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GROUND-COOLING AND FLIGHT TESTS OF AN AIRPLANE EQUIPPED
WITH A NOSE-BLOWER ENGINE COWLING

By David Biermann and L. I. Turnmer Jr.
SUMMARY

Flight and ground-cooling tests were conducted with a Northrop
attack airplane (Air Corps designation, A-1T7A) to determine the
merits of a nose-blower engine cowling designed and built at the
N.A.C.A. Laboratory. The chief object of the tests was to deter-
mine the cooling charactsristics of the nose blower, particularly
for ground and low-speed operation. Of secondary interest was
the effect on the speed or drag of the airplanse.

The tests showed that the nose~-blower cowling was definitely
superior to the N.A.C.A. cowling from the standpoint of ground
couling, since the engine was operated at full throttle for
15 minutes with cylinder temperatures well below the recommended
limit. Although there was a slight decrease in speed with the
nose blower for the particular installation tested, the results
of the speed tests were really inconclusive as regards the possi-
bilities of improved high-speed performance. The nose-blower
cowling was definitely more powerful as a blower than it need have
been for satisfactory ground cooling, and comnsequently the power
absorbed was excessive.

INTRODUCTION

During the past year, the N.A.C.A. conducted experiments in
the 20-foot tunnel on several cowling models intended to improve
the cooling of radial engines at low air speeds and to reduce the
drag. Tests were made on a wing-duct system, described in refer-
ence 1, which showed that improved cooling couvld be obtained if
the wing were sufficlently thick to accommodate efficient entrance
ducts. Several blower systems for use when wing ducts are not
practicabls are described in refersnces 2 and 3 in which the air
is drawn in through entrances located in the wing roots, in the
side of the cowling, and in the nose of the cowling. These systems
showed promise of fulfilling the requirements set forth, so further
tests with an engine appeared to be advantegeous for further
developing the systems and demonstrating their qualities.

A Northrop attack airplane (Air Corps dosignation, A-1TA) was
borrowed from the Air Corps early in 1939 to carry out further the
cowling experiments in flight. The nose blower type, described in



reference 3, wes selected for the flrst experiment becaunse 1t wes
the easiest to instell, and, if it proved successful, 1t would have
the greatest immediate anplicatlon.

The chief object of these tests was to determine the cooling
characteristics of the cowlings. It was realized that there was
little chance for increasing the speed of this airplane by any
improvements in the nose shape because the drag contributed by the

N.A.C.A. cowling is only a smell part of the drag of the entire
airplane.

APPARATUS

Airplene .- The principal characteristics of the A-1TA airplane
are as follows:

Alrplane:
Span, W47 feet 9 inches.
Length, 31 feet 8 inches.
Weight, 7,150 pounds.
Engine: Pratt & Whitney R-1535-13
Rated horsepower, 750 at 2,500 feet at 2,500 r.p.m.
Gear ratio, h:3.'
Propeller: Controllable two-position..
Blade dfawing No. 6101A-6.
Diameter, 9 feet 6 inches.
Settings, 19.5° and 26.0° at W2-inch station.

Photographs of the airplane with the staendard N.A.C.A. cowling
are given in figures 1, 2, and 3. Performance characteristics for

- the engine are given 1n llgure 4, The recommended maximum cylinder-

head temperatures are as follows:
Continuous high speed, 2600 C. (500° F.),

Continuous cruising, 235° C. (455° F.).
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Nose-blower cowling.~ A sketch of the nose-blower cowling is given
in figure 5. One modification was made to the original blower during
the tests, as noted on the sketch. This modification consisted in
restricting the front opening area to 46 percent of the original value
by means of an extension to the nose of the blower. The primary
purpose of this modification was to determine the effect of reducing
the pumping action. It was expected that the quantity of cooling air
would be greatly reduced with resulting higher temperatures, although
it was realized that the efficiency of the blower would suffer owing
to the rapid expansion in the internal passages. Modification of the
blower to reduce the pumping action efficiently would have required
the construction of a completely new cawling, which appeared to be
unwarranted for the purpose intended.

The original form of the nose blower was patterned after a
model blower previously tested (blower 5, reference 3) but was
modified with the intention of improving the internal-flow charac-
teristics. The length-dlemeter ratio was increased, the expansion
rate of the passages reduced, and the radius of curvature of the blades
increased. It was hoped that, with these modifications, the internal-
flow separation noted for blower % would be eliminated and the
efficiency improved. In view of the departures from the design of
blower 5, it was impossible to predict the performance characteristics
of the A-17A blower. A conservatlive design was adopted which would
insure cooling of the engine under all conditions and little regard
was given to the resulting speed of the airplane.

Figures 6 to 9 show various views of the nose blower as initi-
ally installed. One may note the cowl-flap extensions which were
added in order that the exit slot could be closed tighter than
possible with the standard flaps. The entire {laps were replaced by
new ones after a few flights were made because of excessive air
leakage around the edges of each flap. Also the vent slot at the
fire wall was almost entirely closed, as well as other leakage openings,
because it was found that, with the nose blower, the high pressure
within the cowling caused Jets of air to flow out the leak openings,
a condition that presumably increased the drag, since it was found that
the maximum speed increased after the leaks were sealed.

Figures 10 to 12 show the nose-blower installation at the
completion of the tests. Note the paper and metal sezsls over the leak
openings. These photographs also show the extension which was added
to the nose for the purpose of reducing the opening ares to 46 percent
of its original value. The area of the front opening was reduced to
determine the effect of throttling the blower on ths cooling charac-
teristics and also the effect on the speed,




Instruments . -Measurements of temperatures were made as follows:

(a) Cylinder head at front and rear spark plug bosses on

cylinders 4, 5, 11, and 12 with thermocouples inserted in the metal.

(t} Cylinder barrel at their midpoints in the front and rear
of cylinders 4%, 5, 11, and 12 with thermocouples walded on the steel.
(Cylinders were numbsred in the directicn of propeller rotatlion,
beginning with the uppermost, which was in the reer bank; i.e.,
cylinders 4 and 5 were on the right side, 11 and 12 on the left side

- of the engine, 4% and 12 in the front bank, 5 and 11 in the rear
bank.)

(¢) TFree éir in a wing recess.

(d) Cooling air behind the cylinders on each side or engine.
‘(e) Accessory compertment .. |

(f)‘ Cérburefor iy,

- (g)- Mixture in one manifold pipe close to the cylinder on
cylinder 6. : :

(h) Intake menifold pipe clese to the cylinder on, cylinder 6.

Measurements of total cooling-air pressure drop across the
engine were made with three tubes located at 120° gpacing around the
engine in the froat of the cylinders at the head bases, and with
corresponding tubes behind the engine near the exit slot. The front
and rear tubes were connected to the two sides of a recording air-
speed meter, which measured the preasure drop across the engine at
the tubs loecations.

The engine rotational speed was measured with a recording
centrifugal tachometer in addition to an indicating electric tacho-
meter . : i

The air speed was likewise measured with a recording instru-
ment in =ddition to the pilot's indicating instrument. These
instrumcnts were calibrated in flight with a suspended bomb .

A statoscope, which records small changes in pressure height,
was instslled as a means for determining the condition of level-
flight operation.

The pressure altitude was measurel with.a gensitive altimeter.
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‘METHODS AND TESTS

The purpcse of the tests was to establish the merits of the
nose-blower cowling relative to the standard N.A.C.A. cowling,
primarily from the standpoint of cooling and secondarily from the
standpoint of speed or drag. Time histories of temperature during
full-throttle operation on the ground were selected as the most
severe and most reliable criterion of cooling. Temperatures were
also taken in the full-~throttle high-speed conditicn of flight with
cowl flaps clcsed.

Two types of flight runs were made: (a) Level flight at full
throttle to establish the maximum speed, the mixture being adjusted
in each test to obiasin the maximum engine speed; (b) level flight
over a range of speeds with the propeller blade angle maintained
congtant at the high setting to establish the relation between
air gpeed and engine speed. Such data are useful in Jjudging the
reliability of full-throttle runs, as will be discussed later. The
flight tests were made at a preasure altitude of about 8,000 feet,
which in most cases corresponded to a density altitude of approxi-
mately 10,000 feet.

Assurance that the airplane was not changing altitude excessi-
vely during the runs was obtained from the statoscope records.

RESULTS AND DISCUSSION

The results of the ground-cooling tests are given in figures
13 and 14, while those for the full-throttle level-flight tests are
glven in table I. Figure 15 shows the recorded pressure drops
across the engine. The speed results are given in figures 16 to 18
and table II.

Cooling.- The time history curves of cylinder temperatures
given in figure 13 show very convincingly the superiority of the
nose-blower cowling over the N,A.C,A, cowling from the stendpoint
of ground cooling. With the N,A,C.A, cowling In plecs, the engine
was operated for 6 minutes full throttle and shut down when it
appeared that certain temperatures wore exceeding the limits set. The
curves show that the head temperatures had nearly stebilized but that
the barrel temperatures were still rising in some cases.

The engine was run full throttle for about 15 minutes with the
original nose-blower cowling and could have been run indefinitely as
far as the cooling is concerned. Temperatures for only 10 minutes are
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given. K1l the temperatures were fairly well gtabilized after 6
minutes well below the overating limit. The head temperatures ran
wniformly ebout 130° F. below those for the N.A.C.A. cowling at
the 6-minute point. The barrel temperatures also ran, in general,
from sbout 100° F. to 145° F. lower.

Even though the blower modificatlion resulted in increased
temperatures of about LOC F7, the temperatures were yot about 100° F.
below those for the N.A.C.A, cowling and well bslow the maximum
limit. Although the engine was shut down after 6 minutes of operation
at full throttle, it could have been run indefinitely.

Figure 1k shows that the nose-blower cowling resulted in substan=
tially lower oil temperatures for the ground operation. The tempera-
tures of the oil entering the engine reached 200° F. after 5 minutes
of full-throttle operation with the N.A,C.A. cowling znd 1% was
rising rapidly; whereas it reached only 153° F. with the nose-blower
cowling for the same period even though the free-air temperature was
10° higher. The temperature stabilized at about 180° F. in about
14 minutes for the nose blower.

The temperatures of the oil entering the engine were about
200 F. higher for the modified blower than for the blower in the
original condition. A stabilizing temperature of about 200° F. for
a free-air temperature of 95° F. is indicated. This higher temperature
may be explained in part by the fact that the accessory compartment
was not ventilated so well for the blower in the modified condition
as for the other two cowlings, resulting in air of a higher temperatire
surrounding the oil tank.

It eppears from these ground-cooling tests that the blower was
entirely too powerful for this engine. There probably is no need in
any service conditiaen for a cooling system which will maintain temper-
atures as low as those recorded for full-throttle operation on the
ground. A blower of greatly reduced pumping capacity would probably
cool this engine satisfactorily under all ordinary operating condi-
tions with resulting power savings.

Following is & table of various englne temperatures for full-
throttle level flight at 8,000 feet.




L-478
TABLE I

Average Engine Temperatures During Full-Throttle Flight at £,000 Feet Altitude
Air speed, 200 miles per hour

? tTempcratures above free air, i Temperature chenge from
: | %, o N.A.C.A. cowling, °F.
: R RN LA i s R il oo S Yoo Tt 2 LIS MR STE  Boe b B W
i | | - Hose-blower ;mOdified! Nose-blower Modified
| | f cnwlﬁng ‘noge- ! cowling vnose-
< | M. K.CA =S oeesiblewer. e T eraes Dl
5 ; Cowling; iAdjustable;leed ‘cowling; Adjustable Fixed |cowling;
g Location 1ad justable] flaps; 'flape; .adjust~ [flaps; ‘£lapg; adjust-
oa 1£laps; | 1/2-inch {1 /4-inch eble .. l/”-inch ;1/14-inch| eble
! 2-inch. lexit iexlt :flans, ‘exit 'exit i flaps;
i exit lopening . opening ‘/L—‘nvk«npen ng 'opening 1/9 inch
opening i 'exit : {exit
{ ' 3 opening : _i | opening
- | Accessory compartment I el 99 i T9 33 55 % 35
- | Carburetor intake air 38 I 28 S I @7 ;=10 R D=1
- | Engine compartment, left | 69 {76 i 88 ¢ 2% SR | 19 § 5
- | Engine comps rtment right{ 73 L Tl BN WS SN ; o4 oo B e
4 | Barrel, fromt l 255 L 215 . 250 i 215 Ty 5 | -
4 | spark plug, front { 395 i 2k i SRR ¢ 1-115 -80 | -5
L | Spark plug, rear i 390 | 330 i 370 - ! 335 g -60 -20 L =55
4! Barrel, rear | 260 | S | 355 . | 235, . | -5 . | 225
5 Barrel, front | 245 | 210 2% |20 |35 54 |
5 | Spark plug, front i 360 I 265 L 305 | 280 i 95 | <55 i -80
5 | Spark plug, rear ' 400 {340 i 395 | 365 { -60 L3 | =35
5 Barrel, rear | 300 {250 | 285 | 260 L 0 Loie gl
11 ! Barrel, front lalps 8150 ia180 | %150 e l 865 L
— e e J_ e g oo e e e gt o bt ettt e A S e

— - e o

8These readings, vwhich are inconsistent with the others, are believed to have been affected by
improperly functioning thermocouples or by scme pecullar local cooling condition. They are
congidered insignificant and have been neglected in comparing various cowling arrangements.




TABIE T (continued)

B e B et e e T i it T e R e e e B S gt

fTemperatures above free ailr | Temperature change from
' N.A.C.A, cowling,®F.

e e e e S e e U A e Sl N

|

{ ' : |

| ; Nose-blower ‘Modified | lose -blower ‘Modified
l ; cowling ‘nage- cowling ‘nose -

i
i
!
!
i
h i 1 1 1
8 | 5 N e et i T £ T e —eoemoe - DlOWET
G’ icowling; * ‘cowling; ! i icowling;
| Z:  Locati : ! ’ =
g ocation Eadjustable.AdjustibleiFixod ;adjustw Ad Justeble Fixed jad Just -
o jflaps; 1 flaps; flasps; - &ble iflape; . flaps; |jable
i {2-inch ;1/2-inch 'l/k-inch flaps; 31/2-inch 1 /k-inch'flaps;
; |ex1t ‘exit ‘exit {1 /2-1nch exi% L exit 11/2-inch
i { opening topening oopening exib ‘opening  opening |exit
i ! ! lopening | § lopening
B I R e e e B b e i - 5 |
11 ' Spark nlug, front 335 255 300 ; 565 1+ 80 _ P =70
11% Spark plug, rear L 285 P 3k - S R -gs i 0 | =35
11| Barrel, rear 8220 . 225 Lo g TS . B
12! Barrel, front 230 200 Pass 1 200 1 =30 ! 5 i -30
12 | Spark plug, front 305 2ho R 1 % | IO g 1 =35 i -T0
| > : i { 4 | 3 !
12 | Spark plug, rear 355 i D - BN . - - -%0 0 P20
12 : Barrel, rear | 315 i 255 i 295 3 265 ¢ ~-60 ! -g0 | X0
6| Intake manifold wall | 55 - o P R | SR R A
6 . Intake menifold interior; 88 - (S35 1T EE . | aek -3 | -26
i 3 i : 41

8These readings, which are inconsistent with the others, are believed to have been affected by
improperly functioning thermocouples or by some peculiar local cocling condition. They are
considered inslgnificant and have been neglected in comparing verious cowling arrangements.
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In each condition, the cowl flaps were closed to the stops
existing at the time, but the actunl opcnings were different. The
standard N.A.C,A cowling flaps were shorter by several inches than
the flaps for the ncse blower and the exit opening was considerably
greater. New cowl flaps were madse for the nose-blower installation
with the intention of throttling the cooling air to the point that
the engine temperatures would equal those for the N.A.C.A. cowling.
Columne 2 and 5 show that, with the flaps closed as tightly gs the
r0511iont flap mechaniem permitted the cylinder temperatures were
from 30° F. to 150° F. lover than for the N.A.C.A. cowling. (Two
sets of doubtful reaedings are neglected.)

The first spesed runs with the nose-blower cowling indicated

that the airplane wes several miles per hour slower than with

the N.,A.C.A. cowling, It was thought that the high cowl pressure
vas causing air to flow out through muny holes end cracks in cowling
to disturb the flow over the fuselage. All the openinge were there-
fore sealed, including the accessory ccmpartment ventilating slot

at the fire wall except for a portion ncar the bottom. The airplane
greed Immediately increased several miles per hour, but it may be
noted that the accessory-compartment temperatures increased 33° F.

The next step consisted of fastening the flap trailing edges
to the cowling, leaving a 1/k-inch slot opening, The cylinder
temperatures approached those for the N.A.C.A. cowling fairly closely

in general. (See columns 3 and 6.) The accessory- -compartment

temperature exceeded that for the N.A.C.A. cow1ing by 550 F. and
the enginec-compartment temperature ran some 19° F. %o 27° . higher.
Since the cooling-air temperature rige through the engine was
increased some 25 percent for the seme cylinder temperatures, 1t

is reasonable to assume that less air was passing through the
baffles and that the rate of heat exchange was materially increased.
This higher heat-transfer rate can be explained from studies of the
flow leaving the blower., It was pointed out in reference 3 that

the air leaving the blower was in the form of a series of high-speed
Jets, which were directed into the cylinders along a helical path.
It seems reasonable thet the combination of the high jet velocity
and the angles at which the air strikes the fins would result in

a greater scouring action and consequently pgreater heat-transfer
rate.

Reducing the blower-entrance cpening had no importent effect
on the cooling at high speed as the temperatures weroc only a few
degrecs higher than with the unmodified blower. (Sec columns 4
and 7.)
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Tngine pressure drop.- The pressures across the engine.are
plotted in figure 15 in the form of the nondimeneional coefficlents
Ap/pr2D2  and  Op/end®  where

Op is the pressure drop across the engine.
P, the mess density of alr,

n, the propeller rotational speed.

d, the blower design diameter.

D, the propeller diametex.

The pressure cocfficients are plotted against V/mD and
V/nd, where V 1s the forward speed of the alrplane. The
coefficients are based on the propeller dismeter for the N.A.C.A.
cowling and the blower-design diameter for the nose blower, bub ‘

both scales are glven for the nose blower to facilitate direct
comparisons, if direct comparisons can be made.

It should be borne in mind that the vpressures reccrded were
only the local pressure differences at the tuves and not necessarily

the average or revresentative pressure differences across the engine.

It is pointed out in reference 3 that & very steep radlal pressure

gradient exists behind the noss blower. The tubes were located at i
the base of the heads (see fig. 5), which corresponds to a low

pressure region aporoaching the static value for the nose blower.

Surveys made with a model blower indicated that the maximuvm

pressure at the outer surface of the cooling air stream was several

times the static value near the center of the cowling., For this - ‘
reason, comparisons between thc nose-blower cowling and the N,A.C.A ‘

cowling made on the tagilg of pressure drop probably have little
eignificance.

Of intereet, however, are the differences In pressure aveilable
at the ground point. Whereas very little pressurc 1s recorded at
the ground for the N.A.C.A. cowling, the nose-blcwer cowling produced
gbout the seme pressure ag was requirsd for full-throttle level
flight., (See point for 1/4-inch exit slot.)

Opening the N.A.C.A. cowl flaps increased the pressure at high
gpesd by about 30 percent; whereas opening the nose-blower flaps
from the 1/4-inch position increased the pressure ebout 150 percent.
The cooling power was very high under the conditions of {laps open
since it is proportional to OpdAp/ep. For oxample, 1f the blowor
absorbs 25 horsepower for a Appnd2 = 2 at sea level, then it will
absorb 71 horsepower at 10,000 feet with the flaps open
(&p for2@2 = 4.85), This point is of interest in connection
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- with the very small difference in meximm speeds recorded for
various settings of the cowl flaps with the nose blower, as will
be further discussed in connection with tho specd tests.

Maximun speed end dreg.- The results of full-throttle mms for
various cowling errmngements are presented in table II. It was
found that the highest speeds for the nose-blower cowling were obtained
with the cowl flaps in some intermediate position, nelther entirely
opened nor closed to the point et which the engine temperatures
approximated those for the N.A.C.A. cowling. Only the results for
those intermediate positions are included. The engine temperatures
during these runs were definitely lower than with the N.A.C.A. cowling.

A correction for the effect on meximum epeed of the smell
altitude differences exvericnced between different tests was made
by deriving a curve of maxlmm cpeed sgainst altitude for the sirplane
equipped with the N.A.C.A. cowling, using the cxperimentally determined
relation between air speed and engine speed, the engine characteristics
given in figure 4, end assuning propeller cheracteristics from refer-
ence 5, The valuee thus corrected to the same altitude, so that they
may be directly compared, are listed in teble IT under ths heading
"Ad justed to 10,000 feet." No corrections for differences in engine
speed were made,
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TABLE 7T

Results of Full-Throttle Runs

5 (ft )
? 7,070
1 9,900
. 8,310
i 8,160
N.A.C.A. | 8,140
cowling | 8,135
i 8,120
| 8,125
1 8,130
| 8,125

= > .I_
. 8,105
| 8,135
Nose - | 8,200
blower {28,315
cowling | 8,135
| 8,345
| Moaified | 8,180
| nose- 17,920
blower I 8,150
cowling ; 8,000

o

Pressurs
arraugement altitude :temper-

|
iFree-
rair

‘gture
I

(“” )

31

8
37
29

\JI \ {
\O

Density
alti-
tude

(ft.)

Cbeerveld
Tl e el e o S
| Engine
v speed,
- THE

(m.n.h. )(r D m.) (m.p.h. )'(r p m. )

10,300
i 10,100
i 10,100
10,100
10 100

; 9 900
{ 10,000
10,200
9,900
0,000

19o 0 2 ?(o
92,3 | 2 260
203.0 | 2,350
206.0 | 2,350
203.6 | 2,370
203.2 | 2,360
202.9 | 2,360
202.9 | 2,360
23.1 | 2,30
202, 7 i 2,360
196. 5 | « 2,330
197.5 | 2,320
197.4 \ 2,320
196.9 2,330
197.6 2,340 |
192.9 2,290 -
197.5 2,330
197.1 | 2,340
195.0 2,320
198.5 2,360

|

i

Ad justed to

- Engine
v | speed,
N,

|
l

189 u

10,000 ft.

Cowl-flap
setting

Cowl flape
closed;
2-inch exit
slot

. .Cowl flaps

> closed;
1/2-inch exit
Cowl flaps

5 partly closed;
1-3/k-inch exit slot

2,230
190.4 - 2,220
201.1 i 2,3k
206.5 | 2,390
204,1 | 2,370
203.7 | 2,360
202.0 | ",360
203.0 2,360
203.2 : 2,360
202.8 | _,360
196.2 ! 2,310
197.5 | 12,320
197.7 | 2,320
196.6 | 2,330
197.6 | 2,340
193.2 | 2,200 |
197.2 | 24330
197.2 | 2,340 |
194,7 | 2,320 |
198.6 | 2,360

- 1/2-inch exit

;‘L Cowl flaps closed;
i
|

Cowl flaps partly
> cloged; l-inch exit

‘l slot

|
i
l
|
i
|
!
l
!
§
!

glot

|
1
|

slob

ot
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Accurate and consistent determinations of the maximum speed
are quite difficult, since they are appreciably affected by several
sources of error: condition of the engine, adjustment of the mixture
control, atmospheric pressure and temperature, small deviations from
steady level flight, and the presence of vertical currents in the
atmosphere, The results, however, are fairly consistent, with the
exception of two evidently low values for the N.A.C.A. cowling.
There 1s no significant difference betwsen the vaiues for the two
forms of the blower noge, and the variaticn in flep setting from
about half closed (l—3/h-inch exit slot) to fully closed (l/E—lnch
exit slot) appears to have a negligible effect.

That the flap setting for the nose blower had very little
effect on the speed seenms st*ange vecavse of the large changes in
internal cooling power resulting from changing the setting as
previously noted. There arc two possible erplanations to this
paradox: {a) Opening the fiesps may have resulted in greater
engine power; or, (b) opeming the flaps may have reduced the drag.
In the preliminary tests with the nose blower, it was found that
the drag was greatly increased because the high pressurs within
the cowling caused alr to flow out through various holes resulting
in disturbed flow. It is quite likely that this condition existed
for all the tests to some extent, If a blower were installed which
would be less powerful, it ie likely that the dreg, as well as the
power ebsorbed for cooling purposes, would have been less.

A more significant comparison of full-throttle runs, indicating
the consistency and reliability of the values, 1s obtained by
considering the maximum—-speed points in conjunction with the
corresponding curves of engine (or propeller) speed against air
gspeed. These data are presented for 10,000 feet in figure 16, in
which the adjusted values from table IT are plotted on the faired
curves of N, (engine speed) against V (true air speed). Fuli-
throttle runs for both foxms of the nose blower have been plotted
together on the curve for {he nose blower, since there seems to be
& negligible difference in their aerodynsmic characteristics.

The curves in figure 16 were derived from the experimental data
of figures 17 and 18. The curves of these last ngurea are the so—
called quantity "indicated propeller epeed" required against indicated
air speed., As explained iIn detail in reference 6, a single curve

%A

of 0N against o~V (where ¢ is the relative density) is
applicable to level flight at all altitudes and depends only on the
aerodynamic characteristics of the airplane-propellsr ccombination.
This quality is advantageous in {light testing, for the data obtained
are independent of the engine and the altitude at which the tests are
made. In other words, runs at different altitudes will define the
same curve. On such a curve, however, the end point, or maximum
speed, depends on the maximum speed available from the engine, which
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varies with altitude; tho date must therefore be reduced to the
form of figure 16 before they are useful in e comparison of
neximm speeds.

Considering first the curves of figure 16 (or thosc of figs. 17
end 18) without regerd to the full-throttle points, it is evident that,
for a given forward speed, the engine speed required is grecter for the
noge blower than for the N.A.C.A. cowling, If the installation of the
blower nogse had not affected the propeller characteristics, +tha
displacement of the two curves would afford a reliable measure of the
change in drag, since the comparison of two curves io relatively free
from the uncertainties of attempting to compare the isolated velues
of maximum speed tests, which are affected by engine performance end
altitude. For the same propeller characteristics, the increased
engine speed for the nose blower could be attributed only to an
increased drag coefficlent. '

Tt is shown in figure 46 (reference 5), however, that there are
marked chenmges in the propeller characteristics with change in body
chape. As the nosc becomes less blunt, the blocking effect: of the
body decreases, the velocity through the propeller dilsk increases,
and the angle of attack of the propeller bledes ie rcduced. As 2
result, the thrust cocfficient at a given V/nD is decreaged by the
blower nose, The effect of such a dscroase is to shift the Ny against
V curve for the nose blower upward if any accompanying change 1n
drag coefficient is neglected., The - dlgplaceunent of the curves 1s
thus a measure of the combined effects of changes in thrust end drag
coefficients and camnot be used as a criterion of the drag of the two
cowlings, for at least a part of the increased engine speed required
for the nose blower is caused by the change in propeller characteristice.
It is quite possible that the drag ccefficlent 1s decreased by the
blower nose; the curves are inconclusive in thie respect, showing only
that any such decrease is overbalanced by the decrease in thrust
coefficient.

An approximate analysis of the speed-power relations of the two
cowlings from figure 16 may indicate the effect of the nose blower
on the drag., The averages of the two groups of points are about
197 miles per hour and 2,330 r.p.m. for the nose blower, and 203 mlles
per hour and 2,360 r.p.m. for the N.A.C.A. cowling. From figure 4,
the corresponding brake horsepowers at 10,000 feet are 533 end 542,
respectively, a difference of 1.7 percent, A certain part of the
former velue, however, is absorbed in the blower; if this 1is taken
&8 46 horsepower (Ap/pn2d2 = 3.7 and o = 0.74), then the engine
powers used in overcoming the drag in the two cases are 4B7 and 542
horsepower, or a difference of ahout 11,3 percent, The speed
difference is 6 miles per hour or about 3.0 percent. If the
variations in drag coefficient and propeller efficiency with change
in speed are neglected, the 3.0-percent difference in speed represents
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a 9.0-percent difference in powsr. This value is in fair agreement
with the 11,3-percent difference previously found from the englne
speeds and blower power., In other words, if the thrust horsepower
available had been the same for both cowling conditions, the
maximum specds would have been practically equal. This fact
indicates no significent chenge in drag coefficient within the
precision of the tests, the observed difference in speed being
accounted for by the difference in engine speed and the power
absorbed by the blower,

The results of the speed tests are obviously inconclusive in
view of the fact that the blower was excessively powerful. This
is shown by further computations in which a value of 68 horsepower:
is computed for the blower operating with the cowl flaps closed to
e 1-3/k-inch exit slot, with a negligible change in maximum speed.
This computation 1nd*cates a reduction in drag of the airplene of
T+5 percent with the nose blower.

CONCLUSIONS

1. The nose-blower cowling definitely overcooled the engine
on the ground, The spark-plug boss temperstures for full-throttle
operation stabilized at aboub JOOO F. above the alr temperature
while the highest barrel temperatures recorded ware sbout 225° F.
above the alr temperature., These temperatures were roughly 125° F.
below those obtained with the N.A.C.A. cowling for a full-throttle
run of only 6 minutes. The temperature of the oil entering the
engine was also correspondingly lower.

2. The rise in temperature of the cooling air through the
engine baffles was roughly 25 percent greater for the nose-blower
cowling than for the N.A.C.A. cowling when the cowl flaps were
closed to obtain approximately the seme cylinder temperatures. This
indicates that less air was required to cool the engine, which meens
that the heatntransfer rate from fins to air was greater.

3. Modifying the nose blower by restricting the front entrance
to 46 percent of its original area resulted in only slightly higher
englne temperatures.
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4, Although slightly higher full-throttle speeds were.

obtained with the N.A.C.A. cowling than with the nose-blower
cowling, the tests were inconclusive from the speed standpoint
owing to the fact that the nose blower was too powerful for this
engine end consequently absorbed more power than it need have to
obtain satisfactory ground cooling.

Langley Memorial Aeronautical Laboratory .

National Advisory Committee for Aeronautics,
Langley Field, Va., September 22, 1939.

REFERENCES

Biermann, David, and Valentine, E. Floyd: Preliminary
Model Tests of a Wing-Duct Cooling System for Radial
Engines. NACA ACR, Feb. 1939,

Biermann, David, and, Valentine, E. Floyd: Prellminary
Tests of Blowers of Three Designs Operating in Con-
Junction with a Wing-Duct Cooling System for Radial
Tngines. NACA ACR, June 1939.

Biermann, David, and Valentine, E. Floyd: Preliminary
Tests of Nose— and Side~Entrance B.ower Cooling Sys—
tems for Radial Engines. NACA ACR, July 1939.

MacCiain, A. Lewis, and Buck, Richard S.: Flight Test~
ing with an Engine Torque Indicator. S.AE, Jour.,
vol. 42, no. 2, Feb. 1938, pp. L9-62. :

Biermann, David, and Hartmen, Edwin P.: Tests of Five
Full-Scele Propelilers in the Presence of a Radial
and a Ligquid-Cooled Engine Nacelle, Including Tests
of Two Spinners. NACA Rep. No. 642, .1938.

Lesley, E. P., and Reid, E. G.: A New Method for the
Prediction of Airplane Performence. NACA TN No. 302,

1929,




L=478 .

|

N.A.C.A.

Figure 2.-Front view of N.A.C.A. cowling.




N.A,C.A Fig. 4
800
~
\\/\
’ ‘\~\‘
700 5 e
8 N
a AN
I RS \\
'E);/ - ’ \ \‘\
800 LA N 25
T ‘\\\ |
’ ™~ N\,
a \‘\\\ N \¢?6\
";ﬁ > \\ \\i>
g s N,
o F""“‘ \\ \(%‘}O N
g e '\\ \\0 \
~ N A
8«500 +~ BN \\
() S N \ N
2 s i e o \
o \ (\J‘OO N N
i i e B
P, N\,
| \‘9‘20 o »
= N N N \\
m 400 M il
\\, \\\ \
\\\ \\ 3 \
B S A \\i
\‘\\ \\1
N,
300 \ \\\\
'\ \\
200
1e® <9 88 o7 55}
Density ratio
RS T T T i e R S R T T E T T
0 5 10 15 20 25

Figure 4.- Pratt and Whitney R-1535-13 full-throttle engine characterist-

Density altitude, 1,000 ft.

ics at altitude. (From reference 4.)




L4 2 =
2 075/8”// | s / 6- 72 — E”
[ /7/8 ) )96’0/ —"‘\L‘ C /(/ :
Blower- : l Q—T / .
spinner , AL
\ < - L e E L S Fressure
. & \ : - .9 :q'
Modified 9//9/,:, Fresstyre tube
nose.., O\'\(\ be - |
// o =
’ T—I"" C ol I
N } 4 i |
Lo =l Fro=J| NS ngine
O N 5 peler|iil s ) . ;
&\:‘Q\ i S /B/OO’E" _
S A g outiines | B 3
o \l 5 \\ // N\‘§'-‘—-— ,9 | | g
| \ 0 O
Swli \Y \\\ X
N . S & 10\@
Figure 5,- b ik e 0\,) L
Sketch 0 <t
of nose-blower o Q . :
cowling for A-17A iy e |
airplane, 3
[
5.
e i




L-478

N.A.C.A,

Figure 6.-8ide view

of nose-blower cowling.
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Figure 8.-Front
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view of nose-blower cowling.
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Figs. 10 11 12

Figure 10.-Side
view

of modified nose-

blower cowling.

Figure 11.-One-

quar-
ter view of mod-
ified nose-blow-
er cowling.

Figure 12. Front
view

of modified nose-
blower cowling.
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