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COOLING TESTS OF A SINGLE-ROW RADIAL ENGINE WITH SEVERAL
N. A. C. A. COWLINGS
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SUMMARY

The cooling of a tingle-row radial air-cooki m.gine
wringseveralccnolingarrangementshus been 8tudi.edin the
N. A. C. A. $O~oot wind tunnel. The rem.dt-s8how the
e~ect of the propeller and severalcowling arrangement on
cooling for cari0u8 oalue8 of the indicakd h0r8epowerin
the climb condztion. A table ~ng compara#wepe@rm-
an.ce of the eati cowling awangemeni8 h pre+wnted.
T?u dependence oj temperature on indicated horsepower
and pre+wuredrop aero88the bajk ?k shown by chart8.

~her ch4zrt8show th-e limiting indicated horsepower
againd the premwre drop aero88tlw engine and the heat
dissipated at ouriom valu.a oj the indicated horsepower.

INTRODUCTION

A study was made to determine the cooling charac-
teristics and performrmce of n typicrd radial air-cooled
engine, using several cowling arrmgements. The tests
were made in the N. A. C. A. 20-foot wind tunnel,
which hrts a maximum speed of 110 miles per hour.
With such a maximum speed the tests me obviously
confined to the condition of climb. From practical
considerations such a rnnge is ideal because, except
under very special operating conditions, the problem of
cooling is most importnnt during climb. It follows,
then, that all conclusions concerning aerodynamic
characteristics and efficiency drawn from these tests
relate to the condition of climb alone. In teats cover-
ing the complete range of take-off, climb, and cruising
conditions for several cowlings (references 1 and 2), it
wns shown that certain cowlings which appear aero-
dynamically good in climb are poor in the cruising
condition.

The resultsshow, for a particular engirie,the relation-
ship existing between the cooling and the developed
horsepower and the pressure drop across the baffles.
It is obvious that the results me, in detail, applicable
ordy to this engine. In the discussion of the results,
however, the chief emphasisis laid on general considera-
tions and on the mechanism of cooling. It is believed
thrtt, although the details m-e interesting, the more
importrmt aspect of the investigation is the contribution
to a clearer picture of the mechanism of cooling.

EQUIPMENTAND TESTS

The engine Wm mounted in the N. A. C. A. 20-foot
wind tunnel (reference 3) as shown in figure 1. Tho
engine is a !kylinder radial R–1340 SIH1–G Pratt &
Whitney Wasp. The over-all diameter is 51% inches.
It is rated at 55o horsepower at 2,200 r. p. m. and at
8,000 feet altitude. It has a 3:2 reduction gear, a
compression ratio of 6, and is equipped with a geared

(a) Bare engine.

(b) With cowling.

FIGUaE 1.—Engfne rind nacelle wt-np.

centrifugal . supercharger that operates at 12 times
engine speed. The bore of the cylinders is 5.75 inches
and the stroke is 5.75 inches.

The two propellers used are shown in figure 2.
Propeller A is a Hamilton Standard controllable
propeller of blade form No. 6101-0 and propeller B is
a Hamilton Standard adjustable propeller of blade
form No. lC1-O.
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Figure 3 ~ a proiile drawing of the engine and nacelle
with the various noses, skirts, and inner cowlings used
in this study.

,

A . .

I

Controlhble (A). Adjustable (B).

FIQWEE2.—Pr0P3Ik USA

Figge 4 shows the mrangement of baflles on the
head and barrel of the cylinder. Note that these
brdilesare not tightly fit~o in the sense that they touch

@Propelkr @Enghe

23 on cylinder 3. The remaining thermocouples were
located on cylinder 3. Cylinders arenumbered counter-
clockwise, cylinder 1 being at the top.

Air temperatures in front of and behind the engine,
oil-in and oil-out temperatures, and carburetor-air
temperatures were measured by shielded resistance
thermometers. The oil was cooled by Gwater radiator
located inside the nacelle.

The drop in pressure across the engine was measured
by pitot-static tubes located in front of and behind
the cylinders. The quantity of air passing through
the baflles was measured by pitot-static tubes located
inthe skirt exit.

The engine power was controlled by varying the
manifold pressure. The manifold pressure, engine
speed, and air temperature gave the horsepower from
a calibration furnished by the manufacturer. Tho
fuel consumption wss measured and frequent checks
were made on the exhausbgas analysis from each
cylinder.

The routine of an individual test was as follows:
The engine speed, the horsepower, and the tunrml
speed were adjusted to the desired values. Su5cient

1 \\ ---*----J’ - —

FIGURE3.—Sketch of cowlings tded. Wnsp SIH1-O engine fakingnnd COWMW.

the ii.ntips but that they are compsmtively close-fitting
baffles.

The temperature of the engine waa memured by 24
thermocouples connected to a recording pyrometer.
The thermocouples were peened to the head and spot-
welded to the barrel of the cylinder. The thermocouple
locations on cylinder 3 me shown by figure 5. Thermo-
couples 1 to 9 were located on cylinde~ 1 to 9, respec-
tively, at the position indicated for thermocouple 3 in
figure 5. Thermocouples 10, 11, 12, and 13 were
located on cylinders 1, 3, 5, and 7 at the position
shown for thermocouple 11. Thermocouple 24 was
located on cylinder S at the position of thermocouple

time was allowed for ill temperatures to become
stabilized. All temperatures and pressures were then
recorded. This procedure wss repented for various
values of engine speed, indicated horsepower, and
tunnel speed. Each cowl@ arrangementwas tested
in this manner. Ranges of engine speeds from 1,600
to 2,OOOr. p. m., power from 300 to 65o horsepower,
and air speeds from 80 to 110 miles per hour were
covered. Drag tests with propeller off were made.

LIST OF SYMBOLS

Q, quantity of cooling air passing through the
engine per second.
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Ap, pressure drop across the baftle.

/$= —~ conductivity of the engine.

J
Al)

Z_

F, cross-sectional area of the engine.
~, ma= de~ity of the ~r.

A, area of the slee air stream entering the
engine.

q=~PV, dyntic pressure of the free air stream.

pp pressure in front of the cylinder.
P,, prewwe in rear of the cylinder.
V, velocity of the free air stream.

Pc=q$& propeller disk loading coefficient.

P, power supplied to the propeller.
S’, disk area of the propeller.
n, revolutions per second of the propeller.
D, diameter of the propeller.

AT, difference between the temperature of a
particular point on the cylinder and thnt
of the inlet cooling air.

ANALYSISOF THE PROBLEM

The useful work done in cooling the engine is QAP,
and Q is proportional to J@. The power to cool can
then be written as proportional to (Ap)m. It has been
shown in reference 1 thnt

Power to COO1=W%!AP)*
4P

K%=-

d
Q
~

The value K=O.06 was constant throughout the in-
vestigation. It depends entirely upon the fig and
the bailling of the cylinders. The pressuredrop Ap is a
function of the air-stream velocity and of the cowling
and baffle design. It is obvious from the foregoing
equation that the selection of the minimum values of
K and Ap which will provide adequate cooling is very
desirable from the standpoint of aerodynamic eiiiciency.

Reference 1 has shown that it is practically impossi-
ble to develop a Ap of more than 1.3q for this general
type of cowling. Such a high value, moreover, is
attained at very low efficiency.

The problem, then, is to determine under what con-
ditions and how efficiently the modern engine can be
cooled with various pressure drops. This study of the
climb condition answers a part of that question.

In such a study it is extremely important that only
the quantity under consideration be permitted to vary,

all other factors mnmining constant. This condition
is particukwly diilicult when the tests are made on an
actual engine, where variatioti in air-fuel ratio, car,
buretor-sir temperature, oil temperature, oil pressure-

Air flow

Cylinder
barrel . . . [A ‘ ‘-

L
‘-”Boff/e

(a) I
Exif

(a) Barrel.

Air flow

(b) I
Exif

(C) Hind.

FUNJRE4.—Bafthaml@mIlt.

and mechanical condition of the engine must be elim-
inated as far as possible. Tests have shown (reference
4) that a variation of 1.0 in the air-fuel ratio will result
in a change of approximately 20° F. in the cylinder
temperature. The maximum variation from cylinder
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to cyliider was 0.8 of a ratio, which should result in a
tempemture variation of 16° F. The carburetor-air
temperature never varied more than 24° F. for a single
cowling test nor more than 58° F. for all the tests.
Such variations will, according to unpublished test
results, cause temperature variations of 3° F. ‘tuxl8° F.,
respectively. The oil temperature and pressure were
maintained relatively constant and the spark plugs
and mechanical condition of the enb#ne were checked
at frequent intervals.

It is believed that the careful control of these vmi-
ables reduced the variation in results due to undesired

—

,,

4’

—16
...

.
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RESULTS

Table I is presented as a short r@.rn6 of the results
for all the cowlings for a particular horsepower, engine
speed, and air speed. Column 1 gives the number of
the nose; column 2 gives the number of the skirt;
column 3 gives the number of the inner cowling. These
three numbers are used, in the same order, to designate
the complete cowling. Column 4 gives the measured
drag of the engine and nacelle at a dynamic pressure of
25.6 pounds per square foot. Column 6 gives the
propeller designation. Column 6 gives the pressure in
front of the cylinders divided by the dynamic pressure;

“$

22 -+

20-

Front

FIouRr.5.+l?hermocouple IocatIom on oyllnder 3.

cnuses to n minimum. The air-fuel ratio was checked
by exhaust-gas analysis and the fuel consumption was
maintained constant at 0.57 lb./b. hp.-hr. by the use of
a fuel flow meter. The variations of air-fuel ratio from
cylinder to cylinder are characteristic of the engine and
check the cylinder-to-cylinder temperature variation
reasonably well. Any variation due to carburetor-air
temperature or over-all air-fuel ratio affects all cylinders
and causes discrepmcies resulting in a scattering of the
points. This type of variation was relatively small.

Isolated cases of temperatures that appear to be in
error by as much as 40° F. will be found but, in geneml,
the temperatures are accurate to + 10° F.

column 7 gives the pressure in rear of the cylimlera
divided by the dynkc pressure; column 8 is the
difference betwean columns 6 and 7, or the pressuredrop,
in percentage of q, across the baffles. Column 9 is the
actual pressure drop across the bafflea in pounds per
square foot at rLdynamic pressure of 26.6 pounds per
square foot, which corrwponds to 100 miles per hour
under standard conditions. Column 10 gives the tem-
perature in front of the cylinder, an average of thermo-
couples 10 through 13; column 11 gives the tempemture
in the rear of the cylinder, an average of thermocouplea
1 through 9. Throughout the report, all temperatures
are given as the difference between the temperature at
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a particular point Orithe cylinder and that of the ink
cooling. nir. Column 12 gives the net thrust of th
engine-propeller-nacelle unit at a vnlue of l/~= 1.1!
and a velocity of 100 miles per hour.

TABLE I

[1~ m. p. h.; 426L hp.; MOOr. p. m.; WI b. hp.]
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The dependence of the temperature upon the pressur
drop is quite apparent. It can also be seen that larg(
pressure drops are very costly in drag. It is evideni
that, for cases of propeller on, the pressure in front o~
the cylinder is decreased and that in the rem is exag-
gerated; that is, a negative pressurebehind the cylindm
with propeller off becomes more negative with propelku
on and a positive pressure becomes more positive. 1{
is well to remember that this effect of the slipstream ti
of importance only in the low-speed range; it becom~
negligible under cruisiingconditions. Further, excepl
in a few arrangements using skirt 1, which has a widf
opening, Ap/q is actuaUy higher without the propelle]
operating. Another point of interest is that the maxi
mum value of Ap/g is approximately 1.3 in spite of th[
high power put into the slipstra.

The net thrust of the engine-propeller-nacelle unit a:
given in column 12 shows that nose 1 gives the greates
net thrust. It can be seen that tlis same nose gaw
the highest drag with the propeller off (column 4)
This seemingly contradictory result is caused by th[
critical flow over the leding edge of nose 1 and is con.
sisi%ntwith the results of references 1 and 2. Atten
tion is called to the fact that nose 1 is again inferior iI
the high-speed range (reference 1). This result b~

out the importance of testing cowlings at the operating
condition under which best operation is d&d.

Table I introducm the me of result derived from
the tests. The plan of presentation of the-results will
be to show by charta the interdependence of the various
quantities as the engine power, the air speed, etc., are
varied.

Figure 6 shows plots of ~/n against V/nD for the
10-footdiwneter propeller used. Plots of this @e con-
veniently picture the relationship between the available
pressure, the air speed, and the propeller speed. These
results are not directly comparable with those presented
in reference 2. The present tests were made using a
controllable propeller, the blade-angle setting varying
throughout the range of V/nD; whereas the tests of
references 1 and 2 were made using an adjustable pro-
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FIGURE 6.—Variation of the pressure Qmstnnt ~ln with V/nD and amllng
~~ts

peller, the setting remaining constant throughout the
range of V/nZ). Figure 7 shows plots of @/n against
V/nD for the various arrangements, with a dashed line
showing the case of propeller off. Such a line is known
to paw through the origin andto have aslope of ~@D/V
so that it can be precisely drawn. It is of interest
to show the little-realized fact that a propeller with a
large hub and a round blade section near the hub often
decreasesinstead of increasing the Ap obtained without
the propellar. One exception is noted, the arrangement
+1–1, show-nin figure 7 (d). propellers with a good
airfoil section neaz the hub, such as propeller B in
@ure 7 (d), give an increase in Ap.

Figure 8 shows the temperature difference plotted
against the indicated horsepower. The points deter-
mining a given line are for a constant Ap. Tlm scatter-
ing of the points can be explained by small variations
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in Ap. The conditions under which the tests were run
are indicated. Although the range is not sufhcient to
detie the slope precisely, lines drawn with a slope of
0.37 are quite consiskmt with the data. This result is
all the more convincing when one considers that the
points are taken for several engine speeds. Further,

—

n
} I 1 [ 1 I I 1 1 1 t

performance to be able to correct for variations in
horsepower. The determination of such a slop? makea
this possible.

Cross plots (fig. 9) of the curves of figure 8, in which
the indicatad horsepower is plotted against Ap for three
temperature diiTerences, give three curves that show
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FIGWRE7.-Corn_n of tlM avafkble ~ drop for the wnditfom of pro@kr ofl and proIMIIecon.

this slope is of the same magnitude as that found by
Schey and Pinkel (reference 5) from flight tests on a
Pratt & Whitney 1535 supercharged engine. It is
recognized that this slope is a function of the bailling,
the cylinder finning, and the mechanism of cooling;
consequently, it can be used only for the arrangement
tested. It is necesarv, however, in studying cowling

the limiting indicate d horsepower permimible at various
values of ~p. ‘J%ese curve; show-the advantage, with
limited power, of allowing as high n cylinder tempera-
ture as possible.

The slope found in @ure 8 is used in figure 10, in
which the temperature diilerence divided by the indi-
cated horsepower to the 0.37 power is plotted against
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2Ap. The value 2Ap is used instead of Ap for conven-
ience in plotting. These curves show reasonable slopes
for the dependence of cooling on Ap. The slope may
vary from —0.4 to O, –0.4 resulting from a completely
turbulent boundary layer on b of narrow width.
The minimum slope will result when the cooling does
not depend upon the velocity flow. Intermediate
values of the slope correspond to longer he (referen~
6) and laminar flow in the boundmy layer. Thus,
when part of the cooling is accomplished by other
means thrm a directed velocity flow of air over the @
the slope will be less than was expected. This result
is particularly true of the front of the cylinder, where
there is no directed velocity. The only reason for the

Figure 12 shows the dependence of AT on Ap for
several positions on the cylinder at a constant horse-
power. The results are show-nfor both the adjustable
and the controllable propellers. The temperatwm in
the rear show the same dependence on Ap as in the
previous charts. The temperatures on the front show
a lack of dependence on Ap that cannot be explained.

It has been shown, in the analvsis of the problem,

that the power required to cool is @ZF(A)P8E. It has

&
been calculated for the tests of cowlings 2, 3, and 4 and
is shown in @e 13 plotted against the temperature
difference. This chart serves to emphasize the well-
lmown fact that a small reduction in temperature is
accomphshed at a large expenditure of power to cool.

I I 1

Me —------- . . . . . . . . . . . --------------------- 1-2-1 2L1
. . . . . . . . . . . . . . . . . . . . . ---------- . . . . . . . . . . . . 1-3-1 1% 14.2

0 -—-------------------------------------- 1-1-2 llo 3L8

FIGVRE8.—The effect of fndfcatd horsqxnver on the cylfndor tem~tnro dffferema. Fuel cnnsoxnptfon, 0.67Nnnd per brake horrqxmer-hwm.

exiatencaof a slope is the fact that both turbulence and
Ap are functions of the air-streamvelocity. It has been
shown (reference 1) that the cooling in the front of the
cylinder is accomplished by such large-scale turbulence.
The consistently lotier slopes found for the thermo-
couples on the front than on the rear of the cylinder in
this study confirm this result.

I@ure 11 shows plots similar to those of iigure 10 for
noses 2, 3, and 4. Here again it is noted that the
curvca for the thermocouples on the front of the cylinder
have lower slopes. The wide scattering of the points
in some cases for the front thermocouples can possibly
be explained as follows: Ap can be varied in two ways,
by varying the air-stream velocity and, as a result, the
turbulence, or by varying the skirt exit. When Ap is
simultaneously varied by both means, it is quite likely
to cause considerable scattering.

1000

L
!$ 600

8
$400

$300

1?0200

f 150

Ioqo
20 30 50 /00 20 30

Apt lb./sq. f t

FIGURE 9.—The effed of Ap on the Ifmftfng horsepower at several constant tompem-
tnro dlfferems. Avera@3of thernwonpks 1 to 9.

It becomes all the more striking w-henit is remembered
that large expenditures of power are, in general, made
at relatively low efficiencies. If it is assumedthat a rea-
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sonable operating temperature involves a temperature
difference of 300° F., then it is evident (fig. 13) that
the cost in power to cool is from 1 to 1.5 percent of the
indicated horsepower.

As a rub, the bent dissipated is not directly discussed
in such an ~fdySiS. Nkummrnents were made, how-
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Fmulm 10.—The ellect of Ap on A!I’/& hp.)o~ fer all wwlfngs with nose 1.

ever, that allow a rough determination of the heat
dissipated both to the cooling air and to the oil cooler.
Figure 14 shows the amount of heat dissipated to the
cooling air for several arrangements, arid figure 15

shows the amount &lpated to the oil cooler. The
percentage of the indicated horsepower dissipated
varies from 40 to 75. It will be noted that the per-
centage of heat dissipated is relatively higher at lower
indicated horsepower.’
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‘mum Il.—The effwt of Ap cm AT/(f. hp.)o~ for d aIwllnge wftb nw.m2,8, and 4.

DISCUSSION

In the presentation of the results, considerable
unphasishas been placed on the fact that the tempera-
tureson the front of the cylinder do not, iu general,
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depend on Ap but upon large-scale turbulence. Such
emphasis is justified by the general misconception that,
if the required Ap is developed, the cooling problem
has been solved. It is, however, quite possible to
develop n desired Ap that will cool the baflled part of
the cylinder satisfactorily yet be so deficient in lmge-
scrde turbulence on the front of the cylinder that little

5m
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FK3URE12.—Theetlwl of Ap on temperature dfffmonm wfth adjustable and oMrcJ-
IabIe propdkrs. Co!vlfng 4-2-2; lndkatd hormporvez, W, spedfto fuel carmrmp.
tlon, 0.67 pmnd par brake horsepower-how afr se, MIto 110ndk w hour
npprorlmately.

cooling results there. A suction fan behind the engine
would furnish just this type of cooliog. A blower on
the front, connected to the propeller may, or may not,
develop the required turbulence for cooling. This
turbulence, which is so important in the cooling of the
unbaffled front of the cylinder and cylinder head, is of
no importance in the cooling of the baflled and rear

o

f@UFLE 13.—HOIESWWWIWIOkd fOrWdiIIg fOrtiCKIS tOmpE!dur9 dlfferen~ at
rareml mnstant horaeprmers. Nrses 2,3, and 4; thormc.mapki 1 to 9.

parts of the cylinder. Here the only consideration is
the development of a value of Ap and, as a result, a
velocity flow over the surface of the fins, sufficient to
carry away the required amount of heat. The con-
sistency of all the results for rear temperature bear
out this state~e#. A slope of –0.22 in the plots of

AP flga~st (i.h~)o~is found consistently throughout

these tests for the btied part of the cylinder. This
slope is somewhat lower than the value given in reference
1. This difference is probably due to the diilerence in
the location of the thermocouples in the two series of

1 ,

10

347 360 420 460 500 540&-
Observed indicafed horsepower - “‘

Fmurm 14.—The efkt of indfcated horsepmrer on the percentage of heat mrrled
away by the molfng air for varfous mrilfng arrangements Air epewl, KC rafk w
hour; engine m, 1,803r. p m.

tests. In the former tests the thermocouples were
located at the rear of the barrel itself; in the present
series of tests the thermocouples were located on the
rear spark-plug bow. It is quite possible that there is
sticient diilerence in the mechanism of cooli.rggdue to

Observed mdtcofed horsepowr

F1amm 16.—Theefled offndfcatd horsqmwar en the F+I’COU@eofheat umfed away
by the ofl fer eeveml mwlfng m’mngements.

the f.nning near the spark-plug boss and the cylinder
barrel to account for the difference in slope. It is also
conceivable that the temperature of the spark-plug
boss is aibcted lem by veloci~ thah that of the fins
themselves. If this assumption is correct, the difference
is in the right direction.
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The effect of the propeller slipstream has also beel
emphasized in the present report. The misconception
is often encountered that the propeller slipstream, re
gardless of the design of the propeller, increases the
Ap available for cooling. References 1 and 2 have
shown that, in genaral, this assumption is untenable,
On the contrary, the Ap at a particular slipstream con-
traction is dependent on the blade-angle distribution:
especially near the hub. Moreover, it has been pointed
out that by designing for a large blowing action from
the blade sections near the hub, a considerable increase
in Ap can be realized. The lmge hub is not believed
to contribute directly to the lower Ap. Indirectly,
the Wiicul@ encountered in designing a good airfoil
section near the axis of the propeller limits the available
blowing action.

No effect of engine speed on coolii could, be found.
With rLgiven indicated horsepower and Ap the engine
speed could be varied horn 1,600 to 2,200 r. p. m.
without any measurable deviation in temperature. It
is obvious that, to the extent that Ap was changed,
there -wasa corresponding effect on the rear tempera-
ture. It might be expected that the propeller would
superimpose some flow that would improve the cooling
on the front of the cylinder. No such effect could be
found.

The percentage of the indicated horsepower required
to cool varied from 1 to 1.5 and is based on the assumpt-
ion that the Ap is developed at 100 percent efficiency.
Reference 1 shows that the efficiency varies with both
skirt &ape and skirt opening. In the analysis of the
problem it has been shown that the useful powel ex-
pended in cooling is proportional to (AP);4. It follows,
then, that the values of 1 to 1.5 percent ‘of the indi-
cated horsepower apply to a particular Ap or to n
particular air speed alone. At higher air SpC8dS,with
a given mrangement, a larger Ap will be developed
and a correspond~ly higher power will be used.

The limiting indicated horsepower at various values
of Ap for three values of the temperature was found.
Both the percentage of indicated horsepower required
to cool and the limiting indicated horsepower, -when
considered together, bring out clearly the expensiveness
of overcooking. The obvious recommendation is to
decrease the skirt exit and thus decrease the Ap at
high air speeds. It has been shown (reference 1) that
by decreasing the skirt exit in the proper manner the
exit orifice or pump could be made to act more e5ciently.
Thus the real cost of cooling will be lower than the
corresponding decrease in Ap would indicate. The
results presented here show that this engine, when
developing 500 horsepower, will cool so that the hottest

point (thermocouple 15) does not exceed 400° F. above
cooling-air temperature vrith a Ap of 26 pounds per
square foot. It has been shown (reference 1) that by
using closer bailling this value can be appreciably
reduced.

Tlie amount of heat that must be dissipated to pro-
vide adequate cooling was determined. The present
value, or any value, is useful only when all engine con-
ditions, such as cylinder size, firming, baflling, tempera-
ture distribution on the cylinder surface, compression
ratio, air-fuel ratio, and mechanical condition of tho
engine are reproduced. The relative values of heat
dissipated at high and low values of the indicated horse-
power are of the most importance. Compar~tively,
the results should be usable.

CONCLUSIONS

Teds on an R-1340 SIH1-G Pratt& Whitney Wasp
engine with several cooling arrangements showed:

1. A pressuredrop suftlcientfor cooling in climb under
full power can be developed.

2. The controllable propeller had no beneficial effect
on cooling and the adjustable propeller improved the
GOO@ OIdy slightly.

3. Equally good cooling, for a particular pressure
imp, resulted horn each of the cowlings tested.

4. With a given baflling and finning on the cylindms,
the skirt is the controlling factor in cooling in climb.

LrmgleyMemoriaI Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., August %0,19%’.

REFERENCES

.. Theodomen, Theodore, Brevoort, M. J., and Stickle, George
W.: Full-scale Tests of N. A. C. A. Cowlings. T. R. No.
592, N. A. C. A., 1937.

!. Theodorsen, Theodore, Brevoort, M. .1., and Stickle, Georgo
W.: Cooling of Airplane Engines at Low Air Speedc. T. R.
No. 593, N. A. C. A., 1937.

L Weic@ Fred E., and Wood, Donald H.: The Twenty-Foot
Propeller Rem.aroh Tunnel of the National Advisory Com-
mittee for Aeronautioa. T. R. No. z300,N. A. C. A., 102S.

,. Gerr@ Harold C., and Vocs, Fred: Mixture Distribution in
a SLngle-Rmv Radial Engine. T. N. No. 6S3, N, A. C. A.,
1936.

i. Sohey, Oscar W., and Pinkel, Benjamin: Effeot of Several
Factore on the Ceollng of a Radial Engine in Flight. T. N.
No. 564, N. A. C. A., 1936.

I. Schey, Omar W.. and Ellerbrock, Herman H., Jr.: Perform-
ance of Air-Cooled Engine Cylinders Using Blower Cool-
ing. T. N. No. 572, N. A. C. A., 1936.


