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INTRODUCTICH

At the request of the Army Alr Corps s drag analysls

of the Lockheed YP-38 airplane has been conducted in the

‘NACA full-scale wind tunnel. The drags of the various

| components of the airplane, such as the Prestone radiator

%

| and o’l-cooler duets,supercharger installation, armement
; ingtallation, ete., wére measured in the orlgiﬁal end 4n
. several modified conditions. The Prestone radistor and
| 1ntercooler‘installations were modifiéﬁ s0 as to simulatg
. the ingtallations on the P=38E airplane, Alr cuantitles

. end pressure dropa for the oll~cooler and Prestone radlator

ducte were measured for geveral different cutlet-ilap
deflecitions. The ving profile drag was determined at

three sections on the wing by the weke-momentum method,

AIRPLANE AND TESTS
The ¥P=38 a2irplsne 1s 2 single-place, twin-englne,

lovw=wing monoplene with a H2-foot span and wing area of

§§§¢5 square feeb (fig.‘l). . The gross welght of the air-

plane is 14,500 pounds.. The 11.5-foot dlameter, 3-blade,
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' Gurties constent-speed propellers are driven through 2:1
gear ratio by Allison V-1710-27 engines supercherged %o 25,000
 feet zltitude.

Engine coollng is provided by means of four Prestone

' radiators located in ducts on the inboard snd outbosrd sides
' of the boons (fig. 2). Bach radiator has an area of about
il.5 gcuare feet, On the original YP~38 2ilrplone the cooling
ducts have an inlet area of 0.70 square foot and an outlet
faréa of 0,38 square foot and are provided with an adJﬁstable
- outlet flap which enables the outlet area to be 1ncreased to
20.76 square foot. Modifled duet inlets were provided by the
- Lockheed Company which are simiiar to thoge to be used on the
| P=38E alrplane and differ from the origlnal YP-3& scoope in

- that the inlet area 1s somewhat smaller and the nose shape of |
: the inlet is more rounded (figs 3). |

The o4l coolers are located in a duet at the nose of

. The booms beneath the englne with an adjustable flap outlet

; provided at the rear of the duect (fig. 4). Two 9-inch-

- dicmeter oil coolers are provided for each engine. The turbo=
; superchargers are located on top of the booms near the wing

tralling edge snd, although the wheel and turbo-cooling cap are

exposed, the entire installation is dropped below the level of
the top of the boom (fig. 5). In the original ingtallation
for the ¥YP=38 o large cir scoop is located ahead of the super-
charger installetion which provides cooling air for the exhaust
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}shroud. During the tests the supercharger installation was
‘modifled so that 1t was similar to the one to be used on the
'P~38E in which the large forward scoop is removed and repleced
with two emaller scoops and the exhaust-stack shroud is eﬁposed
' to the air stream (fig. 6). The intercooling is provided by
pasging the heated charge air through‘a heat exchanger con=-
.nected to the insgide of the wing surface and utilizing the

. external wing surface as the cooling surface. A small amoun$
' of addltional air is provided on the inside of the wing for
intercooling, which is teken in through a small hole in the
wing leading edge near the boom and exheusted from a small

| outlet at the wing tip £ 4T s

| The armament on the airplane consists of two 30=caliber
and two 50-éa11ber machine guns and a 37-millimeter cannon,

- which are located in the nose of the fuselage (fige 7).

Large ports were provided in the fuselasge nose to enable the
guns %o be zeroed for different ranges. The gun ingtallation
wes tested wlth these ports sealed over and with small fillets
provided at the Jjunctures of the protruding gun berrels and

the sealing plates.

Pressurs distributions at the front faces of the oil
¢oolersg and Preetone'ra&iators were measured by means of
total~head tubés end the ealr quantities were measured by means
of rskes of total~ and static-preasure tubes mounted in the
duet outlets. The speclal technique and apparatus used for the
determination of profile drag by the momentum method are

deseribed in reference 1.
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The method of testing conslsted of measuring the drag

of the airplane in a completely falred and sealed eondition
and then progressively Opeﬁing the cooling ducts and exi)osmg
the various instzllations. The order in vhich the progressive
- modifications to the azirplane were made has a slight effect on
the drag increments measured due to interference effects.

'In some cases the more important increments were measured for
‘seVeral different alrplane configurations with no large Aif-

' ferences in the drag. The detalled test program and air-

' plane drag coefficlents are given in table I. | All of the
 tests were made at a tunnel speed of 100 miles per hour except
the momentum measurements which were made at 2 tunnel gpeed

. of 78 miles per hour.

SYMBOLS

| 6,  1ift coefficient

.V'Gp dreg coefficlent

‘. Upp drag coefficlent correspoﬁding to useful power =

&

Sqovo
4D  drag increment, 1b
L 8 wing area, sqg £t
- ap angle~of attack of thrust axis, deg ‘ ’
: Vo vélocity of free stream, It per sec

Q quentity of air flow, cu £t per min
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dynamic pregsure of free stream, lb per sq ¢
total pressure at radiator, '1b per sq £%
total pressure at exit, 1lb per sq %

pressure drop acrosgs radiator, 1b per sq Tt

RESULTS AND DISCUSSION _
The measured sirplane-drag coefficients at the 1ift coef-
dlents for high speed and minimum drag are given in table I
,fthe YP=-38 in the original and modified conditions. The se

‘ffiéients have been corrected for wind-tunnel Jjet-boundary

§?buoyancy effects. The drag increments for the various
funents tested are given in table II. The high-gpeed 1ift
_frielent of 0.27 corresponds to the calculated value at the
itleal altitude of 25,000 feet. The drag coefficient of the
illehe in the original condition was 0,0293 at the high-speed
€7coefficient {run number_ll) and 0,0222 in the fully faireﬁ
d gealed condition (run number 27). The difference in drég
_9f1c1ent of 0.0071 between thesé conditiong represents the
‘:mum possible decrease»iu the drag of the ¥P=38 adrplane
_éout a major change to the airplane arrangement. The attain-
Bt of this drag reduction is not possible due to certain
wrluc.ible cooling drags. Major rearrangement of the cooling
its and ecupercherger installation might enable a substantisl
ption of this drag to be eliminated.

Prestone radiastor installations. - The drag increment of

e four Prestone radiator installations with the outlet flap
_the closed high=-speed pogition was 0,0021. This value
§ obtained as the difference between the drag of the airplane
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éwith the Prestone duct installed and removed. The booms were
;amoothly faired in the latter condition. The'measurod gire

' flow quentity through the outboard Prestone duct on the left
éboom_was 1147 cublic feet per minute whieh, corrected to an
estimated high speed of 40O miles per hour at 25,000 feet,
' corresponds to a flow of 7270 cublc feet per minute. with
full deflection of the outlet flap the sir gquantity at altitude
~was increased to 15,700 cubic feet per minute and the drage
coefflcient increment to C.O0043, With the revised inlet for
the P=38E installation (fig. 3) the air-flow quantity in the
high=speed condition was increased about 9 percent,but the
quantity with the outlet flap full open was decressed 6 percent,
The drag=-coefficient increments for these two conditions were
0,002% and 00,0051, respectively.

As a means for comparing the two installations, the duct

efficlency factors defined as

. o useful work o Q8P
N = %otal work - ADV,

were calculasted and are presenﬁed in table IIi. The efficiencies
with the revised duct inlet with thé closed outlet flap'ére about
1€ percent as compared with & percent for the original inlet.

Both of these efficlencies are low, indicating that the expendi-
ture of cooling'pownr is some four tc eight times as much as

for en efficient instsllation, With the outlet flsp in the
full=-open pogition the duct efficlency for the original inlet :
was higher than that for the revised inlet, that is, about 49 per-

cent as compared to 38 percent. The extremely low duct
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r eff1c1enc1es of the Prestone-radiator ingteallations in the high-
. gpeed condition are attributed %o large internal and external
logges. The origin of the internsl drag is shown by the total-
. pressure measurements taken at the face of one of the radlators
(figs. & and 9). Average.values of the total pressure from

' 1ntegrat1on of these surveys are shown in table III. With the

: original scoop inlet the to%tsl pressure at the radiator was

g only about one-half of the free-stream dynamic preséure since
the air entering the duct included the low~energy air from the
wake of the wing-fuselage junciure end the boundary iayer on
'the boom. An additional decrease in the total pregsure at
the face of the radistor was cauged by the gseparation occurring
pn the inner wall of the scoop dus to the thick boundary layer
end the low inlet=veloclty ratio of the scoop. The pressures
adjacent to the inner wall (fig. 8) are ébmewhat lowsr than
the average pressure over the radiator face.

The intefnal cooling losses are increased whenever alr
with low initial %total pressure is utilized for cooling since
the total internal drag largely depénds on the total pressure
of the air leaving the duct outlet. If the total pressure
at the face of the radiator were equal fo the streém'dynamiov
pressure, the internal drag of the Prestone installation would
have been reduced $o one-third of 1te present value,

The gain due to increasing the duct inlet veloclty is
demonatrated by the larger total pressures at the face of the
radistor snd the higher duct efficlencles that are realized
vith the smsller P~3SE inlet. Inoreasing the inlet veloeity
through the original 1nlét by deflecting the outlet flap 7
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| algo increased the total pressure at the face of the cooler
?(table III); however, in the revised P-38E inlet the total
:;pressure at the radiator is not appreciably changed with
.?higher inlet~veloeclty ratios. In the latter case the gain

" Gue to the improved flow stabllity at the higher inlet
zﬁvelocity was counteracted by the increased kinetle energy loss
f;resulting from the more rapld expansion of the air from the

| duct inlet to the radiator. This oriterion defines the 1imit
. at which improvement in the duct flow cen be effected by in-
3ﬁlf:reeualng the inlet-veloelty ratio.

| The magnitude of the external drag is illustrated by

. comparing the duct efficlencies obtained with the outlet flap
 closed and opened. With the opened cowl flaps, duct ef-

. ficlencles from 40 to 50 percent were realized for the original
- geoop, wheress with the cowl flaps closed the duct efficlencles
were about & percent. The dlfference between these duct ef=
flclencles may be largely attributed to the external ecoop
drag. Higher proportionate external losees always occur with
expoged seoops for cases in which relatrvely emall air-flow
quantities are utilized for cooling. Due %o this high ax-
fernal scoop drag for the present Prestone radiator installa-
tions, it is not believed that minor modifications to the P-38
installation will provide significant drag reductions. To
reduce the drag of the installation, it is recommended tth
wing=-duet inlets be provided in an extended wing leading edge
between the booms and the fuselage on the airplane (fig. 10).
With thies arrangement, both the internsl and external drags
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be réalized in the high-speed condition wifh flaps c.zlqsed.
: effectiveness of the éxtended wing leading édge to housé
%e Prestone radlator installation ami to deorease the serious
»,;'! ffeting problems occurring in the airplane dives has been
Eﬁiscussed in reference 2. | I% has been oatimatéd that a drag
reduc-tion Aof ACD = 0.0020 can be effeéted 1T the Prestone
radistor and oil-cooler installatione are installed in the wing
?’1eading>;-edge duot. | .

' Oil~cooler installastion. - The measured drag coefficient

.lfor 'thc? oll-cooler installations with the outlet flaps in the
closed, high-speed position was 0.0008 higher than that measured
"with the inlets and outlets sesled. This 1s not Vthe entire - .
| inerement for the oll-cooler installations, since the extra

:".drag of the increased boom 'delﬁth due to the _J_.nstallatién was

not determined. The sir flow with the closed-flap setting

wags 447 cublc feet per minute at the test speed, wiich ex-
trapolates to 2860 cublc feet per minute at the assumed high

- speed of U100 miles per hour. Changes in the airplane angle of
atteck from ~2.5° to 1.4° had a negligible effectvon“'tlia quanti ty
of s2ir flow. Iowering the outlet flep %o the full-open posi-
tion 1ﬁcreased the drag-coefficlent increment to 0.0026 and

_the cooling air flow to 11,320 cuble feef per minute. The
efficiency of the oil-cooler duct ‘was 3 percent. This low
efficlency is dlr-eﬁtly attributable to the extremely poor .
reco{réry of total‘wpressure at the face of the oil cooler (fig. 11).
w:.th t_;hes dutlét fl%«.p shut, in which case fthe 1n1é1;.-velocity |




























































