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GROUND-COOLING AND FLIGHT TESTS OF AN ATRPLANE EQUIFPED
WITH A NOSE-BLOWER ENGINE COWLING
By David Blermamm and L. I. Turner Jr.

STMMARY

Fiight and und~cooling testas were conducted with a Northrop
attack alrplane ?ﬁr Corps designation, A~1TA) to determins the
merits of a nose-blower engins cowling desligned and bullt at the
N.A.C.A. Iaboratory. The chief obJect of the tests was to deter-
mine the cooling characteristics &f the nose blower, particularly
for ground and low-speed uperation. Of secondary interest was

the effect on the speed or drag of the airplans.

The tests showed that the nose-blower cowlling was definitely
superior to the N.A.C.A. cowling from the standpoint of ground
cooling, since the engine was operated at full throtile for
15 minutes with cylinder temperatures well below the recommsnded
limit. Although there was a slight decrease ln speed with the
nose blower for the particular installation tested, the results
of the speed tests were really lnconclusive as regards the possi-
bilities of improved high-speed performance. The nose-blower
cowling was definltely more powerful as a blower than it mwed have
been for satisfactory ground cooling, and oonsequently the power
absorbed was excesslve.

IRTRODUCTION

During the past year, the N.A.C.A. conducted experiments in
the 20-foot tunnel on several cowling models lntended to improve
the cooling of redial engines at low air speeds and to reduce the
drag. Tests were made on a wing-duct system, described in refer-
ence l, which showed that improved cooling could be obtained if
the wing were sufflclently thick to accommodate efficient entrande
duots, Beveral blower systems for use when wing ducts are pot
practicable are described in references 2 and 3 in which the air
is drewn In through entrances located in the wing roots, in the
slde of the cowling, and in the nose.-of the cowling. These systoms
showed pramise of fulfllling the requirements set fort.h 8o further
tests with an engine appeared to be edvantageous for further
developing the systems and dsmonstrating their qualities,

A Northrop atteck alrplane (Air Corps designation, A~1TA) was
borrowed from the Alr Corps early in 1939 to carry out further the
ocovling experiments in flight. The nose blower type, described in
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refersnce 3, was sslacted for the fivst experiment bsceunse it ves

the easlieat to install; and, If it proved suocessful, it would ha.ve
the greatest immediate application.

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 alrplane by any
improvements in the nose shape because the drag contributed by the
NA.C.A. cowking 18 only a small part of the drag of the entire
alrplene.

APPARATUS

Alrplans .- The principal characteristics of the A-l?A alrplane
are as follows:

Alrplene:
Span, W7 feet 9 inches.
' Length, 31 feet 8 inches.
Weight, 7,150 poundé. _
Engine: Pratt & Whitney R-1535-13.
Rated horsepower, 750 a* 2,500 feet at 2,500 r.pa.
Gear ratio, 4:3.
Eropeller: Controllable two-position.
Blade drawing No. 6101A;-6.
Diameter, 9 feet 6 inches.
Settinga, 19.5° and 26.0° at 42-inch station.
Photographs of the airplane with the standard KA.C.A. cowling
are given in figures 1, 2, and 3. Performance characteristics for
the engine are given m figure 4. The recommended maximm cylinder-
head temperatures are as follows: R
Continuous high speed, 260° C. (500° P.),

Continuous:cmising, 2355 c. {(u55° F.).
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Nose-blower cowling.~ A sketoh 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 gquantity of cooling alr
"would be greatly reduced with resulting higher temperatures, although
it was realized that the efficiéency of the blower would suffer owing
to the rapid expansion in the internal passages. Modification of the
blower to reduce the pumping action efficlently would have required
the construction of a campletely new cowling, which appeared to be
unwarranted for the purpose intended.

Te original form of the nose blower was patterned after a
model blower previously tested (blower 5, referemce 3) but was
modified with the intention of improving the intermal-flow charac-
teristios. The length-diameter ratio was lnoreased, the expansion
rate of the passages reduced, and the radilus of curvature of the blades
increased. It was hoped that., with these modifications, the internal-
flow separation noted for blower 5 would be eliminated and the
efficiency improved. In view of the dep-rtures from the design of
blower 5, it was impossible to predict the performance characteristics
of the A-1TA blower. A conservative design was adopted which would
insure cooling of the engine under all conditions and little regard
was given to the resulting speed of the alrplane.

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

& condition that presumably increased the drag, since 1t 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 seaels over the leak
openings. These photographs elso show the extension which was added
to the nose for the purpose of reducing the opening area to 46 percemt
of its original value. The area of the front opening was reduced to
determine the effect of throttling the blower on the cooling charac-
teristics and also the effect on the speed.
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. dngtruments . -Heamumntg of temperatures were made as follows:

(a) Cylinder head at front and rear spaxk plug bosses on
"“oylinders 4, 5, 11, and 12 with thexmocouples inserted in the metal.

() Cylinder barrel at their midpoints in the front and rear -
of cylinders 4, 5, 11, and 12 with thermocouples welded on the steel.
(Cylinders were avmbsred in the direction of propeller rotation,

" .beginning with the uppermost, which was in the rear bank; 1.e.,

" oylinders 4 and 5 were cn the right side, 11 and 12 on the left side
of. th§ erngine, 4 and 12 in the front bank, 5 and 11 in the rear
bank o _

(¢) Free air in a wing recess.

" (d) Cooling air behind the cylinders on each side of englne.
(e) ché_ssq,ry cmnpar-t'ment. _
(£) Carburstor air.

(g) Mixture in ome menifold plpe close to the cylind.er on
) cylinder 6.

(b) TIntake manifold pipe close to the cylinder an cylinder 6.

Measurements of total cooling-air pressure drop across the
engine were made with three tiben located at 120° spacing around the
.efigine In the front of the cylinders al the head bases, and with
corresponding tubes behind the engine near the exit slot. The fromt
. and rear tubes wore connected to the two sides of a recording air-
speed meter, which measured the preasure drop acroas the engline at
the tube loca.tiona

The engine rotational speed was measured with a recording
‘centrifugal tachometer in additlon to an i.n.d.[ca.ting electric tacho-
meter. )

Thé air speed was likerise measured with a recoriing instru-
ment In cddition to the pllot's indicating lnstrument. These
_1nstr|munts wore calibrated in flight with a suspended bomb .

" A sta.toscops » Which records ama.ll changea in pressure helight,
" was .installed as & means for determining the condition of level- .
flighu oyere.tion .

The pressure altitude vas measured with a sensitive altimeter.
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METHODS AND TESTS

[P - - .
Lo A err . -

The purpose of the tesats 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
standpolnt of speed or drag. Time historles of temperature during
full-throttle operation on the ground were seleoted as the most
severe and most reliable criterion of cooling. Temperatures were
also taken in the full-throttle high-speed condition of flight with
cowl flaps clcsed. .

Two types of Plight runs were made: (a) Level flight at full
throttle to establish the meximm spoed, the mixture being adjusted
in each test to obtain the maximm engine speed; (b) level flight
over a range of speeds with the propeller blade angle maintained
constant at the high setting to establish the relation between
alr speed and engine epeed. Such data are useful in judging the
reliability of full-throttle runs, as will be dlscussed later. The
flight tests were made at a pressure altltude of about 8,000 feet,
vwhich in most cases corresponded to a denslty altitude of approxi-
mately 10,000 feet.

Assurance that the alrplane was not changing altitude excessl-
" vely during the runs was obtained frum the statoscope records.

RESULTS AND DISCUSSION

The results of the ground-cooling tests are given in figures
13 and 1%, while those for the full-throttle level-flight tests are
glven 1in table I. TFigure 15 shows the recordsd pressure drops

across the emgine. The speed results are glven in figures 16 to 18
and teble II.

Cooling.- The time history curves of cylinder temperatures

glven in figure 13 show very convincingly the superiority of the

. nose-blower cowling over the N.A.C.A, cowling frocm the standpoint
of ground cooling. With the N,A.C.A. covwling in plece, the engine
was operated for 6 minutes full throttle and shut down when 1t
appeared that certaln temperatures wore exceeding the limits set. The
curves show that the head temperatures had nearly stabilized but that
the barrel temperatures were still rising in same 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. Temperaturea for anly 1O minutes are
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@iven, ATl the temperetures weré Telrly well stabilized after &
minutes well below the ‘operating limit. The head temperatures r=n
mniformly ebout 130° ¥. below those for the N.A.C.A. cowling at
the 6-minute point, The barrel temperatures also ran, in general,
from about 100° ¥, to 145° F. lower.

Bven though the blowsr modification resulted in Increased
temperatures of about 40° F:, the temperatures were yet about 100° F.
below those for the N.A.C.A. cowling and well belcw the maxrimmm
1limit. Although the engine was shut down after 6 minutes of operation
" at full throttle, it could have been run indefinitely.

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

The temperatures of the oll entering the englne 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-alr temperature of 95° F. is indicated. This higher temperature
may be explailned in part by the fact that the accessory compartment
was not ventlilated so well for the dblower in the modified condition
as for the other two cowlings, resulting in alr of a higher temperatire
surrounding the oil tenk. '

It appears from these ground-cooling tests that the blowsr was
entirely too powerful for this engine. There probably ls no need in
eny service condltian for a cooling system which will maintain temper-
atures as low as those recorded for full-throttle operation on the
grownd. A blower of greatly reduced pumping capacity would probably
cool this engine satisfactorily under all ordinary operating condl}.-
tlons with resulting power savings.

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

Aversge Engine Temperatures During Full-Throttle Flight at 8,000 Feet Altitude _‘

~

Air speed, 200 miles per hour

i Temperatures above free alr, Temporatuxre change from
? . °F. . F.A.C.A. cowling, °F.
| ' T Nose-blower . Modified| Hose-blower li(odiﬁed
& f cowling .nose-~ - cowling inose-:
> N.A.C.A, - = otmmm o ——ablower | - | blower _
3 i dowling; |A6.1us‘ba.'ble Fixed 'cowling; AdjustebleiFixed |cowling;
T Location jad fusteble Plaps;  iflepe; edjust~ [flape; flaps; !adjust-
© flaps;  ;1/2-inch |1 /4-inch able 1/2-inch |1 /4-inch|able
o-inch-  |exit rexit  ,flaps; lexi lexit  flaps
exit |open1ng ‘opening 1/2-inch lcupem::\g opening 1/2-1nch
opening ! rexit - , jexit :
:  opening | ! opening
i T -
- | Accessary campartment Iy CTT - 99 . 79 l 33 55 ! 35
- | Carburetor intake air 38 I 28 ¢l - -10 3 1 -1
- | Englne compartment, loft | 69 Lo76 . 8 i Th 7' 19 | 5
- | Engine compartment, right| 73 i T r100 ! 75 1 ., 27 2!
4 | Barrel, front 255 i 215 .25 ;215 |-k S |-k
L | Spark plug, fromt 355 | 2ko i 25 . 260 1-115° -80 -95
4 | Bpark plug, rear 390 | 330 j 30 1335 60 _ | -20 55
4 ! Barrel, rear 260 : 215 1255 | 225 b5 =5 -35
5| Barrel, front 2k5 i 210 . 250 | 220 -35 5 -25'
5 | Bpark plug, front 360 P 265 305 | 28 % 55 -8
5| Spark plug, rear koo | 3%0 i 35 | 365 -60 -5 jg-
5. Barrel, rear 300 | 250 | 285 ' 260 -50 -15 ' )
11 | Barrel, front 8125 | 8150 [2180 %1% | %5 865 l 825

8hese readings, which are inconsistent with the others, are believed to have been affected. by

Improperly fumctioning thermocouples or by same peculiar local cooling conditiom.

They are

considered insignificant and have been neglected in camparing varions cowling arrangements.
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Location

Cylinder

TARIE I (continued)

— at = Gme G Sm e — N L

o e o —— e s r—t—— o —
11 | Spark plug, front
11 | Spark plug, rear
11| Barrel, rear
12 Barrel, front
12 ; Spark plug, front
12 : Bpark plug, rear
12 | Barrel, rear
6 | Intake menifold wall
6 : Intake manifold interior

S
, .
iTemperatures above free air i Temperature change from
' . N.A.C.A. cowling,°F.
|  Nose-blover  IModified|  Nose-blower iModified
. cowling jnose - i cowling 'nose -
N.A.C.A. : e ———— e 1blower E e e vremrm e s = DLOWOY
cowling; . i ;oowlings | i cowling;
ad justeble Adjuctsblo Fixed ,adjust- Adjusteble;Fixed |adjust-
flaps; i flaps; flaps; -able iflaps; :flaps; (able
2-inch  ;1/2-inch 'l/4-inchiflaps; jl/2-inch :1/h-inch fleps;
exit exit ‘exit 1,/2-inch exit 'exdt  |1/2-inch
opening lopening iopening |611t lopening | opening jexit
: ! opening | ! 101’9112'-138
B % Bl2'3 33
3 vt 3 3 - : =3
8200 . 225 270 235 . %5 - 80 85
230 + 200 235 200 ' -30 : b, -30
5 , 2% i 270 235 | 65 | -3 -70-
3B 315 | 35 305 , -%0 0 -50
315 i 255 | 295 265 1 6 ! 2 | B0
5 1 % - T3 % 1 1 | 18 1
88 i 67 . 62 | -21 -3 -26

8These readings, which are inconsistent with the others, are believed to have been affedted by

improperly functioning thermocouples or by some peculiar local cooling condition.

They are

considered insignificant and have been neglected in comparing various cowling errangements.
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In each condition, the cowl flaps were closed to. the stops

.. - existing at the time, but the actusl oponings were different. The

standard N.A.C,A cowiing flaps were shorter by several inches than
the flaps for the nose blower and the exlt opening was considerably
@greater. New cowl flape were mads for the nose-blower installation
with the intention of throttling the cooling alr t6 the point that
the engine temperatures-would. equal those for the K.A.C.A, cowling,
Columns 2 end 5 show that, with the flaps closed as tightly as the
resilient flap mechanism permitted, the oylinder temperatures were
from 30° ¥, to 150° F. lower than for the N.A.C.A. cowling. (Two
sets of doubtful reedings are nsglected.) ' :

The first speed rmms with the nose-blowér cowling indicated

that the airplane wes several ulles per honr elower than with ..

the N.A.C.A. cowling. It was thought that the high cowl pressure
was causing alr to flow out tbrough wany holes and cracks in cowling
to disturd the flow over the fuselage. All the openings were there-
fore sealed, including the accessory compartmont ventllating slot
at the fire wall except for a portion neer the bottom. The alrplane
speed lmmedlately incrcascd several miles per hour, but it mey be
noted that the accessory-compartment temperatures increased 33° F.

The next step consisted of fastening the flap tralling edges
to the cowling, leaving a 1/k-inch slot opening., The cylinder :
temperatures epproached those for the N.A.C.A. cowling fairly closely -
in general. (See columns 3 end 6.) The accessory-compartment
temperature exceeded that for the N.A.C.A. cowling by 55° ¥, and
the engino-campartment tempsrature ran some 19° ¥. to 27° ¥, higher.
Since the cooling-air temperature rise through the engine was
increased some 25 percent for the same oylinder temperatures, it
is reasonable to assume that less alr was paseing through the
baffles and that the rete of heat exchange was materially increased.
This higher heat-transfer rate can be explained from studles 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 reasopable that the ocombination of the high Jet velocity
end the angles at which the alr strikes the fins would result in

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

Reducing the blower-entrance opening had no importent effect
on the cooling at high speed as the temperaturos were only a few
d.egreag higher then with the urmodified blower. (Sed columns 4
and T, .
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' preesure gg.- The pressures across the engine are
rlotb%%élgure in form of the nondimensional coefficlents
&p/prPD2 and Op/PnPd®  where

N 1s t'he'pressm drop acrose the engins.
p, the mass denslty of air.

n, the propeller rotational speed.
d, the blower design diameter.
D, the propeller diemetexr.

The pressure coefficlents are plotted against VAD end
V/od, where V is the forward speed of the alrplane, The
coefficients are based on the propeller dismeter for the N.A.C.A.
cowling and the blower-dssign dlsmeter for the nose blower, dut
both scales are given for the nose blower to facilltate direct
campariscns, if direct campariecns can be made.

It shounld be borme in mind that the pressures recorded were
only the local pressure differences at the tubes and not neceseerlily
the average or representative pressure differences across the engine.
It is pointed out in reference 3 thet B very steep radial pressure
gradient exisgts behind the noss blower. Tho tubes were located at
the base of the heads (see fig. 5), which corresponds to a low
Pressure region apvroaching the stetle value for the nose blower.
Burvoys made with a model blower indicated that the maximum
Pressure at the outer surface of the cooling air stream was several
times the static value near the center of the cowling. Tor this -
reason, comparisons between the nose-blower cowling and the N,A.C.A
cowling made on the basis of pressure drop probably have little
algnificance.

Of interest, however, are the differences in pressure avallable
at the ground point, Whoreas very little pressure 1s recorded at
the ground for the N.A.C.A. cowlling, the noso-blcwer cowling produced
about the seme pressure ap was required for full-throttle level
flight. (Bee point for 1/k-inch exit slot.)

Oponing the N.A.C.A. cowl flaps incroased the pressure at high
speed by about 30 percent; whereas cpening the nose-blower flaps
from the 1/4-inch position increased ths pressure ebout 150 percent.
The cooling power was very high the conditions of flaps open
since it is proportiocmal to ApdAp/p. For examplo, if the blower
absorbs 25 horsepower for a XApfn2d2 = 2 at sea level, then it will
absorb Tl horsepower at 10,000 feet with the flaps open
(4p/or232 = 4.85), This point 1s of interest in commection
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iqiththeva:wma].‘l.d.ﬁ'ference in meximum speeds recorded for
various settings of the cowl flaps with the nose blower, as will
- be.. further discusecd in connection with the epecd tests.

Maxinum sgg‘ea and d_zgg .~ The resulte of full-throttle rms for

varlous cow. "arrangemente are presented in table IX. It was
found that the highest speeds for the nose-blower cowling were cbtained
with the cowl flaps in soms intermediate position, nelther entirely
opened nor closed to the point at Wwhich the englne temperatures
approximated those. for the N.A.C.A. cowling, Only the results for
those intermediate positions are included. The engine temperatures
during these Tms were definitely lower than with the N.A.C.A. cowling.

.. A correction for the effect on maximum speed of the emall
.altitude differences exporisnced botween different tests was made
by deriving a curve of maximm speed egainst altitude for the airplsne
equipped with the N.A.C.A. cowling, using the oxperimentally determlned
relation between elr speed eand engine speed, the onglne characteristics
given in figure 4, &nd assuning propellor cheracteristics from refer-
ence 5, The values thus corrected to tho sems altitude, so that they
may be directly campared, are listed in table IT under the heading
"Adjusted to 10 ,000 feet." No corrections for differences in englne
apeed were meade,
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TABLY. TX

Results of Full-Throttle Runs

- ——

Cowling

N.A.C.A.
cowling

—————lml T

| [pree- Observod M 8000 gt
Pressure iair  Density] \ . : '
a.rrangemsnt altitude 'temper+ elti- Englne | . Engine : Cowl-flap
Iature tude v ' sp;ed, . v i speed, setting
| e ! e
! (ft ) |(°F ) ,'(ft.) (m.'o h )'(r p.m. : (m.v.h. ) (r p.m.)
— — —— — . am i_—_._ — - a— e o ». —— = ———— - --I -
I 7,070 1 31 i 7,100 193 0! ,?70 | 188.4 { 2,220 |
i ,Q)O 8 9; 192, 3 2 2& 190. 4 : 2:2-50 .
; 8,310 37 9,000 | 203.0 2,350 ' 201.1 | 2,350 . '
| 8,160 59 110,300 | 206.0 : 2,380 ! i 206.5 | 2,330 Cowl flaps
: 8,150 t 59 [10,300 | 203.6 | 2,370 i 2oh,1 ' 2,370 closed;
8,135 59 110,300 | 203.2 | 2,360 | 203.7 | 2,360 , 2-inch exit
8,120 56 110,100 | 202.9 ,360| 203.0 | 2,360  slot
8,125 56 10,10 | 202.9 | 2,360 | 203.0 , 2,360 ‘!
8,130 56 110,100 | 203.1 | 2,360 | 203.2 | 2,360 .
8,125 56 10,100 | 202.7 | 2,360 | 202.8 | 2360 ;
o = men . — - aom mnn s w——— — = ———-—-——-—-I - i — e
: 8,105 54 9,900 | 196.5 | 2,310 | 196.2 ' 2,310 . . Cowl flaps
I 8,135 55 10,000 | 197.5 | 2,220 : 197.5 | 2,320 '  closed;
| 8,200 56 10,200 | 197.k | 2,320 | 197.7 | 2,320 .| 1/2-inch exit slot
. 8,115 54 1 9,900 | 196.9 | 2,330 | 196.6 | 2,330 -7 Cowl flape
, 8,135 55 110,000 | 197.6 | 2,340 . 197.6 | 2,3 | 5 partly closed;
| 8,345 | 54 10,200 | 192.9 | 2,290 ,.193.2 | 2,20 | f 1-3/4-inch exit slot
! 8,180 53 9,900 | 197.5 | 2,330 ! 197.2 | 2,330 ; | Cowl flaps closed;
i 7,920 59 10,100 { 197.1 | 2,340 . 197.2 | 2,3 { ¥ 1/2-inch exit slob.
| 810 | 53 9,900 | 195.0 | 2.320 | 197 | 2,320 |} Cowl flaps partly
i 8,000 : 59 |10,100 | 198.5 | 2,360 | 198.6 . 2,360 i Js :ig:ed; 1-inch exlt

ol .
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Accurate and oonsistent determinations of the maximm speed
are quite diffioult, since they are esppreclably affected by several
sources of error: ocendition of the engine, adjustment of the mixture
oontrol, atmospherio 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
excoption of two evidently low values for the N.A.C.A, qowling.
There is no significant . difference between the valuea for the two
forms of the blower nose, and the variation in flap setting from .
about half closed (1-3/4-inch exit slot) to fully closed (1/2-inch
exit slot) appears to have a negliglble effect.

That the flap setting for the nose blower had very little
effeot on the speed seems strange becanse of the large changes in
internal cooling power resulting from ochanging the setting as
previously noted. There are two possible explanations to this
paradox: (a) Opening the fleps may have resulted in greater
engiae power; or, (b) opeming the flaps may have reduced the dreg.
In the preliminary teats with the nose blower, it was found that
the drag was greatly inoreased because the high pressure 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 is likely that the dreg, as well as the
power absorbed for cooliung purposes, would have been less.

A more significant comparison of full-throttle rums, indicating
the oonsistency and reliability of the values, is obtained by
oonsidering the maximmn-speed points in coanjunction with the
corresponding curves of engine (or propeller) speed against air
speed. These data are presented for 10,000 feet in figure 16, in
vhich the adjusted values from table IT are plotted on the faired
ourves of N, (engine speed) ageinst V (true alr speed), Full-
throttle runs for both forms of the nose blower heve been plotted
together on the curve for the nose blower, since there seems to be
" a negligible difference in their aerodynamic characteristics.

The curves in figure 16 were derived from the experimental data
of figures 17 and 18, The curves of these last figures are the so-
oalled quantity “"indlicated propeller speed" required egainst indlcated
elr speed. As explained in detall in reference 6, a single curve

of obN against By (wvhere o 1s the relative demsity) is
applicable to level flight at all altitudes and depends only on the
aerodynamic characteristlos of the alrplane-propelisr camblination.
This quality 1s advantageous in flight testing, for the date obtained
are independent of the englne and the altitude at which the tests are
made. In other words, runs at different altitudes wlll define the
same curve, On such a ocurve, however, the end polnt, or maximum
speed, depends on the maximm speed avallable from the englne, which
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varies with altitule; the date must therefore. be reduced to the
form of figure 16 before” they are useful in a camparison of
maxinmm speods. :

Consldering first tha curves of figure 16 (or thoso of figs. 17

and 18) without regard to the full-throttle points, it is evident that,
. for a given forward speed, the engino speed required is greater for the
noge blower then for the N.A.C.A. cowling. If the installation of the
blower nose had not affected the propeller characterlstics, ths
displacement of the two curves would afford a reliable measure of the
change in drag, since the comparlson of two curves is relatively free
from the uncertainties of attempting to compere the "i1solated values

of maximmpa epeed tests, which are affected by engine performa.nce and
altitude. For the seme propeller characteristics, the increased
englne speed for the nose blower could be attributed only to an
iIncreased drag coefficlent.

It 1s shown In figure 46 (reference 5), however, that there ere
‘marked chenges 1n the propeller characteristics with change 1n body
shape. As the nosec bucames less blunt, tho blocking effect of the
body decreases, the veloclity through the propeller disk lncreases,
and the angle of attack of the propeller blades 1s roduced. As o
result, the thrust coefficlent at a given V/iD 1s decreased by the
blower nose. The offect of such a decroese 18 to shift the Ny eagainst
¥V curve for the nose blower upward 1f any accompanying change in
drag coefflclent 18 neglected. The displacembnt of the cwrves 1s
thus a measure of the combined effects of changese .in thrust and dreg
coefficlents and cannot be used as a criterion of the drag of the two
ccwlings, for at least a part of the increased engine speed required
for the nose blower i1s caused by the changs in propellsr characteristics,
It 18 quite possible that the drag coefficlent i1s dscreased by the
blower nose; the curves are inconclusive in this respect, showing only
. that any such decrease 1s overbalanced by the decrease In thrust
coefficient,

An approximateo analysls 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 ebout
197 miles per hour and 2,330 r.v.m. for the nose blower, and 203 miles
per hour apd 2,360 r.p.m. for the N.A.C.A. cowling. From figure k4,
the corresponﬂ.ing brake horsepowers at 10,000 feet are 533 and 51|-2 ’
respectively, a difference of 1,7 percent, A certaln part of the
former value, however, is absorbed in the blowar, 1f this 1s taken
as 46 horsepower (Ap/en2d2 = 3.7 end o = 0.T4), then the englne
powers used in overcoming the drag in the two cases are 487 and 542
horsepower, or a difference of ebout 11.3 percent. The speed
difference 1s 6 miles per hour or ebout 3.0 percemt. If the
variations in drag coefflcient and propeller efflclency with change
in gpeed are neglected, the 3.0-percent difference In speed represents
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a.9.0-percent difference in power. This value is in falr agreement
with the 11.3-percent difference previously found from the engine
speeds and blower power. In other words, if the thrust horsepower
available had been the same for both cowling oconditlons, the

maximm speeds would have been practically equal. This fact - _
indicates no significant chenge in drag coefficient within the .
Precision of the tests, the cbserved difference in speed being Co
accounted for by the difference in ‘engine speed and the power
absarbed by the blower. _

. The results of the speed tests are obviously inconclusive In
view of the faot that the blower was excessively powerful, This
is shown by furthsr computations in which a value of 68 horsepower
is computed for the blower operating with the cowl flaps closed to _
a 1-3/4-inch exit slot, with a negligible change in maximum speed.
This computation indicates a reduction in drag of the alrplane of
7.5 percent with ths nose blower.

CONCLUSIORS

1. The nose-blower cowling definitely overcooled the engine
on the ground, The spark-plug boss temperatures for full-throttle
operation stabilized at about 300° F. above the alr temperature
wvhile the highest barrel temperatures recorded ware about 225° F.
ebove the air temperature. Thess temperatures were roughly 125° F.
below those obtained with the N.A.C.A. cowling for a full-throttle
rm of only 6 minutes. Thoe temperature of the oil entering the
engine was also corresporndingly lower.

2. The rise in temperature of the cooling air through the
engine baffles was rongily 25 percent greater for the nose-blower
cowling than for the N.A.C.A. cowling when the cowl flaps were
closed to obtaln approximately the seme cylipder temperatiures. This
indicates that less air was required to cool the engine, which means
that the heat-transfer rate fram fins to alr was greater.

. 3» Modifying the nose blower by rea'lz'ic'biné the front enmtrance
‘to” 46 percent of its original erea resulted in only slightly higher
engine temperatures. : '


http://www.abbottaerospace.com/technical-library

16

4, Although slightly higher full-throttle speeds were
obtained with the N.A.C.A. ocowling 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 and consequently absorbed more power than 1t need have to
obtain satisfactory ground cooling. '

Lengley Memorial Aeronautical Laboratory
Netional Advisory Committee for Aeronauntics,
Langley Fleld, Va., September 22, 1939.

REFFRELCES
L LN

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

2. Blermann, David, and,Valentine, E. Floyd: Preliminary
Tests of Blowers of Three Designs Operating in Con-
Junction with a Wing-Duct Cooling System for Radlal
Englnes. NACA ACR, June 1939. .

3. Biermamn, Devlid, and Valentine, E. Floyd: Preliminary
Tests of Nose— and Side-Entrance Blower Cooling Sys—
tems for Radial Englnes. NACA ACR, July 1939.

4, MacClain, A. Lewis, and Buck, Richard S.: Flight Test-
ing with an Englne Torque Imdlcator. S.A.E. Jour.,
vol. 42, no. 2, Feb. 1938, pp. Lo-62.

5. Blermamm, Devlid, and Hartman, Edwin P.: Tests of Five
Full-Scele Propellers in the Presence of a Radial
and a Liquid-Cooled Englne Nacelle, Including Tests
of Two Spimmers. NACA Rep. No. 642,.1938. -

6. lesley, E. P., and Reld, E. G,: A New Method for the
Prediction of Airplane Performance. NACA TN No. 302,

196 .


http://www.abbottaerospace.com/technical-library

|
¥.A.C.A.



http://www.abbottaerospace.com/technical-library

N.A,C.A. . o Fig. 4

800
. ,//'\'\.‘\
© 700 p—pft -
Ei N
by 5 ~ \\
't:—"—'ﬂ--”-\ N,
o - y
i N
) 600 | —B—{— N \,\
! g’ | - ~ N {6
‘; ?n . . \ \i’
; 3]
i . N ~ ACTRN
3 2 T N RSN
g 500 BB e AN :
2 ™ . \\e \ \\
.-§ \\ ({QO N N
) ‘\\QLSb \\\
o o L N
p'a 400 » \L\ . F\\ N
\"\\ ! \\\ \\ \.\
\\ \\ \\\ \
\\\ < \ <.
\\\ .~
300 \ \\\
200
1.0 ' 9 .8 .7 .6 .5
‘ Density ratio
1 T 1 T T 717 17 7 7 7 77T T T T 71T T T T
0. 5 10 15 20 25

Denaity altitude, 1,000 ft.

i'ilgure 4.- Pratt and Whitney R-1535-13 full-throttle engine characterist-
ics at altitude. (From referencel} )



http://www.abbottaerospace.com/technical-library

2 075/8”/——_..;f 3 / 5 //2 —— e E:’
/77 1 Seal -'-'\_1 —— 2
Blower- ' (r i / '
somner ] g P
< A Lk i Pr;ssure
Modaified ‘ O\/.'( —TFressyre ] ) \fube
nose.., \'\(‘9/ fube ' |
i Z - O [_u-l
I ("‘ ,C l
: I T o { .
,S a7 —177p- Hlise Engine
CRNFZR peller i< -
WS Bede || 7 :
N \:f/ outlines
i [ : \ \ [t S | 1

Figure 5,.-
Sketch
of nose-blower
cowling for A-17A
airplane,

455/ " drom.

,J
rd
/|
U4
]
,/
’
rd
r'd
Pl
I'd
/,
Vi yid
U4
/
’
/
/
/
ZI
[}
]

/ L-Des 1gr dram.

had
-
-~

¢ *I1d


http://www.abbottaerospace.com/technical-library
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Figure 6.-8ide view of nose-blower cowling.

Figure 7.- One-quarter view of nose-blower cowling.
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N.A.C.A, Figs. 8 O
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Figure 9.-One-quarter view of A-174 airplane with nose-blower cowling
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Figs. 10 11 13

Figure 10.-81ide
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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