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MEMORANDUM REPORT

for
Army Alr Forces, Materiel Command
FLIGHT INVESTIGATION OF THE PERFORMANCE AND COOLING
CHARACTERISTICS OF AN NACA C COWLING ON TEE XP-l,2 ATRPLANE
By J. Ford Johnston and Stefan A. Cavallo
SUMMARY

Results are presented of high-speed and climb tests O

an NACA C cowling on the XP-lj2 airplane. These tests were

made for comparison with tests of NACA type D cowlings on
the same airplane.

The top speed corresponding to the engine military
power (1000 hp at 14,500 ft) was 336 miles per hour; the
addition of Curtiss narrow-chord propeller cuffs increased
this speed by 1 mile per hour; and the addition of cuffs and
a 2li-inch-diameter spinner increased the speed by 3 miles
per hour.

Cooling-air-pressure recovery on the front of the engine
in climb, at 1,0 miles per hour indicated éirspeed, averaged
58 percent of airplané impact pressure with the spinner and
cuffs, 68 percent with cuffs only, and 67 percent without
spinner or cuffs. Corresponding pressure recoveries in
full-throttle level flight were 69, 7L, and T4 percent.

The ground cooling with spinner and cuffs was satis-
facbory. With cuffs only, spark-plug elbow temperatures

exceeded their 1limit by 290 F after cut-off in the ground run.
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Without cuffs or spinner, they exceeded thelr limit by 650 B
and the oil-in temperature also exceeded its limit.
INTRODUCT ION

The NACA has conducted an extensive flight investigation,
on the XP-Li2 airplane, of NACA type D cowlings for radial
air-cooled engines. Tests of a long-nose high-inlet-velocity
cowling have been reported in reference 1, those of a short-
nose high-inlet-velocity cowling in references 2 and 3, and
of a short-nose low-inlet-velocity cowling in references L
and 5. In order to compare these cowlings with the conven-
tional NACA C type now in genersl use, the flight investiga-
tion was extended to include tests of a C cowling, reported
herein.

The conditions invéstigated with the C cowling included:

Test number Airplane condition

1T C cowling with 2li-inch spinner and narrow-chord
propeller cuffs - climb

18 C cowling with 2li-inch spinner and narrow-chord
propeller cuffs - high speed

19 C cowling with cuffs only - high speed
20 C cowling with cuffs only = climb
ex C cowling without spinner or cuffs - climb

) C cowling without spinner or cuffs - high speed
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XP-li2 AIRPLANE WITH C COWLING

The XP-lj2 airplane with its P. & W. 1830 engine was
described in reference 2. The C cowl external shape
(reference 6) was obtained by adding a lip to the D cowling
of references 2, %, l, and Sic The internal changes censisted
of removing the cowl inner liner and the afterbody of the
spinner which together formed the diffuser section typical
of' the D cowling. A dimensioned drawing of tﬁe C cowl
installation is given in figure 1. Figures 2 and 3 show
the airplane with the spinner and cuffs; figures l and 5,
with cuffs only; and figures 6 and 7, without spinner or

cuffs.

The cuffs and spinner were manufactured by the Propeller

Divis;on of the Curtiss—Wright'Corporation, and were of the
standard design for the 10-foot-diameter Curtiss propeller,
drawing number 512 cc 1l.5.

The modified cowl flaps used in the tests of references 3,
li, and 5 are shown open in figures 2, 3, and L, and closed in
figures 6 and 7.

TEST APPARATUS

The installation of the test equipment was essentially
the same as described in reference 2, with the exception that
the three pressure survey rakes which had been installed in

the annular diffuser section were moved to a position just
forward of the front cylinder-valve push rods at the same
|
|
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120° intervals around the engine. The left rake may be
seen inside the cowling in figure 7.
"PROCEDURL

The procedure followed in making the high-speed and
climb tests 1s described in references 2 and lig For each
condition, the high speed was determined from two flights of
five runs each. The climb tests for each condition consisted
of one climb at 155 miles per hour indicated with the mixture
control in automatic rich, and one at 11,0 miles per hour
indicated in the full rich setting, in which the altitude
compensator 1s bypassed.

The gfovnd cooling was checked for each condition by &
10-minute run at 1,00 rpm with the cowl flaps open. and the
propeller in the low-pitch position, followed by a S5-minute-

n

[

1dding-periods Temperatures were recorded during the runs
and for approximately 10 minutes after cut-off.
RESULTS

The data obtained during the high-speed level-f1ight
runs and during the climbs are presented in tables Léad; STl
and 2. Time histories of the climbs are shown-in figures 8.
9, -and 10

Analyses of the high-speed performance are-given Sille]
fi

rures 11 and 12. The observed cooling-air pressure.

£
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utions in the high-speed and climb conditions are
shown in figures 13 and 1ly, and typical cylinder-head and

barrel temperature distributions, in figures 15 through 18.




Time histories of the ground-cooling tests are presented
N ibutres 19, 20, and. 21.
Table 3 gives a comparison of the maximum speeds at
military power and the average cooling-air-pressure
recoveries with all the cowlings tested on the XP-li2 airplane.
DISCUSSION
Maxirmum Speed
The values of maximum speecd and power observed during
the full-throttle level runs with each arrangement tested
gre shown on Tigure 11. The figure also includes the
bhp

—3:)3, representative of the effective power, and

parameters (
Be. T2 <Eg§)?’ representative of the airplane cleanness, as

explained in references 1 and 2, The product of these two
parameters 1s the speed of the airplane. The installation

having the highest value of the latter parameter will

evidently have the highest speed at a given power and

altitude.

It was shown in reference l} that the installation of

the modified cowl flaps in the closed position caused an

inerease of form drag, resulting in a decrease of approximately

3
two-thirds of 1 percent in the parameter 52,75 (Eg§)§° This

increase of drag is attributed to air leakage around the
modified flaps and would not be present in-a well-designed
flap installation. Hence, for comparison with the results

of previous tests with the original cowl flaps, it is desirable




to increase by two-thirds of 1 percent the values of speed

1 v
and 52. 75( }5 observed in the preseunt tests. This
correction of' 2 miles per hour, while not shown on figure 11,

has been incorporated in the data plotted on figure 12,

which presents a comparison of the speeds obtained with the

various cowling arrangements tested on the vP-li2 airplane.
Points corresponding tc the official performance figures JBleliE
similar airplanes with converntional air-cooled (P—56A) and
liquid-cooled (P-L.0C) installations are also shown.

Pal

Examination of figure.la shows that if in each case the .
engine had delivered its rated mili éarv power (1000 hp at

11,500 ft; Eﬁt = 156l), the speeds would have been as listed y
i tabilier o As explained in reference 1, this figure may

be used for comparing the speeds of various installations

at the same power and altitude by movement of the test points

along lines of constant 5%— to a cormmon value of 2%3. Such
a comparison at the rated military power of the engine
(1000 hp at 11,500 £t ; bﬂp = 156l ) is presented in table 3

for all the cowling arrangements tested on the XP- Li2 sairplane.

Examination of table 3 shows that the speed with the

C cowling was increased 1 mile per hour by the addition of
cuffs and 3 miles per hour by the additlion of ellff s, ancisal

=

Spdmniers It appears that an improvement in the external-flow

conditions around the cowl nose was obtained by use of the

spinner. The pressure recovery £ata listed in table 3 indicate
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that the cuffs were not loaded in the high-speed condition.
It is probable that the cuffs served to streamline the

propeller shanks and thus to increase the propulsive giffileiency.

L2

It should be noted that the fairing material on the nose
of the C cowling (see figs. 3, 5, and 7) was subjected to
cracking under flight vibration. Although the fairing was
smooth before each high-speed test, some cracks appeared
during flight, These cracks would cause & premature transi-
tion from a laminar to a turbulent boundary layer and a
consequent speed loss estimated at not over 1 mile per hour.
No correction has been made for this possible source of drag.

fressures and Temperatures

The average cooling-air pressures on the front of the
engine in full-power level flight with each arrangement are
listed in table 3, The pressure recovery at high speed
averaged approximately O.?hqc for either case without the
spinner, and O.69qC with cuffs and spinner. Engine cooling-
air pressure distributions for the three modifications are
shown on figure 13 for the high-speed condition. The values
plotted are the average over 10 runs for each location of
pressure measurement., The pressures noted on the exhaust
side of the barrel of cylinder % may be expected to be low
because points of measurement lay in the wake of a large

ignition eable conduit and next to a hole in the baffling.
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The pressures as chown in figure 1% are reasonably
uniforn, but they are, in general, lower than would be
expected from an open-nose cowling. The low inlet velccity
in either case without the spinner would preclude any but
negligibie losses from the cowl entrance to the front of the
enE e, With the spinner, .the inlet wvelocity ratio 1z esti-
mated at very nearly 0.25, so thdt the aq at inlet would be
0,06q,. An assumption that 90.percent of the inlet q is
lost in turbulence due to the lack of a diffuser section
behind the spinner leads to the conclusion that the impact
pressure at the cowl entrance referred to free-stream static |
pressure must have been 0.69q, + 0.05q, = O.?ch, or the same
as that without the spinner,

It appears that about 0.26q, becomes unavailable, as far

as the internal ressure regovery ls concerned, becéuse of

the presence of the propeller ahead of the cowling. Refer-
ence 7 shows that the pressure .recovery of a model of a

similar cbwling (with air flow) was 0,979 without the propeller,

0.579 with a model propeller hub, and 0.62q with an operating

propeller ahead of the cowliag,

As listed in table 3%, the pressure recevery on the
front of the engine in full-power climb at 140 miles per
hour was 0.58q, with spinner and cuffs, 0.63q, with cuffs
only, and O.67qC wisthiou s cuifisier spinner. Recowvenriess i

climb at 155 miles per hour were the same or 0.01q, higher. .

It is obvious from these data that the cuffs were ineffective
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in elimb. The loss due to the spinner was 0.10q,. This
increased loss is associated with the increase in inlet-
velocity ratio in climb as compared with the high-speed
condition,

Typical pressure distributions in climb are shown on

figure 1l. It is noted that the highest pressures occurred
on the lower left side of the engine (cylinders 8 to 12) as
a result of high angle of attack, slipstream.rotation,and the
right yaw of the airplane assoclated ﬁith the full-power
climb condition. This pressure gradient across the face of
the engine is characteristic of the open-nose .cowling.
WWhen the inlet velocity was, Increased by use of the spinner,
the pressure distribution became more nearly uniform, as may
be seen in figure 1l;. The dumping losses previously noted,
however, reduced the general pressure level.

Typical distributions of the cylinder-ﬁéad and barrel
temperatures are shown in figure 15 for the high-speed condi-
Fion, Iln figures 16 and 17 for two altitude ranges in the
full-rich climb condition, and in figure 18 for the automatic-
rich climb. These data have not been corrected to the same
conditions, but runs made near the same altitude were
selected for each comparison. It appears from these
figures that variations in mixture strength and other factors
from cylinder to cylinder obscure the effect of variations

of cooling-air pressure drop around the engine. It -4i8.s88EN




that the temperature distributions are essentlally similar
in all cases. Comparison of figures 16 and 17 shows that
he distribution becomes more unevern as the mixture strength
increases with altitude in the full-rich climb.
Ground Cooling

Time histories of representative temperatures observed
during the ground cooling runs are shown in figures 19, 20,
and 21 for the cpwling with spimner and cuffs, with cuffs
only, and without spinner or cuffs.

In no case with spinner and cuffs did any of the tempera-
tures become critical when corrected to Army standards.
However, the oll-in temperature did come within 19 pf. 1ts

limit of 185° m.

Q

In the test with cuffs only, corrected head and barrel
temperatures stayed below their Army limits of 500° and 5550 I
respectively, but were slightly higher than the spinner-and-
cutf vconaitlion The rear spark-plug elbow of cylinder
number 7, which was the hottest elbow measured throughout the
ground run, ran 290 over its Army limit of ZLBO P 7 minutes
after cut-off.

Without cuffsor spinner, the temperatures of heads and
bases were within their limits, but were noticeably higher
than with the other two modifications, Spark-plug-elbow

temperatures increased throughout the run until at cut-off

they were 19° ® over their limit and went to 65° F above the
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critical temperature 8 minutes after cut-off. 0il-in
temperatures also showed 2 steady increase, passing their
g blcal, whéen corrected, 7% minutes after the start of the
run and going to 24° P over in 16 minutes, which was the
Bolnt of cut-off., The magneto- operated within its limit
throughout the run.

The 1argé change in air temperatures ahead of and
behind cylinder number 1, in each case, shows that the air
flow reverses direction after the engine is stopped. e
fact that in one case (fig. 21) the maximum front spark-plug
elbow exceeded even the maximum rear gasket temperature
7 minutes after cut-off is regarded as further evidence of
this forward air flow. Compurison of the air temperatures
after cut-off in figures 1§ and 20 shows that the spinner

had no apparent tendency to trap the air in front of the

engine.
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The cuffs alone improved the ground cooling, and the

addition of the spinner gave further improvement. The effect
the spinner was probably to prevent air leakage forward

J of

along the propeller shaft.

Langley Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronaut}cs,
. a - 1 |
Langley Field, Va., November 24, 19.2.
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TABLE 2 TEMPERATURE DATA CALEET 1)

TEST. NO- FLIGHT NO. \3-5 B-6 - 17-48 17-4A

RUN NO. | 3 4 <3 | 2 3 4 5 : [ 2 3 A | 2. - 4

TRUE AIRZPEED. M.PH. 34 336 335 333 332 332 332 33/ =33 .AIRSPEED 154 /152 154 54| 140 13€ 137 13

e, | N Ha 35.5 346 333 32031.2|353 34.1. 350 33.3 3438 N. H>0 ST e o 7 sy [ 7/ 6 94 93 90

T, PRESS. IN. HG. 17. 1686 1619 1556 1496|1757 16.38 16.20 1651 1722 E. PREass ALT 5000 10700/54900 (8300] & 600 10200 16000 14100

ATM. TEMP °F 4. 28 23 21| 33 a8 24 25 .33 E.FREEAIR°F | 63 47 32 19| 55 43 26 |5

a; DENSITY RATIO bl6 572 576 5509.540|.618 600 .53 590 606 E B.H.P 860 900 BI0 T7/0|928 2890 7/8 639

DENSITY ALT, FT 15650 16850 177001 8600 1960015550 16450 | 74001700016 /50 E MANIF PRESSI400 39/ 356 31.0|43.2 4.5 333 300

BHP 928 905 872 D49 B821(9/9 896 8468 886 99 P M. ——— 2560 2540

pq.;ﬁzh«.mﬁ o = 5%5285 o e L AUTO RICH CLIMA FULLRICH CLIMB

. 35 IN. 40.7. 39.1 37 4 & 7 5 384 39. .
HiGH SPEED HIGH SPEED SPINNER & CUFFS
CYL.NO. PT OF MEASUREMENT | TEMP °F [ TEMP. °F
| - REAR 3P PL. GASKET P7T 3897 2F] 339 422 |32 389 3G8 393 3353 32D 393 42 424|390 386 V46 335
& 382 3€2 387 294, 418 | 387 387 396 396 396 324 3%4 397 402|375 370 337 32l
3 397 394 397 403 430 | 396 294 403 40) 40| 335 395 408 419 |390 384 350 337
4 399 394 3727 403 432 |40/ 396 403 398 396 321 399 399 412 : '
5 2
6 394 372 399 403 425|396 3726 408 408 410 335 326 399 408|377 370 353 353
7 448 452 455401 487 | 455 454 405 465 465 375 443 406 470 |42 424 4)7 404
8 416 419 423 4206 451 | 422 419 43) 429 433 gg’é’ 433 430 437 |406 404 393 38)
? . 381
10 429 430 437 439 462 |438 435 447 445 447 359 417 442 444|406 404 399 386
I 442 442 448 451 4;;3,0 446 445 456 456 456 361 424 450 457 410 408 399 390
12 414 416 421 426 B |419 419 431 4231 433 350 406 428 433 |395 33923 38! 2368
13 42 428 437 |[412 403 334 368
14 ; 355 410 A26 430 1399 393 355 34|
| = REAR ¢ BARREL FLANGE 34 3/3 314 317 328 %%2 %;% %I/} %/’% 313 o7 299 3157319 [297 290 281 279
2 d
3 07 306 307 312 321 |31 304 303 308 Bo08 ‘2.63 294-306 312|292 292 279 272
4 09 309 312 314 326|314 33 35 3/3 315 269 299 310 312 1297 294 283 279
5 2957296 298 300 313 | 302 296 301 299 3044 254 281 294 290 (279 279 272 267
A 312 310 314 3¢ 328 |34 210 3I§ 315 317, 265 297 310 315 | 290 294 238 283
i 307 Q06 3092 312 321 |31 306 308 3/0 313 200 290 294 306 |235 288 285 279
4 302 303 307 309 321 | 304 30! 306 304 sogl 258 292 294 310|285 290 238 2%/
9 323 324 325 321 340 | 325 325 326 326 32 272 306 319 324297 299 297 292
10 330 332 332 337 347 | 3234 329 336 336 333! 279 3/2 330 332|306 3!0 3/0 30!
:é 305 306 304 309 319 | 309 304 308 306 309, 265 292 306 310 %gg %gg 235 272
13 307 308 309 314 324 |3 318 313 - 313 35 2609 297 312 315|292 292 28% 277
14 3 |'_g‘ 3 N20 BT 324 3o 326 274 306 318 3211297 299 288 279
0 MIX. AT INTAKE PORT 237 230 232 ? 2 230 233 233 ] 219 219 222 220} 226 213 20F (94
v w BLOWER Riw | 64 I$8 16813 1697 [174 168 1683 177 174 6t 174 171 168|179 17/ |6} 152

FUEL - 4UC.4IDE PUMP % % T W 9P 190 A3 96 F& 79 79 76 76| ¥ o A T
 -PR. n " ?2 949 102 102 | 93 99 100 |02 +tO02 79 79 76 7¢ Sl >0 7k
¥ ~ CARB. FLOAT CHAWMBER QC 93 93 Zg 6 | QI 93 H93 96 985 £2  7¢ Ta Y2 2 7 72 72
Il = FRT SR PL.ELBOW 66 (4 L3 - A7 O 63 €0 gi 66 HR T 55 B, B K5 45
Il - REAR. '« 1) g4 p4 84 81 8 | 37 a4 8l R7 99 9 & 29l 108 92 9 T2
RECORDED FREE AIR SO0 20 #7 #F2 T AT A5 42 24 38 26| ad S50 33
AR~ CARB. 4C00P El 5/ 48 42 37 | 53 jg 40 45 5) e ‘4 I3 28| o5 A5 A% 24
" = FRT. €YL. 19 42 483 45 42 37 | &I 42 45 JI Ve 59 .23 29 eT 5 35 24
¥ = BRTCYL ). &2 60. T £ S7T &0 60 &7 57 76 48 39 g? A :’535‘
W - REAR = 49 18] 154 157 163|154 13] 169 157 157 165 174 174 (791175 171 167 155
it~ OlL COOLER EXIT 84 &4 4« 81 @8] 87 B4 B4 87 | 8¢ 82 79 7| 92 8b 72 65
Ol - IN LINE 148 |46 143 145 148 | |54 /47 146 146 /48| 149 139 135 )351)392 /372 |32 129
OlL ~ QuUT alg 2/2 219 &19 225|217 217 217 217 219 | /194 203 210 210|205 203 200 /97
ACCE330RY COMPT. P19 112 119 119 22| /22 /19 113 119 124 102 99 B89 8b|loe 99 86 79
LEFT MAGNETO 107 /108 108 10 (0% 112 (102 108 108 |10 9 96 92 92| 96 96 92 %6
PILOTS COCKPIT 102 102, 165 /02 102 | 99 100 102 Q9 |02 t 72 79 65| 82 79 &9 &5
RECORDING IN3TR. COMPT 87 90 93 90 <90 87 <0 82 .75 .90 | B2 82 76 ¢%| 86 B3 72 69)
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TABLE 2 TEMPERATURE DATA (SHEET 2)
TEST NO-FLIGHTYNO, 1a-i : 19—2 20- | 20-2
UN Np. | 2 3 4 5 ! 2 4 i 2 4
TR \ ] 2 33| 2331 331 e 41IND. AIR3PEED 54 7153 153 5] | 138 133 136 136
%‘AN H20 350 :;%73 :*.62.2 13"37 li%s ;?ég 1353.0 %lbj ':ﬁ.is 33;; Qe IN. H,0 (7 Vs s ana | 94 2o YY)
TM, PRESS. IN. HE 1748 1633 16.16 13- 90|l 6. 22 1559 14941653 | AVE PRESS. ALT 0 10800 | 004000 9900 14900 /8600
ATM. TEMP ©F J3 mp o7 =l 18| =6 23 @ -9p o (GKE FORS AR, SHE00ICRISITOCaRLen do0 G0 IS a e &
a DENSITY RATIO bl6 5% 576 .560 34| |.603 .583 .560 540 .589 AVE. BHP 50 9O5 B07 720|939 900 T8 650
PDENSITY AL ‘) FT 15650 167001770018500(7600)650017300)8500 1965017050 AVE. MANIF PRESS
m;.p. 928 Q00 @77 849 z/ge%zoq 877 353 8l 905| R B, ™ i 2580 2570
RPM. ; -
MAN. PRE4S IN. HE W05 390 376 363 349|392 380 365 350 386 AUTO RICH CLIMB| FULL RICH CLIMB
H1Gir SPEED HIGH BPEED CUFES ONLY
CYLNO PT OF MEASUREMENT |[TEMP °F ; .
\ - REAR 3P PL. GASKET 377 2375. 378 382 383|389 333 397 343 379 387 403 401 4Ol | R76 381 352 331
2 3748 375 379 382 333|323 389 399 395 3%/ 387 403 398 394 381 381 352 329
3 384 379 384 388 393|392 395 409 406 388 392 410 407 403| 390 336 358 330
-
s ’
6 379 377 382 384 386|381 390 399 395 386 385 396 394 390|374 3746 36i 339
7 3,34 432 A3 439 443 | 440 444 458 452 4383 430 449 455 452424 43| 420 401
g 95 394 400 400 402 |399 406 418 411 404 40! 413 419 413|390°399 382 372
o 420 420 424 427 429 |424 430 442 436 429 412 427 436 432|401 410 404 384
i 427 427 432 430 439 |438 440 454 444 43b 419 434 443 44| | 404 410 404 35b
12 402 404 407 4l2 4lb (410 417 429 420 414 |39¢ 407 4l2 407|390 390 376 353
13 :
14
I - REAR ¢ BARAEL FLANGE (307 302 304 304 311|305 313 318 318 300 298 311 3l 311 [ 283 297 290 278
2 309 300 307 309 * ; ; = 283 299 285 280
3 302 295 298 298 302|302 304 31l 309 295 288 305 305 305|283 292 285 27%
4 304 300 Z04 304 307|304 307 3/13 313 295 298 3l B3Il 209|285 297 283 27%
5 293 286 288291 293|293 295 300 300 233 279 290 290 290|267 280 274 247
b 307 204 304 309|304 309 3I5 315 297 290 2307 309 307|280 294 2492 2
il 302 295 238 298 300 |302 302 306 309 290 287 300 300 300|274 288 285 &£7%
g 298 293 295 295. 298 | 293 295 302 302 286 279 295 298 298| 27/ 288 285 272
9 316 3/3 316 3ie 320|318 318 327 325 3l 300 317 322 322|288 304 302 297
10 325 325 325 327 37 | 325 329 336 334 318 309 324 327 329| 292 315 313 304
:”z 298 295 295 295 300 | 302 302 306 306 293 288 300 302 302|276 290 288 2783
3 304 300 302 302 304|304 304 313 31| 297 288 300 302 302| 278 200 285 274
4 313 309 311 _3!3 316|316 316 322 322 309 300 313 316 361288 299 290 2232
10 MiX. AT INTAKE PORT 221 219 219 219 219|219 222 225 223 223 229 220 2/5 211 225 2/1 204 194
w «w BLOWER Rim 169 163 160 160 160|167 164 /164 167 162 177 179 174 i65)1166 18! 169 154
FUEL -~ SUC.5IDE PUMP 89 92 ‘92 92 92188 9 96 93 93 82 79 79 76| 89 34 34 3
# -PR._ n M) F2 G4 G4 Q4 94| Q3 93 Q6. 96 . 99 g2 2 76| 7 %4 84 &I
¢ = CARB. FLOAT CHAMBER 87 Q7 89 B9 9|88 88 9/ g3 Q) g2 79 76 73'V'87 8] 78 75|
1§ - FRT 5P. PL.ELBOW 68 65 - 62 S99 S92 | b4 o2 64 b2 L4 | 85 68 -62 S0| %4 7% 46
S T e ) A S < [ 1 73 70 70 76 102 ge 79 6% |/107 90 745 44
RECORDED JFREE AIR 48 4o 4z 39 %2 I 1 I 66 38 22| 70 50 3b 2
AIR — CARB. &C00P S/ 48 485 42 39 |47 41 44 4| 47 b8 S0 3¢ 24|73 55 37 '}
" =~ FRT. CYL. 4 51 45 42 42 36|44 41 4| 38 44 68 50 3¢ 24|73 55 37 . 1%
" *FRT‘SYL e 4 5/ &1 45 42 |50 47 - 47 44 SO 76 S6 47 B3| 78 4¢ - 37
" - REAR = « 143 141 146 149 154-{139 142 |48 148 139 /177 179 179 177|783 186 144 (33
n - OIL COOLER EXIT 83 80 80 77 74|82 79 79 79 79 e e - <70 W 1 A B Tl s
Ot - IN LINE 1496 |41 /38 /38 /383|142 139 142 )48 139 149 138 135 [32. |147 141 135 133
OiL ~ OuTY 219 214 214 214 214|217 202 217 217 209 204 21§ 215 209 |197 205 202 197
ACCESSQORY COMPT. 11e 118 118 112 1128114 114 o )14 114 107 96 90 82107 98 97 7%
LEFT MASNETO 106 106 103 103 103|105 102 105 (02 99 9 93 90 85| 98 95 TG0 84
PILOTS COLKRPIT =y 94" 94 94 G2 g2 | g3 93 93 93 g3 85 79 76 70| 93 84 73. &9
_RECORDING INSTR COmMP . 79473 7/ .08 ¢8| 82 85 85 §% 35 90 82 76 70| 95 7 .78 £9
NATIONAL ADVISORY
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TABLE 2 TEMPERATURE DATA (AHEET 3)
TE:T NO~- FLIGHT NO. ] 2= 22 - 2 i 21- 1A 2l- 1B
L NO | 2 3 4 5 | 2 3 4 S 1 2 3. 4 | 2 3 4
TRuE AIRéPEED ™M. P H 33T 33T 331 330 330 (329 329 330 330 327|IND. AIRSGPEED 155 153 192 1Se130 137 135 135
%%_ 346 337 3823 SO0 303|339 328 I19 [I08 292 gic .2 Ila 13 113 96 G2 90 3.9
M. pRéss., IN, HG. 17.23 1654 15.90 15.27 14.66(17.16 1647 1584 1519 14.L0| AV. PRESS. ALT.  |4600 9400 14200 176045200 3700 14300 17700
AL ENEM P, °E 2% 23 22 419 13| 2% 2606 2930 20 gL FAV. FREE AIRSPENIESa BN a3 2a- RS sam @i g
0, DENSITY RATIO Wbl 594 S71 553 .53%|.6I0 .588 .5¢9 .548 .529| AV. P 941 930 845 762 |/019 933 771 L0
DENéI'TY AT B 15650 16750 17950 13700 19700 {15950 17050 1405019150 20200 AV. MANIF PRESY 39.9 399 36.1 319|429 43.1 355 30.9
B. H. 928 900 77 B40 Blb| 919 89/ B63 830 793|R. P. M. 2560 2540
IE}IASlFMPRE IN. HG 399 382 368 357 34%6?3‘?77 38.1 36.6 353 339 AL R L e e
43, . > . ; : 3 . ! ; : ;
HI6H SPEED HIGH SPEED . NO SPINNER OR CUFFS
CYL.NO.- PT. OF MEASUREM'T | TEMP, °F _
I — RERR 4P PL.GASKET |369 367 372 374 379 | 377 363 373 3771 377 383 406 406 406|361 390 352 2333
2 369 365 372 374 3791373 366 370 373 375 3’1 40| 397 394|359 3%5 350 332
3 374 366 374 3779 383 | 377 370 375 3719 3%2 390 403 399 397|366 390 3546 341
fs 390 399 390 390|36/ 383 350 332
b 374 369 374 376 379 | 373 373 375 377 377 383 399 394 392|363 331 36/ 345
7 430 42 430 434 434 | 430 428 430 435 435 439 453 457 455412 434 419 40!
8 394 392 394 394 397 | 393 390 393 397 397 403 419 42| 417|283 403 390 316
9 372 392 403 2397
10 423 419 426 426 428 419 419 423 426 426 417 437 443 443|40| 419 412 394
[ 423 421 423 423 432 422 422 426 428 430 421 441 450 452[4Q1 419 403 397
{12 401 397 403 403 407 | 397 397 401 404 404 401 419 424 421|383 397 3’5 370
3 | i |
12 | | ‘
I — REAR ¢ BARREL FLANGE 53/3 327 306 306 30@*;3/2 303 303 305 305 296 309 B2 325|294 303 294 232!
2 - { |
3 1302 293 293 297 299 |30l 294 294 296 298 289 303 305 30S 289 293 289 280,
4 304 299 299 302 304303 30| 301 303 303 294 309 309 307! 296 305 291 222
S 291 286 286 283 283 | 29/ 287 281 290 290 280 294 294 294 230 287 278 27!
[ 304 302 302 302 304|303 30! 303 303 305 291 307 309 309 294 303 293 289
7 302 295 297 297 297|301 296 296 298 293 287 298 3803 300 232 291 284 278!
3 293 288 29/ 291 288|294 290 24! 29! 2%/ 284 299 303 303 284 294 2389 282
9 320 3!3 3i5 315 318 (319 314 314 314 3¢ 302 318 325 323| 303 309 309 363
10 327 25 225 227 327 | 327 325 325 32§ 321 307 330 336 332| 314 327 323 314
1é 299 293 295 295 297 | 294 291 294 294 2946 297 300 305 305| 289 294 291 284!
13 302 297 297 297 299 301 298 298 30! 30! 289 303 309 305|291 296 291 2%2
de o > = S 30@ 3l 31 313 312 310 310, 3l 312 S00.3l8 323, 3213038607 298 2eq
1O=MIX.- ATV INTARE PORT- - 299 2185 215 215 215 i3 2i8 216 216 26 223 221 221 213" ael 213 204 |95
N uw BLOWER RIM 16% 1857 1857 157 154 166 164- 1S5 158 |6l 1ok 174 (72 169! 169 |74 166 |58
FUEL- SUCTION 4I1DE PUMP 1l 34 34 B4 34| 85 88 9 91 93 A N [ R Ry
n PRES$S " 86 8¢ %6 37 891 q@1. 93 91 a3 96 oI o 7 Ry 7 ST 7 ey 1 e 74—1
" CARB. FLOAT CHAHBER 21 . B 8l 31 85 883 %2 23 2% %0 J4& FF 4. 74 77 Td. 73
Il — FRT. 82 PL. ELBOW R S . N S T4 77 68 60! 71 74 66 S3
i = REAR » u " 78 9 L? e &4 73 76 68 068 08 i ql 23 74 83 94 B3 7
RECORRED FREE AIR 4 40 40 36 31 | 47 46 41 3% 38 &7 52 48 ‘30 po) S5 42 26
AIR CARB 4%Co00P 46 43 40 3% 34| 47 46 41 3% 38 60 84 43 28 60 57 40 28
" FRY. CYL. NO. 14, 40 43 40 238 34 | 47 46 41 38 38 60 57 .43 28 60 6O 43 2%
" ERT, CYL. NO.°| 55 54 55 S5 | 56 56 50 41 410 b bLb 54 46 L3 b6 54 43
i REAR w o | T8  Ils5 115 8- 120|119 119 119 122 127 144 152 152 |50 150 155147 149
" DiL COOLER EXIT g« 78 T8 T2 T2 | 82 ' T2 Wb 76 2% Q% 83 74,97 97 83 57|
OIL"‘IN LINE 145 40 140 137 137 |150 144 |42 /(42 142 : 147 [4% 144 (42 142 147 144 139
1 220 214 212 212 222|221 2l 208 213 2/6 ! 204 210 215 215|204 199 210 204
ACCESSORY COMP'T, 115 (0@ 109 102 106|113 113 1Yy 1)) 1)) 100 100 94 36! 97 100 91 23
LEFT MAGNETO . o1 101 95 99 95(105 105 96 99 99 91 U 994 88| 94 97 A7 91
ElEolS L CoCK P\ T 39 9 Qb B 4| 85 91 QB 5 85 @0 T 68| 14 17 Tee 5
LRECORDING T NSTR, COMPTI @1 31 @1 @1  7%1 7L 7} 68 6% o4 20 771 74 L8| 77 R0 B0 54
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Table 3@ Speed omd Pressure Recovery Dotal Srove |

Flight waes‘tm\cfuons 0S5 XP-43 Asrplane . |

A N-HIV|  SN—LLV C - Cow) \

With] - oo | No flanand Fan #4 17 | No |Ipmner|Cus$siNo (usés

cusSs Cusso™ s Only |CusSsCusss|Cus5qusssOnly jor Spinner
344|339 340[337 (339 | 339 [ 342|343 339 | 337 336

$3(90|14|%7(%4| %0 |17 (0|3 |74 |14
$6 |70 6210298 | B¢ |84 [14]|5% (LB .LT

23|70 LA1AS | A5 -S4 18 L1 S8 16T | L9

Maximum Speed ot 4000hp. ot 14300 $t-mph true airspeed
Pressure recovery on front of engine at fugh speed P/qL

Pressure vecovery m 140-mph, (indicated airspeed) climb

Pressure recovery m 483-mph climb Gndicated aurspeed.)
|
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Close-up of cowling with cuffs only.

Figure 5.-
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