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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REFPORT

FLIGHT INVESTIGATION OF NACA DS COWLINGS ON THE XP-42 AIRPLANE

III - LOW-.INLET-VELOCITY COWLING WITHOUT FAN OR PROPELLER
CUFFS, WITH AXIAL-FLOW FAN ALONE, AND WITH TWO
DIFFERENT SETS OF PROPELLER CUFFS

By J. Ford Johnston and T, J, Voglewede
SUMMARY

The results of flight measurements of the performance
and cooling characteristics of the XP-42 airplane eouipped
with a short-nose low-inlet-velocity cowling are given.
Thée tests include measurements in high-speed level flight
and in climd of the effects of: (1) a spinner-mounted
axial-flow fan without propeller cuffs; (2) no fan or
cuffs; and (3) two different sets of propeller cuffs,

This cowling is one of a series being tested in an effort
to improve the characteristics of radial air-cooled engine
installations.

The maximum speed of the airplane without fan or
cuffs, when corrected to military power (1000 hp at 14,500
ft), was 343 miles per hour; with No, 2 cuff set, 342 miles
per hour; with No, 1 cuff set or with the fan, 339 miles
per hour,

The cooling-air-pressure recovery on the front of
the engine in the high-speed level-flight condition aver-
aged 76 percent of free-stream impact pressure without
fan or c¢uffs, 77 percent with cuffs 2, 80 percent with
cuffs 1, and 84 percent with the axial-flow fan. In full-
power climb at 140 miles per hour at 14,000 feet, the pres-
sure recoveries were 74, 84, 84, and 97 percent of free-
stream impact pressure in this same order.

Ground=cooling tests showed that engine cylinder and
accessory temperatures were appreciably higher without
fan or cuffs, O0il-in and rear-spark-plug-elbow tempera-
tures exceeded their limits ‘in this condition when cor-
rected to Army standards.




tests

INTRODUCTION

The NACA is conducting an extensive series of flight
of several types of cowling, as outlined in refer-
ences 1 and 2,

in an attempt to improve the characteris-

tics of radial air-cooled engine installations, The
conditions so far investigated include:

Test

a

o

[9)]

10

3L

Airplane and flight condition

Long-nose high-inlet-velocity cowling with
small cowl flaps; high speed

Long-nose high-inlet-velocity cowling with
modified cowl flaps; climd

Short-nose high-inlet-velocity cowling with
small cowl flaps; high speed

Short-nose low-inlet-velocity cowling with
spinner-mounted axial-flow fan, cuffs 1,
and small cowl flans; high speed

Short-nose low-inlet-velocity cowling with
fan, cuffs 1, and modified cowl flaps;
climd

Short-nose low-inlet-velocity cowling with
fan, cuffs 1, and modified cowl flaps;
high speed

Short-nose low-inlet-velocity cowling with
fan, cuffs 1, and modified cowl flaps;
baffle seal strips at base of cyvlinders
removed; high speed

Short-nose .low-inlet-velocity cowling with
fan only; high speed

Short-nose low-inlet-velocity cowling with
fan only; c¢limdb

Short-nose low-inlet-velocity cowling with-
out fan or cuffs; climb

Short-nose low-inlet-velocity cowling with-
out fan or cuffs; high speed
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12 Short-nose low-inlet-velocity cowling with
cuffs -1, without fan; high 'speed

13 Short-nose low-inlet-velocity cowling with
cuffs 1, without fan; climbd

14 Short-nose low-inlet-velocity cowling with
‘ cuffs 2, without fan; eclimbd

15 Short-nose low-inlet-velocity cowling. with
cuffs 2, without fan; high speed

The results of tests 1 and 2 are described in refer-
ence 1, of test 3 in reference 2, and of tests 4 to 7 in
reference 3, The present paper gives the results of
tests 8 to 15, which represent high-gspeed and climb tests
of variations of the fan and cuff arrangement on the
cowling described in reference 3,

The design of the cowling and engine installation
was a project of the Air-Cooled Engine-Installation Group
stationed at the Laboratory. The members of the group
associated with this project included Mr, Howard S, Ditsch
of the Curtiss-Wright Corporation, Mr. Peter Torraco of
the Republic Aviation Corporation, Mr, William S. Richards
of the Wright Aeronautical Corporation, and Mr, James R,
Thompson of Pratt & Whitney Aircraft, The Materiel
Command, Army Air Forces, sponsored the investigation and
supvlied the XP-42 airpldane. The Curtiss-Wright Corpora-
tion, Airplane Division, handled the construction as well
as the structural and detail design of the cowling and
supplied personnel to assist in the servicing and nmain-
tenance of the airplane and cowling during the tests.
Pratt & Whitney Aircraft prepared the engine and torgue
meter for the tests and assisted in the operation and
servicing of the engine, The propeller, cuffs, and spin-
ner were supplied by the Curtiss-Wright Corporation,
Propeller Division,

XP-42 AIRPLANE WITH SHORT-NOSE LOW-INLET-VELOCITY COWLING

The XP-42 airplane used in the tests is described in
references 1 and 2. The installation of the short-nose
low-inlet-velocity cowling 'and fan i1s descridbed in refer-
ence 3, Figure 1l is a dimensioned drawing of the cowling
showing both the fan and the cuffs in place, Figure 2 is




a side view of the airplane with cuff 1 and with modified
cowl flaps. Figure 3 shows a c¢lose-up of the cowling
after the fan blades had been machined off and with cuff
2 in place. The small adjustable cowl flaps originally
provided are shown in the open position, The extra flaps
for cooling in c¢limb, which are adjustable on the ground
only, are shown in the closed position.

As originally planned, there was to be a difference
of 5% at the spinner between the pitch of the two sets of
cuffs, all other characteristics being the same, After
cuff 2 was fitted, measurements showed the average pitch
angle of cuff 2 to be approximately 1%° higher than that
of cuff 1, The cuff sections at the l4-inch radius are
shown in figure 4, UFigure 5 compares the average section
of each set by superposing the straight portion of their
mean line. Although individual cuffs of either set varied
only slightly in shape from the average for the set, it
was found that individual cuff angles of the cuff 2 set
varied .from 30,8° to 33,5°, Ouff angles of the cuff 1
set varied only x0,1° from the average.

_ The airplane as prepared for the tests weighed abdout
6000 pounds with a 175-pound pilet and full tanks., It
retained the standard aerial but had no prowvision for
guns,

TEST APPARATUS AND PROCEDURE

The installation of the test equipment was described
in reference 2,

Speed and cooling characteristics in level. flight
with military power were determined by making level runs
at full throttle at 2700 rpm at and above the engine
critical altitude, as described in reference 2, Two
flights of five runs each were made for each high-speed
test condition., The range of altitudes investigated was
from 14,000 to 20,000 feet.

For climb tests with all cowling arrangements, two
conditions have been investigated: (1) climd, at 155
miles per hour indicated airspeed in automatic rich, with
manifold pressure limited to 40 inches of mercury and (2)
climb at 140 miles per hour indicated airspeed in full
rich, with manifold pressurc limited to 43% inches of
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mercury to 7000 feet, then 42%, inches to full throttle.
For tests 12 and 14, a third condition was investigated:
climb ‘at an indicated airspeed of 140 miles per hour with
carburetor setting in automatic rich, with the manifold
pressure limited to 40 inches of mercury.

On two occasions (with fan only and @with cuffs 2)
during the 140-mile-per-hour climbs with the manifold
pressures previously specified for full-rich operation,
the mixture control was inadvertently left in automatic
rich for the first part of the climb, then changed to
Sl richy

All data were recorded automatically and continuously
during the climbs. Under these conditions, a "run" was
taken as the period of time for one cycle of the pressure
switch or of the thermocouple switch,

The tests were made in the following sequence:

(1) Test 9 (climb, fan only)

(2) Test 8 (high speed, fan only)

(3) Test 10 (climb, no fan or cuffs)

(4) Test 11 (high speed, no fan or cuffs)

(5) Test 15 (high speed, cuffs 2)

(6) Test 12 (high speed, cuffs 1)

(7) Test 13 (climb, cuffs 1)

(8) Test 14 (climb, cuffs 2)

The airplane and engine were given a 50-hour check between
tests 11 .and 15, During the check, the spark plugs were
changed and valve clearances reset,

Ground-cooling tests were made for three of the four
installations: without fan .or cuffs, with cuffs 1, and
with cuffs 2. The tests were made by running 10 minutes
at 1380 rpm, 5 minutes idling, and 10 minutes with the

engine cut off, Temperatures were recorded continuously
during the tests.




Measurements of the propeller-cuff sections were ob-
tained by photographic means, A rubber strip 1/2 inch
thick was laid around the cuff in a plane perpendicular
to the blade axis and approximately 14 incheg from the
axis of rotation of the propeller. A thin flat steel bar
was laid on the propeller-blade chord at the 42-inch
radius, Photographs were then taken with the blade axis
vointing directly into the telescopic camera, which was
placed approximately 40 feet from the cuff, The result
was an outline of the cuff section with the chord line at
the 42-inch radius superposed upon it as a reference,

SYMBOLS
o density ratio
n propulsive efficiency
S wing area
G impact pressure
2] volume flow of free air, cubic feet per minute

LAp average pressure drop across engine, inches of water

CD drag coefficient

18] 2bserved pressure above free-stream static pressure,
inches of water

RESULTS ‘AND DI.SCUSSION

The data obtainey in tue high-speed and climb tests
are given in tables I(a), I(b), and II, The main climb-
test data are shown in figureg 6 to 9 in the form of time
histories of the climbs,

Maximum Speed
The values of maximum speed and power obtained dur-

ing tests 8, 11, 12, and 15 are plotted againsgt density
altitude in figure 10, Inasmuch as the speed figures are
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not directly comparable because of differences in power,
they have been reduced in figure 11 to the parameters

4
(BEE) y Trepresentative of the effective power, and
o

1
Eo. gl representative of the aerodynamic refine-
SC ’
D

ment, The product of these parameters is the airplane
speed. It is evident that the installation having the

1
/.
highest value of the parameter 52.73(;%—> ® will have
D

the highest speed at a given power and altitude.

Measurements described in reference 3 showed that
the: addition of the fixed cowl flaps in the closed posi-
tion reduced the top speed by two-thirds of 1 percent,
or 2 miles per hour, from that obtained with the original
cowl flaps., Because the drag of the modified cowl flaps
is considered to be excessive in comparison with the drag
of the best modern cowl-flap designs, the speeds obtained
with the modified cowl flaps should be corrected to the
original cowl-flap condition by adding approximately 2
miles per hour when comparisons with other installations
are made. This correction has been incorporated in the
data plotted in figure 12, which presents a comparison of
the speeds obtained with the various cowling arrangements
tested on the XP~42 airplane. Points obtained by the
Army for similar airplames with conventional air-cooled
(P-364) and liquid-cooled (P-40QC) installations are also
shown,

Examination of figure 12 shows that, if in each case
the engine had delivered its rated military -power (1000

bh
hp at 14,500 ft; —53-= 1564), the speeds obtained would

have been as follows:




Maximum speed at

Airplane conditftion 1000 hp at 14,500 ft
(mph )
Long nose with cuffs 344
Short-nose high-inlet velocity with
cuffs 339
Short-nose low-inlet-velncity:
With fan and cuffs 1 337
Fan only 339
Cuffs 1, no fan 239
Cuffs 2, no fan 342
No fan or cuffs 343

The comparison shows that the use of fans or propel-
ler cuffs for increasing available cooling pressures re-
sulted in a slight decrease in sveed.

The differenoce in maximum gpeed obtained with cuffs
l- and with cuffs 2 is larger than would be expected from
the small differences between t he cuffs, although this
result is, to some extent, Bupported by the difference in
cooling—-air pressures on the front of the engine,.

Pressures and Temperatures

The average cooling-air pressures on the éngine are
listed in table III for both the climb: and the high-speed
conditions. The pressures:on the front of the engine in
the high-speed level-flight condition averaged 0;84qc

with fan, O.80q_c with cuffs 1, 0.77a, with cuffs 2, and
O;76qc-without fan or cuffs. The distribution of these

pressures around the engine for typical locations on the
cylinders is shown in figure 12. The values plotted are
the average values obtained during 10 runs for each loca-
tion of pressure measurement., The plotted points show
that the fan and cuffs had only minor effects on the pat-
tern of pressure distribution although they raised the
general pressure level.

The fact that the rear pressures varied between in-
stallations so as to maintain almost a constant pressure
drop aoross the engine regardless of the front pressures
was largely accidental, as it was difficult to return the
cowl flaps to the same setting each time, When the cowl-
flap setting remained unchanged between tests with cuffs
2 and with cuffs 1, the rise in rear pressures was
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approximately one-half the rise in front pressures, which
was about the variation to be expected from the relative
conductivities of engine and skirt exit.

Figure 14 shows the distridbution of cooling-air

‘pressures for a 140-mile-per-hour climb plotted as in

figure 13, The points for each installation were taken
from runs at approximately the same altitude, 13,000 to
14,000 feet. Because they are not averaged over a series
of runs, the individual values may be subject to errors
of approximately =4 percent. Figure 14 shows that, in
climdb as in the high-speed condition, the fan and cuffs
had no important effect on the pattern of pressure dis-
tridbution around the engine. TFor the condition of the
airplane without fan or cuffs, the front pressures aver-
aged O.74qc; with either cuffs 1 or cuffs 2, O.84qc; and

with the fan, O.97qc. These values are quoted for 140-

mile-per-hour climbs for carburetor settings in full rich
at 13,000 to 14,000 feet; the same values were observed

with cuffs 1 and cuffs 2 at 140 miles per hour in automatic

rich, In the climbs at 155-miles per hour indicated air-
speed in automatic rich at the same altitude, the values
were 0,75q, without fan or cuffs, 0,82q, with either cuffs

or cuffs 2, and 0.95qc with the fan,

It is interesting to note that, when no fan nor cuff
was used, the pressure recovery on the front of the engine
remained very nearly the same percent of free-stream im-

pact pressure in climb as at high speed, This fact indi-

cates that the flow through the cowling remained stable
through the useful range of angles of attack,

The distribution of cylinder temperatures around the
engine in the full-throttle level-flight condition is
illustrated in figure 15. The values. for each modifica-
tion were taken from runs at approximately 18,500 feet
density altitude., A study of figures 15 and 13 shows
that the individual cylinder temperatures are more af-
fected by other operating factors than by cocoling-air

‘pressures.

Tables I and II show that the lower cylinder tempera-
tures were obtained where the available cooling pressures
were also low, Figure 16 indicates that this effect is,
at least in part, the result of small variations in the
full-throttle power delivered by the engine for each
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installation, The observed values of brake horsepower
and of average cylinder-head temperature above free air
are plotted againgt the product of the freerair density
ratio and the pressure drop across the engine in inches
of water. PFigure 16 shows that the temperature varies
with power at a given air flow, The differences in tem-
perature are somewhat larger than would normally be ex-
pected from the amount of power variation at constant
oAp. It is probable that other factors, such as fuel-
air-ratio variations between tests and possibly varia-
tions in rotation and turbulence of the air stream, may
also have affected the temperatures., The variations are
not, however, large enough in relation to the experimental
error to warrant evaluation of possible causes,

Ground Cooling

Time histories of representative temperatures ob-
served during the ground-cooling runs are shown in fig-
ures 17 to 19 for the cowling without fan or cuffs, with
cuffs 1, and with cuffs 2, It is immediately apparent
that the ground cooling with either cuffs 1 or cuffs 2
is much improved over that obtained without fan or cuffs,

In no case were the cylinder head or barrel tempera-
tures critical during the ground runs. Except in the
case - without fan or cuffs, cylinder temperatures were
lower than for the high-speed condition,

In the test without fan or cuffs, the rear-spark-
plug elbow of cylinder 11 slightly exceeded 1ts limit of
2489 F, after the engine had been cut off, when corrected
to Army summer conditions, This elbow usually ran the
hottest of the six measured on cylinders 1,.7, and 11,
After cut-off in the ground run with the cuffs 1, however,
the rear elbow temperature of cylinder 1 exceeded that of
cylinder 11, as shown in figure 18,

The oil-in temperature .also exceeded its limit of
185° F when corrected to Army summer conditions during
the test without fan or cuffs.

v
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CONCLUSIONS

1, The maximum speed of the XP-42 airplane was
about 1 mile per hour less at the same power and alti-
tude with the short-nose low-inlet-velocity cowling,
without fan or cuffs, than with the long-nose high-inlet-
velocity cowling and propeller cuffs., The use of pro-
peller cuffs or a fan on the law-inlet-velocity cowling
cost from 1 to 4 miles per hour in top speed., The axial-
flow fan provided a higher cooling pressure than the
cuffs for the same loss in speed,

2. The cooling-air pressure recovery on the front
of the engine in the high-speed level-flight condition
averaged 76 percent of free-stream impact pressure with-
out fan or cuffs, 77 percent with propeller cuffs 2, 80
percent with propeller cuffs 1, and 84 percent with the
axial-flow fan., Corresponding pressure recoveries in
full-power climb at an indicated airspeed of 140 miles
per hour were 74, 84, 84, and 97 percent free-stream
impact pressure,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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Tab/e 16).

- (cortrrwed)

No fan, 1o cuffs

XP-4£2 arrplarne

Test Mo - Fligh? Me.
Run No.

=
025 45

/=2
L2 3 4 9

Swort-nose /ow-
/n/et-ve loci¥y
cow/ing

True Airspeea, mph.

B30 328 330 330 33/

Ge, 1mpacl press., 7. 40| 352 34/ 332 322 3.3

Alm. pressure, 7. My,
Amblen’ Arr Temp, F
g a@ens/ity ralio
Density Alfituae Fr.
.

Bhp.

WMassolad press., /h#g

17./8 1670 /564 /518 14:5%

/5 /2. 6 / -2

628 614 590 .57/ 552

5050 /5700 16950 /7960 18950
26850

87/ 857 834 8/0 794

392 37.7 364 35/ 339

High Speed

327 33/ 328 330 28
340 33.6 32.0 3.2 20
1646 158/ /5./7 /453 /395

2 2 4 -5 -0
.6/8 59¢ .577 555 538
/5500 (6750 [ 7650 18800 20000,

ZE80

860 832 893 780 752
377 365 35/ 338 325

1zt Speed

Pressuré ratio, e

Melhod of desigraling rube /ocalians

Engmne Pressure 7Tube

Sor ryplcal cylinders

Locations

%
G

G .g/inder rno. /
o

I-TH

//-1'//
/-E ﬂ\c
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“ 7 Jy

/-£8

O=——7/-R

Cylinder neo. 3

3_m/0
g-E#z 9

F-EH—
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O=——3-%
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.77 80 77 %O
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Table Ia)- Continved
0-2 0-3
/7 2 3. 2Tt B

I qrrspeed, /704 | /156 /54 /54 /52
Z /2.0 116 /16 /14
Pressure /7 7o | (5000 9300 /140 /8800

rge, 6500 1060C 16200 /19500
Ay free ar fomo, 7 |20 4 -/ -6

/39 /4/ /37 /38 /37
S5 27 92 94 9.2

8200 9900~ /3340 |5500-
9300 /0900 /00 16600 .

ow (3 T W w6

Av bHo S0 920 820 720| Sz 8V 78BS T00 600
Av. rmcarssold press. 397 398 349 305|417 4.0 363 334 294
A7 re—22 570 ~-254¢5 =
Avta.richelimb | Full rieh, etmb
70 cufrs

-/ Yo form 7 |

Pressure ratio g

26 -28 -26 -2é
<26 -26 -26 -2
=32 =3/ =3/ -3/
R0 -20 /8 =/7

~/8 /6 -/7 =/6

=20 -/7 /7 =/7
=26 -6 26 -26
-RF =R8 9 -26

F0 =33 -I34 -3¢ 30
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Table la).- (cortimued)

WP-42 airpokene —

Shor/-nose low-snler-
Vestocsry Cowlizagz

Tes? Mo - Flight No,
| Run No. =

s/

A AR N ST

£

sz
/[ 2 3 4 S

True Airspeed, mph

TRE 329 J28 332 I3/

Gy MMPGCT Press, 11, 1y O)355 T3 F2R FR7 34&

Atm. presswre, 72 K.
Ambient Air Temp, ¥
g, aensiy rael
Densily Alfituvde F1
Rpor.

Bhp.

Maruifold press., /7. Mg

= * / /=
E6F 6/6 595 .F7F 559
/4520 /560 /670 /RRID /850
vzs5 89/

405 390
—~—————————— A0 /1

CU/f

I7/5 6456 /580 L5/ /AST)

- 2650
FEG S#0 SR |8V &SP SO 2/ 757

I77 363 352|589 37% 36/ I48 33T
Speed.

330 28 327 33/ 372
SRR P2 TR0 Il 34/
J6FE [5T76 /5 1F /ESE /23|
7 & 4 / =5
&1/ 5F0 . SET S¥8& 532
/5900 17000 19450 /50 2008

L no 12727,

Presswre rariy 2.

Engine Pressure Tube ! =R 32 82 .J2 32 32|92 32 I/ 32 33

Locotions 3-R IR .3/ O 38 3/ |3/ I/ I/ I/ SR

d-R| shotlorey. V37 3/ 30 3/ 30 |3/ 0 I/ 31 I

y SR rubes 34 .33 3R .33 .33 |.33 .33 33 04 3¢

& 7-R\| bebinad 34 34 .33 33 33|.33 .5¢ .33 34 37

2 4 9-R| engrne D5 35 .34 Jé .34 |.35 35 .O3% 35 .36

@ /3 /0 -R 35 .35 B4 6 34 |.35 .05 3¢ .25 .36

/2-R 33 33 SFR 37 9% |33 33 22 .33 5%

4 /2 /e - 33 .92 32 .32 .02 |.32 2 _J2 32 .33
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Table [(a)- Cortinved
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/E/ /58 /58 /54 LTT
12T (83 122 M6 [oZ
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Tabke Ja)- (contrnued)

XP-42 qirplore

Test Mo - Fligh? Mo,
Run Ne.

/5=
23 4S5

152
L0203+ S

Short-nose /ow-
/nlet-veloci ty
cow //ng

True Airspeea, mph.

I 33(0 B2 33 337,

e, IMPOCT Press., m. #1365 355 344 333 323

Alm. pressurs, /7. /M.
Ambient Air Temp, <
o, adenssity ratio
Density Alfitude 1
Rprmn.

Bhp.

Marufold press., in. K

/717 1646 /58] /5/8 /454
/-2 =5 T/ 7

/4 882 863 890 &1/

1449 /15250 16300/ 7250 I35 /4500 (/54D /6300 (0 18500
2680 >
403 389 376 363 34.7\% 389 378 364 347

p— CU/';’ 2 , Mo farr————
"—————7"//7/7;

330 33/ 33/ 332 330
362 35/ 343 332 3/6
1707 /692 (582 /53 /45/
SO =S -88-10
&40 620 603 58/ .560

7/4 886 872 339 8//

SoeeGd——— >

Pressvre ratio, g

Method of designaring rube /focatroms

For lyprcal Cylinders

Engine Pressure Tube
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Cylinder nro. /
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/-EH
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30 31 30 31 »1
30 30 30 31 A9
A% 23 2% 30 as
32 33 33 22 A
S 32 33 31 22
33 34 34 34 33
B33 S 34 34 54
31 B2 33 3% 3%
30 31 30 31 A1

DA DL DD 0
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Table Ial= Concluded.
/4-3 /4-/ /4-Z
([ 2 5 4|t 2 3 & 51/ 2 3 #
Ami‘mﬁyuuaﬁnym& 16/ /6] /61 161\ /42 144 /4 /A0 /38| /38 /37 /37 /3B
gc_z /27 /127 /127 127|FF 27 %8 %6 74|74 %2 %2 73
ssuvre altrtude <o /1/o0- L BN (T 6/ S [R00-BD- 19D
range, 1. 5100 12100 000 2000| 3600 9600 (340 /7000 6480 00 1700 20000

Av. freea/r fermp,F

47 24 (4 5

43 25 /6 &6 W

& -8 -9 7T

Av. bhp 875 /0 825 705|870 F/0 F00 770 60| M5 760 670 SBD
Av. rmanifold press. 496 407 357 304/ |39.8 402 366 338 226|430 369 33.0 290
Rpm le—a 550 2540 ———————»f
Ao, rich,climb \Furto. rich, climb | FLil rich clited
e——— Cuff 2,; fl0 Fan :
Pressure ratio, /-
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Table Xb)- PRESSURE DATA

Test Ne. - Flight No. 522 &-23
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ARELY &1 &1 & &/ 3/ |8/ & S0 Lo o
A g3 8/ 82 83 83 32|52 82 & .82 .23
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4|~ | Right 23 93 93 &SI 93|93 93 92 FI 92
S survey | Fé €7 &6 I7 26| .85 .86 &5 85 %%
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Tabls I@) (continued)
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1392 377 364 35/ 339
174 soeed

227 33/ 328 330 324
340 336 32.0 3/2 200
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Table Zb) (continued)

10=-2
AR AR S <

10-3
/2 3 £ . 5
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Ind. airspeed, mph.

%ressure a/7/ fm/z}
range, 7.

Av. Free aiF femp, F

Av. bhp.
Av. Mgnifold press.
~prm

/56 /54 /54 /52
(20.//.6 /1.6 I/.4
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2 2 105 58
20. 4 —/ Ns6
900 920 820 720

39.7 328 349 325
e—3 510 —*

/39 /#/ /37 (38 137
95 97 92 9# 92
300 10700 /4w /5
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920 890 785 700 600
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o—— 2 5 45—

ALt 7 i, C/)mb
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93 95 93 MW |.76 ¥ .95 .95 ‘U
f0 15 .92 .9¢| .97 .12 W % 95
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S 43 43 83| .22 A .26 -3 3
L2 M N3 I | 21 AR 24 3l .36
S56 .5/ b0 $6| /2 .04 .3 .9 .26
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Table I (contiued)
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————Ah Speedt— — ———
S (B S O e
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$\ S FSwvey | > 92 87 w0 Fo |87 92 9/ I/ 92
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/net -velocity
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At pressure 7. /%.
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Dernsity Alrituae i
Aprmn
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Fes
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A
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>
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>

N
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qe 1515 1> 14

95 A4 1 94 a4
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/138 /37 /37 /38
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14 500 R8250 /6500 /FFA0 /8500
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287 R8T 289 29/ 287
297 297 Joo 302 297
272 BIR 274 272 7272
2R7 2F RRF 2P R
RO 280 255 287 2L
R RV RFS 277 27T

/2 - intake port
Noysre @! bLlower riom
ALl op  Sucliarn Siae or pumrip

& " pm‘s”” e v "

* & carburerad 1l chamber
/] -~ rran) Soark polug oW
P7RENT . . B X i

V2 VAT VL~ VL V< 4
s /3 S3E€ /3 /28

&9 62 ¢z &5 68
&2 65 65 68 7/
62 &R 65 65 &5
28 R5 2z 17 /6

J7 S6 Sé6 537 S0

ROR 20k 202 ZOR /96
/90 /EC (37 /37 [O4F
S6 59 59 65 65
57 62 &5 &5 &8
57 €& &=z €5 a5
F& 3T k& 28 2=z
65 65 65 ER_ 57

7 free ar
A2 Caarilirefor SCogp
@) o annuler refe
m frant of oyl */
betbingd cy/ ¥/

: R

2

g/ 25 25 /6 />3

2z /6 16 /9

28 25 22 /6 /3
3/ R& RS 22 /é

27 24 /9 /6 /9

J5 35 29 25 Rz
I8 25 2 7§ 25

SE _Sé I3 S0 H¥

WMMQM
1-#7 1€

| /. 0wt

Accessory  conpar7men’

\defl rrzgresro

Frlot's cockor?

LRecoraing MRS/ramens comparreesr’

/90 /3F /3F¥ /5F /5F
/96 /F6 /Té /Té /F6
Y6 9z T2 T2 &7
77 77 77 77 7«
66 <o &6 65 &3
I7 Se 53 57 50

(3l 1T /3 [T BE
/D3 IPF /TS /96 /PP
JfoF (o€ lo/ Jo/  FF
F6 54 &6 &6 O
7E 77 77 77 7é
G2 63 65 65 62

806~1




L=-508

Table I (coritrm ae() 29

72/
a b ciidNE

?-20
@ bl Jd e

Ira! orrspeed 770/.

Fe

Aresswre /7 rvae
raenge 7%

A Free arr 7emp, Vo

Ay LA

Aie o2t pOress.

A o772

/8B /55 /58 /55 [5F
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F3F 352 F50 348 96
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S0 27 #¢ ¢/ 38
4¢ 4/ 29 20 //
Y 65 54 4 I8

JO 26 t¢ 2 @

J& I3 2o & /
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Test Mo, - Flight Me, =7 e
XP-FZ  Airplane | Lo Mo VAL e L GRS
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velocsty cowlipg

No sz 1o cwrFs

Tre orrsoeed 7300
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yso5p /5700 /622 /7250 188D,
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38 370 372 374 318
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355 357 357 363 3i8
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é2 65 65 68 68
65 6868 7/ 7/
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Densifly Ali/rvae 1t

Ambrent Ar 7emp, ¥

Aor7

Shp
Maonifod Fress, 72 M

Gl
/23 4 S

PES TRY 328 332 I3/
P55 3485 IR FR.7 I8
V7.485 /646 /580 /5 / /#53
5 + 7=/ =8

6¥0 .6/6 595 .573 559

26
925 5 63 890 8/R
HO5 390 377 6.3 352

Cw?.l)

1e-<2
/ 2 3 4 I

330 328 Fx7 33/ 330
KL TRE JR0 3./ 30/
(K6 (576 [5/% 1259 (3T

7

€1/ 590 567 .548 SIR
520 15650 16700 /7850 [8550\/ 5900 /7000 18150 /9450 20050

&9

>

&

/ -5

High Speed

&9/ 8§73 850 =/ 7857
TEG 37¢# 36./ F4.8 I35

Ho Far

Cynder, Po/r? oF mezsurener’

Temperatvre, ¥

Y

'Nﬂ&\ums

AT

~ Gaske) Ihermocouple al rear soark plug

335 333 339 46 I¥8)
77 T3S 34/ F#6 3¥E)
T€é F+3 IF48 350 I59

335 343 G346 F50
372 I7% 376 378
FI7 937 39/ T#3|
76 PE 376 376 376
G852 350 354 F5¢ IF5%
387 3885 39/ 39/ 39/
IEO 380 385 387 387
FEF7 387 39/ 93 396
F7E 379 3850 IO I80
FE7 F8T 393 396 396
Fé/ 36/ 368 37# 376

33/ F38 F#7 I53 360
FI3 IR0 35/ 357 J66
347 P57/ 362 F69 375
TIE 340 353 J6R F69
J67 377 38/ I&F
I3/ 336 F¥0 I¥7 IS5/
JE7 37/ 373 IS0 384
TES 547 IS/ 357 T60
F77, 38/ 388 390 IF79¥
373 379 F8F 556 399
Z77 S&F 390 399 +o/
TP 373 379 I8/ 356
379 I9& G566 4+ 408
63 363 F7/ 375 F79

~RSN

"
-

s uemabn

~ Kear ¢ rlange @/ base of cylirnaer

R0 278 R&O CSFR 28R

276 R74 V¥ 278 278
27FE 274 R7¥ 276 278
Re7 263 263 <65 265
R78 276 278 <78 =280

278 276 278 278 278
29 29/ 2T/ =2F/ 27/
2P6 296 298 278 300
276 276 278 276 278
27 27/ 297 2FE 296
RS0 280 282 285 285
287 285 287 27/ 289

2R 277 28/ BE3 =236

270 275 277 28/ =283
270 278 R7S =277 279
R/ =6/ Zé64 266 268
27R R7S 277 =8/ 28F

270 =72 275 R79 279
286 288 290 292 29|
2P0 29 296 297 297
R0 B7R 275 279 R79
256 2P0 29F 29F Z97
25 277 28/ R8I 286
P REP CFE BP0 PP

el
10 - [nkake por’
Mlixsare a7 blower rim
fuel! on saclion side of pump
“ ” pressare 7 7 &
¥ in carburefor flea’ charnber
W - FromF spark plug e/lbow
/._-_ 7 24 o ”

20/ 198 /P78 /78 /76
/22 /R LIS /38 /35
E7 70 67 74 70
70 70 70 73 70
67 €7 67 67 €7
36 33 26 zZJ =o
g0 77 73 73 67

197 /97 /99 /99 /F7
/7 (I8 35 /38 /3%
72 79 77 T2 72
8P S22 82 72 &2
77 Te 73 7eé 77,
38 JFR2 IR 25 22
79 76 76 73 73

Recorwed rree a/r
Aur /m carburefor sScoop
" @f 1o anrnwizr rake

" in tewntof cyl/ /

7 bebna cyl /

23 22 /9 17 /so
37 =Re Ro Ro /7
30 26 20 17 I3
33 30 2eé 2O /7
/50 45D /5O /53 /55
45 30 e 23 /7

25 22 R2R /9 /3
3R 29 RS RR /6
TR BS B2 /9 /e
IR B9 29 22X /9
/58 /55 /59 /65 /7/
75 X5 E IS =27

“ @) @t Lfrom ol ceoler
Or/=m [fine
o/l ou?

Accessory cormpoar7/merr’

Lel” magresro

Ailofs cockpr?

RECoralnGg -/nslrearrernl cormpay/rresr’

1R (T8 (3R /TS5 /IR
/9/ /TF7 19/ /PE /F¥
R &9 6 Fe 33
6 &3 &3 o 77
2 75 X 73 72
67 &7 &/ &/ 58

/3R /385 /3R /35 /32
/9! /90 /TP /PF /TF
92 .92 Y& 92 &7
&5 &5 &2 =2 79
& 7r T3 Y 7=
73 &7 &7 &7 &5
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TobleII - Continued
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Ind. arrspeed /70

(3
ressure altyruae
rarnge 7Y
Av. Free ar rfemy
Av. bAp
Av. e’ ol press.
Rpr72

V6o d
@ b ¢ o e
160 /56 157 /54 /56
/26 /R0 /RS /7 /R0

Jé6 #2 29 /7 7/
S50 EF0 70 750 650
PG/ FRE FEE. I30 295

/OO~ 6600~ /2/O0- /E500- /9RO
\2780 8600 /(3700 /7700 20600\ 2900

[F7-3
o D R &
196 /38 /37 /37 /37
ns 7% 92 92 92

7 20 & IR I
870 F/0 290 770 &90
F27 IR7 38/ F2AR 320

(300~ ET40- /2/00- [6/00~ /580~ | 2HAI- B2O0- [T/~ AEFAP /9780~
BLX [FER /720 ZOTIONATA0 [OI00 (4800 Koo Zo600

/(7-2 ;
o b & o &
/40 /¥ /36 /37 /T&
26 @z S/ 92 94

Jé6 2 AR /[0 -2
PO F20 TEO E€0 SR
#2228 LT FE5 TiE 3256

——3.5 40

Avto rich ), chmb

Aulo. r(c/)) clhmb

Cuff 1, #ro Ffan

A% a0

Fud r‘/c/v) clumb

Temperature,

°F

FEI 57 Fe5 T63 I63
Tt TSP 363 T3 F63
J6E F7E T78 376 378

Te7 383 FE7 JIKS I8
FI4 TSR F64 IS5 I5¢
F72 378 FE7 39/ IV
FL/ FST7 J6/ I63 363
385 78 387 I 37/
F45 F72 383 370 I390
TP 7R 383 39/ I/
TS FE&7 T76 376 376
F6S5 367 F9F 398 T
5% 38/ T87 387 I85]

IFE/ AR 6/ TEZ FHET
4S5 J6/ 365 F7/ 373
T3 376 I78 I856 IF56

TFER I56 TFFT IRS”

XS5¢ 37/ F78 377 377
R0 FHE IS0 J6F 67

I/ J63 37% TPV TIP3
SO TeS 376 IP3 39/
FH ISF F65 FFe 82
G655 TE6 3T/ $O8 206
TS0 SV FA3 IFP 356

2T0 SRS T8 F6/ IST| RS I27 G20 Fi¥ 59/

RSO TeF I FPS5 FPS5| IS5 56 4P 265 252}

Ité 252 I/ 30/ Z8R2
FS2 IS0 /4 JO0/ 282
I 65 239 SR7 3/2

T 37/ IE7 ITT F¥L

36/ FS5€ FEI 5T 3fé
325 33/ 237 I35 22

(TR 252 I6T T56 44|
250 250 FAE F€Z2 33/
SR FEE IR FRD 307
PH 37 R27 I

|G/ T/ /6 T/ 28

65 286 28F 288 =88
263 288 293 295 293
259 279 =25/ 28/ 2EI
257 279 287 28/ 28/
247 26/ 263 26/ 26/
254 277 28) 283 283

245 268 277 277 277
RES 285 290 3PS 293
26/ 286 275 299 297
252 272 279 28/ 279
257 279 2588 288 20
26/ 279 2856 R56 283
263 288 CFF 29T 270

25F 272 RE3 2T/ REF
26/ RO 29/ RFS 298
25K 269 278 BRI &S
252 267 =50 R8T BE3
B4 252 263 265 265
2F7 267 2 285 BETF
2RI BRI 25% 263 263
BT RSP R4 250 2R3
2F3 B7F 287 276 296
2EZ 276 BTF 300 Fo0
27T R63 R7F B85 B8
237 RET RS 289 29/
RFE BIR 280 287 BE7
BEF RI8 257 276 27%

260 290 262 BéZ

|\ 260 27/ 267 2B 256
BSF B/ BEV 26X 356
2IP 258 ZIZ PEP BFS
RER 267 2ET7 267 26X
232 297 2€9 297 BRE|
B3IF SO0 TEF Rg¥ A6R
\25% 273 R77 c¥ZF ZZ2
R5¥ 277 284 280 27
RS ChZ TER 260 BIE
BPE 269 269 262 25E
B¢ 223 26¥ 256 252
GTE BT B7F BeR 258

209 207 200 /98 /96
/PE SO /60 /5/) /4T
75 7E 2 7o 75
75 7E 7&5 76 75

65 56 #+3 33 23
$7T GF &5 75 &5

/(PP 190 /97 /9T (90
IRF JFE [ [EE /R
TE S8 & S5 KI5
FE 58 $E5 SEF S5

6% I3 o0 30 I3
G5 TE 7E ¥ &7

LT/ I/7F (2F /77 /7S
/26 )90 13/ L3/ /26
FC S6 T€ S& S5
ST JE 6 S Jé

47 OF J¥€ 28 /=
Fo 794 7¥ &&

57 47 34 % /6 |
59 49 J6 26 /|
&9 #9 36 26 /6 |
é5 s6 43 36 23
/60 166 /66 /69 /66
69 69 65 S9 49

S/ &£3 27 MV 2
S22 Jo 6 RO ¥
2 30 36 #I *
T8 7 4R Je 2o
/56 /53 /70 /76 /73
S8 39 42 58 J7

*7 2 N /¥

77 28 3/ /?

53 38 #/ 3/ /9

/97 /55 /55 /€9 /%0
IO F$F I3 Z§ /2

Jé
F0 27 27 /6 #
9
P

/5% JE7 /32 /3R /RF
181 /97 /FE [FE /TS
FE PTG 8L TS
& 58 85 & 78
72 eF &5 X &%

/427 /5T /4 /32 /29
I 15 P @t D
g 77 T %
so0 77 70 T 70

/152 fS5R /37 /90 /3F
IR2 /T8 /85 /88 /82
o YV 68 &5 597
74 oF £5 &8 65

6E ISF S5 95 F7

75 75 &9 &5 357

67 &% J& 2

62 53 353 S0 #7|
ER 56 56 53 S0 |
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Toble ]I (comtinued)

T XP-42 Asrplare

Short-riose - /ow-
/n/et-velocity
colv//)ry.

Test No. = Flight No.
Run No.

/S-/
/ 2 3 4+ 5

/[5-2
/ 2 3 4 S

Trve airspeed, mph
@, Impact press, /2 #0
Alm Aressure, in. 7
Ambient air Temp., ¥
o, ty ratio

Density aoltitvae, £
Rpm

Bhp
Marntold press, in. Hg

3% 33/ 332 B0 332
FAS 355 Fd4 333 323
/717 le#% /58] I5.18 /454

/ 2 -5 -9 -/2
G .6M ens 554 563

VLD /5250 16300 (7259 /B30 /4500 ISHSD 16300 | D /1830

330 23/ 33/ 332 330
6.2 35/ 343 332 3/é
1709 (642 /3B2 /5/3 A5/

3 o -5 -8 /0
690 620 603 .55/ 568

s 882 &63 BF0 E//

2684

03 389 37.6 363 349

Hr1gh S peed.
CurfF Zl

/4 886 &7z 839 8/
a4 389 378 64 347

, no Far

Cylimdar, Paint of mmeqsuremen?

Tempergtuvre, *

-/ = Gaske? Thermocouple at rear spark pliy

BRIQIOVENNOAWNNRGRNIJIVONOVAWN

/¢

Reor Z flange ot base of cylinder

2T 30 37 325 327
32/ 3/7 32/ 30 332
332 327 33/ 336 333
325 323 33/ 332 333

364 3068 372 372
33/ 327 33/ 334332
364 3¢4 359 366 370
392 380 342 347 35/
372 372 37¢ 383 385
3¢6 364 370 377 379
362 362 368 376 379
357 355 364 370 372
353 349 3¢2 376 376
133/ 327 338 347 347

1272 245 270 272 23

276 272 274 278 280
272 265 268 270 27/
272 265 266 Z70 273
263 257 257 259 260
274- Z/0 272 272 273

272 268 270 272 273
285 283 285 287 288
289 287 289 296 295|
268 263 265 268 273
283 280 285 269 290
270 268 272 276 278
276 272 27 278 7280

/0 -~ Intake porr

» "

A L7740

/ /9&' ” ”
Racorded Free o

" 1 fromtof cyl. /
v Latund cyl /

# gtex! of ol cooler
/=112 f1re

0i/ ou?

Ler? rmagneto
Priots cockprt

Mixtuvre at biower rim
Fa/ on svctror side of pu

Air in.carpuretor scoop
" @t top annviar rafe

Accessory compariment

" Ip Corburetor flaart charmber
/- Frent spork plug e/bow

Recording-instrvment compar Fment

/9! 189 /89 19/ /90
/34 /31 /3] /32 /32
53 J6 55 59 59
56 56 52 59 g2
56 56 56 56 59
28 25 22 /9 /6
B 68 65 62 59
/9 /6 /3 9 7
25 22 /6 /7 9
22 /19 /6 /3 9
25 25 /9 /6 /3
143 )90 /3] /44 (4
25 22 /6 /6 9
/43 /40 /34 /4 /35
196 (93 /93 /94 /94
86 80 77 718 /4
T AT AN T A
€5 65 65 68
56 56 56 56 50

| I 396 356 363 363

32/ 32/ 330 336 33
32 324 334 346 340
337 337 342 354 347
328 330 339 350 343
373 373 378 382 380,
334 333 337 342 340
37/ 37/ 376 373 373
352 350 352 354 35/
386 384 392 398 393
380 373 378 382 388
350 378 366 393 323
37/ 367 373 378 3
37 373 354 393 39/

275 273 278 280 279
278 278 282 286 286
273 273 275 278 277
273 275 278 278 279
265 265 265 267 266
275 275 278 280 279

275 273 275 278 279
290 290 290 296 295
296 293 298 300 299
2725 273 273 278 279
289 289 293 296 297
275 278 280 284 284
282 282 284 286 286
/98 1% 196 |96 /94
/39 /39 /37 /34 /34
€7 66 66 69 72
c6 69 72 69 75
62 66 b b6 66
30 30 24 2/ /8
72 69 69 66 62
2/ /8 1+ /I B
27 24 /8 /4 /#
27 24 /8 /¢
30 27 2/ /8 /4
/45 142 145 /52 /49
34 30 24 2/ /4
/34 /42 /34 /34 /37
/94 200 /94 197 /97
87 87 80 85 B0
80 Bo 78 75 75
7N 7 €9 69
62 62 56 56 s6

2091
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Toble Il (conc/uded)

35

/4-3
Q. b G,

/g -/
9. biic d- e

/-2
aEmboRichad

/nd. arrspeed, mph

e
Fressure alt/tvde
rome, ¥t

Av.Freeolr remp, ¥

Av. bho
Av.manitold press.
Rprm

/63 /63 /6/ 16/
/3.7 /3.0 /128 /27

56 30 /S -5
865 90 B30 70
379 907 3.0 A3

(400-8200 #4400-/3450 /300 -6500HSVO-/5 0045400
5200 9800 A6/00 20850 [3F00 @SV 13400 /7700 20680

192 /40 140 /39 /38

27 97 R7 95 93| 74 75 722 %2
Fﬁwwm—/mnmo
800 /2600 17/00 20400
78 28 45 6 -/0|¥/ 22 0 -8

W W Mo 785 655
377 378 3%/ B8 237

-3 550—>

Auvto rieh,climb

28 /39 /137 /37

ARS 860 €75 575
430 #a0 333 288

a540
Aulo rich, climb | Full rechclimb
cuff, 2 no ran -

Ternperature °F

34/ 350 352 346
38 357 352 343
367 367 367 36/

378 385 378
339 393 343 335
36/ 367 378 378
34/ 346 352 48
358 36/ 376 372
357 36/ 378 372
354 36/ 369 367
352 36/ 372 363
369 382 387 382
36/ 372 372 343
299 286 285 280
258 259 285
249 278 278 276
247 260 280 276
73/ 260 265 258
244 276 250 278

238 267 273 27/
254 282 289 286
255 285 293 289,
242 269 276 273
25/ 278 285 ZA2
249 278 278 278
25/ 286 287 252
2/ 200 /78 /86
/153 /59 /50 /4/
€7 ¢7 67 &7
70 6/ &6/ &7

67 45 29 /3
/ol 83 70 e/
& 38 2/ 3
67 45 29 ¢
70 45 29 9
75 48 39 /9
/65 /59 156 /53
73057 1 58 /3
\ 150 /56 138 /38
/86 175 f75 /95

83 77 67
75 89 79 76
9 73 6] S8
53 76 G SE

3¢9 358 367 347 367
356 362 369 367 367
375 377 386 386 386
360 360 352
373 382 388 393 373
336 345 3156 358 354
367 373 386 3% 388
34/ 345 358 347 362
365 369 386 375 393
354 365 386 395 390
360 369 382 370 390
354 365 367 32 377
388 <0/ 397
367 380 380 394 8%
249 280 287 29/ 29/
295 2988 29
247 273 282 284 287
245 278 287 287 287

230 256 263 25 267|255 Zee 255 24
238 27/ 280 Z8¢¥ 287|268 283 270 259
247 260 260|248 26/ 25 242

230 263 273 278 278
247 280 287 293 295
247 284 273 302 304
238 269 278 84 284
247 278 287 27/ 29/

297 280 287 287 287|477 285 26/ 248

25/ 287 293 2793 293
203 /78 /76 (72 172
/39 /51 /48 /195 139
€5 cZ2 52 6f &2
65 6L 62 & &F

59 43 35 24 8
75 B4 Y74 7/ 5%
80 32 27 /0 -4
57 37 27 /4

59 37 27 M & |47 32 /6 3

65 43 57 Z7WiE
J60 163 /66 /69 /6%
62 56 34 24 //
45 /54 /36 /33 /142
175 170 /73 /76 /96
87- 78 74 6B &2
78 7% 68 6B &5
7/ &5 62 56 59
/4 &8 65 59 53

352 37/ 3i5 287
360 373 3/3 285
380 388 34 3/7

386 377 347 3
350 356 320 796
373 36¢ 365 34/
350 363 339 320
37/ 388 367 345
363 364 360 339
365 286 348 324
358 373 328 302
388 403 326

373 284 3/ 283
274 287 270 257
283 2% 2

270 283 268 257,
272 287 268 257

257 274 264 2535
274 289 277 270
277 296 285 274
26 279 264 252
272 785 Z&8 237

279 292 Z70 257
200 7/ 178 /66
/5% |5/ /92 /127
o 60 60 &7
63 60 60 57

60 4/ 26 /0
74 82 66 59
s/ 24 /2 -3
¢ 32 /6 0

54 4/ 32 /6
/66 /66 /5/ /36
63 5/ 4/ /17
15/ /39 /133 /30
/87 /% /87 /87
82 77 67 57
82 76 72 67
6t 60 57 5/
72 63 57 5/
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TABLE III

AVERAGE PRESSURE RECOVERIES ON FRONT OF ENGINE

Installation

Average engine front pressure, p/qc

Full power climd

809~1

High speed
140 mph 155 mph

12,000 ft 0,98 0,95

Fan only 0,84
19,000 ft .92 .92
12,000 ft .86 .81

Cuffs 1 .80
19,000 £t .78 .80
12,000 ft .84 .82

Cuffs 2 AT
19,000 f¢ .82 .78
120 000N Ts .74 .75

No fan nor cuffs .76
19,000 ft 72 .73
‘) L.

Fan and cuffs 1 EeROONEs Lo = 87
(reference 3) 194 500 gt .97 .92
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Fioure 1.— Short-nose low-inlet-velbcity cowling with axial-flow Tan.
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Figs. 23,3

Figure 2.- Side view of XP-42 airplane with short-nose low-inlet-velocity cowling and

cuff 1 (test 12).
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