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AERONAUTIC SYMBOLS
L. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol Abbrevi ; Abbrevis-
revia- . rev
. Unit tion Unit tion
Length_ ___ __ 1 meter. ... oemeee. m foot (or mile). . __.___. ft. (or mi.)
Time_ ... _.._ t L7073 Yo ] second (or hour).______ sec. (or hr.)
Foree__...___. F weight of 1 kilogrem_..__ kg weight of 1 pound..__. b,
Power__.____. P horsepower (metrie) .. .._ | _.._.__.. horsepower___...____. hp.
8 v kilometers per hoor._.__. k.p.h. miles per hour. .. _____ m.p.h.
peed....._._. meters per second....._. m.p.s. feet per second _______. f.p.a.
2. GENERAL SYMBOLS
Weight =mg v, Kinematic viscosity

Standard acceleration of gravity =9.80665
m/s? or 32.1740 ft./sec.?

Mass = L4
g9

Moment of inertia=mk?,

(Indicate axis of

radius of gyration k by proper subscript.)

Coefficient of viscosity

Ares

Area of wing | .
Gap -

Span

Chord

Aspect ratio
True air speed

Dynamic pressure -épv

Lift, absolute coefficient C;

PR Density (mass per unit volume)

Standard density of dry air, 0.12497 kg-m—4g® at
15° C. and 760 mm; or 0.002378 1b.-ft.™* sec.?

Specific weight of “standard” air, 1.2255 kg/m® or
0.07651 1b./cu.ft.

3. AERODYNAMIC SYMBOLS

qaS

. . D
Drag, absolute coefficient C, &

Profile drag, absolute coefficient 0”"%’

Induced drag, absolute coefficient Cp, = D

Y1
s

Parasite drag, absolute coefficient Cp, —%

Croas-wind force, absolute coefficient Oc-q—os

Resultant force

Twy Angle of setting of wings (relative to thrust
line)

T Angle of stabilizer setting (relative to thruat
line)

@, Resultant moment

Q, Resultant angular velocity

p—» Reynolds Number, where ! is & linear dimension
s (e.g., for a model airfoil 3 in. chard, 100

m.p.h. normal pressure at 15° C., the cor-
responding number is 234,000; or for a model
of 10 em chord, 40 m.p.s. the corresponding
number is 274,000)

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

a, Angle of attack

¢, Angle of downwash

a,, Angle of attack, infinite aspect ratio

a,  Angle of attack, induced .

a;, Angle of attack, absolute (measured from zero-
Iift position)"

¥ Flight-path angle
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REPORT No. 550

COOLING CHARACTERISTICS OF A 2.ROW RADIAL ENGINE
By OSCAR W. SCHEY and VERN G. ROLLIN

, low-drag cowlings have all intensitied cooling
ilties.
3 present investigation was undertaken at the
st of the Bureau of Aeronautics, Navy Depart-
, to determine the cooling of a 2-row radial
e under conditions closely simulating those in
especially those of the full-throttle ¢limb. In
tests the many factors influencing the cooling
varied over a range sufficiently large that their
could be established. In general, the cylinder
<o tratures were measured at various engine speeds,
1iles PEr ROUP MUN e sy yr e e oy cooling | manifold pressures, speeds of cooling 1'1ir, and fuel
of this engine, as installed in a Vought XO4U—2 airplane  cOnsumptions. Tests were also made with a 2-blade
with air of standard sca-lerel density when operating at | *nd 3-blade propeller and with the airplane at different
Jull throttle at an engine speed of 2,500 v. p. m. Increas- angles of attack. . .
ing the brake horsepower 50 percent resulted in an in-| The tests were conducted by the National Advisory

crease of 13 to 20 percent in the temperature difference ':Comnlittee for Aeronautics during April and May

hetween the air and the cooling surface. When the air |
speed aras increased from 60 to 120 miles per hour, there |
was a decrease in the temperature difference between the'  Engine. —The engine used for these tests is a 14-
cooling air and the cooling surface of only 17 percent. ' cylinder 2-row radial, designated a GR~1535 Pratt &
The same percentage change in temperature difference Whitnoy Wasp, Jr. The engine has an over-all diam-
between the cooling air and the cooling surfuce was ob-| eter of 437, inches. It is rated at 700 horsepower at
tained for a giren change in power when the manifold :2 500 r. p. m., has a compression ratio of 6.5, and ix
pressure was caried as when the engine speed was raried.  equipped with a geared centrifugal supercharger that
The effect of the attitude of the airplane on the cylinder operates at cight times engine speed. This super-
temperatures was small; the temperatures increased or charger will maintain a manifold pressure of approxi-
decreased slightly, depending on the location of the cylin- . mately 33 inches of mercury absolute at sea level when
der.  The difference in cylinder temperatures obtained . the engine is operating at 2,600 r. p. m. The propeller
with 3-blade and 2-blade ])J'opellers was neglig?ble The tis driven through a 3:2 reduction gear. For the
heat loss through the oil radiator was equal to from 3 to | greater part of the investigation the engine was
fi percent of the heat going into indicated power, depend- | equipped with a 2-blade Smith controllable propeller
ing on engine speed and mirture strength. ' having a diameter of 10 feet; the remaining tests were
imade with a 3-blade adjustable propeller having a
" diameter of 10 feet 6 inches.

Many investigations have been conducted on air-  The rear-row cylinders on this engine have more
cooled engines, particularly engines of the single-row  finning around the exhaust ports than the cylinders
radial type, for the purpose of studying the cooling |in the front row (fig. 1). Intercylinder baflles limit
obtained with different tyvpes of cowlings. Although . the amount of cooling air flowing past the cylinders.

L - ( .
most of these investigations have yielded a large | These baffles, as shown in figure 2, fit closely to the
amount of valuable information, there still remain,cylinders and are supplemented by pieces that fit
important factors to he investigated. closely to the fins at the top of the cylinder and extend

Remarkable progress has been made in the cooling ' outward to an N. A. C. A, cowling ring, forming a wall
of air-cooled engines but cooling difficulties frequently | blocking off the area hetween the cowling and the
occur beenuse aireraft engines are required to operate, | engine. These baffles keep the air close to the eylinder
at least part of the time, under very severe conditions. | and guide it to the rear of the cylinder (reference 1).
Furthermore, reduction gears, controllable propellers, | In these tests the oil radiator was modified so that
increased specific outputs, superchargers, and, in some | water instead of air was used for carrying the heat

1

DESCRIPTION OF EQUIPMENT

INTRODUCTION
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COOLING CHARACTERISTICS OF A 2-ROW RADIAL ENGINE 3

away from the oil. This change was necessary in
order to obtain sufficient cooling when operating at
high power output with low air speeds.

Airplane.—The engine was mounted in a Vought
XO4U-2 airplanc, a 2-place observation airplane of con-
ventional design with a maximum speed of 185 miles
per hour.

Full-scale tunnel.—\All the tests except a few high-
speed Hight tests were made in the Committee’s full-
scale tunnel (reference 2). This tunnel has a 30- by
B0-foot jet and a maximum air speed of approximately
120 miles per hour. Figure 3 shows the airplane
mounted on the balance in the full-scale tunnel.

Instruments. —lron-constantan thermocounles con-
nected to two Brown recording pyrometers were used
for measuring the eyvlinder temperatures. The thermo-
couples were made from 0.016-inch dinmeter enameled
and silk-covered wire.  The thermocouples were peened
to the evlinder heads and electrically spot-welded to
the steel barrels.  The location of the 47 thermocouples
used is given in table [ and figure 1. These thermo-
couples were located as shown in order to obtain the
difference in temperature between front- and rear-row
cylinders, the maximum temperature on a front- and
a rear-row cvlinder, and an indication of temperature
difference between several cylinders in exch row.

TABLE I.—LOCATION OF '1“1*:11.\1()(‘()['1’],158

Corresponding  thermo-

on exli : X
nevlinder couple on eylinder 3 ¢

‘Thermocouple

1. 1 3
2 2 3
h N D 3
f (3] 3
7 7 3
X N 3
9 ] [ 3
10 10 L3
13. b 11
it 6 1l
15 7. - 131
16 b 11
19 by 17
20 .6 17
21 T . 17
22 8 - 17
23 Front seetion of crankease.
24 . .. . Blank, for s¥nchronizing records.

2 (ib(")."linders are nuimbered in accordance with the customary practice. (Nee fig.
1 For lncation of thermoenuples on eylinders 3 and 4 see fig, 1.

In addition to the cslinder-temperature measure-
ments the following temperature measurements were
obtained:

Oil in.

Oil out.

Carburetor air.

Air stream.

Cold junction of thermocouples.

Accessory compartment.

Oil radiator, water in.

Oil radiator, water out.

IR 36— -2

' Electrical-resistance thermometers were used for mea-
,suring the first six temperatures and vapor-pressure
* thermometers for those of the oil radiator.
The engine speed was measured with an eleetrical
tachometer and the manifold pressure with a me: un

Air flow

A}
)
. _Ffrent \
cy/infier? K

T &W/%r 7

——

{b} Plan view of intercylinder hafiles

' Fi16URE 2. - Arrangement of intercylinder baffles on Pratt & Whitney GR-1535 2-row
! radial engine.

' manometer. The wind-tunnel air speed was obtained
from a static-plate calibration of the tunnel for cach
test condition. Fuel-consumption measurements were

, obtained with a calibrated displacement-tvpe fuel

flowmeter. The water passing through the air pas-

sages of the oil radiator was measured with a cali-
brated water meter.

With the exception of the static-plate manometer
and the water-in and water-out thermometers in the

oil radiator all instruments were located in the scale

. room directly below the airplane.

M

V"'.’

e
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METHOD OF TESTING

The etfect on the cylinder temperatures of vperating
at several engine speeds from 1,700 to 2,500 r. p. m.
was investigated for full-throttle conditions at air
speces of 83, 102, and 119 miles per hour. Tests were
also made at several engine speeds from 1,300 to 2,500
r. p. m. with manifold pressures of approximately 29,
24, and 20 inches of mercury absolute and at an air
speed of 116 miles per hour. For each of these runs
the desired engine speed was obtained at each air-
speed and manifold-pressure condition by varying the
piteh of the propeller.

G

T

——

COMMITTRE FOR AR ONAUTICS

b Four full-throttle runs were made at an engine speed
of 2,500 r. p. m. and at an air speed of 120 miles per
hour to determine the variation in cylinder temperature
with mixture ratio by varving the rate of fuel flow.
The lowest rate was determined by the maximum
cylinder-head temiperature. which was limited to 600~
F., and by the general operation and power vutput of
the engine. The maximum rate was with the mixture
control set full rich.

The difference in cylinder temperatures ohtained
with 2-blade and 3-blade propellers was determined
for full-throttle operation at engine speeds= of 2,000 and

Floure 3 The NO4U-2 airplane monnted in the full-scale tnnnel ready for test.

The effect of engine speed on the eylinder tempera-
tures for a constant brake horsepower and a constant
air speed of 119 miles per hour was determined. The
power was maintained constant by changing the pro-
peller pitch and the manifold pressure. The manifold
pressure required to give constant power when the
engine speed was varied was obtained from the calibra-
tion curves for the engine. Although engine manu-
facturers have limited the temperature of the rear spark
plug boss to 500° F. tor satisfactory cooling, long
engine life, and reliability, higher temperatures were
tolerated in some runs in order to extend the range of
the tests.

"2,100 r. p. m. and at air speeds of 85 and 120 niiles per
hour, respectively.

The effect of the attitude of the airplane on the exl-
inder temperatures was determined for four different
angles of attack (based on the thrust axis): —4°, 0°,
*4°, and 82, These tests were made at an air speed of
100 miles per hour, at an engine speed of 2,100 . p. m.,
and at full-open throttle.

The lubricating oil used in these tests conformed to
the Navy specifications for a 3120 oil.  Gasoline con-
forming to Army specifications Y- 3557- (¢ and having
“an octane number of 87 was used in most of the in-
i vestigation. For the most severe conditions sufficient
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ethyl fluid was added to the gasoline to increase the '
octane number to 92.

—p—r— ey =

| | " 2600 rom |
700 = e T TysTeang
T T T 2200
Q —_— . — e e - I -
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"800
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Air speed. —The observed 7 ~peed was corrected to
an air speed at 29.92 inches o ercury and 70° F. from
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Fi.tue ¢ Culibration curves showing brake and friction horsepower ot viarious engioe speeds sl manifohd pressures

A few runs were also made at what might be called ! pressure and temperature measurements according (o
o !

“normal’ operation with a fixed-pitch propetler. The
propeller pitch was set so that 2,500 r. p. m. could he
obtained at an air speed of approximately 120 miles
per hour when operating at futl-open throttle.  With
this piteh setting, performance measurements were
obtained at full-open throttle for air speeds of 80, 100,
and 120 miles per hour. A similar series of runs was
made with the propeller piteh set to give a full-throttle
engine speed of 2,150 r. p. m. at an air speed of 120
miles per hour. Test runs were then made with thijs
fixed-pitch setting when operating at tull-open throttie
at air speeds of 60, 80, 100, and 120 miles per hour.

COMPUTATIONS

Engine power.. -The engine was calibrated before
and after these cooling tests by the Research Division
ot the United Aireraft and Transportation Corporation
(reference 3). The calibration curves of friction and
brake horsepower for various speeds and manifold
pressures are shown in figures 4 and 5. In the prepara-
tion of these curves the power developed was corrected
to a standard atmosphere (29.92 inches of mercury
pres=ure and 60° F tcmperature).

The power developed was obtained from the cali-
bration curves for the observed manifold pressure and
engine speed. A correction was then applied to the
power obtained from the calibration curves for the
difference in carburetor-air temperature during the
calibration and during the test according to the relation
. ~ o 1o T, 460
Observed b. hp.==h. hp. (at 60° F¥.) \ 7460
where 7

75, observed air temperature at the carburetor.

/]J‘:, standard air temperature at the earburetor
(60° F.).

Cylinder temperatures. -The pyrometer readings of
eylinder temperatires were corrected for instrument
calibration and cold-junction variation and were con-
verted to a standard cooling-air temperature of 70° F.

the relation

Vv Vio.

RN
where JQ,\/

V7 observed air speed.
V7, air speed at 29.92 inches of mereury pressure
and 70° F.
pa, ohserved density.
0&/;7,, standard density.
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6 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Heat loss to the oil. The heat loss to the oil was cal-

culated from the quantity and increase in temperature
of the water flowing through the oil cooler.

Fuel consumption. The specitic fuel consumption
was caleulated from the fuel flow, observed horsepower,
and density of the fuel.

RESULTS AND DISCUSSION

Effect of specific fuel consumption. The curves in
figure 6 () for full throttle show that the leaning of »
very rich mixture so as to obtain a reduction in speeitic
fuel consumption of 0.10 pound per brake horsepower
per hour resulted in only a small increase in exlinder

mixture ratio of the charge delivered to each eylinder.
Temperature differences between cyvhinders are often
attributed to poor distribution or to nonuniform cooling
of the evlinders because of their location with respect
to other engine parts.  These curvesshow that tempers-
ture differences between evlinders ean be definitely
attributed to poor distribution only after a =uthicient
number of runs have been made to establish the curve
of exlinder temperature against specifiec fuel consump-
tion.  The eylinders that are operating on a lean mix-
ture will show the greatest variation in temperature
with change in mixture strength. On the basis of
these curves the variation in mixture strength for

[\_T7L IT TrIrTTrT e T e o
600 — ‘ —:+Al‘-~ ! %L O f- o

.
1

e a8 S0 g. SO
v

fa
g /3]
O X [ i ! "
B‘ —— — e . . T__,T__T — -t H*ir‘ R S T-— s .o 4 - s ot /44.
3 ! ' Thermaocouple ; i
.m%—f—O—% ——— - + — +___
o i i
Yo
I !
8 200H—+—- - -
Sow e 1 | Rdsiand
: Cylinder 3 | i . . : | ;
; o P U S OO T
S o0 N , Thermocouple., i M #'L I N S
S i « ; ‘ ¥ I I
S e
e ' ! ! 2
400 j;\\l\\ . \H‘F 39 w-—ﬂﬁ 3
N S 1 I L] v
i Y P Thermocouple
300 (el 1 b1 37 | ® A R L, rermaeouwie
0 44 45 52 .40 48 52 56 .60 &4

.56 .60 64 .4 44 .
Soecific fuel consumption, /b./b.ho./hr.

Fiourg 6. - Etfect of specific fuel consumption at full throttle on the cyvlinder temperatures, In these tests the horsepower varied from 675 to 93, the engine speed from
427t 2,498 ¢ 1. m; the manilold pressure from 3333 to 33.61 in. Uy, absohite, and the atr speed from 1162 1o flv 2 m. p h.

temperatures; whereas the leaning of a lean mixture so
as to obtain the same reduction in specific fuel consump-

tion resulted in a large increase in cylinder tempera- .

tures. The temperatures at different points on the
same cylinder varied consistently with the mixture
strength; those that are high showed the greatest
variation. As a lean mixture burns slowly the cylinder
walls are exposed to burning gases during u large part
of the expansion stroke; with a rich mixture some of the
heat is carried out through the exhaust by the excess
fuel.

A comparison of the curves of temperature varia-
tion with specific fuel consumption for several cylinders

(fig. 6(b)) shows that the temperature of each cylinder |

[ different cylinders is estimated to he at least 10 per-
" cent.

Effect of engine speed and air speed when operating
“at full throttle. ~The cylinder temperatures obtained
when operating full throttle at engine speeds between
: 1,800 and 2,600 r. p. m. and at average air speeds of
85, 102, and 119 miles per hour are shown in figure 7.
| These temperature measurements from the 6 thermo-
- couples on eylinder 4 and from the 6 on eylinder 3 are
,only a part of the temperature data obtained; they
“have been selected after comparison with other tem-
peratures observed as a fair representation of all
engine temperatures. When the engine speed was

did not vary the same amount when the mixture |increased from 1,800 to 2,600 r. p. m., the brake horse-

strength was changed. The amount of this variation
depends upon how much difference there is in the

power was increased 50 percent (fig. 3) and the indi-
eated horsepower 59 percent; whereas the differcnce
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in temperature between the evlinder and the air in-
creased 15 to 24 percent (Hg. 7).

it may be well to state that these results have been
substantiated in laboratory tests of a single-cvlinder
air-cooled engine.  The much more rapid increase of
the engine power than of the evlinder temperstures
indieates that considerably more power ean be obtained
from an air-cooled eylinder with small improvements
in the finning. Tho pecitic fuel consumption and
the manifold pro- ares inereased  slightly in these
tests. The i case in specific fuel  consumption

OF A 2-ROW HRADIAL ENGINE 7

"installed in the XO41 2 airplane can be operated at a
full-throttle speed of 2,500 r. p. m. without exceeding
the sufe evlinder-head operating temperature (30° F ),
provided that the speed of the airplane is 120 miles
per hour and that the mass flow 15 equal to that of
cooling air ut 70° F.and at standard sea-level density.
Without a controlluble propeller these high engine
speeds could not be obtained in clunb unless the pro-
peller piteh were set so low that level Hight at full-
open throttle would be impossible without excessive
cengine speeds. Flight tests conducted elsewhere on
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caused by increasing the engine speed from 1,800
to 2,600 r. p. m. resulted in a reduection in cvlinder
temperature of approximately 10° F.: whereas the
inerease in - manifold pressure would result in an
increase in evlinder temperature of less than 5° F,
The results shown in figure 7 closely simulate those
obtainable in full-throttle climbs at higher engine
speeds. At air speeds of 85 to 90 miles per hour, the
hest climbing range for this airplane, the highest
cvlinder-head temperatures at 2,500 r. p. m. were
more than 600° F. which is apprecinbiy higher than

erlinder (emperatures when operating at full throtile

this airplane indicate that, when an adjustable propeller
having the best setting for high speeds is used, the
engine speed in climb will be so low that the safe
operating temperature is not exceeded at air speeds of
R0 to 90 miles per hour.
Flight tests conducted at air speeds higher than
I those obtainable in the tunnel showed that the conling
was satisfactory for these conditions.  In full-throttle
climbs at high engine speeds, however, the eylinder
temperatures, like those in the tunnel, were high,  No

what would be considered permissible for long life and ; attempt was made to reduce the temperatures obtained

relinbility. The results indicate that this cngine as

in flight to the same standard because the magnitude

-
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of the varions corrections s not suflicrently well estab-
lished to justify comparison.

Effect of engine speed when operating at various
throttle settings. The cylinder temperatures obtained
when opernting at different throttle settings at varions
engine spreds and at approxinmately constant air <peed
are <shown in ficure S50 These eurves show that, re-
vardless of the amount of throttling or of the manifold
pressure at which the engine operates, a certain per-
centage inerease i power due to inerease tnengine
=peed will, for each condition, result in approximately
the same percentage inerease in temperature.  For
example, when operating at a manifold pressure of

50Ot e g e,

‘\ Cy/mder 4 i

constant ~peed and varving manfold pressure and the
other with varving <peed and con=tant manifold pres-
sure. The avernse tompersture for thermocouples 24,
31,33, 35, 37, and 3% on evhnder 3 were used o the
preparation of these cnrvess It = mteresting to note
that mercastnez the brake hoesepower by inercasing
the speed results inoa <lightly greater mate of chanoe
e temperature than i obtained by meressine the
marifold pressures On an idicated-power basis 1the
temperatures for cach of the twa conditions of varving
the power fall on the =ame straight hine. Wit
the range of these test~ it 1= apparvent toat nothinge s
to be gained In reduced exdinder temperatures by ine-
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19.2 inches of mercury an increase in engine speed |
" the other.

<ufficient to cause a 50 perecent inerease in brake
horsepower will resnlt in an average increase in the
temperature difference between the cooling air and the
evlinder of 21 percent on the front-row eylinder and
of 17 pereent on the rear row. At a manifold pressure
of 2844 inches of mercury absolute a 50 percent in-
crease in power will result in an average increase in
exlinder temperature difference of 22 percent for
eviinder 4 and an inerease of 15 percent for evlinder 3.
The largest percentage increase in temperature ditfer-
ence in each case is for the front-row eylinders, which
huve the least amount of finning around the head.
The eurves in figure 9 show the relation hetween the
average exlinder temperatures and the brake and in-
dicated horsepower for two conditions, one with

creasing cither function of the power in preferenee to

Effect of engine speed when operating at approxi-
mately constant power. -The results in figure 10 show
that the evlinder temperature< are not influenced by the
engine speed or piteh =etting provided that the power
and other conditions remain constant.  In these tests
the brake horsepower decreased from 330 to 303 and
the indicated horsepower inereased from 570 1o 600
when the engine speed was inerensed from 2,000 to
2,600 . pom. It has been shown earhier that a 5106
percent variation in engine power would cause & ehange
of approximately 2 percent in the evlinder tempers-
tures.  The shightly higher temperatures obtained ot
speed of 2,000 r. p. m. were mostly due to a low speeific
fuel consumption, the specific fuel consumption being

L &

o
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COOLING CHARACTERISTICS

0.606 pound per brake horsepower per hour for this
run and more than 0.638 pound per brake horsepower
per hour for the other runs, The difference in specific
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Flovre 9, -Eifect on eylinder temperatures of increasing power by inereasing either
engine speed or manifold pressure,

fuel consumption would cause a variation in tempera-
ture of from 10° to 15° F.

Effect of changing air speed when propeller pitch is

constant.—The two sets of runs (fig. 11) in which the
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FeiURE 10.~FEffect on cyvlinder tempreratures of operating at various engine speeds

b aird the air speed : . se {ests the b - . .
whent the power airl the air spee) are constaot D these tests the hrake horse: ‘J fOI‘ (he lOW(‘I‘ curve is bﬂﬁ(‘d on a hlgher bruko lIOI‘S(%

power varied from 303 to 332; the specific fuel consumption from 0.606 to 0.651 1b.
per b.hp. per hr; the air speed from 118.0 to 119.3 m. p. h.; snd the manifold pressure
feainz 25.40 to 1344 in. He, absolate.
propeller pitch was set to give full-throttle engine
peeds of 2,500 and 2,150 r. p. m. showed that when
the air speed was reduced the cylinder temperatures

OF A 2-ROW RADIAL ENGINE 9

increased to exceed the safe operating temperature at
the lower air speed.

Heat loss to lubricating oil. —~The curves in figure 12
show the ratio between the heat loss to the oil and the
"heat going into indicated power at different engine

k: .
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‘ Fiivre 1.—~Effect on e linder temperature of chaagiug air speed when propeller

piteh 's constant.

i
i speeds when operating at a constant engine power of

530 brake horsepower and when operating with the
engine power varying from 498 to 692 brake horsepower.
- Increasing the speed when the power was held constant
resulted in an increasing amount of heat being carried
away from the oil. The total quantity of heat carried

1

in percent
)
|

x Vorysng power
5To C‘onsranfpo .

/900 2000 2/00 2000 2300 2400 2500 2600
Engine speed, r.p.m.

FIGURE 12. -Teat loss to the oil.

away with varying power may appear to be less than
with constant power but such is not the case, however,

power.

When the mixture is leaned, the heat loss to the oil
increased from approximately 4 to 6 percent of the
heat going into indicated power because of the increase

in temperature of the cylinder walls.

a—t SE—— e pp—
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The heat loss to the oil in these tests was higher than
would be obtained in regular service because the cyl- |
inder temperature in many runs exceeded the specitied |
service temperatures. Recent tests on this engine by
the Bureau of Aeronautics, Navy Department, gave a
heat loss %0 the oil equal to 1.72 percent of the heat
wvoing into useful work.

In the most severe of these tests excessive oil-out
and accessory-compartinent temperatures were ob-)
tained. When the mixture was leaned, the accessory- '
compartment temperatures reached a maximum of |
220° F. and the oil-out, 200° F. In all other tests the !
oil-out and accessory-compurtment temperuatures varied !
between 150° and 190° F. depending on power output }
and air speed.

Effect of angle of attack.-—-Increasing the angle of
attack of the airplane (based on thrust axis) from .
—4° to 8°, which includes the high-speed and climbing
attitude at full throttle, caused the temperature of the
top evlinders in the front row to increase 15° to 20° F.
and the temperature of the bottom cylinders in the'
front row to decrease the same amount. The other
evlinders did not show any consistent change with
angle of attack. The change in temperature on the:
rear-row cylinders was slightly less than on the front
row. The results indicate that a reduction in tem- |
pernture can be obtained by setting the fins at a slight |
angle with respect to the air strean.

Cylinder temperatures obtained with 2-blade and 3-
blade propellers.—These tests showed that at low air
speeds the use of 3-blade propellers resulted in lower
evlinder temperatures than that of 2-blade propellers.
At an air speed of approximately 120 miles per hour
the average temperature for all thermocouples on the
cylinders was practically the same with each propeller;
whereas at an air speed of 80 miles per hour the average
temperature for all thermocouples was 17° F. lower
when using a 3-blade propeller.

CONCLUSIONS

The rpwlta of this mvesugatmn show that with a
GR 1535 engine installed in a Vought X041 -2 air-
plane:

1. When operating at full-open throttle at an engine
speed of 2,500 r. p. m., an air speed of 120 miles per |
hour must be maintained for satisfactory cooling (500° ;

C

F. eylinder-hiead temperature) with air ut a pressure of
1 29.92 inches of mercury and a temperature of 70° F,

2. Increasing the brake horsepower 50 percent
resulted in & 15 to 24 percent increase in the tempera-
ture difference between the cooling surface and the
cooling air.

3. The same percentage change in temperature dif-

i ference between the cooling air and the cooling surface

was obtained for a given change in power when the
manifold pressure wax varied as when the engine speed
was varied.

4. Increasing the air speed from 60 to 120 miles per
hour resulted in a decrease of 17 percent in the average
difference in temperature between the eylinder and the

| cooling air,

5. The heat loss to the oil under these particular test
conditions was equal to from 3 to 6 percent of the heat

! . . . . . .
{ roing into indicated power depending on the engine

speed and fuel-air ratio.

6. The amount the temperature of different cvlinders
changes when the mixture strength is varied was found
to be a good indication of mixture distribution in the
engine.

7. The effect of the attitude of the airplane on the
cyvlinder temperatures was small and slightly dependent
on location of the cylinder.

8. There was practically no difference in the cylinder
temperatures obtained with either 2-blade or 3-blade
propellers at an air speed of 120 miles per hour; at an
air speed of 80 miles per hour the average cylinder
temperature for all the thermocouples was 17° F. lower
with the 3-blade propeller.

LaxcrLey MEeMORIAL AERONAUTICAL LABORATORY,
NATIONAL Apvisory COMMITTEE FOR AERONAUTICS,
LaNGLEY Fieup, VA., December 4, 193).
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Positive directions of axes and angles (forcea and moments) are shown by arrows
Axis Meoment about axis Angle Velocities
(mel V
to axis)

Designation Sm- symbol

Linear
. |8 Positi Dea Sym-
Design I | Fositive eigna- | Bym ng‘;:ﬁ[)’& Angular

Longitudinal...| X

Rolling.._._{

X L Y—Z Roll......| ¢ u P
Lateral . ______ Y Y Pitching___.| M Z—asX Pitch_...] ¢ [ q
Normal.._...... z Z Ya e N X——Y Yaw_.... v » r
Absolute coefficients of moment Angle of set of control surface (relative to neutral
L M N ition), 8. (Indicatn surface by propsr subsecript.)
Cy=~ . - pos ’
T EE C'. ‘E G, m
(rolling) (pitching) (yawing)
4. PROPELLER SYMBOLS
D, Diameter

2 Geometrie pitch
p/D, Pitch ratio

V', Inflow velocity

Ve  Slipstream velocity

T, Thrust, absolute coefficient Of-p—:,b;

@ Torque, absolute coefficient 0.-‘,—,‘?”

1 hp. =76.04 kg-m/8="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.b

[ J o

. P
P, Power, absolute coefficient Cp-m

C,, Speed-power coefficiont = Y 'I’;‘g
L8 Efficiency
n, Revolutions per second, r.p.s.

®,  Effective helix angle = tan— (2—::7)

8. NUMERICAL RELATIONS

1 Ib. = 0.4536 kg.

1 kg=2.2045 Ib.

1 mi. = 1,609.35 m = 5,280 ft.
1 m=3.2808 ft.
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