsn T
s (59/%0)

where
Th average temperature over cylinder-hezd surface when heat equi-
librium is attained, °F
o - o . 0
ts temperature of cooling air at face of engine, °F
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Tg mean effective gas temperature, °F
B constant
ay internal-surface area of head of cylinder, square inches
I indicated horsepower for each cylinder
! constant
K constant
ag outside-wall area of cylinder head, square inches, (does not
include rockar-box surfaces)
Ap pressure drop across cylinder, inches of water, (includes loss
out of exit of baffle)
o) average density of cooling air entering and leaving fins,
(pound)(secon-:l)2/i'ooth
Pgo density of air at 29.92 inches of mercury and 60° F,
(pound)(second)g/footh, 0.,00245
m constant
It was also shown in reference 1 that
e Kh (ﬁp,; péo>z (2)
where
W weight of cooling a2ir flowing over head of cylinder,

pounds/second
Khs 2 constants

A complete set of symools for all equations used in this report
is given in the appendix.

Equations similar to equations (1) and (2) can be written for
the cylinder barrel.

As the inlet density is decreased or the quantity of heat is
increased, the pressure drop across 2 resistance will increase for
a given weight of air flowing across the resistance. This increase
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is due to increased acceleration and friction losses caused by
greater chanees in velocity of the air throuph the resistance. An
attempt has been made in equation (1) to compensate for such changes
in density or heat output by using an everagc density bhased on the

-temperatures and pressurss of the cooling air in front of and behind

the cylinders. Tests for limited ranges of hsat output and density
have shown that, by using an average density in equeticn (1), cor-
roct values of pressure drop will be obtained from the equation.

The guantitative effect of decreasing the inlet density or of appre-
ciably increasing the hcat outpnt on £Ap across an engine cylinder
is not known and tzsts ere needed to establish these relations.

Attempts have been made (references 5 and 6) to sstimate the pressure-

drop requirements. of air-cooled engines at high altitudzs by simple

theories involving ‘the accelsration and friction losses. The veloc-

ity betwean fins may be large enough at high altitudes to causc com-
pressibility shock to develop for which no corrcction to seca-lcvel
pressure drops has becn made to date.

Pecause of the limit&tion involved in cstimating tomperatures
of engines at high altitude from an eyuation of the form of equa-
tion (1) obtainad at sea luvel, the data of the prescnt report are
prescnted in the form of an pQJatLon that is a combinztion of equa-
ticns (1) and (2).  Thus,

= n'
Th - ta 3 B al i .
i) v vn1 (/)
h A Elo W

\

Except for a small crror duc to the change of viscosity of the air
with altitude, equation (3) is applicabl:z at all altitudes.

Por a given cylinder, tests can be made in the lakoratory by
methods given in reference 1 to obtain the values of K, m', B,
gs and n'. From the cylinder itself, a, and 'a; can be
obtained. The methods of obtaining ao and aj for conventional
cylinders are given in reference 1. Then ar aluminum muff is used
on & cylinder barrel, a, -is the outsic c—ﬂﬂrface area of the muff
covered by the fins. Tne value of t, to be used in equation (1)
and of p;, inlet density at the face of the cylinder, to determine
p in equation (2) for the single-cylinder engine will be based on
measured values of static pressurec and temperature at the front of
the cylinder.

-3 &

The data of the cooling tests on the Pratt & Whitney R-280C-27
engine given in reference L were vresented in an equation of’the
following form: <
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where

Tp

Bl SRR L A w

average temperature at rear spark plugs of cylinders, O

(obtained with thermocouples embedded in spark-plug boss)
temperature of air at face of engine, op
constant
weight of combustion air to engine, pounis/seccnd
constant

constant
pressure drop across engine, inches of water, (includes loss
out of exit of baffles)

. ks = - : . }
density of air at front of engine, (pound)(second)2/100t4

density of air at 29.92 inches of mercury and 607,
2
(pound)(second)—/i'o-vtLL

mean effective gas temperature, °F

The data in reference L were also presented in the form

whnere
Co
1

m

Wi

T -n
( ml'/n‘
Iy — & W ,
Ao (%)
Lg = lp i e ]

constant
constant

weight of cooling air passing over engine, pounds/second




The quantity T, is a function of fnel-air ratio, inlet manifold
temperature, and spa%k timing. In the conventionzl multicylinder
engine the true inlet manifold temperature is indefinite and dif-
ficult to measure hecausz an unknown amount of fuel is vaporized in
the carburetor and blower. In referance li, the expedient was adopted
of using, insteas? of true manifold temperature, a dry effective mani-
fold temperature t, defined as the sum of the carburetor-air temper-
ature and the rise in air temperature in passing thronwgh the primary
supercharger evalvated on the assumption that no vaporization of the
fuel occurs. The following approximation for t, was used

T:T_t2
ty, = tg + ——— 6
m C ngJ < )
where
. X @
te carburetor inlet-air tempsraturs, " F
. 3 - /
Uy tip speed of primery blower, feet/second
: » / o :
£ acceleration of gr:vity, feet/(second), 22.2
Cr specific heat of air at constant pressure, Btu/(pound)(°F
p : v 3 J
0.24
J mechanical equivalent of heat, foot—pounds/Btu, 778

The blower tip speed Ty can be given in terms of the engine speed,
the impeller diameter, and the impeller-gesr ratio. The following
formula was used for the effect of variation of th, on Tg:

My = 0.8 Aty (7)

This equation wag obtained from resulis given in reference 2. The
effect of fuel-air ratio on the gas temperature was obtsined from
test data. The effect of spark advance was not required because
all the tests were run at the same setting. hen snch methods were
used to determine T_,, the datz of reference ! conformed very well
to the values predicted by either egnation (L) or (5).

The data of the present report are also presented in the forms
of equations (L) and (5) for direct comparison between multicylinder-
engine and single-cylinder-engine cooling. In the single-cylinder-

&
m

engine equstion T, is the rear spark-plug temperature obtained
g : :




with a gasket-type thermocouple. Tn the single—cvlinder-engine
equation W, was obtained by multinlying the quantity of charge air
used by 18, and Wy wes obtained by multiplying the sum of weights
of cooling air passing over the head and the barrel of the cylinder
by 18. The Fratt & Whitney R-2800-27 engine has 18 cylinders and
such calculations would put the sinpgle-cylinder end multicylinder
resvlts on the same basis.

Estimates of cooling-pressure-drop requireusnts for the Pratt &
TWhitney R-2800-27 engine are made from the single-cylinder-engine
equation of the form of equetion (i) and from the relation between
the single-cylinder-engine and the multicylinder-engine cooling.
Because of the fact that p, was used in eguation (L), the equation
is applicable only to a limited altitude range. £ll estimates are
therefore restricted to sea-level requirements, where Army air tem-
perature of 100° T and standard sea-level pressure of 29.92 inches
of mercury are used for the etmospheric conditioens. The first esti-
mates are made by substituting these values of temperature and pres-
sure in the cooling eguation. The values of p; and t, in the
equation should be for conditions of pressure and temperature that
exist at the engine face as given in, the def
At low eirplane speeds Py and t, will he'a
the free air stream. £t high speeds, however, the temperature and
pressure will be grester =t tha engine face than in the free strean
because the air slows dewm as it into the cowling. This
slowing down will ceuse a compression of .the sir with little loss ef
pressure if the cowling entrence is well made. It is vsvally
assumed that no loss of total pressure from the free stream to the
engine face occurs and that the air has practically no velocity in
front of the engina. The pressure at the engine facs is then equal
to the static pressure in the fres stream plus the velocity pressure
im, the free stream.  The compression.is assumad to be adiabatic and
the temperature at the engine face is calculated by use of the
adiabatic comvression exponent. The pressure and the temperature
at the engine face are then

v

ition of these symbols.
bout the same as in

(o)

and
D 0.283
20 (l i
Ty =T DR (7)
o
where




Qo dynamic pressure of alr in free air stream
Pi pressure at face of engine
P, static pressure in free air streanm
T; ‘temperature at face of engine, OF absolute
T, temperature of air in free alr stream, OF absolute
V, velocity of airplane
po density of air in free air streanm
In the calculation of the pressure at the engine face, two factors -
the factor of compressibility and the inlet-duct pressure loss - are
omitted for the sake of simplicity, Inasmuch as the factor of com-
pressibility is a positive correction and the inlet-duct-pressure
loss is a negative one, the two corrections approximately cancel each
other for the values given in this report,

The estimates of cooling-pressure-drop requirements for atmos-

pheric pressure and temperature can be corrected for pressure and
temperature at the engine face by means of the equation

ey
\ml
Po Ti {Tp - %
Apc = 4p — T _________TP i I (10)
1 Yo \p 1)/

where tg, Tp, and t; are in OF and T¢ and T, are in OF abso-

lute. The cooling-pressure-drop requirements based on 100° F and
29,92 inches of mercury are corrected by means of equation (10) for
agsumed values of airplanc speed. The values of Tg %O be used in
the equation when estimates of cooling-pressure drop are mede are
obtained in the same manner as in reference 4 and as previously
explained in this paper,

With fast-climbing airplares, the temperatures of the cylinders
do not reach equilibrium until some time after take~-off., The
cooling-pressure drop required is therefore lower than if equilibrium
temperatures are reached. In ordsr to determine this pressure drop,
the cooling equations of the forms of equations (1) and (4) would
have to be revised by methods given in refercnce 3 and would be very
complex. The cooling-pressure drops are thorefore estimated in this
report for climb conditions from equations established for heat-
equilibrium conditions, The estimated cooling-pressure drops are
therefore somewhat greater than if the more complex equations for
conditions of no heat equilibrium wecre used.




APPARATTTS

The cylindor from the Pratt & Whitncy R-2800-21 engine was
mounted for testing on a Angl'—uyllnd»r test wnit, as shown in fig-
- : 2 . .
ure 1, The borec and the stroke wore 5 and 6 inches, respeetively,

. 1 . i :
and are the sanc as the bore and the strokc of the rwlticylinder
onginc. Th: compression ratio used in the tosts was 6.7, Which is
also the same as in tha multicylindsr onginc., The cams used in the
tests gave a velve timing that was a-proximatcly thc same as in the
Pratt & Whitn:y R-280C-21 ongine, namcly,

Tntake opens, desrces RuTale o ¢ o o o 6 o o o o o o o s o o s » 20
Watake closcs, deopreoes AB.Co o s o v s v = o« o 5 sl Wl e 76
Txhanst oprus, dfwr".s 0y, Wy Aty o b <RSIt o STy ot 3 o Sl
Bl closes, dopreas AGT.O. d Wiw o h 8 e e e e el atlBall 00

The cylindzr was enclosad in a shect-metal jacket connccted to
a contrifupal blower thet furnished the cooling air. A diagram of
the jack.t is shown in figure 2. The jacket had a wide entrancc
szction to provide a low air wvcloeity in front OT thu cylinder; the

resr half of the jacket fitted clescly against the fins in order
that the air might be effectively uscd. The arca Pf the exit of
%he jackst was 1.6 times the free-flow arce botween the Eiimalio s A

partition was locatud in the oxit dvet of tho jack.t in ordcr to
soparste the air tlat flowed cover the nwonad from th. air that flowed
over the barrcl.

In somc tosts befflc nlatcs wure placed in froat of the cylinder,
as shown in figur- 2, in ordcr to change the onrgct*on of the air
strcam. The vss of such duvices hes, in the past, resulted in
maling tho cooling of the test cylinder more likc that in flight.
Thus, thc cooling in the laboratory was a closcr approach to the
cooling wncountored in flight whon this turbuluncs dovice was usod.

Gooling air was furnishtd by a centrifugel blowcr cornnzcted to
the cylindcr jackut by an air duct. The air. quantity was mcasurcd
with thin-platc orific.s in th: cnds of an orificc tank that was
conneeted to the inlet of the blow.r.

* A Nash blow.r was us~d to provid: inl:t manifold prussurcs abovc
atmospheric pressurec. A surse tank was installed in the inlet
system above the engine to reduce Dll“”ti“nﬂ. The engine power was

absorbed by an LWT”ICOH.,v+eﬂ water brake and an electric dynamometer,
and the torque was measured by diel scales. Standard test-engine
equipment was used in measuring engine speed and fuel consumption.
(See fig. 1.)
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Iron-constantan thermocouples and a potentiometer were used for
measuring the cylinder temperatures. The thermocouples were made
of wire of 0.0l6-inch diameter, enameled and silk-covered. The
temperatures were measured at 22 points on the head, 2 points on the
flange, and 20 peints on the barrel, as shown in figure 3. The
22 thermocouples on the head and 10 of the thermocouples on the bar-
rel were peened into the aluminum as shown in figure L. The other
10 thermocouples on the barrel were placed on the steel through holes
drilled through the aluminum muff. Hard-rubber plugs were placed
in the holes as shown in figure L and the metal at the top of the
hole was peened around the plug to hold it in place. TWhenever a
thermocouple was placed on the steel, another was placed on the alu-
minum muff as close as possible to the first thermocouple. The
thermocouples on the muff are shown by the designation (A1) in fig-
ure 5.

The temperatures of the cooling air passing over the cylinder
barrel and the cylinder head were measured separately. The cooling-
air temperatures were measured at the inlet of the jacket near the
cylinder by two multiple thermocouples consisting of two thermo-
couples comnnected in series and at the outlet of the jacket by two
multiple thermocouples consisting of four thermocouples connected
in series. Cold junctions of all thermocouples were located in an
insulated box. The cold-junction temperatures, the air temperatures
at the thin-plate orifices, and the air temperatures in the surge
tank above the carburetor were measured with liquid-in-glass ther-
mometers.

The pressure drop across the cylinder was measured by a static
ring located around the air duct shead of the engine cylinder, where
the velocity pressure was negligible. The pressure drop across the
cylinder with the baffle plates placed in the jacket entrance
(fig., 2) was obtained with total-head tubes rlaced between the fins
of the barrel and the head near the front of the cylinder. The
locations of the static ring and the total-head tubes are shown in
figure 2., The static ring and the total-head tubes were connected
to water manometers. An alcohol-filled micromanometer was used t»
measure the pressure in the orifice tank, and a mercury manometer -
was used to measure the engine-inlet pressure in the surge tank abeve
the carburetor.

The quantity of engine combustion air was measured with a thin-
plate orifice in conjunction with a multiple manometer that indicated
both the total pressure upstream of the orifice in inches of mercury
and the pressure drop across the orifice in inches of water. Fuel-
air ratios were calculated from the measurements of air and fuel
consumption.

WORRRETRIR A ||
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Engine Cooling

Tests were conducted to determine the cooling and the power |
characteristics of the cylinder to be used in predicting perform- ‘
ance as limited by cooling, Calibration tests were made to deter-
mine the weight of air flowing over the head and barrel of the cyl- ‘
inder per unit time as & function of the pressure drop across the
cylinder. The constants in equations for the barrel and head of
the form of equation (2) are obtained from these tests. The cali-
bration curves are shown in figure S. These curves are applicable
for the jacket both with and without the baffle plates, The con~
ductance of the baffles cslculated in the conventional manner is
0.0903, based on the frontal area of the 2800 engine.

Tests of the cylinder were conducted to determine the constants
in equation (1) and in a similar equation for the cylinder barrel by
methods fully described in reference 1. These tests were made both
with the jacket of wide entrance and with the jacket having baffle
plates in the entrancs., From these tests, the cooling characteris-
tics of the cylinder with turbulence at the jacket entrance can be
compared with the cooling charactesristics without turbulence at the
Jacket entrance. Likewise from thege tests, the cooling character-
istics of the cylinder can be compared with those of other cylinders.

The value of Tz to be used in equation (1) depends on the fuel-
air ratio, the spark setting, the intake manifold temperature, the
compression ratio, and the exhaust pressure being used. The effec-
tive gas temperature has been found to vary with all of these factors
except the compression ratio, for which no tests have been made to
date (references 1 and 2). Tests were made on the present cylinder
to determine the values of Ty for various fuel-air ratios only by
the methods given ir references 1 and 2, and these values were used
in the estimation of cooling-pressure drops., The. variation of Tg
with spark setting and exhaust pressure would be small for the range
of conditions covered by these performance-prediction calculations.,

=

Tests werzs also made over a wide range of engine and cooling
conditions to determine the temperature distribution over the cylinder
and to establish the validity of the cooling equations. These een-—
ditions will be given in detail later in the paper.

Engine Performance

Tests were conducted at wide-opsn throttle with a maximum-power
mixture over a range of specds from approximately 1600 to 2600 rpm,
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In addition, tests were made at wide-open throttle and at 2100 rpm

to determine the variation of power and specific fuel consumpticn

for & range of fuel-air ratios. From these speed and fuel-air-
ratio tests, the values of fuel-air ratio for maximum-power, maximum-
economy, and full-rich mixtures were obtained.

A series of tests was made at wide-open throttle, at maximum-
power mixture, and at 2100 rpm for a2 range of manifold pressures from
approximately 29 to L9 inches of mercury absolute. The object of
these tests was to determine the cocling of the cylinder near its
rated power output.

A spark setting of 809 B.P.C. and gasoline conforming to Army
Specification No. 2-92, grade 100 (100-octane number, Army methed)
were used for all the tests. The engine horsepowers given in this
paper are all observed values. The friction horsepowers were deter-—
mined by motoring the engine at the inlet pressures and speeds used
in the power runs. The methods of computing the results are fully
described in references 1, 2, and 7.

RESULTS AND DISCUSSION
Engine Cooling

Cocling equaticns for cylinder of Pratt & Whitney R-2800-21
engine, - From the test data, constants were obtained to insert in
equations for the cylinder head and the barrel with and without
baffle plates in the jacket entrance. Tor the case of the jacket
without baffle plates, the equations are

(Head) Tp - t; 0.0199 a; 10-61 -
Head ; & -
,lg rikh 148 8, 1;,0.69
Ty ety | 0.0152 gy 1°+81
(Rarrel) g—l - 27l (12)
Te=To 2,87 a, WO-L
The equations with baffle plates in the jacket entrance are
T, ~t, 0.0499 a; I0-6L
(Head) — s o
2 =h 1-86 ao e
o]
I, - ¢ 0.0152 a Io.ul
(Barrel) b a _ 1 "

Tg b Tb B.Mh ao WO.6h
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The equetions for the barrel ares ba
(=}

sed on the average temperature
of the 10 thermccouples on the steel 1

iner.

The areas of the cylinder are as follows:
Head Rarrel

Effective internal-wall area aj, square inches 78.4 85.5
Effective external-wall area a,, square inches 145.0 Vi

The outside-wall heat-transfer coefficient U may be obtained
from the equation in reference 1l:

e db5s
Llso
: ;
U e e i 16)
ao (I = ta) S

where H 1is the heat transferred from cylinder wall te cooling air,
Rtu/hour. The method of calculating H 1is given in references 1
and 2, If U is obtainad from eguation (16) and plotted against
W, the values of K and m' can be obtained.

The values of ¥ and m' in equations (1%) and (1li) were deter-
mined in this manner and the values of X and m!' in equations (11)
and (12) were checked by this method. The curves of U plotted
against W are shown in figure 6., ~Trom these curves the values of
K and m! for the case of no baffle plates are

Head Barrel

K 1.L9 2,87
m! e S R

which are close to the values in egquations (11) and (12). The baf-
fle plates increased the values of U. about 20 percent as compared
with the cooling without baffles. \

Equations (11), (12), (1%2), and (1L) can be converted to the
form of equation (1) by substitutirg in these equations the relation
between W and Apg/péo given in figure 5,

Variation of T, with fuel-ajr.ratio. - The results of 'the
tests to determine the variation of the effective gas temperature
with fuel-air ratio are shown in figure 7. It has become general
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practice to reduce Tg to a dry intake manifold temperature of 80° F

(reference 4) by making use of equations (6) and (7). No super-
charger was used in the present tests between the carburetor and the
engine, and the temperature of the carburetor air was 83° F (fig. 7),
which is equivalent to the dry manifold temperature. Therefore,

Ig at 80° F will be equal to the results of figure 7 minus 0.8

(83 - 80). This correction should result in the head curve of fig-
ure 7 passing through 1150° F and tho barrel curve through 600° F

at a fuel-air ratio of 0,08, The temperatures of 1150° and 600° F
were used to establish the cooling equations of the engine from
tests at fuel-air ratios of approximately 0,08, Applying the tem-
perature corrections to figure 7 will not result in the curves
passing through the temperature expected, The results of figure 7
were obtained from only one series of tests and, although the curves
did not pass through the values expected when corrected to 80° F dry
manifold temperature, the results were close enough for practical
purposes and no further tests were made, The values of Tg of
figure 7 were used in determining correlation curves to be presented
without correction to 80° F dry manifold temperature, The tests
made to determine the correlation curve were at dry manifold tem~
peratures in the range of the tests mede to establish figure 7.

When only one series of tests is made to establish the varia-
tion of Tg with fuvel-air ratio and the values of Tg are a little
different than expected at 0.08 fuel-air ratio and 80° F dry mani-
fold temperature, the curve should be presented in the following
manner for greater accuracy of results: plot the ratio of values
ohi Tg obtained from the tests at any fuel-air ratio to the Tg
obtained at 0.08 fuel-air ratio against fuel-air ratio. Then use
the curve to find Tg at 80° F by multiplying these ratios by
the Tg wused to establish the cooling equations (in the present
case 11500 F for the head and 600° F for the barrel).

General correlation curve, - The cooling of a cylinder or

Ty, - T
engine can be determined by means of the indices TE—__T? and
Py = g < =
TE——~T€ (reference 2). The lower the value of the indices for
g -

given engine and cooling conditions the better the cooling of the
cylinder., From equation (3) it can be seen that, if such indices

1
are plotted against (1 V%? in which I 1is the power output and
W

v is the displacement of the cylinder or engine, on paper having
logarithmic ordinate and abscissa scales, straight lines with a
slope of unity should be obtained, All data should fall on the

same line regardless of engine and cooling conditions if the correct
TG is used in the cooling indices., Such lines are proof of the

validity of the cooling equation,




15

Tests were made for a large range of engine and cooling condi-
tions, as shown 1n the table of figure 8, and calcnlations of the
foregoing parameters were rwade, The results are plotted in fig-
we 8. From equation (3) it can be shown that the value of the

n

1 B n!

cooling index when iELXZE_ = 1 should be ? El M , From the

o K ag
present cylinder v = 155,9 cubic inches. When the values of B
and K for equations (11) and (12), a3, &g, n', and v are sub-
stituted in this formula, the value of the head index is 0,396 and
the barrel index 0.377. A 45° line drawn through the points for
the head and another through the points for the barrel intersect
the cooling indices at 0,396 and 0.389, respectively. The line
through the head points does not quite fit some of the points, but
the difference in head temperature between the points and the line
: fonp (1/v)™
is not very great. The intercept at A—EET—— = 1 for the barrel
is a little higher than the calculated intercept but the difference
is very small, In general, the pointse for the barrel fall very
near the line except for a few at the upper end of the curve, From
these data the application of the cooling equation for a wide range
of engine and cooling conditions is verified.

Temperature distribution over cylinder. - In reference 2 equa-
tions were developed in which temperatures at individual points on
the cylinder were set up as functiong of the engine and cooling con-
ditions. To determine temperaturss at individual points by such
equations is rather tedious and, if some simple relations between the
average cylinder temporatures and pertinent individual temperatures
could be obtained, only the equations for the average temperatures
and these gimple reclaticns would be needed to determine the individual
temperatures.

Various individual cylinder temperaturcs have been plotted in
figure 9 against either the average head or the average barrel temper-
ature, depending upon the location of the thermocouple whosc tempera-
turc is being plotted. The various kinds of symbols used to plot
the test results indicate a wide range of cooling and engine condi-
tions, as shovmn in the table in figure 9. No trend of individual
temperature with variation of cooling or engine conditions for a
glven average hecad or barrel temperature could be noted, and faired
curves have bcen drawn through gll the test points for each location,
These curves show that the temperatures at individual points on the
cylinder berrel remained approximately constant for a given average
barrel temperature; the same condition was true of individual tem~
poratures on the cylinder hoad for a given average head ‘temperature,
regardlesse of engine and cooling conditions. An analysis of the
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cooling equations for the head and the barrel of the cylinder and the
curve of average head temperature aczinst rear spark-plug tempsrature
will show thet, for a given rear spark-plng temperatvre, although

Ty, 1is constant for any enginc and cooling condition, Ty will not
remain constant as engine and cooling conditions are veried. The
only case in which T, will remain constant, when the rear spark-plug
temperature is constant btut the cooling and sngine conditions are
varving, occurs when the values of m' and n! are the same in both
the head and the barrel equztions. From curves such as are shown

in figure 9, the limiting valve of Ty to be used in equation (11)
for determining the cooling pcrformance can be obtained if the lim-
iting valuc of the rear spasrk-plug temperature is known.

Most of the dats in figure 9 are for the t2sts without baffle
plates. One curve is shown, however, for the tests with baffle
plates, namely, Ty plotted asainst rear spark-plug temperature.
For the same value of Tj, the rear spark-plug temperature is much
hotter with baffle plates than without baffle plates. Trom the
results of figurss 6 and 9 for the same weight of cooling air and
horsepower, the decrsase of rear spark-plug temperature is small when
baffle plates are used as compared with the temperature when baffle
plates asre not used. The baffle plates, however, appreciably
decreased the Ty for given cooling and engine conditions. (See
Fign 64 )

Plotted in figure 9 are the average barrcl temperatures based
on the temperatures of the aluninum mulf apainst the average barrel
temperatures Tp based on the steel temperatures., A curve with a
slope of unity fits the data closcly, which shows that the tempera-
ture drop from the stesl to thc aluminum muff is negligible or that
the thermal bond between the muff and the stecl is very good for the
cylinder tested.

Comparison of multicylinder and single-cylinder cngine cooling. -
The results of the tests on the Pratt & Whitney R-2000-27 engine of
reference I and the prosent tests plotted in the forms of equa-
tions (L) and (5) are shown in figure 10. For the multicylinder
tests n/mp was equal to 1.76 and my was 0.22; ml‘{n was L.lh
and n was 0.865. Plotting the single-cylinder results in like
manner gives the samc exponents, as shown in figure 10. Points
are shown on the curves for the single-cylinder engine plotted in
the form of eguation (L) but no points are shown for the curves of
this engine plotted in the form of equation (5). The curves in the
form of egquation (5) were obtained from the eguations of the curves
in the form of equation (4) and from plots of W against Apei/Pgy-
The value of T in the cooling index for the multicylinder-engine
curves is the average of the rear spark-plug temperatures of all cyl-
inders, and the value of T, for the single~-cylinder-engine curves
is the temperature of the rear spark plug.
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The results show that the cooling of the engines is in better
agrecment on a pressure-drop bpasis than on a weight-of-air bagis.
The results of the tests with baffle plates on the single-cylinder-
engine setup were in beiter agreement with the multicylinder results
than the results of the tests without baffle plates. For a value of

A

1276
i
% of 0.3, T, of 1150° F, and t, of 100° F, the difference
Aﬁpi/p6o g
between TP for the multicylinder engine and Tp for the single-
cylinder engine with baffle plates is 18° F. This difference is not
very great but, owing to the form of the cooling equation, a small
change in Tp makes a large change in Ap. It is therefore essen-

tiz)l to know the difference between multicylinder and single-cylin-
der cooling in order that predictions of Ap for multicylinder
engines from single-cylinder results will be in the range of cooling-
pressure drop required by multicylinder engines.

As brought out in Apparatus, standard baffles, such as were used
in reference 4, were not used in the single-cylinder tests. A spe-
cial jacket was used. This special Jacket gave slightly better
cooling than for the multicylinder condition as indicated by the
curves in figure 10, Later single-cylinder tests with gtandard baf-
fles gave better cooling than either the multicylinder tests or the
single-cylinder tests with the special jacket. TFrom this result it
follows that single-cylinder cooling with standard baffles will be
better than multicylinder-engine cooling. Once a relation has been
established for one set of conditions between multicylinder-engine
cooling and single-cylinder-engine cooling, however, further con-
ditions can be tested on the single-cylinder engine and engine
cooling can be predicted from the results.,

In multicylinder-engine cooling, sufficient air must be passed
across the engine to cool the hottest cylinder even at the expense
of overcooling the other cylinders, In order to determine the pres-
sure drop required for cooling tlhe engine, not only the relations
shown in figure 10 but also the relation between the hottest rear
gpark-plug temperature and the average rear spark-plug temperature
must be known., Thig relation for some conditions for the Pratt &
Whitney R-2800~-27 engine is shown in the curve of figure 9(b), which
wag obtained from reference 4, When the power of the engine was
increagsed, this curve changed somewhat, but it is an approximation
of what the hottest plug temperature will be for all conditions.

In general, the hottest plug temperature was about 50° F higher
than the average of the rear gpark-plug temperatures.

The mean effective gas temperature Tg wag obtained in refer-

ence 4 for a dry manifold temperature of 80° F for various fuel-air
ratios. The method of obtalning Tg referred to a t, of 800 F
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has been given in the Analysis, The valnes are plotted in figure 11,
The values of T at 80° F for the single-cylinder engine are also
given in figure %l The values for the single-cylinder engine were
obtained using an equatLon of the form of equation (4) and the same
factor to correct to 80° F as was used in the case of the multi cyl-
inder tests, The agreement of the results is excellent above a
fuel-air ratio of 0.07 but below 0,07 the single-cylinder curve
decreases more rapidly than the multicylinder-engine curve. It
would be expected that the curves would agree above 0.07, If T

was known for each cylinder of the multicylinder engine but only

the fuel-air ratio of the entire engine was known, a series of curves
of the shape of the single-cylinder curve of fﬂgu;e 11 would be
obtained and would be displaced along the fuel-air ratio axis. It
can be shown that an average of these displaced curves would be a
curve different below a fuel-air ratio of 0,07 than the single-
cylinder curve, The single-cylinder curve represents the true

curve for each cylinder of the multicylinder engine if all factors
of the cooling equations for these cylinders were known.

Engine Performance

Effect of engine speed, - The results of the tests with wide-
open throttle for varying engine speed are given in figure 12, All
values of mean effective prcssure and horse epower are observed
readings, The manifold pressure was less than atmospheric, owing
to the drop through the air-measuring system. TFor a given manifold
pressure and temperature, the brake and the indicated mean effective
pregsures increased and then decreased with an increase of speed
within the range tested. The tests were made with a maximum-power
mixture, and the results show that the indicated fuel consumption
and the fuel-air ratio remained almost constant over the range of
gpeoed tested.

" Iffect of fuel-air ratio., -~ The variations of power, mean effec-
tive pressure, and specific fuel consumption with fael—ulr ratio at
wide-open throtile and at an engine specd of 2100 rpm are shown in
figure 13. The power remaing fairly constant for fucl-air ratios
from 0.075 to 0.09 but decreases below a fuel-air ratio of 0,07. A
fuel-air ratio of 0.07 will be taken as corresponding to the maximum-
econony mixture even though the minimum spececific fuel consumption is
obtained with a fuel-air ratio of 0.065. The ratio used will be
0.07 instead of 0.065 because there is little differcnce in the spe-
cific fuel consumption with either ratio and the power is greater
with the higher ratio, A fuel-air ratio of 0.08 will be used to
denotie the maximum-power mixture.
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Effect of manifold pressure. - The variation of performance
with manifold pressure is shown in figure 1. The indicated horse-
power varies linearly with manifold pressure and, for the greater
part of the range of manifold pressure, the 1ndlcated specific fuel
consumption ramains approximately constant. These data provided
values ncar the rated power output of the R-2800-21 engine that
could be used to extend the curves of figure 8.

Estimated Cooling-Pressure-Drop Requirements

Determination of equivalent rear spark-plug temperature used
in cooling equation for single-cylincer engine. — Refore the cooling-
pressure-drop determinations for various cooling and engine conditions
are given, the relation between the hottest rear spark-plug temper-
ature of the multicylinder engine and the rear spark-plug temperature
of the single-cylinder enzine must be determined. The object of
determining this relation is to find what rear spark-plug temperature
mist be assumed in the cooling equation for the single-cylinder
engine in order that the cooling-pressure drop determined will be
that needed to cool the multicylinder engine to some stated hottest-
plug temperature.

From figure 10, the cocling equation of the single-cylinder
engine with baffle nlates is

o S0 52
TI-\ i ta 0,185 l WCL.‘ : (17)
T T O B LW & e
e = Tp : |£PP4 /Pq
and for the multicylinder engine, is
0.%2
# Ty 176

(18)

R e T e BN
Ig = T, 0.5L2 LﬁppL/p

The relation between the maximum rear spsrk-plvg temperature
and the average rear spark-plug temperature for the multicylinder
engine shown in Tigure $(b) can be represented by the equation

T,. = LB
T, & Sy (19)
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vhere T, is the maximum rear spark-plug temperature, °F,  For the

same values of W, and £/pp;/p, in equations (17)and (18), the

relation between Thp and Ty for the single-cylinder engine becomes

5 TR i s . ' i :
" i85 T (Tpp-hB-1.02t, )+ 0.542t,(1.02 T,=Tpy + L8)

! : ‘ (20
P~ C.LBF {7, - L4B8-1.02t.)+ 0.5h2 (1L.02 T,-Typo t+ LB (20)
hp 3, \ g7 hp

Calculations of - T, for various values of Ty, for several fuel-
air ratios and cooging-air temperstures were made and the results
are shown in figure 15. The calculctions were made on the assump-
tion that the dry manifold temperature was equal to the cooling-air
temperature, and T, was obtained from figure 11 for each fuel-air
ratio. Fquation (%O) applies only for a range of fuel-air ratios
from 0,07 to 0.11 where the single-cylinder- and multicylinder-
engine Tg values agree. Relow a fuel-air ratio of 0,07, a rela-

tion corresponding to equation (20) would have to be derived
involving Tg for both the single-cylinder and the multicylinder
engines.

Figure 1% shows that, for the range of fuel-air ratios and
cooling-air temperature. chosen, there is little difference in T
for a given Ty,. The air temperatures chosen are the Navy, Army,
and Civil Aeronautics Authority standard sea-level temperatures.

The main chenge in the values of Tp of figure 15 will occur with

a change of inlet manifold tempersture, as when a supercharger is
used. There is apvnroximately 75¢ ® difference between the maximum
rear spark-plug temperature of the multicylinder engine and the rear
spark-plug temperzture of the single-cylinder engine in figure il
for the same ccoling and engine conditions,’

Cooling-vressure~drop requirements. - Cooling-pressure-drop
requirements have been calculated from equation (17) for the fol-
lowing corditions of the Pratt & Whitney R-2000-27 engine:
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Condi—i Atmos—|Atmos- Blower- lMaximum EVA Power Altitude
tion | phericlpheric | rim {rear
pres— |temper-| tempera-~|spark-
sure, [ature, ture, {plug
n.1 7 (OF) rature,
ans ) i Thp
L (°F)
i)
.. bl ¥
i 29,92 | 100 1Bl s 500 0,10} Take-off | Sea level
o 29,92 | 100 LB — 500 .08} =——do—-= Do.
2 29,92 | 100 e , =00 A1} -—-do=—- Do.
L 59,92 | 100 ! L.E. 4 550 Py s Do.
3 29,99 1 ¥00 ! 100 | 5C0 v10] sm=do-~i= Do.
6 29492 1800+ | LB, - ¢ 150 .08{ Normal Do
% rated

11, ,R, refers to temperature at blower rim using low-blower gear ratio,

The engine would probably fail for condition 2 with present-day fuels
because of knock, but this condition was assumed to illustrate the
effect of fuel-air ratio on cooling-pressure drop.

The teke-off power of the Pratt & Whitney R-2800-27 engine is
2000 brake horsepower at 2700 rpm and the normal rated power is
1600 brake horsepower at 2400 rpm. The friction horsepower of this
engine, taken from unpublished data, in low blower at 2700 rpm is
%298 and at 2L00 rpm is 294. Then

Take-off power = 2298 indicated horsepower
Wormal rated power = 1894 indicated horsepower

The blower-rim temperaturss were calculated from equation (6)
on the assumption that t, equals t,. The blower-rim temperatures
are thus represented by the dry manifold temperatures. The tip
speeds of the impeller were determined from the engine speed, from
the impeller diameter, which is 11 inches for this engine, and from
the impeller-gear ratio, which is 7.60:1 in low blower.

The values of T, were found from the fuel-air ratios given in
the table and the valtes of *, were calculated from figure 7 and
equstion (7). The values of the rear spark-plug temperature to use
in the single-cylinder cooling equation (17) in order to get equiv-
alent multicylinder cooling-pressure drops were calculated by means
of equation (20) with the values of Thp and t, given in the table
of conditions and the calculated values of TP‘




The weights of charge air W, needed to develop take-off and
normal rated powsrs wers obtained from the curve of figure 16, which
was dotermined from data of this report. This curve checks Closely
with a similar curve obtained from unpublished test data on the
multicylinder-cngine air consumpticn. For the first calculations
of #/p, the cooling-air temperaturs in both cquations (17) and (20)
was assumed to be atmospheric temperature and p; was calculated
from the atmospheric pressure and tempzraturs. The results of the
calculations are given in the following table:

Condi-[ T, [ %, e We bt ﬂ Ap
tion |(oF) | (°F) | (°F) | (OF) {(1b/s2c) |[(1b)(sec)?/stl]| (in. water)

i 118 | 100 | 262 |110L} 3.85 0.0708 13.3L

2 1) L7l 100 [ 1262 |01296) %.85 .0708 29,23

32 | 20 | 100 | 262 {1004} 3%.85 .0708 7.91

i 66 | 100 | 262 {1104} 3%.85 ,0708 6.85

5 | k2o | 100 | 100} 97| 3.85 .0708 6.70

6 370 | 100 | 228 ]12681 32.0% .0708 31,26

The pressure drop requiroed for cooling for conditicn 2 was
checked by using the multicylindar-engine cooling equation (18) and
the relation between T and Thp for the multicylinder engine
given by ecquation (19)." The value of Tg was found from the fuel-
air ratio given and the previously calc culated values of typ by use
of the multicylinder-engine curve on figure 11 and equation (7).

The calculated Ap was 29.42 inches of water, which is a good check
of the 29.2%2 inches of water from the single-cylinder-engine cooling
equatiorn, The foregoing results show that multicylinder cooling-
pressure drops can be predicted with little error from single-
cylinder-engine cooling equations if the relation between T of
the single-cylinder engine and Tpp ©f the multicylinder engine is
known or can be estimatcd with fair accuracy.

Effect of -adiahatic comprcssion of ‘the air at the engine face
on conling-pressure drops. -~ Calculations of cooling-pressure drops
for conditions 1 to 6 given in the preceding table have been made by
using the pressure and temperature at the engins face, an assumed
airspeed of 20C miles pcr hour for conditions 1 to 5, and an assumed
airspeed of 350 miles per hour for condition 6. The pressure and
the temperaturs at the ensine face werc calculated from equations (8)
and (9) and the pressure drop, from an equation of the form of
equation (10). The exponent my of cquation (18) and the relation
between Tp and Thp given in equztion (19) were used in equa-
tion (10). The values of Ap used in equation (10) were the values
given in the preceding table. The values of Ap, and Ap are

given in the following table for comparison of the adiabatic compres-

sion effect:
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Condition LD LD
1 13,3l 13.79
2 25007 2027
3 o 8,18
h 6.85 7.02
5 6 70 De 78
6 2y .26 79012

The results show that, for 200 miles per.hour, using the atmos-
pheric pressure and temperature in the rooling cquation instead of
the pressurc and tomperature at the cngine face resulted in only a
small diffcrence in the estimated cooling-pressurc drop. For con-
dition 6 at 350 miles per hour, howsver, the diffcrence in the
cooling-pressurc drops was appreciable: 3l.26 inches of water by

using po, and ty and 39.42 inches of watpr by using p; and tj.
alcuL(tlnno for hO 00C feet show that the adiabatic compru531on
effect on Ap 1s much smaller than the effect at sca level.

Comparison of Ap, for conditions 1, 2, and 3 shows tha large
effect on cocling-pressure drop of "leaning out! the mixture. For

a fuel-air ratic of (.11, a rressure drop of 8.18 inches of water

was required tc cool take-off power at sea level; for a fuel-air

ratio of 0.10 and the other conditions the same, 13%.79 inches of
water; and for a fuel-air ratio of 0,08, %0.23 inches of water.

The effect of increasing the allowable maximum rear spark-plug tem-
perature is shown by compering Ap, for conditions 1 and L.

Improving engines to such a point that thev could be safely operated
at rear spark-plug temperatures of 550° F would, for the conditions
assumed, decrease the cooling-pressure drop requlrni from 13%.79 inehes
of Nstel to 7.02 inches of water or would approximetely halve the
original pressure drop. The effect of decreasing the intake mani-
fold tempersture by using intercoolers, and therefore decreasing Tg,
is illustrated by conditions 1 and 5, The cooling-pressure drop
required is again approximately halved - from 1%2.79 to 6.9% inches

of water.

The large pressure drops required for cooling at even normal
rated power at sea level with economical fuel-a2ir ratios are illus-
trated by the 79.l2 inches of water required for condition 6. The
pressure drops calculated are only those required across the engine
and do not include cowlineg-duct losses. It can be shown that, for
some conditions of flight, the pressure drop across a duct in a
movinv stra;m can be as much as twice as great as the pressure drop
ter in the duct. The usval procedure at present for
01@11NJ engines under certain conditions in which ccoling-pressure
drops required are not svailable is to enrich the mixture. The
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e¢ffect of this enrichment on Ap, is shown in the calculations for
eonditions 1, 2, and 3. It is thought that, at high altitudes .
(approximately 40,000 ft), even the additional cooling provided by
enriching the mixture will be insufficient to cool engines whose
power outputs are greater than, but whose fins are the same as, those
of present-day engines. The greater power outputs will be possible
becanse of improved superchargers. Some research on the causes of
the pocr temperature distribution from cylinder to cylinder of
present—-day engines is needed. From figure 9(b) it was shown that
the average temperature of the rear sgark plugs of the Fratt &

itney R-2800-27 engine was about 50° F lower than the meximum rear
spark-plug ltemperature. In order to limit the hottest cylinder to
LE0° F on the rear spark plug, enough air must be furnished in order
that the engine as a whole is operating at only about LOO® F on the
rear plugs. The improvement of the cooling of the cne or twe hot
cylinders could possibly result in decreases of cooling-pressure
drop required of the order of decrease of Ap, for conditions 1 and

L.

CONCLUSIONS

For the range of conditions and for the engines tested in this
investigation the following conclusicns can be drawn:

1. An equztion to determine the cooling characteristics of air-
cooled engines was proved valid for a cylinder from a Pratt &
Whitney R-2800-21 engine mounted on & single-cylinder engine for a
large range of engine and cooling conditions.

2. The pressure drop required for cooling a Pratt &
Whitney R-2800-27 engine was determined with little error by means
of the cooling equation of the single-cylinder engine with a cylinder
from a Pratt & Whitney R-2800-21 engine mounted on it. These pre-
dictions were made only after establishing the relationship between
the hottest rear spark-plug temperature of the multicylinder engine
and the rear spark-plug tempersture of the single-cylinder engine.

Aircraft Engine Research Laboratory, \
National Advisory Committee for Aeronautics, ‘
Cleveland, Ohio. ‘
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APPENDIX
SYMFCLS

outside-wall area of head (or barrel) of cylinder, sq in.,
(does not include rocker-box surface)

internal-surface area of head (or barrel) of cylinder, sq in.
constant  (See equation (1).)

constant  (See equation (L).)

constant  (See equation (5).)

specific heat of air at constant.pressure, Rtu/(1b)(°F), 0.24
fuel-air ratio

acceleration of gravity, ft/(sec)z, 22,2

heat transferred from cylinder head (or barrel) to ccoling air,

Btu/hr
indicated horsepower per cylinder
mechanical equivalent of heat, ft-1b/Btu, 778
constant  (See eguation (1).)
constant  (See equation (3).)
constant  (See equation (2).)
constant (exponent in equation (1))

constant (exponent in equation (3))
()

L

constant (exponent in eguation

S

constant (exponent in equation (54
constant (exponent in equations (L) and (%))

constant (exponent in equations (1) and (3))

pressure of cooling air at engine or cylinder face, in. Hg abs.

static pressure of air in free air stream, in. Hg abs.
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W

‘Nc

dynamic pressure of air in free air stream, in. Hg
temperature of cooling air at face of cylinder or engine, °OF

average temperature over outside cylinder-harrel surface when
equilibrium is attained, °F

carburetor inlet-air temperature, Ep
mean effective gas temperature, °F

average temperature ovar outside cylinder-head surface when
equilibrium is attained, °F
maximum rear spark-plug temperature, °F

temperature of cooling air corrected for adiabatic compression
of air from free stream to engine face, °F abs.,

T; - L60, °F

dry effective inlet manifold temperature, °F

temperature of air in free stream, °F abs.

To = L60, °F

average of temperatures of rear spark plugs on multicylinder
engine or rear spark-plug temperaturc of single~-cylinder

engine, °F

over-all heat~transfer coefficient from outside cylinder wall

of engine to cooling air, based on differcnce between average

cylinder tempersture and inlet-cooling-air temperature,
Btu/(hr)(sq in.)(°F)

tip spezd of primsry blower, fps
displacement volume of cylinder, cu in., 155.9
speed of airplane, mph

welght of cooling air passing over head (or barrel) of cyl-
inder, 1b/sec

weight flow of charge air to engine, 1b/sec, (for the single-
cylinder enginz of the present tests Wo = weight of charge
to the cylinder x 18 to be comparable with the flow to the
P. & W. R-2800-27 engine)
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weight of cooling air flowing across multicylinder engine,
lb/sec, (for the single-cylinder engine Wy = weight of
cooling air flowing across head and barrel of cylinder X 18
to b? comparable with P, & W. R-2800-27 engine cooling-air
flow)

congtant (exponent in equation (2))

average density of cooling air, (lb)(sec)z/ft4 (baged on tem-
peratures and pressures of cooling air before and behind
cylinder)

densgity of cooling air at face of cylinder or engine,
(1b) (sec)@/ct

dengity of air in free air stream, (lb)(sec)z/ft4
dengity of air at 29,92 in, Hg and 60° F, (l"a)(.'.J,ec)z/f”s"jc

cooling-pressure drop across cylinder or engire, in, water,
(includes loss caused by expansion of air from exit of
baffle)

cocling-pressnre drop across engine corrected for adiabatic
compression of air at face of engine, in., water

increment of mean effective gas temperature, QB

increment of dry effective inlet manifold temperature, O

REFERENCES

Pinkel, Benjamin: Heat~Transfer Processes in Air-Cooled Engine
Cylinders, NACA Rep, No, 612, 1938.

Pinksl, Benjemin, and Ellerbrock, Herman H,, Jr.: Correlation
of Cooling Data from an Air-Cooled Cylinder and Several Multi-
cylinder Engines, NACA Rep, No. 583, 1940,

Schey, Oscar W., Pinkel, Benjamin, and Ellerbrock, Herman H,, Jr.:
Correction of Temperatures of Air-Cooled Engine Cylinders for
Variation in Engine and Cooling Conditions. NACA Rep., No, 645,
1958,




28

4, Corson, Blake W,, Jr., and McLellan, Charles H.,: Cooling
Characterigstics of a Pratt & Whitney R-2800 Engine Installed
in an NACA Short-Nose High-Inlet-Velocity Cowling. NACA ACR

No. L4F05, 1944,

5. Becker, John V., and Baals, Donald D.: The Aerodynamic Effects
of Heat and Compressibility in the Internal Flow Systems of

Aircraft NACA ACR, Sept, 1942,

6. Brevoort, Maurice J., Joyner, Upshur T., and Wood, George P.:
The Effect of Altitude on Cooling, NACA ARR, March 1943,




1

Fig.

NACA




##53

NACA Figs, 2,4

B \
:‘“g l %‘,— /q | - Stotic fubes| &
lie /4

s == === -';\:\\ > o
N Zip
- 47

Toral-fead rube St =F

-
| A

%

o A TSEEES 65:'____...{‘

frgure . — Dsa 9 rasy of en_yz'/ln cyinder ard jackel Jéowa'qy bascses.

Fin

gl s

Constantan vvire

§ =

@ SNl T

.m"m"' ¢ Mstanfa wire
Aluminum

Steel

Ffigure # — Method or attaching thermocou ples tasivel base
and ahumismum oy



*53

Flgure 3.~ Three views of Pratt & Whitney R-2800-21 cylinder showing location of thermo-
couples,

VOVN

g 314



¥ NACA

Fig. 5

008 /qT ‘M ‘die JO 3uBTepy

(73]
g
/r 8
, N \ ;
\
” ,/ X z
| R
| e 3 -
(=]
”, b N e
| _ \ 3
ﬁ / T i
(QV] (7]
* y e
QO
| 3 N
*
g \
apely )
) / O..vh.uu
, \ o
,, - =f 8
| / Aﬁ
| [
, ~
| AR
! X Te) m
| \ )
\ = g
| \ b £
| g
| \ s
|
g \ \
(4V]
j \ \
o 4
b 3 :
| g b
f=8) @
| m
4 -
f SR SR el i e -
| o) ™ = g
|
|
|



NACA Fig. 6
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