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WIND-TUNNEL TESTS OF A SUBMERGED-ENGINE FUSELAGE DESIGE

By John-V, Becker and Donald D. Baals

SUMMARY
Tests were conducted in the 8-font high-gpeed wind
tunnel of a 1/5-scale-mndel pursuit-typne fuselage with a
Practicable internal duct arrangement designed to meet a2ll

of the air requirements of a 1000-horsepower radial enzine
submersed at the maximum section. Air inlet openings ab
the nose and outlet opnenings at the sides and at the tail
were investijated. The internal-flow characteristics were
determined and drag force and pressure-distridution data

obtained, \
[}

The results showed that the required internal flow
can be obtained with negligibdble ducting losses provided
that basic principles are observed in desisgning the air
bPassages. . The drasg increases measured with internal flow
were less than the drag due to the internal losses; 'i.e.,
the effects of air inlet and outlet on the external flow
were beaneficial. '

The over-all drag nf the best arrangement tested with-
out sinmuiated enzine resistance, but with adequate inter-
nal flow for the engine requircments at 400 miles per hour,
was less than the drag of a streamline body of similar size,
The maximum local-velocity increments over the noses of
the rmodels were low; therefore, the critical-compressibil-
ity speed of the fuselage would be determined by the eock-
pit fairing or the wins-fuselage juncture.

INTRODUCTION

he optimum pursuit-tyne fuselage desizn from an aero=
dynamic point of view must have a nowver-plant installa-
ticn which does not necessitate appreciable departures
from an ideally streamline fornm. The location of the en-
gine in such a fuselage would be near the maximunm cross
section, and an extension shaft drlve to .a hractor or
pusher nropeller, or to two propellers on the wing would
be necessary. In addition to the mechanical difficultics
involved, lack of data on the aerodynamic characteristics
of suitnble air inlet and outlet openings and the ques=
tion of whether adequate air flow could be maintained
without large duetineg losses appear to have discouraged
submersed-engine desi=zns

=]



Recent tests (reference 1) have shown that the exter—
nal drag of a streamline fuselage with suitable nose-inlet
and tail-outlet openings is no higher than that of the
basic strcamline body. The critical compressibility speed
with these openings was as high as that of the streamline
shape. The promising nature of these results prompted an
extonsion of the investigation to include the development
of a practicable internal system to operate in conjunc-
tion with the efficient openings. The general arrangement
arrived at is ghown in figure 1. It was the principal
purpose of this investizgation to study the internal flow
characteristics of this design. Force and pressure-dis-—
trivution data were also obtained in order to determine
the external characteristics of the inlet and outlet open-—
ings tested and to corroborate the conclusions of refer-
ence 'l

SYMBOLS
v free stream veloeity
p0 free stream density
q free stream dynamic pressure, % po ve
P dengity 1n duct
v mean velocity in duct
AH free stream total pressure) - (duct total pressure)
Q volume of flow through duct, cubic feet per second
F maximum cross-gsectional area of fuselage, 0,595 sq ft
A duct cross—-sectional area
S wetted area of duct
a veloe®iy of “gound i aiy
M Mach number V/a
R fuselase Reynolds number, ¥(length of fuselage)




B2 Diregsure ‘coefficiant; <Plocal = pstream)/q'

CDF effective fuselage drag coefficient,

(drag of combination) - (drag of wing alone)

qF

AR €ffCCt1V“ area
C area coefficient for outlets, -————cc——"--—1
geometric area

Cr turdbulent-flow #Rin friction coefficient,

skin frictiomfsa £t

e s et et e e e b D e e —

Fev
APPARATUS AND METHODS

The NACA 8-foot hizh-spmeed wind tunnel in which the
tests were carried ouwb is a eingle-return, circular-
ectioa, closed-throat tunnel. The air speed is continu-
usly controllable from about 75 to 550 miles per hour.
The turdbulence of the air stream as indicated by transi-
tion measurements on airfoils is unusually low but some-—
what higher than in free air.

The fuselage models were supported bv a 15-inch-chord
airfoil of NACA 0012 section vhich spanned the jet (fig
03 4 The relatively large interference drag of the hlwn~
wing set-up was accepted in view of the cornvenience of

this arrangement. A fillet similar to that enployed in
combination No. 1473 of reference 2 was used. The wing

wvas sufficiently far removed from the various openings to
preclude the possibility of measurable interference ef-
fects on the flow at the openinzs.

General Arranzement

The fuselages were designed around a 1000-horsepowver,
48-inch-diameter engine located at the maxinum section.
A total-air requirement of 21,000 cubic feet per minute at

rated power was assumed. At a flight speed of 400 miles
. per hour this quantity of flow corresponds to a flow co-—
efficient, Q/FV, of about 0.040. The models were de-

signed for this value of the flow coefficient.



The fuselnge design investigated (fig. 1) is consid-
ered the most nracticable, and the most e:ficient from an
aerodynamic viewpoint, of several possible arrangements.
propeller was assumed because of the improved
propulsive efficiency possible, and the resulting simpli-

T4 of the installation of an efficicat air inlet

cpe nd a forward-firing cannon. Air from the nose
Inille led on either side of the pilot's cockpit throusgh
twin expanding channels which reunite in front of the en-
gine., A clear width of 27 inches was allowed for the pi-
lot. Behind the engine the duct was necked down suffi-
ciently to permit the installation of a blower necessary
for ground cooling in an actual installation. Aft of the
blower station the channel was divided and coantracted to
form two partial-annular outlet openings.

External Shape

Streamline body.- The thickness distribution up to
the 24-inch station (fig. 3) was that of the modified NACA
111 streamline body (reference l1). A fineness ratio of
6.%35 was used in deriving the ordinates. Behind the 24-
inch station the shape of the body was governed by consid-
erations of space requirements and propeller spinner size
The fineness ratio of the resulting streamline body is
6.79, the length being 70.95 inches and the diameter 10.44
inches.

Hose 1.~ The design recommendations of reference 1
were followed in developing the lines of the noses. It
was found that an inlet opening 2.80 inches in diameter
(fig. ?) permitted a profile (derived from the data of
reference 1) similar to that of the streamline body, a
satisfactory inlet velocity ratio, and an efficient duct
expansion tc the area available at the pilot's station.

A cockpit enclosure which faired into the developed nose
profile (side view) at the 4.5-inch station was added.

.~ In desizninZ nose 2 (fig. 4) a sacrifice in
external shape was made in order to allow the use of
larger internal ducts and thereby to reduce the internal
losses. The profile ordinates were derived from the data
of“reference 1 for an:inlet, dismetbter of |3.80 inches and
merge with the cockpit enclosure fairing at the 2.50-inch

statio
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Tailg The outlet omenings were designed for applica-
to t

S
tion he basic streamline afterbody shape.

,..n.

Taild <1 (figs. 2 and 5) was an annular-outlet onen
of conwentional design. Tail l-a (fig. 6) was 2 mo”ifi
tion of tail 1, in which the body behind the opening wa
undercut as reccmmended in reference 1 to relieve the
static »ressure peak occurring with the conventional out-
o', Since it was shown in reference 1 that an outlet at
the tail might be superior to the radial type, it was de-
cided to include two tail outlets in this investigation
even though they could obviously not be used with a pusher
propeller. The external shape of tail 2 was identical
with that of the streamline body (fig. 4). Tail 2-a (figs.
4 and 6) was a cusped version of tail 2, designed aceord-
ing to the recommendations of reference 1.

INTERNAL DUCT DESIGN

Data from references %, 4, and 5, were applied in de=-
signing the internal flow systen. The area expansions
along the nose ducts (ﬁpex engles of equivalent coqcc),
and the velocity distributions for the design flow coeffi-
cient, 0.040, are shown in figure 7 for boith noses.

NHose l.- The duct was made cvlindrical for = short
stance behind the inlet in an effort to avoid vossible
1nter;eronce effects between the internal and exteraa

flowss I+ was then divided into two identical channels

(figs. 3 2nd 8) which exnanded uanornlv at an equivalent
angle of u.8° until the 19-inch (pilet's) station was
recached., At this voint the mean velocity (fig. 7) uad

been decreased from a value of 0.56V at the inlet to about
0.19V. With the duct velocity at this low value, a less
efficient expansion angle could be employecd with negligible
loss; an expansion of adout 20° was required between the
19~inch 2and maximum sections. 4 cylindrical fairing for
the er<ine crankcase was merged into the wall of the Di-

lot's compartment (fig. 9).

)

lose 2.~ The inlet veloci®y for nose 2 was 0.357V,
value low enough to permit a relatively large expansion
angle to be used efficiently near the inlet, due to the
natural spreading of the gtreamlines at low
ratios. The results of reference 5 indicate
gle of at least 10° could be employed for ab
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taken of the drag due to the internal as well as the exter-
nal flow. The external drag incremeant of a combination may
be obtained by subtracting the internal drag increment from
the over=all drasg increment. It will be seen fhat the ex-
ternal drag for most of the combinations with interanal flow
was less than the drag of the basic streamline oouy. Raods
effect results from a benefi ©

H
O 0
e
D

n action of the air inle
and outlet procegses on the rnal flow and is diseussed
1

more funlly in reference

Comparisons of the external drag characteristics of the

14 be made at the same wvalue of the flow coe
ficient owlng to & variation with flow coefficient fof the
interference eff s betweea external and internal flows.
Beeause the rat low wvarie somewhat for the wvarious

s
®

gk = I -
)
)

arrangements, it is possible only to make qualitative com-—
parisons by direct use of the test data given dn table I,
However, the results obtained with and without the simu-
lated engine resistance provide a means of interpolating the
data to a given flow coefficient. Thus, at tho design flow
coefficient of 0.040 .thc following comparison between noses
1 and 2 as tested with tail 2-a (duct unobstructed) was od-

- -

Drag inerements in percent of streamline body drasg

Internagl drag External drag Over—-all drag
Nose 1 Z -4,5 -1l.4
Nose 2 a7 -1 1.6
It is seen that the nose 1 arrangement is the better of
the two in spite of the higher ducting losses.

The following order of merit was obtained for the four
outlets in combination with nose 1, corrected to a flow co-
efficient of 0.040:

Outlet External

drag increment percent
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conclusions of referecnce 1l reggrding the optinmum outled
opening shapes.

Internal-Flow Characteristics

Cver-sll losses.=~ In comparing the internal duct char-
acteri cs it should be borne in mind that the total pres-
sure loss varies approximately as the square of the flow
coefTicient, and the internzal drag approximately as the
eubeof the flow ceefficient. Exact comparisons of the
internal arrangements must therefore be made at a given
flow coefficient. Comparing arrangenments 7 and 14 (tadle
I) which have about the same flow coefficients, it is
seen tkhat the i wi ose 1 was sabout
twice that wi 3! b arp—-edged gun
at the nose 1 inlet was to add about 20 percent bo the ia-
ternal duct losses. (Cf. arrangements 5 ard 6, table I.)

It has been pointed out previously that the internal
drag due to the total ducting losses at the design flow
coefficient was only 3.1 perceat with nose 1 and 1.7 per-
cent with nosc 2 (corresponding to over-all duct losses of

038, respectively). The ma%qi*ude of these
sses e considered negligible in comparison with the
tual ng loss, particularly in view of the appreci-
le de es in external drag which accompany the inter-

nal flow.

In connectlion with the simulated cooling loss it
should be pointed out that in these tests all .of the Tin-
ternal gift ow passed through the engine resistance
whercas in actual instaellation a large part of the air
would be diverted to the carburetor. The internal drzgZs
shown in %o I for "arrangemente 10, 179 1 2.0° 165 L oGl iyl
are therefore higher than would actually be incurred at
the design speed of 400 miles per hour. The pressure drop
across the engine resistance in the tests corresponds to
about 66 pounds per squarc foot at 400 miles per hours.

Aralysis of losses.— The losses throughout the inter-
nal systems were computed on the basis of existing inter-
nal flow data in order to aid in analyzing the measured
losses. References 3, 4, and 5 were used in estimating
the bend and OX”ﬂLplOn losses. Owing to the relatiwely
large proportion of wetted arca to cross-sectional area in
the designs employed, skin friction losses were an appre-
ciable fractiom of the total losses. The skin friction
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of high wvelocity near the outlets. The
tion ahead of the tail E ard 2—-a outlets,
2

io e
‘or example, is considered longer tha

Apparsntly ns unexpected bend or expansipn 1
curred. No i n+“aaco loss ex1gted, and no flow

pulsations ted.

Tke loss across the simulated engine resistance agrees
well with the computed values (figs. 14 and 15) and corre=-
sponds to a conductance of 0,106 as compared with the de-
sign value of 0,100, The resistance plate caused no meas-
urable changes in the characteristics of the internal flow

The total-pressure surveys at all of the statio:
vestigated showed that the distribution of total pressure
across the channels was satisfactorily uniform. To witain
1/8 inch from the walls the total pressure was never mere
than 0,02q different from the mean valus.

1. The air requirements of a power plant submersged
near the maxXimum section of a streamline fucelage can be
rmet with negligible ducting losses provided the fundamen—
tals of efficient duct design are followed.

3. Because of the low local velocities over the nose
shapes tested, the critical compressibility speed of the
fuselage would be determined by the cockpit fairing or the
wing-~fueelage juncture rather than by the nose shape.

4. The duct losses can be computed with sufficient
accuracy for design purposes. No unexpected entrance
losses cr fiow pulsations were apparent.

5. The conclusions of reference 1 regarding the op-~
timum shapes of outlet openings were corrodorated.

ngley Memorial Aeronautical Laboratory,
Natieonal Committee for Aeronautics,
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NACA TABLE 1' Table 1
Drag ond internal -#/ow characteristics, M=0.3, R=/,200,000.
Num- \Fusesage arag\Drag increase|Rare of  |pucr rotal- | Infernal
ber Wi arrangement coefficient |above stream-|infernal flow |pressure /055 arag
.
Cor |Vt | &7V | ARG |[percerr) |
|
RS A |
r
: C) e | o | AN
a// 7 Fs
5 0957 | 4.3 |064/6 | Ggoz75 | 5
32 mm_con 0/// H T 7>—1‘
6| @ 0g60 | 46 | .04/12 | 090 | 4.2
| ) e |
| f v Tail 1-a |
k 7 | v 0953 | 3.8 0445 | 088 4.3
! Q e i
s 0923 | 5 | 0348 | 057 | 2.2
9 0503 |—le 0394 1 068 2.9
/10 10985 [N 8 0380 | .e0& | FE&g o
[ QLE |
Tail f-a T |
i 0991 | 7.9 | .0407 | 231 | 110 |
| |
y 7ol 2a w ; |
12 e 0946 | 3.0 | .0360| .18/ | 7.5
f
I3 0829 /52 — — —
i
T 7ail [-a |
= ' [
. 7al! 2-a
18 o bl LS 0934 | 1.7 | 0406 | .040 /.8
(s 0 S e s
| 7o/l 1-a
e 0996 | 85 | .0409 | .192 | 9./
a//Za
97 0976 | 6.3 | 0368 | 155 | 6.4

AwWith simulated engine resisronce .
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Figure 2.

General view of set-up in &-foot high speed wind tunnel.
Nose 1 with gun .
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2.

1.00
o

o6 | 3.05 _
[z

NOSE LIP RADIUS = 0.05

—8-8
c-c
£
E-E
F-F
[
H-H

— 1-7 | 34.50 |
J-J 55.60
K-K 29.20
L-L 2.96 |
M-M 2.5
N-N 12.56
0-0 s
P-p 3.7

NOTE
ALL SECTIONS CIRCULAR FROM A-A TO 2.8 ivcm
STATION AND AFT OF STATION 1-1.

TAIL 2 PROFILE ORDINATES CORRESEOND TO
THOSE OF TAIL 1, FIGURE 3 .

8'HST
7-9-40

SEF-2
oos

VOVN

v 814






Pig. 5.

T 1tel

*G 9an3tyg







Figure 9.- Duct details showing crankcase fairing.
Wall cut at 23.5-inch station. Nose 1.

Figure 6.~ Comparison of external shape
of tails l-a and 2-a.

Figure 8.~ Comparison of internal ducts.
Nose 1 (bottom) and nose 3.
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Figure 13.- Details of radial outlet opemings and pressure distributions for Q/FV=0.042.






Figurs 10.

Comparison of internal ducts.
Tall 1-a (bottom) and tail 2-a
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Figures 14 and 15.- Analysis of duct losses and comparison of computed and measured total losses. Q/FV=0.040.
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