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BOMBER-TYPE AIRPIANE WITH A TOP INLET AT MACH
NUMBERS FROM 1.6 TO 2.35

By A. Vernon Gnos and Richard L. Kurkowski
SUMMARY

Static longitudinal and lateral stability characteristics of a
swept-wing fighter-bomber airplane model with a top inlet have been
determined experimentally. In addition, vertical-tail effectiveness,
spoller effectiveness, effects of several store configurations, and
effects of mass flow were investigated. Tests were made at Mach numbers
of 1.6, 1.8, 2.0, 2.2, and 2.35 and Reynolds numbers, based upon mean
aerodynamic chord, of between 2.0x10% and 2.5x108.

INTRODUCTION

A swept-wing fighter-bomber-type airplane model with a top inlet
was the subject of an investigation in the Ames 9- by T7-foot supersonic
wind tunnel (ref. 1). The engine air inlet of the test configuration
was located on the top of the fuselage behind the cockpit canopy. This
unusual inlet location has a number of advantages both aerodynamic and
mechanical. Some of the more important advantages that accrue from this
location include: freedom for carrying stores under the fuselage, short
duct lines, and the possibility of good high angle-of-attack character-
istics. ©Since inlet location can have important effects upon stability
characteristics of an airplane, especially where the inlet is large, the
subject investigation of the top-inlet model was conducted. Further,
because the vertical tail and parts of the fuselage are immersed in the
external flow field of the inlet, variation of internal flow conditions
can affect the lateral characteristics of the airplane. Accordingly,
the investigation included the effect on lateral characteristics of three
mass-flow conditions: supercritical, engine matched (approximate), and
low suberitical where buzz was always present. In addition, the effects
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of store configuration upon longitudinal and lateral characteristics
and the effects of spoiler deflection upon lateral control power were
investigated.

NOTATION

Force and moment coefficients are referred to the stability axes
with the origin on the fuselage reference axis at the projection of the
35-percent point of the wing mean aerodynamic chord. The system of axes
and the positive direction of forces, moments, and angles are shown in
figure 1.

measured drag - base drag - internal drag

Cp drag coefficient,

as
oL, 1ift coefficient, %-Sfl
Cy side-force coefficient, Eiég_ggzgg

Q

Cy rolling-moment coefficient, ZolLing moment

asShb
Cm pitching-moment coefficient, pltchlng_moment

asc
Cn yawing-moment coefficient, yaw1nisgoment
M free-stream Mach number
S basic wing area, 3.0L6 sq ft
b wing span, 3.292 ft
c wing chord, ft
& wing mean aerodynamic chord, M.A.C., 1.019 ft
q free-stream dynamic pressure, 1b/sq ft
m
3 mass-flow ratio, compressor mass flow

My, free-stream mass flow based on capture area

Q

angle of attack, deg

“CONPIDRN TS,
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B angle of sideslin, deg
Sdl angular deflection of inboard deflector, deg
de angular deflection of intermediate inboard deflector, deg
Sdg angular deflection of intermediate outboard deflector, deg
%4, angular deflection of outboard deflector, deg
le angular deflection of inboard spoiler, deg
5%3 angular deflection of intermediate inboard spoiler, deg
SSB angular deflection of intermediate outboard spoiler, deg
554 angular deflection of outboard spoiler, deg
Ov angular deflection of vertical tail, deg
CIB rate of change of rolling-moment coefficient with sideslip
angle, égl , per deg
d
CnB rate of change of yawing-moment coefficient with sideslip angle,
eCn
?ﬁ; , per deg

MODEL

The model is illustrated in the photographs of figure 2. Sketches
of configuration details are shown in figure 3. Geometric dimensions
are listed in table T.

The test model was mounted on a hollow sting by a seven-component
strain-gage balance so that forces and moments were recorded simultane-
ously with the internal-flow measurements. The balance consisted of
four normal-force gages, two side-force gages, and a chord-force gage.

CONFIDENTTAL
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Balance forces were read out and recorded by conventional wind-tunnel
equipment, The model had a vertical-wedge inlet, subsonic diffuser,
wedge boundary-layer bleed system, fuselage boundary-layer bleed system,
and cooling and ventilating intake scoops and exit. Internal flow was
regulated with an iris valve located at the exit of the hollow sting.
Mass flow was measured with a calibrated flow meter which was built into
the sting.

Three store configurations were tested with the model, They included
a semisubmerged tank without fins as shown in figure 3(a), a saddle tank,
and a saddle tank plus small store with fins as shown in figure 3(b).

The model was provided with an all-movable vertical tail which was
tested at deflection angles of 0° and -3° and an all-movable horizontal
tail which was tested with no deflection.

The left wing of the model was provided with an instrumented spoiler-
slot-deflector system. Each spoiler and deflector could be adjusted to
fixed deflection angles of between 5° and TO°. Spoiler details are shown
in figures 2(c), 2(d), 3(a), and 3(c). The spoilers and deflectors were
replaced with blank plates for tests which required no spoiler deflection.

| TEST PROCEDURE

The investigation was conducted at Mach numbers of 1.6, 1.8, 2.0,
2.2, and 2.35 and Reynolds numbers based upon mean aerodynamic chord of
between 2.0x10° and 2.5x108. Angle of attack was varied from -6° to +20°
and angle of sideslip was varied from -9°© to +40, Sideslip runs were
made at nominal angles of attack of -5°, 0°, T°, and 14°. Mass-flow
ratio was set at the estimated matched value for the model attitude of
2° angle of attack and 0° sideslip. No further adjustment of the mass
flow was made during pitch or sideslip runs, even though "buzz" (defined
as unsteady flow in the inlet and subsonic diffuser at subcritical mass-
flow conditions) was sometimes encountered. Buzz generally occurred
above 4O sideslip at a Mach number of 1.8 and above 2° sideslip at a
Mach number of 2.2. Buzz was not encountered during pitch runs.

Measured angles of attack and sideslip were corrected for the tunnel
stream angle and for sting and balance deflection under load. A buoyancy
correction was applied to take into account tunnel static-pressure varia-
tions. The data have been corrected by adjusting the measured base pres-
sure to free-stream static pressure. In addition the internal drag, which
was determined from the change in momentum from free-stream conditions to
measured conditions at the duct exit, was subtracted from measured drag.
No corrections were made for inlet spillage drag or for internal drag of
the cockpit cooling and ventilating air flow. Deflections of the vertical
tail, spoilers, and deflectors under load were not known.

CONFIDENTTAL
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Precision of the data, which was determined from scatter and
repeatability for moderate angle-of-attack conditions, is indicated in
the following table:

CD +0,0005
CL 001
Cy *0.002
Cy +0,0005
Gy +0.002
& +0,0005
M *0.005
me/moo +0.005
o, deg 2d0)dL

B, deg 201

RESULTS

The longitudinal characteristics of the basic configuration and the
tail off configuration are presented in figure 4. In figure 5 longitu-
dinal characteristics with two additional store configurations are shown.
Figure 6 summarizes pitching moment at zero 1lift and aerodynamic center
location as taken from figures L and 5.

Angle-of -attack effects on lateral characteristics of the basic
configuration are shown in figure 7 and summarized in figure 8. Angle-
of -attack effects on lateral characteristics of the vertical tail off
configuration are presented in figure 9 and summarized in figure 10,
Figure 11 presents the effect of vertical tail on lateral characteristics
of the basic configuration. The effect of vertical tail on the lateral
characteristics of the saddle tank and store configuration is presented
in figure 12,

The effect at Mach number 2,2 of internal flow conditions upon

lateral characteristics of the basic configuration is shown in figure 13
and of the vertical tail off configuration is shown in figure 1k,

CONFIDENTTIAL
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Rolling-moment effects of spoiler deflection are presented in
figure 15. Figure 16 presents yawing-moment effects of spoiler deflec-
tion. In figure 17 the effect of spoiler deflection on longitudinal
characteristics is shown.

SUMMARY OF RESULTS

General observations regarding the results are as follows:

1. Aerodynamic center did not shift significantly with Mach number
for any of the tail-on configurations. Store configuration had little
effect upon the location of the aerodynamic center.

o. Directional stability was maintained to about 12° angle of
attack at a Mach number of 2.2, The usual trend of a decrease in direc-
tional stability with an increase in either angle of attack or Mach
number was evident.

3. Large changes in directional stability were encountered at low
inlet mass-flow ratios at a Mach number of 2.2. The vertical-tail con-
tribution to directional stability was not seriously affected by low
inlet mass-flow conditions since similar changes were obtained with the
tail off. There were shifts in directional stability near 0° angle of
sideslip associated with unstable air flow in the twin-duct system at
low inlet mass flows.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Now. 20, 1957
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TABLE I.- GEOMETRIC CHARACTERISTICS OF

CONFIDENTTAL

MODEL

Wing

Total basic area, sq in.

Span, in. o« o e e
Aspect ratio . . .
Taper ratio . . . .

Dihedral angle, deg .

Root chord, in, .

Tip chord (equivalent),
Mean aerodynamic chord,

Wing station of mean geometric chord,

1hTaks
ing

Sweepback of quarter chord,

Incidence, deg . .

Thickness, percent

Airfoil section . .
Fuselage

Length, in, 5 6 O
Vertical tail

Total area, sq in.

Span, in. o .

Aspect ratio . . .

Taper ratio e o,

Root chord, in. .

Tip chord (equivalent),
Mean aerodynamic chord,
Sweepback of quarter chord,

Ratio of vertical-tail area

Area moment, cu in,
Thickness, percent
Airfoil section . .
Horizontal tail
Total area, sq in.
Span, in. o o o
Aspect ratio . . .
Taper ratio . . . .
Dihedral, deg . . .
Root chord, 1lal .

Tip chord (equlvalent),

Mean aerodynamic chord,
Sweepback of quarter cnord deg o5 o
Ratio of horizontal-tail area to wing

Thickness, percent
Airfoil section . .

allzgl s

3l s

L3l s
Si-10%

.

.

deg .

.

.

s 438.6
ey 39.51
g is 3.56
e 0.300
v 0
T .13
e 522
.. 12,23
) 8.07
e 45.0
. 0

. B _— 5
NACA 66005 modified
.. 58. 70
. i 98.21
.. 11.78
.. 1.49
S 0.301
o L2 alfg)
. 3.68
.. 8.69
o 45,0
s 0.224
.. 853.5
D

NACA 65A003.5

5 o ILTE57 Sl

o e 20.22
oo 3.54
. o 0.302
q 0
S 8.79
S 2.69
.« o 6.28

- 45.0
S 0.263
e 3.5

NACA 65A003.5
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TABLE I.- GEOMETRIC CHARACTERISTICS OF

MODEL

NACA RM A5TK20

Concluded

Horizontal stabilizer
Area (movable portion only), 8qd i, + & + & ¢ o o & o o . 76.65
Span, total (movable portion only), in. . PR 15.29
Area moment, cu in, R o e R oo s 3527
Trailing-edge angle, deg . . « « « « &+ « & . e e . 4,63
Semisubmerged tank
Plan-form ared, 84 0. .« & & o o o o & 5 5 o o s s s s 48.17
Length, in. O e e B T a0 0 © 22095
Maximum diameter, in. 5 0 0 o O 0O 0.0 0 d oo 5 0 O 2.97
Leading-edge location (fuselage station), in. . o o & 26.28
Small center-line store and saddle tank
Saddle tank length . . . . 5O o R 23,31
Saddle tank leading-edge locatlon (fuselage statlon), in. . 26.28
Store length, in. o o b 0O 8 Q06686000 5 6 oo 15930
Store maximum diameter, in. N T . 1.80
Store leading-edge location (fuselage station), in. 000 2186 AL
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(a) Three-quarter top view of basic configuration with spoilers deflected T0°.

Figure 2.- Model photographs.
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A-22429

(b) Three-quarter bottom view of basic configuration with deflectors deflected 70}

Figure 2.- Continued.
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A-22428

(c) Close-up of spoiler detail.

Figure 2.- Continued.
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(d) Close-up of deflector details.

Figure 2.- Concluded.
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3794
St

.49

.65¢

20.64 N\

28.65

Dimensions in inches

1 39.51 ﬁ

\ i

e

(a) Three views of basic configuration with spoiler-slot-deflector system.

Figure 3.- Configuration details.
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Section A-A

(b)/Saddle-tank and store arrangement.

Figure 3.- Continued.
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Spoiler A
80%c

65%¢

Hinge line

S T5%
§ 4
o " \\\\\\ \\\\\\uy/ ~
~
\ < \ e
Relative wind c\\\\\<<f/—'75%c
4 Hinge line
Deflector \\\\\\ <,//—— 65he
ad

Spoiler-slot~deflector dimensions

Ohord Length Plan form?
% ¢ |mean, in.{ A, in. sq 1in.
Spoiler No. 1 | 15 1.25 2.0k 2.55
Spoiler No. 2 | 15 1k a0 1.98 P22
Spoiler No. 3 | 15 1.00 1.99 1.99
Spoiler No. 4 | 15 0.88 2.0k 1.79
Slot 10 1.06 8.05 8.53
Deflector No. 1 | 10 0.78 2.0k 1.59
Deflector No. 2 | 10 0.70 1.98 1.38
Deflector No. 3 | 10 0.62 1.99 %23
Deflector No. 4 | 10 0.54 2.0k 1.10

1 Mean chord — measured perpendicular to the hinge line
from the hinge line to the opposite edge

2 Plan form - length A times the mean chord

(c) Spoiler-slot-deflector system, dimensions, and direction of
deflections.

Figure 3.- Concluded.
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1.2
/
1.0 O . :
o1 | 0 Pa
8 ey oy
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e - /Q‘
6 Jors o F [ //Lf//
A S| |d A
A 1= Wi 2
) ' o
‘2 . .
0 3 X
l‘:) - /L‘)/ - -}
- S o | K
,(ﬁgr O Basic configuration
y El Tail ofif
'o)"‘
6 .ob .08 .12 .16 .20 .oh .28 .32 ik
S 84 4 o 4 8 1 2l
%s. 928 O 0 -.04 -.08 -.16 =.20 =.24 =-.28
CII]
(a) M = 1.6

Figure L.- Effect of horizontal tail on longitudinal characteristics.
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LS

1.0
o) o} '
.8 5/ s m/
| lleasties T P W
6 ,Jg:jaz’ : )3// ;{
¥ o ! .
Hoy : . ‘
A T g ,
R )4 41 | o~
L Al A Lot
.2 o e
0 <
)

i )

’ Hﬁjﬁ ‘/;j> J O Basic configuration

%5’ ¢ - O Tail off
-b
6 .o .08 .12 .16 .20 .ok .28 .32
Cp 8 &0 " 8 12 16 20
O, GSE Of 0 -.0b -.08 -.12 -.16 -.20 =-:24 -.28
cm
(b) M =1.8

Figure 4.- Continued.
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L0

QO Basic configuration

§o;

i

J./J
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"oh-

.20 .2k

.l6

.08

Ok

20
"508

16
-0k

-l

-8

-.24h =28

"020

-.16

"'012

.0k

a, deg

(¢) M = 2.0

19

Figure L4.- Continued.
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12
L0
o)
.6 D
~ - //ﬁ
c fae ] sof

o} O Basic configuration
O Tail off
-0)4'
"06
0 ol .08 .20
Cp o 4 8 12
Ok 0 =12 =16 =-.20 =-.24
Cm
() M =2.2

Figure 4.- Continued.
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i

Basic configuration

0L

.08 .12 .16 .20

-8 -4
a, deg

.2";

(e) M =2.35

Figure 4.- Concluded.
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1.2
1) — >—F JCﬁ
T 25
.8 -t
» 5
6 /F
JR/ [=
T ;
n .
o L f 7 Ve
S 2 IJ : CY
E . :
o T
g 0
3», QO Saddle tank
O Saddle tank and store
=0
"68 .0y .08 .12 .16 .20 .24y .28 .32 .36 4O .4k
D -8 A0 L 8 12 16 20 24
& G2 04 0  -.0b =08 =12 -.16 =.20 .24 -.28 -.32
Cm
(a) M = 1.6

Figure 5.- Effects of store configurations on longitudinal characteristics.
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1.2

1.0

™
LN

O

O

Saddle tank
Saddle tank and store

0 Ok .08 .12 .16

5
D -8 -k
o, deg

20 .24 .28 .32
0 L 8 £ 16

.0k 0 -0k

Cm

(b) M = 1.8

Figure 5.- Continued.
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1.2
1.0
.8
.6 =0 o)
AN of >
A : -
. Jod fof
Lz -4 p=4
8'. g -
0 > -7;, y:
%) F o
D k ég?* I
<ﬂ\. O Saddle tank
) O saddle tank and store
-.6
0 .oh .08 .12 .16 .20
Cp 8 b0 i 8 12 16
Gndeg o 0 -.0b -.08 -.12 -.16 -.20 =-.2k

Cm

(e)"M =22

Figure 5.- Concluded.
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<02
Basic configuration
— — - S8 dd]le tank
— - —Caddle tank and store
e e e 1 £ | N @THT
0
Cm ,\\ ~\
o o
e
o —
== e~ ~\
— S—
--02 T —]
70
8e€sy . 60 i ol e _
percent ¢ i [y =
50
60 R il
8eCoy _
percent c
50
s R i R \— S
/ —
\
Lo
6 1.8 2.0 eloe Bl
M

Figure 6.- Variation of
center with Ma

pitching moment at zero 1lift and aerodynamic
ch number for configurations tested.
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.20

'16 . 2 4 a, deg

>OOo
Fw oo

=]
=3\

| _
N

-.08 .02

P

/m
1/

.Ol

-.01

AN

a—F —a
Cn -.Ol [ ,ﬁ//ﬁ
J=A ;f;

"‘02

\
N\

"003

no
=
(O))

-10 =8 -6 =l -2 0
B, deg
(a) M = 1.6

Figure 7.- Angle-of-attack effects on lateral characteristics of the
basic configuration.
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.20
3 a, deg
.16 N ]
N o el
e \\\ Y
\\\ -
.08 A\
A N
ol \%
| Ny
0
-.0k “{\
R
LY
-.08
3 .02
‘N 8l
O\t»\\\\\\\n o1
=
X 0
‘ T
| A: =e 01
e Ol =3
| . . .//0
= ¥ —al |
¢, B
= :
-.01 o
/'ﬁ’/
..op Lot et
=10 -8 -6 =L -2 0 2 4 6
B, deg
(b) M = 1.8

Figure T7.- Continued.
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.20

a, deg

.16

.]—2

N
-.0k N

-.08

lol

/,_

=.01

-.Ol =

%0 8 6 4 o o 2 I :

B, deg
(c) M = 2.0

Figure 7.- Continued.
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<15

-0k

-.08

.01
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a, deg

p><oao

I,_l
=T

SO O

adl

N/

il
il

il

11

{ &

= skl

&/

=10

~8

-6

=L

=2 0

.02

.01

=01

B, deg
(d) Mia=0202

Figure 7.- Continued.
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.20

'16

.08

.04

-.0k

-.08

.01

-.01

\
b

-.Ol

"'002
=10

-8 -6 -l -2 0
B, deg
(e) M =2.35

Figure T.- Concluded.
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.002
M
156
0]
———t=1 8
———D 2
@
'g
(p=0°) ——— S
) /:’/—‘——"—__ -—.~\'§~=
-.002 = =
//’
-.00k4
.00k
~
\‘\
\\
\-\\\;\\
002 —= \\‘\
—
—
(B= o) \\\\\-\ ;
\’ \-\\”_
O “k —
. -4 0 L 8 1z
a, deg

Figure 8.- Variation of rolling-moment and yawing-moment derivatives
with angle of attack for the basic configuration.
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Figure 9.- Angle-of-attack effects on lateral characteristics of the

<16

.12

008

.O)+

-0k

.04

.03

502

.01

-.Ol

-.02

=10

CONFIDENTTAL

NACA RM A5TK20

o, deg

VA

/N /
Ao

i

2
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-8

B, deg
(a) M = 1.6

vertical tail off configuration.
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oAl }
.OBL_%\\\ a, deg
E\ \é\\ O 0
™~ E 742
-0k O 1.
o N .
0
P
-0k <
-.08
— | o1
O ’_4.
= il i
5 ol s O O N
-, 01
.0k
<03 ‘:‘L
A
.02 N
\\ |
c, .01 |
| N | | |
5 \
=01 P\
%20 -8 -6 L -2 0 2 i 6
B, deg
(b) M = 1.8

Figure 9.- Continued.
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‘16
12 0\\ o, deg
\\ 0] g
o 7.
.08 2 o\ 0 1.2
\\‘
CY o \%\\ = \\
0 =
S
-0k \‘0 .02
-.08 b .01
~o | |
~o A /0,//0
B e Bt %\é)\ 0
T b
oL =01
03
\\
.02 §E\\\
\\A\é\
e 01 SN
0 e
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Rl
-.01 O
"02.10 8 6 =k 2 0 2 4 6
B, deg
(c¢) M =2.2

Figure 9.- Concluded.
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.00k
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(oloy2) SO B (S | LA SR £ SR R e :ng
—_——-—D.2
S —
-\
D\
C < R o
zB) X~
(p=0° #
\~
a0
-.00k
0
-+ 002
@
g
(B__'Oo) [ —— *-: — P r——_’ —-—_——;‘:’
-.00L
-+ 006 o 0 n 8 12 16
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Figure 10.- Variation of rolling-moment and yawing-moment derivatives
with angle of attack for the vertical tail off configuration.
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.20 5
.
O Basic configuration 0°
.16 O Basic configuration -3°
!
. \ \Q O Vertical tail off
> N
X
.08 \\
o. N
CY .04 \\0& : N
TN N
o Qﬁ\\ N
N
N Yi\c
A
-.04 I .02
& NN
~ol N
-.08 o = \\t A@hl
\
O
e . C
-.12 — 0 1
| o ™~
= ~¢
.03 e -.01
Y
202 =02
\u / A
.01 <
Il
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P, o
-.,01 5/ //G S
02 F o
o]
=0
?310 -8 -6 =l -2 0 2 6
B, deg
(a) M = 1.6

Figure 11.- Effect of vertical tail on lateral characteristics of basic

configuration; a = 0O°,
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Figure 13.- Effect of mass-flow ratio on lateral characteristics of basic
configuration; M = 2.2.
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Figure 15.- Rolling-moment effects of spoiler deflection for basic
configuration.
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Figure 16.- Yawing-moment effects of spoiler deflection for basic
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Figure 17.- Effect of spoiler deflection on longitudinal characteristics of the basic
configuration.
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