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THE EFFECT OF COWLING ON CYLINDER TEMPERATURES AND
PERFORMANCE OF A WRIGHT J-5 ENGINE

By Oscar W. SceEY and Arvorp E. Bizrvavww

SUMMARY

This report presents the results of tests conducted by the staff of the National Advisory Committee
Jfor Aeronautics to determine the effect of different amounts and kinds of cowling on the performance
and cylinder temperatureg of a standard Wright J-§ engine. These tests were conducted in con-
junction with drag and propeller tests in which the same cowlings were used.

The engine was mounted in the nose of a cabin fuselage and placed in the air stream of the
Committee’s Tweniy-Foot Propeller Research Tunnel, which is located at the Langley llemorial
Aeronautical Laboratory. The power was measured by means of a torque dynamometer placed
within the fuselage. Sixty-nine iron-constantan thermocouples and three recording pyrometers were
used for obtaining the cylinder temperature measurements. '

Foyr different cowlings were investigated, in tests herein reported, varying from the one extrems
of no cowling on the engine to the other extreme of the engine completely cowled and the cooling air
Jlowing inside the cowling through an opening in the nose and out through an annular opening at
the rear of the engine. Each cowling was fested at air speeds of approximately 60, 80, and 100
miles per hour.

For the conrentronal type of engine cowling the results of these tests indicate that increasing the
amount of cowling has the advantage of reducing the drag, but the disadrantage of increasing the
cylinder barrel temperatures. Saiisfactory cooling was oblained with the conrentional cowling thait
covered 85 per cent of the cylinder cooling area. With the conrentional cowling that covered 73 per
cent of the cooling area the cylinder temperatures were excessive eren though a large portion of the
cooling air was permitted to flow inside the cowling through slots in the front of the cowling.

For the cabin fuselage with the N. A. C. A. cowling, which completely inclosed the engine and
took in all of the cooling air through a 28-inch diameter opening in the nose, the drag was reduced
40 per cent at 100 miles per hour, as compared with the same unit with no cowling on the engine.
The mean temperatures of the spark-plug boss and the cylinder head were slightly reduced for the
same test conditions, but the barrel temperatures were increased.

The spark-plug boss temperatures, as used by many manufacturers, are a valuable indication
of engine performance, but they alone should not be used as a criterion to defermine the amount
an engine can be cowled, since the barrel temperatures do not vary in parallel with them.

INTRODUCTION

Research on the -air-cooled engine has been confined principally to the development of a
reliable engine having adequate cooling and high power output per unit of weight. The problem
of cowling has been a secondary consideration. Some interesting work, however, has been done,
even though no systematic investigation has been conducted. In 1921 Colonel Clark designed
an airplane powered with a Wright J-1 engine, having a cowling which completely inclosed
the engine. (Reference 1.) The cooling air was taken inside the cowling through an opening
in the front and was discharged through an annular opening in the rear of the engine. The
Italian engineer, Piero Magni, also conducted tests on a similar cowling which he referred to
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as an ‘‘aerodynamic cowling.” (Reference 2.) As far as the authors are aware, neither of these

investigators made temperature measurements nor did they experience any cooling difficulties.

At the request of a large number of aircraft manufacturers the National Advisory Committee.

for Aeronautics decided to conduct a systematic investigation of the effect of different amounts
and kinds of cowling on the drag, propulsive efficiency, cylinder t-emperatu.res, and performance
of radial air-cooled engines.

The results of the drag and propulsive eﬂicmncy tests have been published in N.A. O A,
Technical Reports Nos. 313 and 314. (References 3 and 4.) . The cylinder temperature and per-
formance measurements, herein reported, were made on four different cowlings. These cowlings
varied from the one extreme of no cowling on the engme cylinders to the other extreme of the

engine completely cowled and the coohng air ﬁowmg in through an opening in the nose of the

cowling and out throngh an annular opening at the rear of the engine. The tests for each cowl-
ing were conducted at air speeds of approximately 60, 80, and 100 miles per hour.

DESCRIPTION OF APPARATUS AND METHODS

The tests herein reported were conducted on a standard Wright “Whirlwind”’ engine of the.
J~5 series. 'The engine, mounted in the nose of & cabin fuselage, was placed in the air stream of . .

the Committee’s ‘Twenty-Foot Propeller Re-
search Tunnel. A complete description of this

C. A.Technical Report No.300. (Reference5.)
This engine is of the 9-cylinder static-radial
air-cooled type, having a 4%4-inch bore, a 5%-

engine is rated at 220 horsepower at 2,000 r. p.
m. A Stromberg “NA-T4” carburetor was
used, having three venturi chokes of 1%, inches

metering jets. The cylinders on this engine are
of composite construction, having an aluminum

The walls of the steel cylinder barrel are %,
inch thick. The cross-section of this cylinder
(fig. 1) shows the finning and construction.” -
Sixty-nine iron-constantan thermocouples
and three multiple duplex recording pyrometers
were used for measuring and recording the tem-
peratures of cylinder head, barrel, and fin tem-
peratures. Forty-seven thermocouples were at-
tached to Cylinder Number1 to obtain informe-
tion on the distribution of temperatures over
this ¢ylinder. The remaining 22 thermocouples
were distributed among the other eight eylinders

to coinpare. the operating temperatures of all
cylinders and the engine performance. The
thermocouples were made of 0.020-inch enameled wire and were electrically welded. An auto-
matic eléctrically operated switch doubled the number of thermocouples that could be con-
nected to each pyrometer. A reading was obtained an each thermocouple every three minutes.
The thermocouples on the head and fins were inserted into small holes and held in. place
by peening around the wires. Good thermal contact was obtained with this method. The
thermocouples on the cylinder barrel were held firmly against the metsal surface by means of clamp
rings of narrow metal tape. For measuring the spark-plug-boss temperatures the thermocouples
were embedded one-eighth inch below the metal surface at the root of the spark-plug bosses.

FioURE 1.—Cross section of a Wright J-5 cylinder

tunnel and test methods may befound in N. A, .

inch stroke, and a 5.4 compression ratio. The .

dlameter and three Number 51 drill size main

head screwed and shrunk on a steel barrel

so that information could be obtained on which
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F16URE 3.—View of fuselage and engine with cowling No, 4

F16TRE 4,—Cowling No., 5
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The general location of each thermocouple is given in Table I. The exact location of 23
of the 47 thermocouples on Cylinder Number 1 may be obtained from Figure 2, and the loca-
tion of the other 24 may be obtained from any of the curves showing the temperatures measured
under each clamp ring. Three clamp rings were used, located as follows: the bottom clamp
ring between fins 1 and 2, the middle clamp ring between fins 11 and 12, and the top clamp ring
between fins 18 and 19. Rear and front spark-plug-boss temperatures were measured on the
other eight cylinders in the same location as shown for Thermocouples Numbers 11 and 12 on

Cylinder Number 1 in Figure 2.

FicCcrE 5.—Front view of cowling No.7

In addition to the messurements of cylinder temperatures, the oil inlet, oil outlet, carbu-
retor air, and cold junction temperatures were measured with electrical resistance thermometers.
The fuel consumption was obtained from measurement of the time required to consume 2 pounds
of fuel. Measurements were also obtained of the air speed, engine speed, and torque at full
throttle. The engine torque was measured by means of a torque dynamometer placed within the
fuselage. (References 3 and 5.) The same pitch setting was used on the propeller for all runs.

The total cooling area of each fin and surface above the mounting flange was carefully de-
termined. By noting the number of fins below the cowling and where the cowling crossed the
fins, the percentage of the total cooling area which was cowled could be computed.




a?

642 o REPORT NATIONAL ADVISORY COMMITTEE FOR AETRONAUTICS

The four cowlings for which cylinder temperature and performance measurements were
obtained were selected from a series of 10 cowlings that had been constructed for drag tests.
The first of these cowlings tested, designated as Number 4, did not cover any of the cylinder
cooling area. Figure 3 shows this cowling with engine and fuselage as mounted ready for the
test. ~ The second cowling tested, designated as Number 5, covered 35 per cent of the cooling
area of the cylinders (fig. 4). This cowling is similar to the conventional cowling used on
commercial planes powered with radial engines. The third cowling tested, designated as

)

FravRE 6.—8ldo view of cowling No. 7

Number 7, covered 73 per cent of the cooling area of each cylinder (figs. 5 and 6)... This cowl-
ing probably covered a larger percentage of the total cooling area than any of the commercial
cowlings now used. It had six slots cut in the nose to permit part of the cooling air to flow
inside the cowling. The fourth cowling tested, designated as Number 10, inclosed the entire
cooling area, the cowling being faired over the top of the cylinders and so designed as to permit

the cooling air to flow inside the cowling and around the cylinders and cylinder heads (figs. 7

and 8). Cowling Number 10 was tested with deflectors between cylinders as shown in Figure
9. Each of these cowlings was tested at air speeds of 60, 80, and 100 miles per hour.
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RESULTS

The results of tests on cylinder temperatures and engine performance with the four different
cowlings tested are presented in Tables I and IT and in Figures 10 to 16, inclusive.

Table I gives the location of each of the 69 thermocouples used. The maximum tempera-

tures ‘obtained at each point during tests on the four cowlings, at air speeds of approximately
60, 80, and 100 miles per hour, are also given in this table.

FIGURE 7.—Front view of cowling No. 10

Table II presents test data on engine speed, brake horsepower, fuel consumption, carburetor
air temperature, oil-in temperature, and oil-out temperature. Data on air velocity, barometer,
and room temperature are aJso included in this table.

The curves in Figure 10. present information on the vanatlon of barrel temperatures on
Cylinder Number 1 with changes in air speed. This information is given for the top, middle,
and bottom clamps for each of the four cowlings tested.

A companson of the barrel temperatures obtained with each cowling is shown in Figure 11

This information is given for the top, middle, and bottom clamps for air speeds of approxi-
mately 60, 80, and 100 miles per hour.
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FIGURE 8.—Three-quarter side view of cowling No. 16
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In Figure 12 are presented the temperature measurements obtained on the front and rear

spark-plug bosses: These temperatures are shown for each of the four cowlings tested at-air
speeds of epproximately 60, 80, and 100 miles per hour. As these readings were taken on
each cylinder, they are a good indication of engine performance.

The effect on cylmder barrel temperatures of slots in the nose of the cowling, 80 as to permit.
part of the cooling air to flow inside the cowhng, is shown in Figure 13. These results are shown

without slots and with four and six slots at air speeds of approximately 80 miles per hour. The
tests without slots and with four slots were discontinued because of high temperatures.

Figure 14 shows the temperature variation obtained on Cylinder Number 1 for each of the
four cowlings testéd. These results are given for the front and rear spark-plug bosses and the
top, middle, and bottom clamps, for air speeds of approximately 80 miles per hour.

Figure 15 presents information on the variation of power delivered to the propeller for
each of the four cowlings for air speeds from approximately 60 to 100 miles per hour,

The distribution of temperatures over Cylinder Number 1 at an air speed of approximately
80 miles per hour is shown in Figure 16. The maximum and minimum temperatures for each
clamp ring are also given in this figure. :

DISCUSSION OF RESULTS—EFFECT OF COWLING ON CYLINDER TEMPERATURES

The manner in which an air-cooled engine is cowled greatly affects the cylinder tempera-
tures. This effect is so large that a cylinder of indifferent design may, by a careful selection
of cowling, operate more satisfactorily than a well-designed cylinder which is improperly cowled.
The selection of a satisfactory cowling, however, is not dependent upon cooling alone, but
also upon other factors, such as the drag, the propulsive efficiency, the service or type of airplane
in which the engine-is used, and whether it will be operating in & hot or cold climate.

The results of these tests indicate that if more than 35 per cent of the cooling area of a
well-designed cylinder is cowled, the temperatures. on the lower part of the cylinder barrel

will be high. With Cowling Number 5, which covered 35 per cent of the cooling ares of the .

cylinders, temperatures of 450° F. were obtamed on the lower part of the barrel.

The curves in Figure 13. show the effect on cylinder barrel temperatures of incressing

the amount of air flowing inside the cowling. These tests were conducted with Cowling Num-
ber 7. Temperatures greater than 600° F. were obtained on the lower part of the cylinders
with this cowling, but by cutting six slots in the nose of the cowling these temperatures were
reduced 270° F. in the front-lower part of the cylinder and 140° F. in the rear-lower part of
the cylinder. The effect of these slots in reducing the barrel temperatures was greatest on
the bottom of the barrel, but they also reduced the temperatures over 100° F. on the upper
part of the barrel. Although these barrel temperatures were reduced considerably by the
use of slots they are, nevertheless, excessive. The lowest barrel temperatures were obtained
with Cowling Number 4. Cowlings Numbers 5 and 10 gave approximately the same barrel
temperatures.

It is interesting to note that increasing the amount of cowling up to a certain limit reduces

the spark-plug-boss temperatures. The curves in Figure 12 show that the rear-spark-plug-boss

temperatures for Cowling Number 5, which covéred 35 per cent of the cooling area, were lower
than for Cowling Number 4, which did not cover any of the cooling area. This is. due'to the

fact that with Cowling Number 5 more of the air is forced out to the head and past the upper

hottest cylmdels, at appronmately 100 miles per hour, are 682, 670 654, and 586° F. for Cowlings
Numbers 4, 7, 10, and 5, respectively. From this it must be concluded_that the degree to which
an engine can be cowled is determined, not from spark-plug-boss temperatures, but from barrel
temperatures; and, furthermore, that spark-plug-boss temperatures alone do not offer sufficient
information on which to base any reliable conclusions.
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The mean cylinder-head temperatures on the five hottest cylinders, at approximately 100
miles per hour, are 608, 604, 581, and 533° F. for Cowlings Numbers 7, 4, 10, and 5. These
head temperatures, like spark-plug-boss temperatures, are no indication as to the amount an
engine can be cowled, because the head temperatures decrease with increase in cowling, more
of the cooling air being forced out to the head. If the amount of cowling on the lower part of the
cylinder barrel is increased, the temperatures on this part of the cylinder will have exceeded the per-
missible limit long before the cylinder-head temperatures are as high as for an engine with no cowl-
ing. If the amount of cowling on the upper part of the cylinder is increased, the head tempera-
tures will increase unless the cowling, like Number 10,is
shaped so that the air can flow around the cylinder head. /90

The results of drag tests with & cabin fuselage, as :

reported in N. A. C. A. Technical Report Number 313, : C°W/’h? Afj‘"
showed that Cowlings Numbers 5, 7, and 10 gave a re- 57 )
duction in drag of 4.8, 11.2, and 40 per cent, respectively, T

as compared with Cowling Number 4. v

Information on the temperature distribution obtained
with each cowling on Cylinder Number 1 at air speeds
of 80 miles per hour is presented in Figures 14 and 16.
These curves show that for all but Cowling Number 7
lower temperatures were obtained on the middle part of
the eylinder than on the bottom. The temperature dif-
ference between the top and bottom of the cylinder varies
from approximately 50° F. with Cowling Number 5 to : A
over 150° F. wifh Cowlings Numbers 4 and 10. The cir- 3/
cumferential temperature difference is surprisingly large,
varying from about 75° F. on the bottom clamp with
Cowlings Numbers 5 and 10 to about 200° F. on the top
clamp with Cowlings Numbers 7 and 10. The high tem- 20 60 80 100 120
peratures obtained in the rear of Cylinder Number 1 Air speec) MPH.
with Cowling Number 10 as shown in Figure 14 might F°™* e e e dovelomq” e brake horse-
be reduced by slight modification in the cowling. - o

It is interesting to note that for all cowlings except Number 10, in which air deflectors
were used, the temperatures on the inlet side of the cylinder were lower than on the exhaust
side. Considerably higher temperatures were obtained in tests without these deflectors.
The flight tests that have been conducted with this cowling have also shown that the deflectors
improve the cooling.

N
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Brake horsepawer
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EFFECT OF AIR SPEED ON CYLINDER TEMPERATURES AND PERFORMANCE

The amount of cooling obtained with a given design of air-cooled engine is dependent
principally upon the mass flow of air past the cylinders. In flight the amount of cooling air past
the cylinders may be increased by increasing the speed of the airplane. However, this does not
always result in reduced temperatures, because the power will have to be increased, except in
a dive, to effect the increase in air speed. With an increase in power there is a proportional
increase in the quantity of heat to be dissipated.

The relation between the air speed and the power developed at full throttle for each cowling
is shown by the curves in Figure 15. It may be noted that an increase in air speed of 40 miles
per hour results in an increase of approximately 30 horsepower in the power developed for each
cowling, because of the higher engine speed.

N\
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Even though Cylinder Number 8 was not functioning properly, as the curves in Figure 12
indicate, considerably more power was developed with Cowling Number 4 than with any of the
other cowlings. A cracked rocker-arm housing, discovered on Cylinder Number 8 at the end
of the run with Cowling Number 4, was replaced at this time. The curves in Figure 12 for
Cowling Number 5 show that Cylinders Numbers 6 and 8 were not developing their full power,
or the temperatures would have been higher. The high temperatures obtained on Cylinder
Number 6 during tests on Cowling Number 4 may have warped the valves, and it is possible
that the valves in Cylinder Number 8 may also have been warped. As the engine had been
completely overhauled between the tests on Cowlings Numbers 5 and 7, and since the cylinder
temperatures indicate that all cylinders were functioning properly, the low powers with Cowl-
ings Numbers 7 and 10 are probably due to high temperatures and detonation.
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FIGTURE 16.—Temperature dlstribution on eylinder No. 1 at 80 miles per hour

As the range of air speeds investigated in these full throttle tests was small compared to
the range of air speeds obtained in climb and level flight even on a transport-type airplane, and
since to effect an increase in air speed would require an increase in power, it is reasonable to expect
that for these tests the one would very nearly offset the other and the temperature variation
with change in air speed would be small. This is substantiated by the experimental evidence
presented in the curves in Figures 10 and 12. The conditions for these tests were the same as
e full throttle climb, the most severe conditions under which an air-cooled engine can operate,

Although the cylinder-barrel temperatures for Cowlings Numbers 4 and 5 (fig. 10) show
very little effect, due to change in air speed, there is, however, sufficient variation to show that
at approximately 60 miles per hour the temperatures are higher than for 80 or 100 miles per
hour. The results obtained for Cowlings Numbers 7 and 10 do not show such consistent varia-
tion in barrel temperature with change in air speed.

By increasing the air speed from approximately 60 to 100 miles per hour the average rear-
spark-plug-boss temperatures were reduced 25° to 50° F, for each cowling.
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The cylinder-head temperatures for Cowlings Numbers 4 and 7 do not show a consistent
variation with change in air speed. These temperatures show a reduction with increase in air
speed for Cowlings Numbers 5 and 10. That this is true for Cowling Number 10 has been
further verified by the fact that all airplanes of reasonably high speed have experienced no
difficulty in coohng with this type of cowling.

That there is no change in the shape of these curves with change in air speed indicates
that the directional flow of air is very nearly the same for each speed.

DISCUSSION OF TEST CONDITIONS

The maximum cylinder temperatures obtained during these full-throttle tests are higher
than the maximum of 550° F. recommended by Heron for satlsfactory opera.tlon (Reference
6.) As these tests were conducted at full throttle on an engine of 5.4 compression ratio, using
domestic aviation gasoline, and at high air stream temperatures, it is reasonable to believe that
ell cylinder temperatures were aggravated by detonation. Tests have shown that increasing
the compressmn ratio up to the point where detonation starts reduces the temperatures, but that
further increase so as to obtain detonation may cause a rise in cylinder-head temperatures of
over 100° F. (Reference 6.) Recent tests completed by the Navy on an air-cooled engine of
5.16 compression ratio showed that when the amount of ethyl fluid in the fuel was decreased to
1% cubic centimeters per gallon lower power and higher cylinder temperatures resulted because
of detonation. (Reference 7.)

The error involved in making cylinder temperature measurements was small. Accurate
measurements of these temperatu_res were obtained by assuring good thermal contact and by
using small thermocouple wire and fairing it along the cylinder for some distance from the hot
junction so that no heat would be conducted from the hot junction. High resistance pyrometers
were used so as to reduce to a minimum the effect that any change in resistance of long leads
might have on the readings. The pyrometers were calibrated with the same leads used in the
tests, and the cold junction correction was applied to all readings.

CONCLUSIONS

The results of these tests indicate that not over 85 per cent of the cooling ares of the cylm-
ders of a Wright series J-5 engine should be cowled without permitting part of the cooling air
to flow inside the cowling. With 73 per cent of the cooling area cowled barrel temperatures
will be excessive, even though large slots are provided so that part of the cooling air may flow
inside the cowhng

An increase in air speed from approximately 60 to 100 miles per hour, at full-throttle pro-
peller loads, resulted in only a slight decrease in cylinder temperatures.

The spark-plug-boss temperatures alone should not be used as & criterion of engine cowling,
but, instead, readings should be taken on several points on the barrel if the lower part of the
cyhnder is cowled and on several points on the head if the cowling completely incloses the engine.

Cowling Number 10, at 100 miles per hour, effects a 40 per cent reduction in drag as com-
pared with the uncowled engine. The mean cylinder-head temperatures obtained with this
cowling were less than those obtained with no cowling, but the barrel temperatures were slighlty
higher. 1t is believed that the cylmder-head temperatures could be further reduced by slight
modifications in this cowling, and it is also believed that the power loss of appronmately 7 per
cent indicated with Cowling Number 10 would not be present at the higher air speeds obtained
in flight. . .

LanNeLEY MEMORIAL AERONAUTICAL LABORATORY,
NATIONAL ADvIsORY COMMITTEE FOR AERONATUTICS,
Laneuey Fiewp, Va., May 2, 1929.
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TABLE I

CYLINDER HEAD, BARREL, AND FIN TEMPERATURES éD
IN COWLING TESTS ON A WRIGHT

EGREES FAHRENHEIT) OBTAINED

J-5 ENGINE

L-T - 1o g )

5L

BRAACNIR2BBRAZ(EAN

Cowling No. 4 Cowling No. 5 Cowling No. 7 Cowling No. 10
Location of thermocouple Alrs Alrs ’ Alrs ' Alr speeds
'y r L4 'y
[NoTr.—Right and [eft are looking front from the cockpit] B swEE M E 3.
zwsumososomoxsu'aosomosoisom
Cylinder No. I,ﬂnflp, left side othleetxg:ssage ............. 360 | 346 | 830 | 335 | 346 | 462 | 315 | 430 ; 371 [ 368 | 353 3&7%365 353
Cylinder No. 1, center of head, top of ust passage. 5321 512 | 50T | 500 | 502 | 494 | 448 530|510 511 | 507 | 535, 542 | 541
Cyunderl\:o. 1, fin tip, rear of exhaust passage...... 500 | 405 | 480 | 483 [ 481 | 447 | 450 | 463 ; 460 | 461 | 458 %[m 518
Cylinder No. 1, on front side of exhaust valve guide. 450 | 445 | 432 | 438 | 420 | 405 | 402 | 431 | £25 4}_4 422 | 408 | 43
Cyiinger No.1, near fn i, frons of exbaust possage...—y 20 | 350\ 308 | 557 | 523 | 500 | 301 | 370 | 248 | 220 | 333 | 293 ; 203 | s
Cylinder No. I, In center of head over front spark piag 450 | 475 | 168 | 454 | 487 | 478 [ 460 | 588 | 402 | 500 | 488 | 475 | <€3 | 478
Cylinder No. 1, front of head, side of exhaust passage.. 475 | 450 7| 441 § 458 [ 440 | 425 | 481 | 461 | 462 | 458 | 470 | £75 | 470
Cylinder No. 1, rear of head in side of exhaust passage. 582 | 522 | 512 [ 510 | 520 | 508 | 400 | 563 | 527 | 525 | 520 | 5568 | 678 | 5i0
Clinder No. 1, In center of head over rear spark plug-....——| 888 ) 8831 803 | 377 | 853 | 502 | o7 | %00 | oa7 | 830 | 6us | 800 | 638 620
er No. oft side of rear spark- _
G o b el g0 G o 8 R 0
er No. oft of front s -plug boss T
Cplndr No 1 adep damp i, s, reur T A |41\ |40 |8 ) 0 o 0 B 1 000
er No. 1, nnder clam y t
C;linder No. 1: undertog olnmg ring, right, front. 400 | 879 [ 380 | 377 [ 307 | 390 [ 370 | 581 | 415 | 422 | 425 | 381 = 395 | 368
Cylinder No. 1, under top clamp ring, front_.. 442 1 4928 [ 418 | 422 ] 441 | 444 [ 427 | 591 | 448 | 470 | 484 | 414 | 448 | 417
Cylinder No. 1, under top clamp ring, lels, fr 464 ! 443 | 430 | 439 | 449 | 448 | 422 | 538 | 450 | 445 | 452 | 400 | 431 ; 396
e N 17 Snder fob slamb Hag, eit; 7 | | e doa | 3| 505 | 430 | 200 | 572 | ows | oot | 430 | 4as | 420
. Ly BUUCL (OD ClRIlL Lillg, IClky IVl c - wcvncmmm e [} [
GYlinder No. I, under top clamp ring, Tear............ooor. I 57 | 522 | 517 | 515 | 507 | 512 | 460 | 741 { 612 | 612 | 610 | 561 | B9s | 544
o Mo I, 5o of in 16, Lo thi eat .- ~— S0 | 460 (48 | 30 ) 4R | 355 | B0 | 238 | oa3 | ous | on | das ) 43
. - —— 1]
Glinder No. L. tip of fin 18, on Teft side.. -----oroom-—-oomoe 412 | 411 | 400 | 305 | 401 | 416 | 370 ) 518 | 393 | 438 | 450 | 367 | 401 | 361
e P e P g P — A0 320 | 520 | 350 | 20 | 308 | 363 | oo0 | i | 453 | om0 | 400 | o | Ba7
er . 1, an iddle clamp, €Al . v c e mmemme e 1 i §
Cgundergo. 1, under middle clamp, righi, rear. """} aas [ 300 | a0 | a7 | 08 | 438 ) 20 | o14 | 513 | 8 | 200 | 2 | 420 | 10
Cylinder No. 1, under middle ¢ right. 35
CYlinder No. 1, Onider middle clamp, Heht, FomT.-oomrio 1750|250 | 260 | %70 | 350 | 314 | 300 | 67 | 421 | 376 | 362 |33 1 360 | 318
Cylinder No. 1, center of fin 11, front ymmm— 233 | 268 | 241 {230 | 201 | 288 | 260 [ 520 | 3256 | 291 | 273 | 285 | 281 { 273
G N vilm i o m a2 2 ) 0
r . 1, UNder middls Ciaip, UOUUl e eeerrrceneam e
Cylinder No. I, under middle ciamp, lefs, front. 208 | 318 [ 812 | 317 | 372 | 385 | 853 | 535 | 800 | 304 | 412 | 318 | 352 | 333
Cylinder No. 1, center of fin 11, on left side.____- 1233 | 2521241 | 240 [ 310 | 810 | 203 | 488 | 375 | 404 | 362 | 449 | 251 | 244
Cylinder No. l,u.ndarmldd]eclamgiletr...-_ 838 [ 360 ; 360 | 360 | 428 | 430 | 419 | 505 | 482 | G611 | 602 | 342 | 357 | 362
e e 1 e maladio slamo, lot, e 1 | B0x | 579 | 306 | 458 | 439 | 08 | 300 | 508 | B | 545 | #08 | a7 | 228
T .1, y mm — [ f
C§'IMderNo. 1, mderbottomclamp,re&',todzht.. .1 882 [ 3001385306440 | 434 | 418 | 630 |'493 [ 477 | 453 | 410 | 418 | 405
Cylinder No. 1, under bottom clamp, right, to rear.. 393 [ 301 | 370 | 370 | 451 | 414 | 402 ; 600 [ 404 | 430 | 4SS | 430 | 426 | 304
Cylinder No. 1, under bottom clamp, right, to front. 330 | 333 | 813 | 828 | 890 | 350 | 343 | 568 | 470 | 425 | 411 | 420 [ 410 | 393
e N L e e om0 o 10 HEL- oo 1322 B0 e | 25158 | 3% | 300 | Bon | 5in | %is | 20> | 20 | oo | 3a0
linder No. 1, tip ol 1, front. | 1
C;underNo.l:ugderbott:omclnmp, front, to eft_-.......-; 300 | 330 { 302 ; 328 | 398 | 403 | 383 | 608 | 412 | 850 [ 365 | 347 | 377 | 383 -
Chlbek Yot g hova s o ke o0 B\ B\ 08100 B\
der No. I, tip o T A \
G indes No. I, wnder bottom GImD, 161, t0 Tear—--------- ‘368 | 382 | 370 | 371 | a7 | 4387) 437 | €18 | 512 | 496 | 512 | 367 | 412 | 392
Cylinder No. 1, under bottom clamp, rear, to left... 412 | 438 | 418 | 398 [ 428 [ 895 | 882 | 620 | 523 | 517 | 479 | 388 | 890 | 403
e N0 o Lot Sida of rooe arkophag boss. - e | 420 | 55 | G50 | o8y | 351 | boe | ord | acr | ora | &st | baa | 60
Cylinder fﬂ'o:Z,incenterof head, over rear spark i.\'lh_g-.- ..... 568 | 650 | 521 | 519 | 585 % 406 | 603 | 578 [ 540 | 558 | 640 | 650 | 617
Cylinder No. 3,Inle!tsldeotfmntspatk—glugbo&._._ 641 } 650 | 620 | 617 | 630 | 570 | 53L | 665 | 708 { 657 | 665 | 600 | 603 | 610
Cylinder No. 3, in left side of rear spark-plug boss... 750 | 77T b 742} 733 | 701 {1 660 | 611} 770 [ 700 | 788 | 779 | 682 [ 701 | 710
Cylinder No. 3, in center of head, over rear spark pl 631 | 737 | 602 | 661 | 638 | 614 | 540 ; 717 | 733 | 725 | 662
CyunderNo.-L,lnlefts!deoftrontspark-ri)lugbog 1 508 | 568 | 649 | 550 | 551 | 533 | 548 | 627 | 566 | 558 | 560 | 556 | 554 } 553
e N I totas o heod aver raat Spars 7 055 | 007 | e | 50 | 575 | 50 | 000 | okg | ona | 578 | B0 b oo |0t Sop
er INO. i
C;linderNo.E,Luleﬂ.sldeoflroﬂtspark- Iug boss. | 571 { 571 | 502 | 502 | 523 | 508 | 487 | 520 | 528 | 507 | 500 | 530 [ 539 | 468
CTHader §o- & 12 coniton of hosd gvek Foar Spark. O | Soe | 545 | 5o | 529 | 42 | 530 | 5o | 603 | soa | ces | a3 | o0 | 358
er No. , IS
Colinder No., i et sde ot F04¢ spork plu s | 535 | 765 | o7 | 36 | 21 | 415 | Soo | 5 | oom | ois | o33 | o6 | oo
Cylinder No. 6, In e of rear spark-p -
Cg'underNo g:!ncenberolheud.overrearsparkplug.._ 704 { 781 | 674 693 | 300 | 390 | 882 ; 424 | 703 | 682 | 576 | 662 | 637 | 500
Cylinder No. 7, in left side of ﬁ'ontspark-?l boss..... 610 | 628 | 588 | 607 | 551} 672 | 541 | 587 | 500 | 502 | 406 | 502 } 549 | 535
Cylinder No. 7, In left side of rear spark-plug - 782 | 743 | 738 | 735 | 641 | 702 | 615 | 728 | 507 | 655 | 601 | 626 | 642 | 637
CHBIE 08 i o pglebe T 8 18 B G B B
er No. e -
Cyinder No. & incenter o head over rear spae plug.—————- 903\ 48| 411 | 00 | 430 | 99 \ 02 | 8y 401 380\ 28 | 58 | 6 | oy
Cylinder No. 9, t side of front spark-plug -
c§um§§ No. g, In left side of rear spa:k-p?ug_boss ........... 760 | 758 | 718 | 780 | 700 | 695 | 360 | 756 861. 755 | 750 | 750 | 768 | 658

1 Cowling No. 7 without vents.

656
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TABLE II
PERFORMANCE MEASUREMENTS ON A WRIGHT J~5 ENGINE WITH DIFFERENT COWLINGS .
] T . B
: : Carbu- ; Al
] Englne | Brake Barome- Ofl-in | Ofl-out
Read- |Alrspeed, speed horse ter, tnohes retor afr tom stream
- " pere- | fempera- .
ingNo.| m, p. b. | D. 1. _power of Hg, 't’?l’r‘g%% ture, °F. | ture, °F. tt:gl’pgia_
f[ 1 gld | 15 170.5 | 0.617 | 29.9 76 120 120 82.2
4 2t su7 | L,700 | 160.0 .008 | 20,00 75 133 138 [ 828
| 3 81.2 1,690 166.2 . 681 29, 90 78 139 138 83.5
1 4 8.0 | 1,685 12&9 2720 | 20.01 6 145 143 842
oo 23| tio | 7| e | m| By im | &
CowlingNo. 4~y 7 | 1022 | p80 | 1588 | .60 | 29.80 %0 158 152 | 8r8
8 1028 | 1,80 | 18L.3 .28 | 29,80 9¢ 158 156 8.2
9 68.8 | 1,605 | 150.0 '74’8 30,00 78 158 156 88.0.
10 5.8 | 150 | 148.3 T4 30. 00 i 158 187 87.8
11 60.6 1,580 147.0 49 80. 00 77 1681 160 87. g
12 60.7 | 1,580 | 147.0 49 | 80,00 7 166 163 87.8
1| 7.8 1,600 173.2 N S - 128 1 80.6
o2 80.6 | 1,648 g 733 | . 30.05 134 132 80.6
H 3 8LO | 1,640 5.7 2 | osolos [TDTTT 139 138 84.2
4 8.0 | Léd0 | 1557 , 80.05 |T- T 144 143 842
5 1021 | “6795 | 170.5 JB8l| o0.07 150 146 86.0
Cowling No. 5. 6 | 1080 ! L5700 |. 1763 A7 | eger [T 153 -181 86.0 .
7 1 1026 | 1,700 | 1757 644 | 2997 87.8
8 | 1026 | 1,780 | 1728 8 20.97 : rea|  8T.8
9 a5 | 1,625 | 187 | 8018 | TTTTTTT 158 153 8.8
10 6L.8 | 1,50 | 1418 - 80,17 1227700 168 158 8.8
1 63.8 | 1,560 | 14L8 e 8017 155 158 8.8
(1] ‘86| 170 | ws7 %3 30.18 74 118 122 | soe _
2 80.7 | 1,850 | 150.4 0 | 3013 74 136 -138 |- 824 .
3 80.3 | 1,625 | 1548 30.13 74 144 145 82.4 -
4 }04.0 1,805 | 183.4 % 30.01 -84 150 151 8.2
Cowling No, 7. 5 048 | L700 | 177.3 |- ‘@ | 80,01 85 150 152 86.0 -
[ 108.7 1,760 180.4 |.... - 8001 87 154 158 86.0
7 640 1 1,680 | 18L5 ‘@51 0.2 80 150 148 6.0
8 620 | 1,590 | 153.5 7130 .| g2 7 150 150 $6.0 :
8. 625 | 1500 | 1444 | S0.20 bed 156 i, | 6.0 \
. . Pt 4 .
1 851 | 1,730 | 183.9 . 20,02 zg 123 125 | - 87.8 . =
3 B8 | Lews | 1.2 ;gg 2,02 . 133 133 87.§
1] @8t | B! & RB| & s |
. Cowling No, 10..... 5| 633 | 1580 | L0 i 208 3 148 788"
6 | 1054 [ 1,840 | 197.0 .68 | 20.60 0 15 0.6 .
7| 1046 | 1790 | 177.9 55 | 29.60 78 |-l 158 | so.e
8 | 1045 | 1,760 | 169.0 L6895 | 20,61 7. 167 824 e
i PP Sk - 2 2
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