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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 890

B TR

PRESSURE DISTRIBUTION ON THE FUSELAGE OF A
MIDWING AIRPLANE MODEL AT HIGH SPEEDS

By James B. Delano
SUMMARY

The pressure distribution on the fuselage of a mid-
wing airplane model was measured in the NACA 8-foot high-
gspeed wind tunnel at speeds from 140 to 440 miles per
Bonr for 1ift coefficients ranging from -0.,2 %0 l:0s The
primary purpose of the tests was to provide data showing
The alx pressures on various parts of the fuselage for .
iisedsn abtruc turel desgign. . The data may also be.uged, for
the design of scoops and vents.

The results show that the highest negative pressures
occurred near the wing and were more dependent on the
wing than on the fuselage. At high speeds, the magnitude
@f “the pressure coefficients ag predicted from pressure
coefficients experimentally determined at low speeds by

application of the theoretical factor 1/4/1 - M® _(where
M 48 the ratio of the airgpeed to the gpeed of sound in
air) may misrepresent the actual conditions. At the
points where the maximum negative pressures occurred,
however, the variation of the pressure coefficients was
in good agreement with the theoretical factor, indicating
that this factor may afford satisfactory predictions of
critical speed, at least for fuselages similar to the
shape tested.

INTRODUCTION

The loeal pressures on some parts of the fuselages
of high-gspeed airplanes are so large that they must be
considered in the structural degign, especially of such
parts as doors over bomb bays and other openings. The
primary purpose of the pregent investigation wag to pro-
vide data useful in the structural design of such parts.
The data are also useful for the design of air scoops
and vents (reference 1). :
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The tests were made in the NACA 8-foot high-speed
wind tunnel (reference 2) with.a model wing mounted on
a model fuselage without propeller or tail surfaces. The
test speeds were extended up to 440 miles per hour to
ascertain the effects of compressibility on the pressures.
The fuselage angles of attack ranged fram —3° to 99 corre-
sponding to lift coefficients from -0.2 to 1.0. The
Reynolds number range, based on the mean chord of the
model (17.2% in.), was 1,700,000 to 4,800,000,

APPARATUS AND METHOD

The fuselage was a body of révolution of NACA form
111 (reference ¥) modified to a fineness ratio-of 6.06,
The wing (fig. 1) was a 1/8~scale model of the DC-3
transport wing, which has a root section of NACA 2215
profile, and Was set at an incidence of -1° to the fuse-
lage axis. The wing tips extended through the tunnel
wall to support the model. Teil surfaces and propeller
were omitted. Thirty-nine pregsure orifices located asg
shown in figure 2 were used. The pressure tubes were led
out of the tail end of the fuselage (fig. 1(b)) and con-
nected to a multiple-tube manometer where all the pres~
sures were photographically recorded at ' one timé. Thig
investigation was made in the NACA 8-foot -high-gspeed wind

- tunnel, ‘a single-return, clogsed~-throat wind tunnel.of

cireulkar cross gection.
RESULTS

The results-have been_éorrected for congtriction.ef=
fects and are presented as nondimensional pressure coef-
ficients:

q

where

Ap loeal static Dressure on fuseiabe less statlc pressure
“of aip gtream, :

q dynamic pressure of air stream (1/2 ove)

- The. Mach number M ig the ratio bf'thélaifspeed’to
the speed of sound in air at the temperature.of the tests.
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In all the figures showing values of P for fuse—
lage angles of attack ar = 0° and 6°, the values for
speeds below 200 miles per hour (M = 0,265) were taken
Bromwerogsiplots against af; consequently, experimental
points are not shown. The location of a point along any
meridian of the fuselage is given by. x/L, where =x is
the distance along the axis of the fuselage measured from
the nose and ‘L is the length of the fuselage. Figure 3
oo Lotk ofl sblle sl R coefflclent for M = 0,182 (140 mph
at 59° F) for the fuselage angles of attack used in these
tests, 1?’Wgures 4 ‘b0 -8 present. the pressure distribabtions
along various meridians of the .fuselage as plots of ' P,
with the meridian angle w (fig. 2) and the fuselage
angle of attack as parameters, for M.=.0,182..' A compar—
ison is shown in figure 9 between experimental pressures
obtained-on the wing—fuselage. combination and the theoret—
ical pressures on the fuselage alone and on the wing alone
for ag = o, Figures 10 ‘and 11 sheow plote o6f. P .glong

the top and the bottom meridians (w = 0° and 180°), re—
spectively, with af as a parameter, for - M = 0.182,

The variation of P with M at the different merid—
lan angles is shown in figures 12 to 16 for ag = 09, A%
high speeds, the scatter of the experimental points in—
creases, This inérease is mainly due to the use.of mer—
cury to measure the préssures at high speeds; whereas
alcohol "and carbon tetrachloride were used at lower speeds
The re°ulus for ay ='—-1° were essentially the same as
those for af = 09 and are therefore omitted. Compari-
sons between the experimental variation with speed of the
maximum negative pressure coefficients and the theoretical

variation given by Po/v/l — M2, where Bo e the value

of EB..ab M50, are given im:figure 17,
. DISOUSSION

Figures 4 to 9 show, as would be expected, that the
higher negative pressures on the fuselage surface occurred
ncar portions of the wing that produced the highest nega—
bive pressures. - &t low speeds, the presence of the wing
increased the maximum nogatlve ‘pressure coefficient on
the fuselage from .-P = —0,140 - to. —=0,340, - (See fig, 9.)
At 400 miles per hour, the-.lcad increased by 0.,24q, which,
at standard sea—level conditions, represents approximately
100 'peunds per asghare foobs It 1la believed that the in-
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grease in air loads:will Dbe hiigher for pointg closer to
the wing than for those ugsed in these tests.

Figure 10 shows that the maximum negative pressure
coefficient along the top of the fugelage (w = 0°) is
almost directly proportional to af; figures 4 to 9
show that, along the 450 meridian, the rate of change of
the maximum negative pressure coefficient is greater and
increases more rapidly as ay 1is increasged, at least
fior thevangles of attack uged inthesge tests. -The pres—
sures over the fuselage alone were not measured, but e=
analysis of the pressures over an airship hull reported
in reference 4 shows that the magnitude of the maximum
negative pregsures on the fuselage at large angles of
attack will still be largely dependent on the wing. Fig-
ures 5 and 8 show that an increase in af from 00 to g0
may: triple the wvalue of P. [The maximum structural
loads, nevertheless, will generally occur at high speeds.

. For two-dimensional flow, a theorctical wvariation
of the pressure coefficient with speed is given by

'PO/“/l - M~ (reference 5). heference 6 and the results
of tests in the 8-foot high-speed wind tunnel and in

otther tunmnels show that, for |airfoils, the theory may
underestimate the effect of speed; the most probable cause
of the discrepancy is the assumption made in the develop-
ment of the theory that the induced velocities are negli-
g£ibly small. It has sometimes been agsumed that the vari-

ation of the pressure coefficient given by PO/J A

applies to three-dimensional as well as to two-dimensional
flow.

Figures 12 to 16 indicate that, where the value of
the pressure coefficient P was less than -0.2 at low
speed, the coefficient decreased - that is, became more
negative - as the speed was increased. At points where
the value of P was between -0.1 and -0.2 at low speed,
the coefficient remained virtually counstant as the speed
was increased; and, at points where the value of P was
greater than -0.1.at low speed, the coefficient increased
as the speed was increaged. This avparent dependence of
the type of pressure-coefficient variation on the magni-
tude of . P may be a coincidence. The type of variation
may depend on the proximity of the wing and may result
from wing .and fuselage pressures following different rates
of variation. There is need for further investigation of
the way in which pressureg vary with speed. At points
where the value of P was greater than -0.1 at low speeds,
the effect of compressibility on the pressure coefficients
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was opposite. from that expected on the basis of two-
dimensional theory. The results show that, at high
speeds, the magnitude of the pressure coefficients as
predicted from pregsure coefficlients experimentally de-
termined at low speed by application of the theoretical

factor 1/ 1 - 4% may misrepresent the actual condi-
tions.

At the points on the fuselage where the maximum
negative pressures occurred, the effect of compressibil-
ity on the pressure coefficients agreed fairly well with
the variation given by the two-dimensional theory, as is
shown in figure 17. --The broken curve represents the
thedretical value of: P-.given by Po/le - M9.  The
agreement is gquite satisfactory up to M = 0.6 and indi-
cates that the use of this theoretical factor to calculate
maximum loads due to. negative pressures, although usually
not conservative, may be permissible. This agreement
also indicates that the maximum negative pressure coeffi-
cients obtained from low-speed tests to predict approxi-
mately the critical speed of the fuselage. This conclu-
sion should be considered tentative until investigated by
tests of other models.

Although these tests made primarily to determine the
air loads on the fuselage, they show the effect of wing-
fuselage interference on the critical speed of an air-
plane. A comparison of the pressure distribution for
the fuselage alone with the pressure distribution for
the fuselage and the wing combined (fig. 9) indicates
that the critical speed of the fuselage in the presence
of the wing will be lower than that of the fuselage alone
(about 140 mph at 59° F lower for this wing-fuselage com-
bination). The interference of the fuselage will act
similarly to decrease the critical speed of the wing and,
since the criticsl speed of the wing alone is generally
lower than the critical speed of the fuselage alone, the
wing of an airplane will generally have 2 critical sgpeed
lower than the critic2l speed of the fuselage.

CONCLUDING REMARKS

1. The highest negative pressures on the fuselage
occurred near the wing and were more dependent on the
wing than on the fuselage.

2. The results indicate that the critical gpeed of
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the fuselage will be decreased because of the velocities
induced by the wing. The fuselage interference will
likewise increase the local velocities on the wing and
thereby decrecase the critical speed of the wing. -Inas-
much as the local -velocities on the wing are usually
higher than the local velocities on the fusgelage,.-the
effect on the wing will be more critical.

5.-At high speeds, the magnitude of the pressﬁre
coefficients as predicted by the application of the the-

oretical factor l/v/ - M° (where M is the ratio of
the airspeed to the speed of sound in air) to pressure
coefficients measured at low speeds may misrepresent the
actual conditions. At the points where the maximum nega-

tive pressures occurred, however, the variation of the
pressure coefficient with speed was in good agreement

with the factor 1/+#1 - M®, at least up to 4 = 0,58
(440 mph at 59° F), and may give satisfactory predictions
of critical speed from data obtained at low speeds.

ﬁangley Memofial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 11, 1939.
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Figure 2.- Location of pressure orifices on the fuselage.
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Figure 3.- Variation of 1ift coefficient with angle of attack
for the wing-fuselage combination tested.
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Figure 4.- Pressure distribution on fuselage. ap, -3%; M, 0.182.

T

\\‘

4

3
x/L

Q‘—.Z Lernlm Y =
S0 e i = N~
c e e
Q0 0 =
3
>
8 i
8—.6
=
Q-4
v
Q - —
- A/ - \\\\j\\
0 < e
= d=T TN
\\\
2 !’ \
’ 0
4 =
.6
0 o L = .4 55 6 S )
z/L

Figure 5.- Pressure distribution on fuselage. Qe (heis

D6 = NELS A= DRI

8314

G 'y



_.4
Qﬂ—.E A
Hen e o
3 0 Lt e £41 0 S
G o~
&
8.2
S}
m'ﬁf? =
I
2
i<l
¢ i
Q\_J2 o e

Q
|

[T e

e \
|

i
D

&
{5) :

0 il - Yo 4 5 .6 AT Al G0

z/L

Figure 6.- Pressure distributien on fuselage. ap, 3°; M, 0.182.

= o
R,
sty e I
O =g
i
S5
Q
; =
10}
0_o 1/ N
16
Q e ;

0 : \\ L i D el S

/ \ tig 5 SR
s s
2 3
Sl
/ 1\
4
6 |
0 7/ 72 R e, G G R G ORI
Z/L

Figure 7.- Pressure distribution on fuselage. Qg s 6°; M, 0.182.

N
N

Yooy

068 'N'L

8814

4 9



* e
2N i S
=g 3 w, deg
/ N ——O0—-—0 |1
-6 i \ 5 45— —n
2 CApprox. 90-—-—x | |
4 AN /35—~ o
= \ /180-- —-- (ol LR
R-—.E N
= B
c
o EEs
Qq:) /V’/v
8 -2 \,\\\~ v 7
—6 =
S e
) AN
-4
g N
Q\—E /*\ \
[ \ b -
0 l ‘ /,/‘ = "%\\\A
g ~o
8z
L L
Pl
.6
0 i o P S LG S i S R S /(O
z/L

Figure 8.- Pressure distribution on fuselage.
ag, 9°; M, 0.182.

Pressure coefficient, P

“/0 T T T T T T 1*.
lfheor_y (wing alone) }
= —— —Upperssurigce
~& T oWer “
Experiment (combinafion) {—
—F AN @ @
: [\/' \ e (O St ks /95:
:T 3 5 —— 8]
-4 L s s e e P e =
[T \ Theory (fuselage alone)
T —— —— --90° gpprox.
-2 e o
i e e S M NS
P e |'I NN S S
/T ~ i Nl
\\ \\ ™
2
S |
|
di \
&
]
5 |
s re a0 e e e

x/L
Figure 9.- Comparison of theoretical pressures on the wing alone

and on the fuselage alone with the experimental
pressures of the combination. ap, 0°; M, 0.182.

068 NS VD YN

*8314

6 ‘8



Pressure coefficient, P

1Y -

Pal =) -\ Gt

TR .
7/ 4 /n’—“\‘\w\ N

o 7/ 4 /j = *\\\\V\

0 / N
12/ QRN
J{l,' NG
2o
el
|
3
4
5L
SR N ey T e B Pl p ey

z/L

Figure 10.- Pressure distribution on fuselage. w, 0°; M, 0.182.

=
=
(@]
-
&l
z
[o:]
w
o
-/ = P—-—-——h51
DA e
R, b7 2 L s R e
‘ENO / L] B % N
Q
§ /,V, }/ “’V—K],
t::/ "r 7 ]
Q . [ ~
8 Ty ]
i
5 Sl AA
8
Ll :
J‘!IIT
EHH
il
|
.74
.8
0 o 7 =3 4 55,46, T .9. 1.0

z/L

Figure 11.- Pressure distribution on fuselage. w, 180°; M, 0.182.

1T ‘0T ‘s34




068 'N'L "V 9 ¥W'N

]
o
4 "/(
-4 2 ;
Orifice _’/,,/—/a
45 s > 2
i o
gy _.3 s 2P
Orifice = adg V} (e _"_'_—————-L:-:"" 5
B " "v o /25| 2 b
A ey i BPSB S h
& 5 e e R > -—
2 4 el = DS SRS wlesed o le ¥ i
v el |
Q‘ 8 S e s T_~.. e Bl 8 _a_a..Ln. ﬁ.{
=/ —— < -/
S &) T eyt et o L mal el S e o0 O
B il - [ ——
.9 e o~ o N A T &
t ZE N J o o &: !/ R
80 g S et eS| WO iRl A A 80 /6_| 2
Q e & > Q N e e BT
y i s :
J a T a 8
i, » '
Q - g
C 10 t——-aal - <
[\ ﬂ i s BT e | x <
SE R
2 i
3 57
|
4 ’\ 4
" Rt S
.55 ~ 3 3 4 5 6 Tt 2 7 4 5 6
Mach number, M

Mach n.umber, M

Figure 12.- Effect of compressibility on pressure.  Figure 13.- Effect of compressibility on pres-

ey 025 0, 09,

sure.

gy 09w, 459,

¢l ‘21 *s314



=3
=2
=l
Orifice
|22
2 0 = 5 i e s e s T
s /8\)_\: -
= Ly = e e— %_?__o—:
.3 / e T oty
g, S e S U e b s 5
3 27| T el
Q
Q
o 2
7
¢
3
4
5
/9_)__ X
S e
PaB
o) e

Figure 14.- Effect of compressibility on pressure.

"Mach ni/mber, M

af, 0°; w, approximately 90°.

=
' »;été_zg i - T R
e
=5 b
o
Vs
=4 .
[0 2]
w
(@]
g = P
Orifice o1 /:r
26 D PR R A /H,/ a
2o 35 e R —A _‘: _—
P < Y
27| —4——1—-"17"79
Ry
-/ :
3
9
‘l:: 28 s s —= = LR &
b 0 24
: 25 e
=)
@
&3 A
QQ
Uz
%S}
4 3]
=5
(s}
w
o =
0 ol V= & 4 ] .6 N~
Mach number, M

Figure 15.- Effect of compressibility
aps 0% w, 158%.

<

on pressure.,
)




Pressure coefficient, P

and experimental pressures.

NLARGG A, TN, 890 Fligses (h6 Y
=5
———— Experimental
Py
£ R i R s rheoreﬁca/( ,__;° )
///,—i::j _ : _ - 737 i
3w a°
I 32335495 36 e i :
B W‘ﬂ
/é—’ L
—_— T Sli=lC
— """':—'—-—‘—:;- oo
-4 - 2F==F=3 3 .
&3 =
Orifice o (8)
=z 35 B Y s -F-r— _V'A’:o’ 1] 0°
G e — s = a
Sl o SR e e
36 Sk
-/ 3 T -4 o _/o
37 _—u_»—._:':':_—m____*:_\%_ hg ___7,53’ -t
4 P e st
38 2 s b
0 g T P SN Y I e e e e —O
Gl L E s B
5 =R
o s
8o |——F-d4—L -] _| |, B
x. S Fammn ;3 0
&
2 B
v
v
G
3 o o0 =
& e
Byl | /__/gi—"'/ 5:/
4 B e e e e oy o Taae]
Hii 1 A sl vl
e L — ] e =
0 )] 2 3 4 ¥ . e
Mach number, M .
Figure 16.- Effect of compressibility -~/
on pressure.
&, 0% w, 18009, (c)
o
3 -./°’
= ’0’
B [P i PR BRI F o] W
-2 g 1 == o L B
-/
(a) Orifice 6. (b) Orifice 13.
(¢) Orifice 26. (d) Orifice 35. @
Figure 17.- Comparison of theoretical 0 7 2 3 4 5 6




