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D
?{ IT = LOW-INLET-VELOCITY COWLING WITH AXIAL-FLOW FAN
=
| AND PROPELLER CUFFS
By J. Ford Johnston and T, J. Voglewede
SUMMARY
The results are presented of a series of flight tests
y of the performance and cooling characteristics in high-speed
level flight and in climb of the XP-42 airplane equipped
with a short-nose low-inlet-velocity cowling and an axial-
flow fan mounted on the spinner, This cowling is one of a
: series being tested in an effort to improve the performance
and cooling characteristics of air-cooled engine installa-
| tions.
1
The results of the tests indicated a maximum speed of
330 miles per hour at 890 horsepower at 16,000 feet, which
ig above the engine br1t1u'L altitude
Pressure measurements at the satrances to the cylinder
baffles showed a uniform distribution of cooling—-air pres
sures on the front of the engine Mo high-speed’ level flight
and a'fairly - oven ‘distribution Sn felimp] ¢ Mhede front® pres=-
‘ sures averaged &7 pelven+ oi f;nc-streom impact pressure in
| the high-speed condition, ©9 percent whn Lulll-=pbwek climd at
155 miles per hour, and LO05 pore ert in full-power climd at
140 wmiles per hour,
Cylinder-hcad temperatures were well below their spec—
ified limit under all coaditions, but maximum cylinder-
+ base tempzarctures in the high-~speed condition exceeded
their specified limit when corrccted to Army ‘summer air.
Cylinder-base temparatures in climb were marginal.

When the cylinder bafflin

g was made more ncarly stand-
ard by removal of the special sealidg strips

at e ‘potbon

of the baffles on the cylinder barrels, maximum base-~temper
ature indications wero reduced LHCINTINEEANREEwe L Hon ton s thils




magnitude
hll cond

The NACA is conducting an extens
tests, a

improve

brings base temperatures bslow Army limits in
itions.

INTRODUSTION

i series of flight
s outlined in references 1 and
the characteristics of radial air-cooled engine

- U @

installations.

In

order to differentiate readily between the various

installations tested, test numbers have been assigned to

each air
Test

1

A%}

The

plane condition, They are as follows:
Type of cowling and flight condition

Long-nose high~inlet-velocity cowling with small
cowl flapssi high spced

Long-nose high-inlet-velocity cowling with modi-
fied cowl flaps; climbd

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

Short-nose low-inlet-velocity cowling with fan,
e 5

1ffs, and small cowl flaps; high speed

—

i~

Short-nose low-ianlet-velocity cowling with fan,
cuffs, and modified cowl flaps; climb

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

As in test 6, but with baffle seal strips at

base of cylinders removaed; high speed

results of tests 1 and 2 are de

esc
1, and those of test 3 in reforence 2. The present paper

gcovers ¢t

The
a projec

Curtiss=

he results of tests 4 to 7,

design of the cowling and engine installation ,was

t of the Air=-Cooled Engine-Installation Group sta=
tioned at the Laboratory. The members of this group associ-
ated with this project included Mr, Howard S. Ditsch, of the
Wright Corporation; Mr, Peter Torraco, of the Republic

y.in an attempt to

ribed in reference
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Aviation Corporation; Mr., William S. Richards, of the Wright

Aeronautical Corporation; and Mr. James R. Thompson, of Pratt

& Whitney Aircraft., The Army Air Forces, Materiel Command,
sponsored the investigation and supplied the XP-42 airplanc,
The Curtiss-Wright Corporation, Airplane Division, handlecd
the construction as well as the structural and detail design
of the cowling and supplied personnel to assist in the ser-
vicing and maintenance of thae airplane and cowling during
the tests. Pratt & Whitney Aircraft prepared the engine and
torque meter for the tests and assisted in the operation and
servicing of the engine, The propeller, cuffs, and spinner
were supplied by the Curtiss-Wright Corporation, Propeller
Division,

Phis paper was originally issued (March 28, 1942) as a
memorandum report for the Army.

XP-42 AIRPLANE WITH SHORT-NOSE LOW-

INLET-VELOCITY COWLING AND FAN

The XP-42 airplanz used in the tests is desicribed in
references 1 and 2, PFigure 1 is a dimensioned drawing of
the short-nose low-inlet-velocity cowling and fan installa~
tion., The outer cowling is the same as that of the short-
nosc high-inlet-velocity jnstallation; but the inner section
has becn modified by the use of a smaller spianer, the fan,
and a straighter diffuser section of greater inlet area de-
signed for an inlcet-velocity ratio of 0.3, Figures 2 to 5
are photographs of the cowling as installed on the airplane.

The fan had 30 blades, each 2% inches long, 3% inches
root chord, and 137 inches tip chord and set at an angle of
approximately 46° to the plane of rotation. The diameter
of the spinner at the fan-blade root was 28 inches and the
gap between the tip and outer surface of the diffuser was
§/16 inch, The results of wind-tunnel tests of a similar
fan are given in reference 3.

The cowling was originally equipped with oanly two
cowl flaps on either side. These four flaps were found
to be inadequate for cooling in climb; and three fixed
cowl flaps, whose setting could be changed on the ground,
were addad to esach side for the climb tests. The added
cowl flaps are- showan in the closed position in figure 3.




The airplane, as prepared for the tests, weighed 6000
pounds with pilot and full tanks., The airplane was
equipped with a standard aerial but had no provision for
guns.

TEST APPARATUS AWD PROCEDURE

The installation of the tegt equipment is described
in reference 2, '

After pre llmlnary ground-cooling and flight checks,
the maximum speed was detorminecd by making level-flight
runs at full power at and above the engine critical alti-
tude, as described in reference 2., The cowl skirt was then
cut for the installation of additional cowl flaps, and climbd
tests were made with the cowl flaps fixed open,

The first of these climb tests was a sustained climb
to 20,000 feet at approximately 155-miles-per-hour indicated
airspeed, an engine speed of 2550 rpm, and 40 inches of mer-
cury manifold pressure to full throttle, with the carburetor
setting in sutomatic rich. The second climb was to the same >
altitude at 140-miles-per—hour indicated airspeed and an sn~-
gine spszed of 8 50" xpm in Fulll sndich, The manifold pressure
was kept at 42% 1nvhus of mercury for altitudes below- 7000
feet, then at 41— inchels of mercury to fuld throttle, All
recording instr um’nb except the manometer, used to record
cooling-air pressurss, were left on throughout each climb,
The Lvnometur was left on for 40 seconds of every minute
during the climb,

After the climb tests, the cowl flaps were fixed closed
and additional high-speed ruas were made to determine the
effect of the added cowl flaps on the maximum speed of the
airplene.

Nine of the fourtecn small scaling strips between and
at the bases of the cylindors were then removed, and high-
speed rune wore made in order to determine the cff 2ct of
the sealing strips upon the observed cylinder temperatures
and cooling-air pressures. The other five sealing strips
were not removed because they were difficult to reach with-
out removal of much of -the experimental pressure tubing,
ignition harness, and other apparatus, The strips remsining
in place were between cylinders 12 and 13, 14 and 1, 1 and ”
2, 2 and 3, and 9 and 10, Each strip was 2 squere inches
in area, ‘
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SYMBOLS
P airplans impact pressuvre, inches of water
AD average pressure drop across engine, inches of water
(o) freec—air density ratio
Q volume flow of free air, cubic feet per minute
n propulsive efficiency of propeller and exheust stack
combination
S wing area
Cp drag Gosfflciont of airplane

bhp ©brake horscpower

v true airspeed
RESULTS AND DISCUSSION

The data obtaincd during the high-spced runs and during
the climbs are presentod in tables I and II. The important
climb-test doata are shown in figure 6 in the form of time
historics of the climbs,

Maximum Speed

The values of maximum speed obtained from level runs
at full throttle near and above the engine critical alti-
tude are plotted azainst density altitude in fdoeare. 7
In the same figure are plotted the observed brake horse-
power and two parameters representative of the aerodynamic
refinement and of the effective power, respectively, as
explained in references 1 and 2, These data are prosented
both for the airplane with the original cowl flaps (test 4)
and with the modified cowl flaps (tests 6 and 7).

The series of speed determinations with the original
cowl flaps gave much morc consistent results than were ob-
tained with the medificd cowl flaps.,




The obgserved Adifference in speed for the two installa~ 1
tions was 3 miles per hour, or 1 percent of the speed., As
may be seen from figure 7, this spsed logs is the result of
a loss in both power and aerodynamic cleanness, The values

. vap\t/3 . :
of the parameter e show a loss of approximately

1/3 percent or 1 mile per hour, due to power and the values
N

n \‘1/3

SCp/

or 2 miles per hour, due to incrsaced drag.

of the parameter 52,73 < show a loss of 2/3 percent,

The speed comparisons of references 1 and 2 are ex-=
tended in figure 8 to include the observed maximum speed
values for the present installation with the original cowl
flaps. The values shown for the previouns XP-42 installa-
tions (tests 1 and &) were chosen as being most nearly rep-
resentative of the best performance of each installation,

Because of the difference in power output from the
engine in each saries of tests, the three XrP-42 installa-
tions cannot be compared directly in terms of observed !
maximum speed., Examination of figure 8 shows that, if in
each case the engine had delivercd its ratod military power

(1000 hp at 14,500 £t4 3%2 = 1564), the speed comparison ‘
would be: {
Observed maximum Maximum speed at
Installation speod 1000 hp at
14,500 ft
(mph) (mph)

XF-42 short-nose
low=inlet-velocity
with fan (test 4) 330 337

XP-42 cshort-nose
high-inlet-velocity
(test B) 336 539 .

tion includes the power absorbed by both the fan and the
propeller, Although the Tan tests reported in reference 3

{
L s i

XP-42 long-nose
(test 1) 338 344 .
!
The engine power observed for the present installa- P
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did not include the bhlade angls uwsed in the present fan,
extrapolations from those tests indicate that the fan
absorbed approximately 20 horsepower in high-speed lavel
flight, or the power cquivalent of 2 miles per hour in top
speed.

Pressures and Temperatures

The distributions of engine cooling-air pressures for
tests 4, 5, and 7 are shown in figure 9,

For the high-speed condition, the cooling-air pres-
sures on the front of the engine are very nearly uniform,
both as to variation of pressures around the engine and
as to variation of pressures with the location of the point
of measurement on the individual cylinder, The pressures
noted on the exhaust side of the barrel of cylinder 3 may
be expected to be low because the points of measurement lay
in the wake of a large ignition-cable conduit and next to
a hole in the baffling, The variation of pressures at
different points on a given cylinder may be expected to be
smaller with this cowling than with the cowlings previously
testcd because of the relatively low velocity of the enter-
ing cooling-air jet.

In the climbs at 155- and at 140-miles-per-hour indi-
cated airspeed, the variation of cooling-air pressures on
both the front and the rear of the engine was somewhat
greater than in the high-speed condition; and, as the angle
of attack increased, thers was an increase in both front
and rear pressures at the bottom of the engine as compared
with pressures observed near the top of the engine. It is
to be noted that, as the power dropped off at altitudes
above critical in climb, average front pressures decreased
end average rear pressures increased.

]

The distribution of c¢ylinder head and barrel tempera-
tures is shown in figure 10 to be very nearly the same at
full throttle both in high speed and in c¢limb when the
carburctor-mixture coutrol is in asutomatic rich, Figure 11
indicates that this distribution pattern remains constant at
all altitudes in that carburetor setting, Comparison of
figure 12 with figure 11, howaever, shows that, ~lthough the
temperature distribution in full rich is similar at low
altitudes to that in automatic rich, it becomes markedly
different at high altitudes as the fuel-air ratio increases,

C

0
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This change in temperature distribution takes place with
no change in cooling-air pressure distridution during the
climb., (See fig. 9.)

In general, there is no apparent correlation between
individual cylinder temperatures and the pressure drops
across those cylinders., The effocts of the small observed
varietions in cooling-air pressure arc obscured by varia-
tions in other factors, such as mixture distridbution, charge
weight, cylinder construction, and baffling. The results
discussed in the preceding paragraph indicate that, for very
rich mirtures, the fuel distribution is the predominating
factor in determining the temperature distribution.

The cylinder baffies provided with this engine differ
from the baffles ordinarily used in that they £it closer
to the fing and include small sealing strips between ad-
jacent cylinder barrels from the dbottom barrel fin to the
mounting flange. In this test and in previous tests with
the same baffling (references 1 and 2), cyliuder-head tem-
poratures were well below their specified Army limit dut
cylinder-barrel temperatures excecded their 1imit in the
high-speed level-flight condition and were marginal in the
climb coandition,

It was thought that a more nearly standard baffling
arrangement, permitting a flow of cool alir around the un-
finned portion of the barrel and on the thermocouple, might
rcsult in lower temperature indications on the barrels,
Those bafflc scals which comnld be reachoed casily were there-
fore removed for a series of high-speed runs (test 7)., Fig-
ure 13 shows a comparigon of the head and barrel tempera-
tures observed during these runs with temperatures observed
while the baffle seals were in place. There was no change
in average or in maximum cylinder-head temperatures, but
the maximum barrel temperature was reduced by 15° F to 20° @
and average barrel temperatures were reduced Dby 10° », Pig-
ure 9 and table I show that the cooling-air pressures on the
front of the engine did not change, The rear pressures,
however, increascd by approximately 0,0lg,, presumably be~
causc of tho increascd air flow where the bafflc seals were
ramoved.,

The roemoval of the baffle-scal strips brought all ob-~
served barrel temperaturcs below the Army limit., (See fig,
13,) VWhether this proccdure resulted in a cooling of the
barrels or of the thermocouples is not established, but the
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apparent reduction of temperatures so achieved would have
been sufficient to reduce barrel-temperature indications
below the Army limit for this and all previous cowling
arrangements in all climb and level-flight tests. Aver-
age and maximum cylinder temperatures during climb have
been plotted in the time histories of figure 6. In order
to facilitate comparison of these temperatures with their
specified Army limits, these temperatures have been re-
plotted in figure 14 in °F above free-air toemperature.
Cylinder-head temperatures were well below their limit
but maximum cylinder-barrel temperatures were marginal,
The shape of the cylinder-head maximum-temperature curve
for the full~rich climb was caused by a change of the maxi-
mum temperature from cylinder 13 to eylinder 9,

In the present installation, the amount of cooling-
air flow through the engine could not be calculated from
the pressures observed at the survey rakes in the annulus
because of the twist imparted to the air by the fan, Ex-
cept for the case where the baffle seals are removed, the
air flow can, however, be calculated on the assumption that
the orifice coefficient, based on average front and rear
pressures for the present installation, is the same as that
of thc short-nosc high-inlet-veolocity cowling installation
(reference 2)., 7For that installation, the air flow could
be calculated from the equation

/"- 'I'—'
Q= 4120 /éz /EE
J e ST
where
Q volume flow of freé air, cubic feet per minute
Ap average pressure drop across engine, inches of water
de airplane impact pressure, inches of water
o ‘free-air density ratio

On the basis of the preceding equation, the cooling-
alr flow through the engine in high-specd level flight with
both the original and the modified cowl flaps was approxi-
mately 21,100 cubic feet of free air per minute in the
range of altitudes tested., The inlet-velocity ratio was
then approximately 0,33,
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CONCLUSIONS

l. The maximum speed of the XP-42 airplane obtained
with the short-nose low-inlet-velocity cowling, the axiale
flow fan, and propeller cuffs was about 2 miles per hour
less than that obtained with the short-nose high-inlet-
velocity cowling, and about 7 miles per hour less than
that obtained with the long-nose high-inlet-velocity cowl-
ing at the same power and altitude.

2. Cooling-alr pressure recoveries on the front of
the engine were 87 percent of airplane impact pressure in
the high-speed condition, 99 percent in the full-power climb
at 155-miles-per-hour indicated airspeed, and 105-percent in
the full-power climb at 140-miles-per-hour indicated airspeed,

3. COylinder-head temperatures were satisfactory in all
conditions, but maximum cylinder-base temperatures exceeded
the Army limit in the high-speed condition and were marginal
in c¢climb., A more nearly standard baffle arrangement, obtained
by removing the scaling strips from the bottom of the cylin-
ders, reduced the cylinder-base tempcrature indications below
the Kzmy  bimit.
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39 .38 .39 .38 .38 |35 .98 .38 .58 .38 |40 .40 A/ .40 ~/0 -08 -08 -@7 -
40 .36 40 .38 .38 |.39 .32 .39 .39 .39 |.4/ .4/ A4 ~/2 -02 =09 -{o
40 .56 .20 .78 .38 .50 .39 .39 39 .39|.40 .40 .4/ .40 ~/2 =10 =11 -1O
.39 .38 .59 .57 .37 |.38 .56 56 .58 .39 |.58 .59 FD .39 ~21 =18 -/7 -/8 |
S TR G e A M s s G N L e e ) 39 _22) bse 7 47 48 |-30 ~g0 25 RS
.88 .87 .89 .&7 .87 |.87 .87 .57 .86 .87 (.57 &8 .e8 88 103 .08 .97 .98|106 107 .g7 |72 ;
TE 77 TETE .76 | e A e A T 7 AT .7# .8/ .75 .#2|.75 .80 2« 72
.84 .84 82 .87 .82 o4 .83 .53 .83 |.83 .oF 52 o4 94 .97 .90 .90 [ .97 .95 99|/ |
.88 65 .89 &5 .95 .88 .88 .65 .88 |.56 .69 .89 .88 V.04 1.08 103 101 |23 113 145 |97
&6 .56 .56 .85 .86 .86 .86 .86 .86 .55 .86 .87 .87 .87 \lo2 .95 &6 .95 |15 104 109|190
.68 .88 .89 .88 .59 |.58 .8¢ .89 .66 .85 .5/ .9/ .9/ .90 .99 .97 .96 .96 |1z 15 138|407
'f.os .90 .9/ &9 .90|.90 .90 89 .88 .50 .89 .89 .89 .89 £7 .98 102 100 |l20 116 /.49 |/l06
.9/ .90 .9/ .89 .90|.90 .90 .90 .90 .90 .90 .9/ s/ .90 103 .97 .94 .97 |106 .09 99%
ho9. g7 .58 .56 .25|.68 .87 87 .B7 B8 i.as, .88 .20 _.88 e 410 (o4 10F .97 in 109 LAt | FT.
.87 .86 .85 .86 .86 |.86 .36 .86 .86 .Ee |.c6¢ .87 >, .67 .86 |.97 .93 .97 .88|.95 .92 .95 &7
.52 .20 .8/ .79 .80|.80 &/ .8/ .80 .5/ ! 5/ .&r g &2 .80 | .e2 .85 .ez .77|.82 .51 84|77
85 .9/ .92 .o/ .92|.9/ .92 .o 95 .92|9 O & 97 .22 W13 iz 104 103|017 113 108 |10
.83 &2 .83 .6/ .sz2|.8/ &2 &3 .82 .82|.8/ .8/ 4 .62 .82 | .98 .90 .90 .Bs|.96 .98 92|
.90 .89 .90 .86 .55|.59 .69 .89 .85 .55.89 .89 § g9 .88 102 .97 .98 .98 |1/6 113 109 |/06
.88 .87 .87 .86 ,88|.86 .86 .87 6 .8¢|.86 .86 g7 .86 | .82 .9/ .89 .9F|//7 (O6 P& 7%
.92 .o/ .93 .9/ .o/l.9s .91 .9/ .22 ,92|.92 .9/ 95 93 /15 1.08 105 103 | .98 119 L/5 |10
.82 .94 .95 .93 .94|.97 .93 .9¢ 94 .93 |. 9% .94 94 4 (14T 11O 106 [OF\L17 (/T 115 AsS
.20 22 20 .£9..822|.55.83 88 86 .88.89 .58 .90 .89 {424 413 406 L06 |412 415 412
.87 .86 .87 .85 .85 |.86 .6 .8 .5. .Fe .96 .86 .84 .56 (102 ho4 .98 .97|//8; [/ 106 97
.88 .88 9 .87 .88 |-87 .€5 .88 .56 .55 .88 .58 .88 .88 | .95 97 .9# .9/ |ivo .97 100 | T
BF B2 .84 .52 2 |.52 .82 .83 .82 .82 %9/ .ez e P . 94 .88 &7 .85 |l02 .92 .97 g/
87 .82 8% & .82|.8/ .82 .52 .82 .Fz .8/ .82 ez .82 .5/ .86 .87 .84 |s03 .95 .91 |V
.89 .85 .89 .86 .89 |.87 .87 .88 .85 .85 .F8 .58 .88 .88 (107 .99 lor .97 |ror L2 108 |£O5
83 .91 .9/ .90 .90|.90 .90 .90 .20 .90 .9/ .9/ .91 .90 lies 105 105 102|120 12/ Log |
85 .&F .84 .85 .64 (.63 8% .=4 .3 &7 .84 &7 85, .57 103 .91 .65 88| 95 .95 .90 |8é
B6 .85 .66 .85 54|55 55 .25 .64 .84 |54 .53 BY .54 100 9% .92 .90 |02 /O3 /OY 95
|22 .20 .5/ .80 .79 |.79. .50 .8/ ..60 .79 )|.80 .50 .6zl .81 y | .92 92 .96 @8] 73
g8 .87 &5 .67 .57 .66 &7 .87 F& .s¢|.87 &7 &7 .86 102 1.00 .97 .93 |.05 100 10k |-TE
.89 .90 .9/ .90 .82 |.9v &8 .F9 .9C .82|.9¢ .90 .2C . PO 109 106 taz loz2 \|L22 /12 [O08 14
195 92 95 04 97|07 92 9 93 .94|.93.25 .95 .97 & 2 _LL? 105 102|132 L26 LOS\IAT
.85 .84 .56 B4 .84 | 584 .54 .85 .85 .84 |.85 .65 .85 .55 .99 .95 .89 .90 |L02 Lo/ .99 Ld
.90 .89 .90 .85 .89 |55 .89 90 .99 .90 .89 .69 0. 115 109 /O2 1Ol |1.2) It7 [.07|/85
1.97 .89 .90 .89 .90 .89 .20 .90 .2 .20 .89 .89 S0 B S . lir0 [0S L00 D744 12 LO7 LOZF.
gy .g2 B2 .80 g2 | .82 .8/ .82 2 .82 |82 .82 &z .8/ O S e RN O o TS o T £7
.91 .90 .9/ €9 .21 |.90 .90 .P0 .P0 .90 .69 &3 .90 .52 107 10/ .99 .99|/15 106 LIt |/OZ
.70 .68 .70 .66 .69 |.69 .69 .70 .69 .69 |65 .€9 70 .69 56 .56 .57 .56 | 55 .55 .53 |57
B2 .81 -4 79 SQ &Y LY &l B .9¢ |L.&r L 1 B2 !.:?J 85 .86 .90 S22 .87 QQJLio_l
b707 3 3




14 NACA
Toblel b —Fressure Dara —

“Hi6H-sPeED LEVEL FLIGHT

7Esy- — St -6 -7 4-9
XP42 Airplane Run 7.2 3 N2 3. R A2l 3 SRS
Short-nose law-/rler-
velaci/y chI/'ng with Tree Alrspeed, mph 329 329 330 330| 330 330 329 329| 33/ 329 330 329 32%
far arnd cuffs 2 impact press., in H,0 |66 35¢# 316 33¢| 326 3/% 30.5 29 4366 334 322 302 299
‘m pre:syre ) m. H7. 16.95 16,26 162 /93| (525 /763 /404 /345 | /6.95 1590 /9.93 1403 1343|
Ambient-air femp,*F |1/ ~/5 -/9 =23 |-2 -& -/13 =3 |/0 /[ ~# ~-& -/5

o, density rafio .655.634 6/% .592|.57F 559 .59 .522|.625 .592 .568 538 525
Oensity altrtude ft 13750 14750 /5750 Kym{/ 7550 /8550 19300 20600{/5200 16500 /8050 /9650 20500).
rpm. ==
bhp ] 996 9L 990 I’é7, 753 §285 792 767 (923 877 £39 792 769
Mm/fo/dprgss’ /N, H_?- 39.6 306 37/ 358|36/ 316 336 327|376 374 356 336 32/
' Original Cowl Flgos (Closed) ——
- Prissure Patto, plg,
A-7F) ] 53 8z 83 87 |.83 sz &3 8% |83 55 sf 253 o4
AT 85 84 .85 .e¢ |.&s @¢ &5 €4 |OF Fb6 .24 EF &5
3 {5 Top P9 &8 .55 .87 |.#7 .87 87 .82 |g® &7 .89 .89. .€9
AN survey |92 2 o 20 |92 2w 72 |92 972 T VW
5 Rake &7 57 86 87 |8 .86 .g8 87 |88 B9 .8¢ .8F .88
A-TS/ sy o7 77 e 77|78 o7 78 78|77 7 77 7% 7%
Z‘ég s 77 & s0 |\ o 1 |80 €0 77 g0 &
I 72 77 78 77\ 79 72 g0 79 \7? 79 72 79 .79
\4-r~P/ 84 &3 8% .87 |.82 83 .£5 59 |.57 &F 3¢ &F .&F
2 % &5 &% &5 83 |.5%6 &9 & 7|85 &5 &F .84 .5F
< ia o &9 o 59 \|\.w o 0 g0 |72 7 0 0 92
2\ Right |26 72 25 75|76 20 96 5|9 96 75 75 75
5j Survey |0 28 70 €9 |70 £9 &7 0|90 9 F P20 87
AR/ ) yw go g0 go 77|80 &0 g0 & |f0 FO SO B 5O
) Zgﬁ' 22 g0 &/ & \so 0 2/ g0 |8 & 8o & &
Locotion of Fressure Fib P2 %/ g2 g2lgy & 22 g2 |27 22 g L& L2
Tubes in Annulus ALP/Y ] &y 27 .3 23 |g7 & .27 &7 |23 85 .83 85 &F
: 2(x g5 7 55 97 |.oe ¢ 8BS 87 | &9 E& 52 8¢ .85
<) ii‘ g/ g0 7 20| g0 9 0|72 IR I/ 9O U
2R Lerr |23 92 a5 22|22 o o 2w |72 93 97 P37 9¢
Survey |z 96 .26 g6 |87 6 .7 €7 | €7 88 & .67 .62
L A=L STl am g .83 59 .83 | .87 g2 .3 87 |.e3 &3 & 8 87|
§}§§ s g7 &4 OF | €7 .84 .85 &7 | €4 £ EF &F B
9 2 gz g 85| % g5 S .s¢ | .g6 .v6 .85 8BS &5
O/ Cooler Pressure. Tike Locations 0—FP/}‘§ Q 27 92 237 g2 |92 237 95 93|93 97 95 727 I4
28 97 97 99 92|97 78 ico 99|78 98 99 98 I7
382 | Front |ioz w0 ter zr | wz t1 i 10z 10/ p0R K0/ L0 [OR
LN | K Survey 27 .wc .27 27 |.87 §7 s g7 |87 .68 &7 56 &%
2§§ 87 L6 .9 £7 | &8 58 .89 89|98 57 g7 €7 &6
) el 20 o7 G0 &7\ G0 oo W Fe\Fe N T0 I F2
O-RP/ x| E5 42 &5 ¥ | &5 v .65 65 |.6# 65 &S 65 65
z §§_ pear |ers7 cr éo0\|er g0 <1 & |s0 &1 6/ &% &/
IS Swrvey
2:-52 59 4w S aap e 58 5P SPVE SRR ST
Carburetor Scogp Fréssure c-P/ oz 96 97 97|97 92 97 97|79 97 98 97 97
Tube Locations zZ o T8 o0 98|99 78 99 97|97 97 98 98 97
I oS 3¢ Lrmpect s FP a0 00| wz 29 (x 20 |0 L0 (00 G7 LD
P o3} P g | TS w2 iy tor f02| w0z doy w0 LOZ| (00 w2 1O 402 (20
Jcpr of| o e-5¢ 3 4 w2 w2 wt 2|02 f0r [0 AL2| (02 (22 (2 D2 (22
LcP7 oligo €53 c-Si/) o g0 g1 &2 |5 oo &/ _gz|wr K2 & €2 &2
c-p2 03| Qo ¢-523 2& Static 7 g8 77 98|79 y8 7® 77|77 77 77 77 77
Sc-p 02 3 3 St ks % 77 7% e|7s 77 78 79| 7® 77 A& 78 77
U R cone _45) f g 7% 75 78|79 77 78 77|78 79 77 78 77
C-TH Impact press
i carb ragl Ly st 52 8l Vsl g0 .8 22 )& 52 32 8 JFR
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NACA 15

L e SR Table 1b.~(Concluded) >
WS e cETNPEDS. G L Fiie i o cLIMB o5
| B L 6-75 ‘ =7 | =77 5278
L W ITN R IL RN i o e S 5y
] T
1 32¢£ 328 327 330 326|329 — 323 326 azri 326 324 — 32 .32;;( Ind. airspeed mph /155 155 152 /52| /36 13§ /36 /36
1397 0227 33.0 348 353|342 — 303 33.5 357 357 346 347 32| Q. 20 13 Ut NE| 22 9% 92 9
\I#37 /921567 162/ /6.91\16.05 (.51 1400 /S52 1676|1656 16.09 — /980 19.25] Pressure altjtude 2300~ 5100~ 13/00- /70004 4000~ 700~ /4401~ K400
/3 -9 -6 '-3 0 |-/5 /9 ~26 ~/7 /4 |~t0 1) ~/é6 ~/9 range, st #2090 K500 #9300, /7¥a0: | Fyo0  jo¥oo. 157ap 00
S5E ST74.598 616 .£35.630 .585 .560 . 608 .652|.650 521 878 560} Av Free arr temp, F 22 28 2 248  F S0 22
18600 /7600 16550 /5250 /45 50| /2950 /7050 18500 16050 13900/44G00 15400 17550 18s0a) ” bhp 90 925 §70 m;‘ 9285 935 790 &s5o)
— - PeS0 — “ manifold pr.,in. Ho. | 397 329 323 320|925 4.5 350 3a2
Fos5 535~ §68 998 722|9/2 95% $/2 §94 792|933 89/ ¥s8% %30 32| Fpom ——t EED
33 357 3% 38s5 379|383 357 337 372/ .399]39,93&4 37F A57 344 I
~—— —Moalfleqd cow/ flgps (Closed) ——————— » /Todified Cowl Flagps (Qoer)
Laffle Seat
Vi =74
FPressore ratin, p/g. FPressare ratro, fige
83 B3 8¢ .52 .82 |.B7 .83 .87 F& F2 | 82 .84 .83 8z B89 B3 .85 .8 |85 .56 .66 .8¢
e 75 6 .57 .26 | &5 85 .2e 3¢ .89 |.25 .26 #6 &5 P8 73 9 87 | W %% fo 08'
£? &2 g7 g8 .2¢ |92 25 &9 .57 .27 |.89 .90 p0 27 ‘0% Lof 97 25 |G sod 98 F3
g2 s gy & 22|y 92 2 . g |9z 92 72 2% /.07 10F 123 tot | bt) 109 03 oz
&7 &7 88 .57 5% (.97 .87 .£7 .37 .89 |.es g7 25 5% 9/ 89 93 % | Bz 97 87 &9
W e TR 76 |7 6 g6 6 76 |76 7 7L £t 67 7w 70 |64 45 — .48
. o Wy g7 | 77 78 99 g7 97 |2 7 87 8 £? w72 73 |45 7, = R
22 79 .77 77 U7 )|.78 .78 .78 .77 77|77 .78 . __ .79 .72 T TE g7 169,,72,‘;.23__-.'74
FE 87 & g7 &4 |67 .59 o4 .27 23 |.99 g4 27 5% Pz 87 .88 8¢|.97 .9;',“.'_7.3 -4
Fe Fe 86 &5 25| &5 £5 25 .55 25| 85 .8 R < 106 Lo Lo/ 9L\ /4 /0‘2.:‘;(% R,
T P D o\ o Ao = GO | 2 A e O [OF [O5\[R2F Lle  ARR IR
T7 P5 T A -Fe | P P TS5 B P |25 7S P LS 08 (08 [10|435 ARl 117 LVE
2 .87 g0 29 &9 |w v w0 v g0 |g7 .87 Fo 89 AR T3 Fo F6 |05 PF Lo/ o
o7& 77 Ze 7z 73 73 78)|.69 7 — .77
& & & 79 79 &o g/ |.79 &0 &1 2o 77 78 79 &0 |.8p 83— A=
21 22 g0 .pe & Bl 2 | BB g2 g2 BRI g0 .78 & 82|77 & &% .93 |
&2 85 54 .57 .55 2t 83 |82 &= &3 22 72 e 7% |29 7 e ¥
&6 ¥4 .64 &5 S5 &5 w5 | .85 B8 \?‘ 56 £ 7 & & 87| 88 23 .8f
X o o Po 7 w0 | 2 N oo 73 P8 G703 95 PP 403
2 P2 79 AL 93 e Fe |72z 2o, o7 23 LOR BT NP0 Loz | &Y 409 fo] 4od)
&7 g5 87 & % f& 86 |.5 .g6 § o7 .87 g/ g2 8 86| 7% 7 .54 83
B2 PR g7 2> &> 87 53 |22z 5= 37 &2 L& %5 g3 59 |.9/ . — .88
85 &F S5 23 7|8y oA s gt @/ |55 7 O v &3 27 78 .87 &8 |i0 98 — 9
|.56 .56 =7 27 =5 S| B B T L5 27 _F3 88 G/ | log 7% _IB T4 |
B S PE A LIT US 1/& 5| (34 [0 124 X7
7e 77 77 77 L2 (1% LB (20| /35 L% H3 i
L dez w2 Lo LT LI7 WT E| (RF [T Ly 48
SN e s 2y Y8BT 27 ey 27 %6 |.#7 &7 b7 IR RS TE& FE Ju | L Lax (Ao V4
87 €7 8% gg 83 F7 96 (00| /13 tor o7 jo%
SERSSRINT 27 72 Zo._ | — - U oy By e LA /P Jic 40P
£S5 €S €5 o> &7 ¥ 67 69 £Y 63|63 ¢S5 55 &F AE A7 47 48| 47 SO 4#F €7
62 o &/ o 59 |8/ Gr 6/ o1 £/ |59 o e &l T 37 25 FP| Y AT A2 Fo
B OB P ST Sy 57 5% g7 57| S8 g7 0 g swl 0 P ilas a4 ae sol e g a7
77 77 97 97 2% |97 97 27 97 99|97 g9 79 27 IR (o6 £25 [0/ 420 UF /bé - 403
400 P2 10 98 oo |99 P9 I8 99 PV |i00 so0 loc 97 MT U 108 [of| 124 48 107 a5
L P70 120 jof |doo e po0 s2f g00 | atr ALY Loz r20 423 [/6 W2 [25| L2V i/6 L0 L9
P2 1BO Afor Ao/ g2 | L/ oy rd2 |02 402 w2 172/ (RO HF /S L06|A23 L2/ HF L/0
|4 22/ (62 _L02 o2 | 42 LO2_ 22| 402 oz f8F sLet eV LRO MG W [OF | ARE L2 L% LoF
J#z 20 g1 s/ 22| £2 52 |.@5 .50 F5 @y & 75 64 66| ég .55 55 57|
77 72 5 77 79|77 2w o |so s/ 5/ o 77 T2 63 62|66 .96 79 57|
L S R M L R W 79 Zo 8O b6 ST 60 (57 37 43 75|
el G A LS o A A Sy 7 78 G6 57 57\3F A L5 e
$:] 62,82 87 . 76 67 &7 |67 52 .53 .57




16 NACA .
Tasle ITI— Temperatvre Bata
o, g =t HIGH-SPEED LEVEL FLIGHT = ‘
= Test — — Flight 4-6 Zaiy 4-9 6-14 o .
|\ xp-42 airplane — oL Run, L2 gl N 2 o3 sl SR e A NG SR O e (R i
A\ Shor? -nose /ow - Wi
| in/et - vetacity cawling| True airspeed, mph 329 328 330 330[330 330 329 3R9I33/ 3RY 330 329 329|324 38 _3R7 330 326 .
with Fan amd cuffs.|qe,impact press., in. H,0 |366 35.4 346 334326 3.4 30.5 294356 I3.4 2.2 30.2 29.5130/ 32/ 330 34.6 35.3
- e = A, pressure, /0. Hy 16.95 /6.26 /5.62 /4.835.25 14.63 /4.04 1345)6.95 [5.90 /4.9 [4.03/3.48)+37 I4.92 [5.6% /621 16.8/ 3
Ambient air temp., °F -1l ~-15 -8 23|-2 & 43 -13|10 ] -+ -8 A -8 e L
gy o, density ratio L6535 634 .6/4 SOR|578 S5O RS .TR2.625 598 .568 538 .JLJ,:“ 74 9B EI6 .638
: Density altitude, ft (3750 14750 5750 16900/7550 /8550 /9300 206045200 /6500./8050./9650 204008600 17600 16550 [5250 14554
2 pann e \ Rpm.. 2680 -
= £ Bhpo 946 9/8 900 B67|673 8RS 798 T63|9R3 877 839 792 768|605 835 8685 898 IRz
v 2 /anifold press., in.Hg |996 38.6 37./ 358 6./ 34.6 336 32.1|39.6 37.6 I35.633.6 32343 357 37/ 385 399
Original cow! Flaps (Closed) Mod, fred
i 4 § > SN I A B I i J
Cylinaer- Point of Ineasuwremen Tempe rature, °F
| - Gaskel thermocouple af rear sp. plg -
2 324 317 224 328|354 354 354 J60|344 347 IFE2 60 358|335 339 339 383 33/
3 953 347 TR 49| 370 F67 367 74| 367 365 367 376 I72|\556 54 54 I50 350
4 D40 336 337 337|F47 347 347 ISR |33 FI8 I3E 44 A4 \337 39 4/ 337 337
5
é 328 F26 I26 326|540 Jo& II5 IIB | 339 540 358 I42 338|929 329 33/ I3/ 929
. 7 578 376 S8/ 381|398 397 599 402|395 395 597 402 I97\3E4 I8 IEZ GEZ 50
8 340 933 333 335|354 349 IE56 I58 |56 54 306 JEO0 356 |I50 344 348 I46 4/
9 E - 365 367 369 U7/ |38 390 390 392 |IFEF FI0 IO FP5 392 IAP IPT IAT I7F 37/ /
T Vi 57/ 37/ 374 376|390 392 390 390|386 390 388 IO IEE\575 37/ 375 37/ IE9
// L JE0 360 365 369|388 I88 B8 I90 I8 386 IFE/ I90 IBE |I75 I7F 37T F69 369 \
/@ 347 342 346 351|367 367 370 370|367 370 370 372 365|359 056 356 I56 F52 ‘
/3 L 358 358 69 71 |292 FO5 397 IO |388 390 392 I99 397|386 386 56 FE0 378
14 : 347 342 35| 558|379 38/ 38/ 386|376 379 38/ 366 583|367 IJ69 369 I65 363 f
] — Raar & tlange dal base aF cy/rnalr|zes zé7 265 272|285 285 287 289 280 27 282 267 287|284 279 279 277 279
2 274 272 274 274|287 287 287 289 |285 285 287 287 287 J
3 269 267 267 267|278 278 278 282|278 276 278 280 278 |2R78 273 275 273 273
P 267 265 267 273 27/ 276|276 276 N le7¢ 27/ 275 27/ 27/ 3
& 264 262 262 262|273 27/ 27/ 273|269 269 269 27/ 272|263 264 264 264 26/
v 274 272 276 £76 |287 285 285 285 (263 282 282 285 282|278 277 K79 277 277
27 260 258 258 258 |259 255 250 247 247 2495 243
8 267 265 267 267|278 276 276 278|275 276 276 278 276 (274 7 27/ 27/ Z639
9. 283 283 285 285|296 294 294 296 |289 292 292 294 292 |29/ 286 286 286 286 ¥
/0 292 292 294 294 (F06 306 303 IT6 |FOI 303 J0/ 303 30/ | 299 297 297 294 £92 ‘
// 263 260 265 265|276 275 273 278 |273 2757 273 276 273|272 27/ 27/ 27/ 269
Vs 281 28/ 283 285|296 296 299 J0/ (294 296 296 296 296 |29/ 290 290 289 286 )
73 \2eo z67 272 274|287 285 287 258 280 2680 285 265 285|282 279 279 K77 277
/4 272 272 274 276|285 287 287 289|287 287 267 287 287|264 286 28% 25% 28/ J
/0 Infake. port 184 18/ /81 /7—97 199 197 194 194|201 199 197 194 /92|/97 193 193 193 193
Mixture ar blower +7777 123 /20 120 120 |137 137 133 /33 |/44 /39 /34 /30 128|130 (30 /30 (37 /33
Fuel an suction side of pump 5/ 57 5/ 54|5¢ 59 59 x| 56 &¢ 59 6% &6| 55 SO FE 58 &/
it T e % 57 54 57 54|59 6z €R 69 |60 637 67 o £7| 55 55 58 &/ &/
& n carburelor ffoal cramrber &1 51 & 51 |€ez2 6z 62 62 |63 63 66 62 63|55 58 S8 58 S/
// Front spark plig e/bow 12 1l 5 2 {22 19 15 /2 |34 30 21 (8 22 /8. (8t NEL
/" reqgr . @ s 22 36 33 30|53 S0 47 47 |65 57 537 s0 47| 26 49 49 55 55
Recorded Ffree r 5 2.2 = lstie 5.5 |27 8 75 890 2RlNs SOt el s
Air in carurefor scoop JRENT7 A 2 N2 N2 /8 725 UBe I8 27
7 aF fop ammuler rake w8 -2 lezime 2 |35 27 18 15 g | 15 18 2t 24| ‘
s front of 4}// #/ /& s 8 7 28 22 8 /5 {37 F0 2 18 (5 | 12 (& 2l 2427 ‘ }
7 gt ext’ frosmm ol cooler i & ) ~shlize 28 /8 Z[ )56 47 251 28 Zk\F/ESiEN/cNes
Oil-in line 132 132 129 /29‘/34 13/ /30 130|128 /30 /3t /27 /3] | /29 /33 [43 /99 /36 ) J
oi) ow’ 19/ 19/ 188 191199 /96 197 198|194 [95 /95 /972 /956|195 /192 (95 /99 /95
Accassory compa/7/77€/r" &1 78 75 75 |96 95 94 94|/02 98 92 97 94|9/ &5 9/ 9l 94| ‘
Left magrero 69 c6 €3 63|80 o 7& 7E |70 85 52 8 78|73 73 7€ 76 79
Arrors cockol? | 56 54 53 o/ |e4 67 && 67 |73 71 69 67 £4 |59 60 67 63 66 ’
Recording /mstrument comparimesr’ |50 o1 25 45 i(,z 59 59 56 (67 €6 63 62 56|se 55 58 58 63 r
[
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T covmno, 10518 L~ (Foricluded]) ¥ I
—-
| 6 - /5 7—17 ‘] 3 -/ 5 -/8
/AR RN 7 Sl 2 A g A ey el | SO S H IR I o e
| : &
324 — JR3 326 3RS |3R6 JRB — JIR6 3RB\Ind. airspeed tnph 57 154 153 /54 JFR 137 137 /37 /35 137
1342 — 303 335 35.7(357 34.6 3.7 3.2)q 22 /18 //6 118 11.5|83 83 99 .0 9.3
6./5 1488 /400 [5.5R /6.76|/6.86 16.08 — |4.8B0 [4.23 /Dfe’JJll/’e a/fi/‘ua’e} (00~ 6400~ 10700~/4600~ ) 760013500~ 8700~ /3R00-/6800-198007
L5 -/® -R& 7 /4 |-10 -~/ /& /9 range#, S 13800 8600 /2700 16/00 18800|T3900 10800 [#800 /8420 R0800)
.630 565 560 608 .652|.650 .62/ a78 s6o|Av. free arir femp, F |19 26 18 6 -6 |8 7 . =6 ~I8 ‘le
14950 17050 18500 16050 (3900400015400 17550 18500| 1 BOHO 00 920 920 840 760|975 930 830 7/0 600
“ manifold press., in. Hg 398 399 398 353 31.6 25 416 365 3.7 23.51
9/4 854 812 836 942|933 89/ 858 B30 S/Z |Rprm R340 |
8.3 35.7 337 371 399|399 384374 35.7 34.4 ,
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Fiigure 1.— Short-nose  low-inlef-velocity cowline with axial-How fan.




L=2A3

NACA Figs. 2,3
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Figure 2.- Front view of XP-42 airplane with short-nose low-inlet velocity
cowling and fan (test condition 8).
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Figure 3.- Three-quarter front view in test condition 6.
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Figure 4.- Three-quarter rear view .n test condition 6.

Figure 5.- Close-up of cowling and fan (test condition 8).
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