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SUMIMARY

The results are presented for a series of flight tests
of the maximum speed and the cooling characteristics in
high-speed level flight and in climb of the XP-4Z airplane
eouinye@ with a long-nose high-inlet-velocity cowling.

it st cowling i t“v first of a series being tested in an
effort to improve the performance and cooling characteris-
tics of air-cooled engine installations.

The results of the tests indicated a maximum speed of
238 miles per hour at 870 horsenower at 17,000 feet, which
was above the engine criticazl altitude.

Pressure measurements in the entrances to the cylin-
der baffles showed a uniform distribution of pressure on
the front of the engine in “1gh—speed lTevel Fliigh® and o
fairly uniform distribution in full-power climb. Static
pressure behind the engine was uniform in level flight bdut
high at the bottom of the engine in eclimb,

In high-speed level flight, front pressurges on the en-
gine averaged 83 percent and rear pressures averaged 43
percent of free-stream impact pressure. The resulting
pressure drop of 14 inches of water at 16,000 feet ade-
quately cooled the cylinder heads; maximum cylinder bese
temperatures, however, exceeded the specified limit when
corrected to Army summer conditions.

In full-power climb at an indicated speed of 140 miles
per hour, Front pressures on the engine averaged 86 percent
and rear pressures —26 percent of frce stream impact pres-
sure but decreased as the power fell off at high altitude,
The resulting pressure drop of aDPProx luptel 10% inches of

water was sufficient to keep cylinder temperatures within
thelr specified limits when the carburetor setting was full
b2 el 4

It is pointed out that the value, for cooling, of any
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type of cowling should be judged on the basis of the amount
and the distribution of the cooling-air presgsures it can
supnly to the engine and not on the basis of temperatures
observed for any one particular engine.

INTRODUCTION

In an extensive series of flight tests witk the
Curtiss XP-42 airplane, the NACA is investigating the char-
acteristics of several different cowling designs proposed
for radial zir-cooled engines., When originated, this pro-
gran had two principal objectives: first, to determine the
maxinum speed of the airplane with its original long~nose
engine when fitted with what appearsd, on the Dbasis of wind-
tunnel investigations, to be an optimum air-~cooled engine
installation; and second, to establish the extent to which
maxinum speed would suffer as attemvts were made to adapt
the optimum arrangement to the standard short-nose engine
in order to produce more practicable designs from tle gon-
siderations of weight and ease of fabrication.

It was recognized that the high-speed values for any
particular arrangement would have little significance une~
less accompanied by data showving the arrangement to be
capable of providing sstisfactory engine cooling in 211
flight conditions, Accordingly, the tests were planned to
include measurement of the cooling capabilities of each
arrangement in a number of ths more critical conditions.
Subsequent increases in the number of arrangements to De
tested, however, have made 1t necessary to confine inves-
tigation of the caprling characteristics to two flight con-
ditionss Ligh-cspeed level flight at critical altitude
with military power, and sustained climb to approximately
20,000 feet with military power, a2t airspeeds in the neizgh-
borhood of that for Dbest rate of climb, Ground-cooling
characteristics are being investigated prior to the flight
tests of each arrangement,

The cowling designs to be tested are an outgrowth of
recent wind-tunnel investigations reported in reference
1, In general, they represent an effort fo improve the
extern:1 cowl shape with reference to drag and critical
speed and to maintain a high, uniformly distributed
cooling-~air pressure over the front of the engine in both
climb and level flight. At present, the program includes
tests of the type D long-nose high-inlet-velocity cowl~
ing reported herein and dezigned for the long-nose Pratt &
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Whitney 1830-31 engine, a Dg short-nose high-inlet-
velocity cowling designed for the standard short-nose
Pratt & Whitney 1830 engine; & Dgp short-nose low-inlet-
velocity cowling dasigned for use with a spinner-mounted
gxial-flow fan; and a conventional NACA C type cowling.

The use of propeller cuffs is considered mandatory
with both high-inlet-velocity designs if only on the basis
of ground cooling. During tests of the low-inlet-velocity
cowling, however, the several modifications that can be
achieved by removing the cuffs, the fan, or beoth will
probsDbly be tried. Wherever possible, when cuffs are used,
two angular settings will be tried in an effort to obtain
the optimum cuff setting.

Although a conclusive analysis of the relative merits
of 211 the different arrangements cannot be made until the
entire program ig complete, test data on each arrangement
will be reported briefly as soon as obtained. The preseat
paper may be considered the Ifirst of this series of re-
ports, It includes the data obtained in tests of the long-
nose high-inlet-velocity cowling, which was tihe first to
be tested,

3]

5]

The design of the cowling and engine installation was
a project of the Air-Cooled Engine Installation Group
stationed at the Laboratory. The portion of this group
associsted with this project included Illr, Howard S. Ditsch,
of the Curtiss Commeny: Iir, Peter Torraco, of the Bepublic
Company; Mr, Willianm S. Richards, of the Wright Coapany;
and lir, Janes R, Thompson, of the Pratt & Whitney Company.
Phae Matériel sio f the Army Air Corps sponsored the
inventl ation the XP-42 airplane, The Air-
io iss-Wright Corporation handled
the construction as Vell as the structural and detail de-
glign of the cowling and eupp ied personnel to assist in
the ﬂcrvvc*ng and maintenance of the airplane and cowling
durinz the tests, The Pratt & Waitaney Company prepared
the 01"1nﬂ cnd torque meter for the tests and assisted in
the operation and servicing of the engine. The propeller,
cuffs, and spianer were supplied by the Propeller Division
of the Curtiss-Wright Corporation,

d'p.
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NGINZ COOLING

i—l

RILATION OF COWLING T0O

Any attenpt to analyze the test data in this paper and




in subsequent reports of this series to ascertain whether
a8 given cowling arrangement is capable of fulfilling its
duties in cooling the engine must start with a aefinition
of those duties.

Briefly, the responsibility for cooling the engine

e.

can be divided Dbetween the cowling, the lubricating sys-
temy the cylinder fin and baffling arrangement, and the
induction system. It is the duty of the cpowling to con-

vey to the front of the engine & suitable quantity of air
at a high pressure, uniformnly distributed over the en-
trances to the cylinder baffles. Over the rear of the en~
gine the cowling must provide a uniformly distributed
pressrra controllable over a range sufficient to maintain
an approximately coastant cifference between front and
rear pressures as the ailrplane gpeed is varied from the
maxinum in level flight to that for best rate of climb

It is also the duty of ‘the cowling to contribute to
the internal cooling of the cylinders by providing for €£f-
ficient operation of the o0il cooler. The lubricating sys-—
tem is of course charged with distributing the cooled oil
uniformnly to the ecylinders.

L% ds the duty of #he fin asnd bafifle combination to
so distribute the air over the cylinders that heat is re-
noved fron, each region oun the cylinder surface at the rate
hecessary to maintain the temperature of that region at
the highest value compatible with -satisfactory engine life,
It is the duty of the engine induction system to dis-
tribute uniformly to the different cylinders the mininum
excess 0f gasoline that experience has indicated to be
necessary for internzl cooling of the cylinders,

Cn the basis of the foregoing coansiderations it is ev-
ident that the conveantional method of evaluating engine
cooling by measuvrement of index temperatures on the cylin-
ders gives only the %total effect of all the factors that
contribute to engine cooling and is therefore a particu-~
Lanler inconvenient, if not wholly unreliable, index of the
merit of the cowling. It is also apnarent thbt any in-
equality in the division of oil, gasoline, or cooling air
between the individual cylinders, as well as any deficien-
cy |in the distribution 0f fin ares, or.ecoolins aiy over the

different parts of each cylinder, correspondingly increases
the demgnd on and reduces the efficiency of the cowling
which nust be made capable of supplying a pressure drop

.
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over the entire engine sufficient to eliminste the worst
existing case of local overheating. Obviously when such
localized overheating is severe, no cowling can be ex-
vected to produce satisfactory cooling.

Although a complete survey of engine temperatures
wa g planned, and still is being included in all $ he
tests in the present series, it now sppears obvious that
the very extensive survey also being made of pressures at
the entrances to the bafiles of the different cylinders
and in the compartment behind the engine is a much more
direct and reliable measure of the cooling capabilities of

<

the different cowlings.
ZP-42 AIRPLANE ITH LONG-WOSE COWLING

The XP-42 airplane shown in figures 1, 2, and 3 is
identical with the P-36 airplane except in the fuselage
fairing behind the cowling and in the engine installation.
Its engine, the Pratt & Whitney 1830-31, has a Lhigher
critical-altitude rating and incorporates an extension
shaft that places the propeller zpproximately 20 inches
ahead of the normal position., The power rating of the en-
gine is as follows:

: , o i s :
3%m“-bh* E xpn ! Altitude, fe?f__
Take~off 1050 2550 i 0
Wormgl rating 1000 2300 84500
Normal rating 1600 2450 1 1500
lilitary rating 1000 2700 14,500

The e has a single-stage Dlower with an impeller
8.47 ¢.1. and a propeller drive raztio of -
1629, A gspecial set of engine-cylinder baffles, designed
to minimize e leakage of air betwecen ad joining baffles
and to fit more closely to the fins, wvas provided by the
engine manufacturer.

s @
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The 1l0-inch-diameter o0il cooler furnished with the en-
gine was believed to be marginal and was replaced by an
ll-inch U.,A.P. cooler with the same core depth of 9 inches.
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Iindividual cylinder jet exha stac
ollector r*ng. ”hese
2

a
used in place of thc standard
stacks, figure 4, are made of
0.049-inch-wall stainless—stecl ’uolng. The ends of tne
stacks are flattened to reducs the internal cross—-sectional
ares fromn 4.05 to 2.98 square inches,

A dimensioned drawing ' of the cowling and propeller
gu e e e g et ot w e S5 G Syt s niortie @ tiat a1l
cgolinga and Pncduction zni¥ 'S fBdgkea"i1r thpough o sinpgle
opening at.the noge cf 'the ‘¢ovwling, The division of 'the
air 4g nade in the low-velocity rezion at the end. of the
diffuser, Figure 6 is a close-up view of the cowling and
e BLgr

As tested in the high-speed condition, there were tvo
small cowl flaps on each side of the engine. Since these
flaps, were found inadequate for coagling in a. full-power

ach side for

2>
clinty’ tlree fized ecowl flaps were aaded "td e side
Inatalled: In £fisures

the c¢limd tesus~ They may bec seen as
7 St ety

Ffuselage side panels, as reported in refererces 1, wore
used ‘to dlnprove the feiring of the cowling 1nto the fuse-
lage. The airplane, as prevared for the tests, weighed
6000 pounds with o 175-pound pilot dnd *full’ Fanlkg, "It re-
tained the standard serial but had no provisions for guns.

The pressure snd the velocity of the air entering the
engine compartment from the rear of the diffuser section
were measured by four survey rakes disposed synmetrically
at ‘thie ton, bottom, and both sides of the annular opening,
Bach rake consigted of five impact tubes spaced radially
from the inner to the outer edge of the opening and a
static tube offset laterally aboun 1l inch from the center
impact tube,

The pressure drop across the sngine was measured by
impact tubes set in the entrance to.the baffles on top of ¢
the head; by impact tubes on the exhaust side of the head;
by impaci tubes on the exhaust side of the Dbarrel of cyl-
indersedy Baud o by s % il il 2 4 i Tbes omids b3 e pensbnd
tubes shielded from direct air flow behind each of the
cylinders listed.
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The ram in the carburetor scoop was megsured by three
impact tubes on the vertical center line of the scoop and
slightly behind the center line of the rear cylinders. In
addition, for the earlier flights, seven impact tubes were
placed at the entrance to the carburetor, just above the
screen, to determine the pressure distribution at the car-
buretor. Figure 9 shows the relative locations of pres-
sure tubes in the cowling.

de

¢ of the o0il cooler to determine the ram at that
three 1moact tubbs faﬂlna into the ex1t gogliing air
2

Uine impact tubves and one statie tube were placed in
e

he o0il coole were used in determining the pres-
nd the oil ecooler,

After the preliminary flights, open~end tubes were
also put in the accessory and recording instrument con-
partments to determine the pressure at those points.

The 85 air pressures were recorded by a 3C-cell re-
cording manometer attached to the pressure tubes through
a mznually operated three-position switch (fig. 10) so
that each cell recorded the pressures from three differecnt
tubes in succession., The static sides of all cells were
attached to a common pressure source, and the pressure
side of one cell recorded free-stream total pressure; thus
all pressures could be measured in inches of water above
or below free-stream total pressure.

mperatiure measurenmcnts were macde by means
an thermocouples connected to a recording
nmotor-driven 48-position rotating

his ar -angement, each temperature

e
ely once every 90 seconds.

Prinecipal
of dron-constal
galvagnoneter t
switch (fig. 1
was recorded a

For the measurement of cylinder-head temperstures, a
gasket-type thermocouple was used under the rear SparL
plug of each cylinder. Oylinder-barrel temperatures were
measured by thermocouples peened into the flanges at the
rear center lines.

Thernocouples were also placed on the front and rear
spark-plug elbows of cylinders 1, 7, and 11; on both mag-
netos; on the fuel lines on the suction and pressure sides
of the fuel pump; in the primer holes in the iatake ports
of cylinders 5 and 10 for intake mixzture-temperature; in
the mixture at the supercharger blower rim; and in the oil-




out line, he cogling-~air tempersture was recorded by a
thernocouple at the annular entrance to the enzine compart-
ment and by thermocouples ahead of and behind" eylindem i,
The thermocouple behind ecylinder 1 was placed 2 inches be-
hind and three fin spaces above the Dottom of the head;

the front thermocouple was betveecn cylinders 2 and 14 and
about three fin spaces below the bottom of the head. The
carburetor-air temperature was recorded by a thermocouple
just uvwnder the screen at the carburetor entrance.

_ The .cold junctionsg of the thermocouples were taped in
s bundle about 3 feet long snd 3 inches iz diameter and
placed in the rear part of the fugelage. A resistance
buld thermometer was used to indicate the temperature at a
point in the bundle. Indicated temperatures were noted by
the pilot. Other temperatures indicated by resistance Dbuld
thermometers were the temperatures of the accessory-compart-
ment air and the air at exit from the oil cooler. Free—
air, oil-in, and carburetor-mixture temperatures were meas-
ured by Army standard vepor-pressure type instruments al-
ready in the airplane. The free-ailr thermometer was cali-
brated for the compressibility heating effectdue to speed
by flying at constant altitude a4 several airspeeds.

An oil-pressure-type torque meter was installed in
the nose of the engine, with a 400-pound gzage in the cock=-
pit, The pilot's readings of the torque~meter gage and
tachometer were used in determining the brake horsepower
delivered to the propeller.

Altitude was determined by a recording altimeter open
to the measured pressure of the instrument compartment be-
hind the pilot'!s seat, Airspecd was determined by an air-
spced recorder working on pressures from an NACA swiveling
airspeed head on the right wing tip about one chord length
ahead of the leading edge of the wing. The static side of
the airspegd head was calibrated by atbtaching it to a cale
ibrated sensitive altimeter and flying at several ailr-
speeds at a known low geometric height, for which true
barometric pressure could be accurately established. The
impact side was calibrated against a shielded pitot head
free from errors due to flight angles of attack. A eross-—
calibration between the service airspeed head on the left
wing and the NACA airspeed head was later obtained, and
the NACA head was removed for the last high-speed trials.

Attempts were made to measure the fuel flow to the




carburetor by means both.ef an NACA indicating flowmeter
and a Bowser type flowmeter. Results obtained by either
method of measurement were inconsistent within themselves
and wvere discarded as being unreliable.

TEST PROCEDURE

Before the flight tests, ground-cooling tests were
made by running the engine at 1380 rpm in low pateh For 10
minutes, then idling for 5 minutes; then, after about a2
minute of running at higher speed to clear the spark plugs,
cutting off the engine., Temperatures were recorded con-

. tinuously until about 10 minutes after the engine was

stopped. The small cowl flaps were open,

Preliminary flights were then made to calibrate the
airspeed head and free-air thermometer and to check the
engine eooling at full power at critical altitude.

After several changes indicated by the results of the
preliminary flights, the high speed was determined by
making level runs at full power at 2700 rpm with cowl
flaps closed at several altitudes at and above the engine
eritical altitude, The manifold pressure was not allowed
to exceed 39 inches of mercury during the high-speed runs,
After reaching steady conditions in each run, the pilot
switched on the manometer and took pressure records, mean-
while noting free-air and cold-junction temperatures,
torque and manifold pressure, and engine speed, A4ll rew
cording instruments, except the manometer, were left on
throughout the flight,

Tor tests of the cooling in climb, the general proce-
dure was to hold the airplane at a constant. propeller
speed and indicated airspeced and at predetermined manifold
pressures or at full throttle, OFf the climb tests report-
ed here, one was made at 160 miles per hour at 2550 rpm
and about 40,5 inches of mercury in the automatiec rich
carburetor setting and was repeated at 2300 rpm; the other
was at 140 miles per hour and 2550 rpm with the mixture
control in full rich, In the fullwrich climb the manifold
pressure was held at 44,5 inches of mercury to 7000 feet,
then 43,5 inches of mercury until the fullethrottle posie=
tion was reached., A1l climb tests were made with the full
cowl flaps fixed open,
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The change in mixture setting from automatic to full
rich was made when tests showed that the engine could not
be satisfactorily cooled in automatic-rich setting at
climbing speeds below 160 miles per hour; whereas, the
best climbing speed was expected to be approximately 140
miles per hour, The automatic-rich setting provides a
nixture compensation for altitude that is cut out in the
fullerich setting,

RESULTS AND DISCUSSION

laxinum speed.- The values of maximum speed calcu=
lated from data obtained in level runs near and above the
engine critical altitude are shown in figure 12, along
with the observed brake horsepower and two parameters to
be explained later. The power curve shows that the eriti-
cal engine altitude was not reached, at least in the run
at the lowest altitude shown, and that therefore the speed
obtained in thet run must be expected to be lower than
speeds obtained at full throttle at critical altitude,

With the limited number of runs made, the precision
of the individual highespeed measurements was 3Insuffie
cient to determine critically the small variation of aire
speed with altitude at full throttle in the range of al-
titudes shown, and the faired curve presented must be
considered an approximation. Ip this connectiong It
should be noted that an error of approximately btne mile
per hour in any individual speed determination may result
from:

An error of 3° F in free-air temperature
An error of 0,2 inch HpO0 in impact pressure

An error of 0,1 inch of mercury in atmospheric
pressure

A change of altitude of 40 feet per minute

0f the above sources of error, that in determining
the free-air temperature may have been the most important,
After the tests were completed, it was found that exter-
nal pressure has an unexpectedly large effect on the in-
dications of the freceair thermometer. Although all reade
ings have been corrected for this effect, its magnitude,
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7° T at 15,000 feet, leaves some doubt as to the general
reliadility of the instrument. The compressibility effect
on the thermometer averaged 15° P at 335 miles per hour,
but a series of determinations indicated that this effect
may have varied considerably under different atmospheric
conditions,

The relation between the observed variations of pover
and speed with altitude, shown in figure 12, may be more
readily analyzed by consideration of the equilidbriun of
power reguired and power available in steady level flight.

Under these conditions

Dv !
= = bh 3
375 M 3 (1)
or
T \}43 /bhp Y 48
V = 52.73 <_.-_-> —_> 2
* 5Cp \'C ¥a)
where
D over-all drag of airplane, pounds
V  true speed, miles per hour
il propulsive efficiency of propeller and exhaust-

stack combination

bhp ©brake horsepower
S wing area, square feet
Cy drag coefficient of airplane
o frec—air-density ratio

It is inmmediately appareant that, for full-throttle
level flight at and slightly above the critical altitude
with an airplane of normal aspect ratio and wing loading
and a propeller chosen for good high-spead performance;

’ Y73
the paraneter 52.73 <§%—) should be virtually un-
: D

affected by moderate changes in weight or altitude. Values




12

of this parameter deduced from the observed values of V

g

and for each run are plotted against density alti-

tude in figure 12, The variation of approximately 2 per-
cent in the caleculated values is more than would normally
be expected in the small range of altitudes tested, and
some of the variation should be charged to experimental
error in.the small number of points obtained.

n Y/s

In full throttle operation the parameter 5

would also be expected to remain essentially constant over
the altitude range covered by the tests. The measured val-
ues of this parameter, which are also plotted against denw
sity altitude in figure 12, confirm this expectation.

An important phase 6f the present investigation in-
volves comparison of the high-speed performance of the
long-nose cowling and exhaust-stack arrangement with ac-
cepted high-~speed performance values for similar airplanes
with conventional air-cooled (P-364) and liquidecooled
(P-40C) installations. To provide such a comparison, equa-
tion (2) in the modified form

< v >3 it T Dbhp (3)
52.73 §Cp ©

has been presented graphically on figure 13. Points rep-
resenting the high~speed performance of the various air-
planes, 2ll of which had the same wing area, are spotted
on this figure. The location of a point on the figure im-
mediately reveals not only the maximum speed of the air-
plane but also the manner by which it was attained; by
power, supercharging and ram, as indicated by the ordinate
scale, or by aerodynamic refinement, as indicated by the
abscissa scale.

Within reasonable limits, the figure may be used for
several purposes, Primarily, it provides a ready method
of determining the effect on maximum speed of changing
either the power or the critical altitude of an engine
installation. For moderate changes the effect on weight
and propulsive efficiency will usually have a negligible
i)
SCh .

effect on the factor so that the abscissa of a
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point on the figure may be assumed constant while the or-
dinate is shifted, DTYor example, it would be of lnterest

to determine what would have been the maximum speed of the
long~nose XP-42 if its engine had delivered its rated mil-
itary brake horsepower. For 1000 horsepower at 14,500
feet, the value of the parameter 3%2 would be 1562, With
a representative value of §55 of 0.1775, the maximum

speed would then be expected to be 344 miles per hour, as
compared with the observed maximum value of 338 miles per
hour., Actually, the ram to the carburetor would permit
attaining this power at% a lower free-air density and would
pernmit a further incremse in speed of approximately 3
miles per hour.

Another use of the chart is for comparison of the max-
imum speed at the samne power and altitude of airplanes of
the same wing area, when these airplanes have been tested
under different power-density conditions. A necessary pre-
supposition to this comparison is that all the engines
compared could be modified to produce the same power at
the same altitude without appreciable changes in weight.

In the case of the XP-42, the P-36A, and the P-40C, the en-
gine of each of these airplanes has been rated at 1050
horsepower at somé altitude, so it may be assumed that the
radial engines could be supercharged to 1050 horsepower at
15,000 feet, or in other words, to the same power and al-
titude as that of the P-40C. The comparison would then
show:

Cobserved Maximun
maximun speed,
Airnlane speed at 1050 hp
and 15,000 £t

(mph) (mph)
P-40C 347 347
XP-42 long-nose 338 ' 352
P-36A 313 335

The above comparison isg subject to certaln limita-
tions. Primarily, the engine powers of the P-36A aad
P-40C were not measured by an engine torque meter and are
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therefore open to some question, Some additional cooling
pover would be required to operate the P-36A and XP-42 en-
gines at the rated power and altitude of the P-40C engine,
Comparison of the aerodynamic effect of the engine instal-
- lations is further complicated by the fact that other
sources of drag are not strictly comparable because the
gun installations on the XP~42 had been removed and, on
the other hand, some detailed aerodynamic refinements such
as the landing-gear fairing have been made on the P-40C.

The comparison, however, does seem to indicate that,
by use of individual Jjet exhaust stacks and a long-nose
high-inlet-velocity cowling, the installation of an air-
cooled engine may be made to compare favorably with a
conventional liquid~cooled-engine installation,

Pressures and temperatures.- The distributions of ob-
served engine cooling-air presgsures and cylinder tempera-
tures for a typical high-speed level flight and for a fulle-
power climb are shown in figure 14. For each case, the
pressures are plotted in percentage of free~stream impact
pressure, q,. For the high-speed condition, the distri-

bution of front and rear pressures around the engine is
seen to be very nearly uniform; in fact, the pressures at
the baffle entrances vary less with the location on the
engine of the cylinders on which they are measured than
they do with the point of measurement on the individual
cylinder,

In the type of cowling under consideration, the en-
gine cooling air is introduced to the front of the engine
through a fairly narrow annular space, producing a jet in
wvhich the velocity is determined by the quantity of cool-
ing air and the area  of the annulus. The observed pres-
sureg on the front of the engine may then be expected to
vary according to the location of the point of measurement
with respect to the entering jet, the maximum amount of
the variation being nearly equal to the velocity head in
the jet. With a single exception probably attributable to
experimental error, the pressures observed on the front of
the engine fell between the maximum impact and the mini-
mum static pressures measured in the annulus.

The average pressures on the front of the engine in
the full~throttle high-speed condition were found to re-
main nearly constant at 0,83 q, in the range of albtitudes
investigated. This value represents a loss of approxi-
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mately 0,05 Qe from the average impact pressure of 0,88 %

observed ot the annular entrance to the engine comparte
ment and an apparent loss of 0.12 q, due to entrance and
diffuser losses, The actual entrance losses are indeter-
minate because of the unknown amount of ram added by the
propeller cuffs,

At first glance, the distribution of pressures on the
front and rear of the engine shown in figure 14 for a
fullepower (fullerich) climb appears much more uneven than
that for the high-speed condition, ZExcept for two lew
points, however, the variation of front pressures was apw
proximately 25 vercent of the average pressure drop across
the engine in both c¢linrb and level flight. In the c¢limd
condition, as in the highespeed condition, the variatien
with the point of measurement on the individual cylinder
was greater than the vgriation with the location of the
cylinder around the engine.

The rear pressures, on the other hand, were much more
uneven in climb, Where the varistion of rear pressures
at high speed was only 5 percent of the average pressure -
drop, the variation of rear pressures in full-power c¢limb
was approximately 21 percent of the average pressure drop
across the engine. The rear pressures were highest near
the bottom of the engine, probabdly because of a combination
of conditions due to angle of attack and the absence of
cowl flaps at the bottonm,

In the full-power climb condition, the propeller cuffs
raised the average pressure at the entrance to the engine
compartzent to 0,98 q, and the average pressure on the
front of the engine to 0.86 g, at the engine power listed
in figure 14, The cowl flaps lowered the average rear
pressure to =0,26 dQes Providing an average pressure drop
across the engine of 1,12 qo, or 10.6 inches of water.

The distribution of eylinder-head and barrel tempapa-
tures is seen from figure 14 to be fairly uniforn in the
high-sneed condition, The maximum deviation from the av-
erage temperature for both heads ard Larrels was less than
25° ¥, Little correlation is evicecis Lebwaen individusl

cylinder tenperatures and the pr«r:zuv: dreops acrcss shcse
eyliaders. The obgerved cylindar-lLzauw fsaparstuecg wrhze
relatively low and barrel temperssiuvras wess messilagl in

. e A h e ] Ak AR
comparicen vith their specified lirivs of 500° ¥ and 535
P, resnectively.
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Arny specifications require that the installation be
capable of operating within these limiting temperatures
under "sunmer conditions," where sea=level air temperature
1.5 .100 B a%d the drop in temperature with pressure altiw-
tude is 3,6 F per thousand feet, For correcting tests
to these air conditions, a 1:1 correction factor is spec-
ified for both heads and barrels. Figure 15 shows average
and naxzimum observed head and barrel temperatures in rela-
tion to these Army summer limite, expressed here in 'F
above free=alr temperature. It is observed that although
the heads cooled satisfactorily, the average barrel ten-
peratures were marginal and maxinmum barrel temperatures
exceeded their specified limit in full-throttle level
flight in the altitude range tested.

It is possible that a redistribution of the available
cooling air effected by a change in the cylinder baffling
would reduce the magximum barrel temperatures to their spec-
ified limit without increasing the cooling drag because
the head temperatures were well below their limit.*

In order to evaluate the effect of small changes in
atr flow on cylinder temperatures, thé pressure drop across
the engine was varied at constant altitude and full power
by opening the small cowl flaps used in the high-speed
tests. The results are shown in figure 16, PFor an in=-
crease of 10 percent in volume of air flow, or an increase
of 4 inches of water in average pressure drop across the
engine, average cylinder~head temperatures were reduced
15° F and average barrel temperatures 10  F,

The interpretation of the temperature record obtained
during the full-power climb at 140 miles per hour is open
to some question, since there was a partial failure of the
reference voltage used to avoid errors due to temperature
effects on the galvanometer, The record obtained from the
reference voltage consisted of three or four Jagged steps
instead of the smooth horizontal line previocusly obtained.

*Subsequent tests, to be reported later, or the same en-
gine and thermocouple installation in a short-nose cowling
showed that a reduction of 15° T in the temperature of the
base thermocouples could be obtained by removal of the baf-
fle sealing strips between the barrels at the bottom of the
cylinders., These sealing strips are & special feature of
the particular baffle arrangement provided by the Pratt &
Whitney Company for the engine used in this investigation
and are not present in the standard baffle installation for
1830 engines.
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In all previous flights, the deflection of the galvanometer
when the reference voltage was applied never departed more
than 0.01 inch from a value of 0,89 inch. Since the in-
strument temperature was essentially the same as in the
previous flights and since there was sufficient evidence

to show that there was nothing wrong with the galvanometer
itself, it is improbable that the galvanometer calibration
should have changed materially from the nearly constant
value it held in the previous flights. In the calculation
of temperatures, therefore, it was assumed that the deflec~-
tion of the reference voltage would have been 0.89 inch if
the ballast tube and the connections from the reference
voltage had been in good condition,

The temperature distribution calculated on the fore~
going basis for the full-power, full-rich, ¢limdb at 140
miles per hour and shown in figure 14 is seen to have about
the same pattern as observed for the high~speed condition
at the altitude shown. At higher altitudes, however, the
pattern changed consideradbly, as may be seen in figure 17,
Since there was no change in the pressure. distribution, 1t
is probable that the change was largely an effect of mix«~
ture distribution as the mixture richeped with altitude.

A more complete picture of the conditions obtained
in the climb test is shown in figures 18 and 19, Figure
18 presents a2 time history of a climb to 11,000 feet at
160 miles per hour indicated, with the engine operating
at 2550 rpm and 40 inches of mercury manifold pressure
and with the carburetor mixture control in automatic rich.

At the end of this climdb, a level run was made at the
same manifold pressure and engine speed as in the climb,
The level run was followed by another climb similar to the
first except that the engine speed was 2300 rpm.

Flgure 19 is a time history of a e¢limb to 22,000 feet
pressure altitude at 140 miles per hour indicated, 2550 rpm,
full rich, with the manifold pressure up to the maximum
rating * for 5-minute operation except for the take-off,

The pressure and temperature distributions for climb shown
in figures 14 and 17 were taken from this test.

While the pattern of pressure and temperature distribu-
tion was essentially the same for the climbs at 140 and 160
miles per hour at the same altitudes, there was some change
in the level of observed front and rear pressures. The
pressures at the baffle entrances averaged 0,83 q, - and the
rear pressures averaged ~0,16 q¢ in the c¢limb at 160 miles
per hour, compared with 0.86 9; and -0,26 g,, respectively,
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in the climd at 140 miles per hour at comparable altitudes
(11,000 ft). The actual cooling pressure drops are shown
in figures 18 and 19.

Inspection of figure 19 shows that the pressure drop
across the engine decreased during the 140-mile-per-hour
climb and was still lower during a subsequent level flight
run at the same airspeed at an intermediate altitude. This
fact indicates that the decrease in pressure drop was due
principally to the decreased ram from the cuffs and lowered
slipstream effect on the cowl flaps as the power dropped off.
The data obtained indicated that the drop in front pressures
was approximately equal to the rise in rear pressures,

The cylinder temperature records of figures 18 and 19
show that the cylinder-head temperatures were well below
their 1imit at all times but that maximum uncorrected
barrel temperatures were within 10° F of their limit of
335° 7. Application of the Army "summer correction" would
put the maximum barrel temperatures for the 16C~mile~per-
hour climb at 15° F over the 1imit and for the :40-mile-
per-hour climb 2° F under the limit. TI7 ths <linb at 160

miles per hour had been extended to the enginc critical
altitude, somewhat higher temperaturss counld he ceipected.
Engine temperatures began to decline 2t lcwer clt<iivdes

in the l40-mile-per-hour climd in full rich paitly lecause
of the increase in mixture strength with altitude and part-~
ly because the engine power decreased with altitude from

a maximum at ground level under the operating conditions
specified for a 5-minute climb.

Aside from the pressures and temperatures encountered
in cooling the engine, interest also lies in the ability of
this type of cowling arrangement to supply air to the in-
duction system and to the o0il cooler.

The results of the pressure measurements in the induc~
tion system for the high-speed condition are shown in figure
20. The ram at the survey rake in the carburetor scoop
above the engine averaged approximately 0.77 qo, and the
static pressure at the same point was approximately 0.55 de
in high~speed level flight above critical altitude. As may
be noted from the pressure at the total-head collector in
the carburetor throat, the loss through the screen at the
entrance to the carburetor was almost three~fourths of the
velocity head in the sgoop. Measurements of impact pressure
above the screen indicated that the loss at the bend above
the carburetor was negligible,
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Some difficulty was experienced in measuring the
temperature of the air entering the carburetor because of
tecurring breakages of the thermocouple. The temperatures
shown by .the more reliable measurements, however, indicated
that the carburetor air was approximately 30° F hotter than
the ambient free-alr temperature. Since the temperature
rise due to adiabatic c¢ompression would be approximately
half this value, the remainder must be charged to absorp-
tion of engine heat through the walls of the ducts.

The average ram to the front of the o0il cooler in high-
speed level flight was found to be the same as that in the
carburetor scoop, approximately 0,77 qo,. In this conditilon,
the impact pressure behind the oil cooler was approximately
0.56 q,+ In both of the climbs reported, the impact pres-
sure on the front of the oil cooler averaged 0,66 g, and
pressures behind the oil cooler averaged approximatefy
0.30 Qg e

Another item of importance is that of ground cooling,
The temperatures observed during the ground-cooling test
are plotted in figure 21. This test was made before the
cuffs and the venting of the accessory:compartment were
modified to the conditions used in the flight tests, but
it is believed to be representative of the sirplane in
the final condition in all temperatures except those in
the accessory compartment. The temperature of the left
magneto, which is in the accessory compartment, reached
a maximum of 129° P after the engine was cut off. (Cor-
rected to summer conditions, this temperature would be 3° F
over the Army limit. Since all other temperatures were
satisfactory and since the improved venting materially re-
duced accessory compartment temperatures, it is evident
that satisfactory ground cooling can be obtained by the
use of cuffs with this type of cowling.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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Figure 20.- Fressures in induction system in high-speed level flight.
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