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ABSTRACT

)‘Longitudinal and lateral characteristics were obtained on seven
models of lenticular shape at Mact 5 and a Reynolds number of 1.5
million (based on model diameter). The effect of various control
surfaces on the characteristics of the lenticular shaped body is
shown, Data for a body of greater thickness-to-chord ratio and for
a body with blunt edges are also presented.

NOMENCL ATURE
Ay Model base area, 0.5185 sq in,
Ca Axial-force coefficient, Cp, - Cay

Cap Base axial-force coefficient, (p - py) Ay /qS

total axial force

Ca, Total axial-force coefficient,

gsS
. drag
Cp Drag coefficient, 35
Cy Rolling-moment coefficient, —2rilg moment
qSc
. . . lift
Cy, Lift coefficient, —q—s—
Cm Pitching-moment coefficient, pxtchlnqgs?oment (see Fig. 4
for moment reference point)
Cnp Yawing-moment coefficient, yawmqgsznoment (see Fig. 4
for moment reference point)
CN Normal-force coefficient, norma} force
gS
: . side force
Cy Side-force coefficient, —-—--a—s-—————-
C Model centerline chord, 8.0 in. (except for Model 6 where
c =8.25in.)
M Mach number
" Free-stream static pressures, psia



AEDC-TN-59-162

Free-st:eam stagnation pressure, psia

Base pressure, psia

Free-stream dynamic pressure, psia

Revnolds number hased on model diameter of 8 in.

Model planform area, 50.27 sq in. (except Model 6 where
S =53.4 s8qin.)

Angle of attack, deg
Angle of vaw, deg
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INTRODUCTION

At the request of the Air Proving Ground Center (APGC), Eglin
Air Force Base, tests were conducted on seven lenticular models at
Mach 5 and Reynolds number of 1.5 x 105 (based on model diameter)
1n tunnel E-1 of the von Karman Gas Dynamics Facility, AEDC,
July 13-23, 1959. These tests were the third in a series made in
support of an APGC 1nvestigation of lenticular models. The previous
tests, also conducted in Tunnel E-1, are reported in Refs. 1 and 2.

The primary objective of this test series was to obtain experimental
data on the stability characteristics of the basic lenticular body
equipped with various control surfaces.

APPARATUS

WIND TUNNEL

Tunnel E-1 is an intermittent, supersoni: wind tunnel with a
12-in, square test section (Fig. i). The tor and bottom walls are
flexible plates which are manually positioncd with screw jacks to
produce Mach numbers ranging from 1.5 to 5. Stagnation pressures
from sub-atmospheric to four atmo.spheres are automatically regulated
by throttliing the flow from a high-pressure, dry-air, storage tank.
Heating coils about the storage tank provide stagnation temperatures
between 70 and 129°F, depending upon test conditions. A large vacuum
sphere coupled to the wind tunnel diffuser permite operation at low
density levels. The angle-of-attack sector, which pitches the model
in the horizontal plane, covers a range from about -5 to +15 deg. The
absolute humidity of the tunnel air is normally below 0. 00015 lb of
water per lb of air. During these tests stagnation temperatures varied
from 70 to 90°F,

MODELS

The seven models and sting support were designed by APGC to
accommodate an existing VKF internal balance. Model construction was
of aluminum with polished surfaces. Photographs of several models
are presented in Fig. 2, and a typical model-balance installation is
illustrated in Fig, 3.

Manuscript released by author December 1959.
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Model details are presented in Fig. 4. Model 1 had eight stabi-
lizing surfaces (herein referred to as 'flaps') derived by hinging
sections of the exterior surfaces as shown in Fig. 4a. These sections
were pinned to the model base and were removable so that flap
deflection arrangements of 0, 5, and 10 deg could be obtained without
removing the model from the sting support. This model was also
tested with these sections set out one quarter inch from the model
surface (flaps-open configuration). Model 2 had twin tail booms
(Fig. 4b) and was tested with and without 20-deg wedges which were
glued, 1n various combinations, to the boom surfaces. The elevon-
like surfaces of Model 3 (Fig. 4c) had fixed deflection angles of 0 and
-10 deg. Model 4 (Fig. 4d) had a drooped nose and was also tested with
a small, 22-deg wedge (Tab) located on the model centerline just aft of
the nose breakline. Model 5 (Fig. 4e) is simply the basic lenticular
shape with the addition of vertical fins. All the models except models 6
and 7 had the same basic body shape. Models 6 and 7 (Fig. 4f) had a

greater body thickness ratio, and in addition, Model 7 had a blunt edge
radius.

The balance locknut cavity of each model (see Fig. 3) was filled
with cotton wool and sealed over by a fairing of dental plaster.

INSTRUMENTATION

The force and moment measurements were made with VKF 1internal
balance E1-B6I-8. The gage outputs from the balance were measured
with 400-cps force readout units. These units are a null-balance
servo system having both a dial indicator and an electrical digitizer
serving as the gage input to an ERA 1102 computer.

Absolute base pressure was measured with a 1-psi differential
transducer which had a vacuum for a reference pressure. The trans-
ducer output was measured with a d-c millivolt digitized recorder,
which also served as the input to the computer.

Other data items, such as angle of attack and stagnation tempera-
ture and pressure, were measured, digitized, and automatically
recorded.

TEST PROCEDURE

Data were obtained at Mach 5, at a constant Reynolds number,
based on model diameter of 8-in., of approximately 1,5 million, and
at angles of attack and yaw from -5 to +15 deg. For the yaw data, the
model and balance were rolled 90-deg from the pitch plane.
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Pitching and yawing moments were measured about the moment
reference point (see model sketches, Fig. 4), and roliing moments were
taken about the model centerline. The angles of attack and yaw were
corrected for deflections of the sting support caused by air loads on
the model. Data were obtained for the model configurations as sum-
marized in Table 1.

PRECISION OF DATA

The uncertainties in the basic measurements, listed below, were
determined from the balance calibration data, the tunnel airflow
calibration data, and the known precision of pressure measuring
instrumentation,

Nominal Calibrated Po q Pb
M M psia psia psia
5 5.01 10.06 *0.010 10,0008
CL Cm Cp Cy Cn Cy

t0.27 x 10-2 10.46x10-3 +0.8x10-3 *0.6x10-3 10.23x10-3 t0.1x10-3

The variation in test section Mach number along the tunnel center-
line is within 10,01, and the estimated accuracy of the sector
positioning of the angle of attack is 0,10 deg.

RESULTS

The basic force and moment coefficients for models without control
surface deflection are presented in Fig. 5. Included in this figure for
comparison purposes are data obtained on the basic lenticular body
(Model 5 with fins removed). As these data show, the inherent in-
stability of the lenticular body was increased by increasing the thickness
ratio (Models 6 and 7). The drag increase in both cases was consid-
erable. A significant decrease in instability with a very small drag
increase was obtained, however, by adding thickness at the trailing
edge of the lenticular body (Model 1). The tail-booms of Model 2 gave
similar results.

Although all the model configurations tested were longitudinally
unstable about the mid-chordline, a significant amount of pitch control
was obtained by the flaps of Model 1 and the wedges of Model 2
(Fig. 6). The decrease in effectiveness of these controls on the lee-
ward surface with angle of attack is shown by the data presented for
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10-deg flap deflections on Model 1 and the ''top only' wedge locations
of Model 2. These data (Fig. 6) also show that the elevons of Model 3
did not affect the stability level of the basic lenticular body and
produced negligible pitch control. The drooped nose of Model 4
produced a trim lift coefficient of 0.03 (trim angle about 4 deg); the
effect of the small tab on these results was negligible.

All the inodel configurations were laterally stable as shown in the
typical data given in Fig, 7a. These data show the lirectional control
obtained, by asymmetrically increasing drag, on Models 1, 2, and 3.
Deflecting the elevons on Model 3 reduced directional stability and
produced only small control moments, The maximum roll control was
obtained by the wecdges of Model 2 (Fig. 7b); however, all the roll
control methods were effective.

Typical schlieren photographs of each model are given in Fig, 8.
The photographs of Model 1 show an increase in flow separation at the
trailing edge obtained with flap deflection. A photograph of Model 5
(less fin) at about 10-deg angle of attack is included to show the extent
of the separation on the upper surface at this condition,

CONCLUSIONS

All configurations were longitudinally unstable and directionally
stable,

Several methods for obtaining longitudinal and lateral control were
effective,

REFERENCES

1. Anderson, A. ''Aerodynamic Test Results of Two Configurations
of a Proposed Bomber Defense Missile at Supersonic Speeds, "
AEDC-TN-58-72, October 1958. (Secret)

2. Anderson, A. ''Stability Tests of Three Lenticular Models at
Supersonic Speeds.'' AEDC-TN-59-99, September 1959,
(Secret)



-
£

AEDC-TN-59-14%

WY3TH - o
3391 = 1
*dysuoy pesoll SIeld = O wo330q = {
‘dyjuvn uUed) sdeTy - 0 doj -~ 1 :QNZDIT
- x " L T5JOW x - peacuny edel4d (1V
- X Jn 314 995 | 9 TIAOW x | - |9 .m-mm& g°.5-6121 ‘11
- X ($UTS ©N) u x - |ofo Je-ta‘ca‘tiCr‘01-1g' 11
x - of <31y 99g| § TAAOK x | x |9 5=¢g‘2rf,ot=-lg‘ly
x | x |0 01-28‘Tg“ 01-1‘ 11
x x Qs UITM x | x |9 5-¢a'lg ‘.5-G Ty
X £ qQel INOYITM x | x | o0T~ jgm.oﬁ-ﬁ.ﬂ
x [x |9 S-lglg ‘oot- Iy
» T (PN 314 99g) x |- 10 0T = lg ‘oc1- 1
RV VIvC NOLLVMNEIANGO | M TSIOK -l x |o ot - lg ‘et~ 1
- |l x |2 0T - 28 .01~ &1
x | - |o 0T - g ‘.ot- o
x x OT-T°.0-4 x | x |oD oS =g ‘o5 - U
x x Ol = T ‘00T = ¥ - | x |o Ol = lg ¢ 5= g
x | x |0 S -1g ‘ot-
| » D (27 °314 °9g) x x 0 Ol = Ig ‘o1- 1
RS NOILVHNOLINOD NOATT: | € TIAOW x | x |2 S-1g ‘es-U
- x o) OT TIV € ‘s TIV L
— - X U.Q om Ty g aOO .H.H< 4
x X 4 219 f2'1-1 x | - |]o
X X 2 ‘14 x | x |0 Ol TIVv § ‘.0 TIV 1
s x 2 ‘11 x x o‘d HOT TIVE 211
X X 24 ‘Tl x | x 0°d S TIVE 21
X x 2-q ‘2-1 -]l x o
x 5 DO x | x |2 O TIVE 21
i 0 (an -4 99g) A I D (o °314 99g)
WNYl| Vi NOILVDO1 3OT3EM | 2 THAOW ANVId VIVD NOLLVMAOLANOD dV1d | T THAOW

SNOILYINOIINOD 1531 40 AAYWNNS

1 378vl




CONTROL MLVES \WIL[ RLATES £ JMCXS INSERT ALATE wWOOW TONTRL 8, v

STILLING CHAMEER - VIEWING WINOOW

Nozzle and Test Section

Fig. 1 Tunnel E-1, 0 12 x 12-in. Supersenic Wind Tunnel



Modei 2

Model 3

F i q. 2 Mode! Photographs



Mode

Model 6 Model! 7



AEDC-TN-59.162

tuswabuniry sdunjog pup |spoy 4o ydiays ¢ "Big

J3ySeM pue INnuUYd207]
aousled TeRUJIIIU]

aqnL PT314s

wnﬁm\
£ £

\
\
\

2013110  \

aanssaid aseg

SA2J208 XNO07]

e X
-

oA & [ N Y L
AW » — 1 TV 2 D AR
w . : IR
. r _ v ) »M/ N /,v,..,v 3

ﬂ/ﬁﬂﬂ;& . ; N ////,.,/ /.,../ "

R / ,// ; \ // .
RN RO N s «

T e

\ £31A%D 3nuyd07
\

13



[

)

I N

At ()¢

S|9pOw 40 saydiaxg £ g
Z1%pow 9 L1epow 0

seyouy ul ua0) sderf - Bd1A ACIE

suojsuswi(g 1+t Av] >
Y J F~- - D I 4
t o . vm A >
A31A oplI§ P .\.\?_A &MOI. M/v%.wv.h.«,? \
| T ow,ﬂ }
J o $ \ Horpwl

N : = pesoy) sdeid - oA PIS

-+ 4 N, ' B 5 )

L IR A / i w 4 >
o0l = -0
v
wojjog uo TE puw Ig N a21a usid CRLCEEFEL ERUEL B
e se¥pep Bep-02 89TA usmid
+ +
(- 2ovjing woyjog uo 'g-lg)
fv sde 14 - < 1
ro2 - - o ST
291 y -, ) M \
/ 1 /
-3 GO
e 1 b
1 I
4 b ¥
AR ! 1
T ! i t g i |
,? > £ t »
ot pe b | o
81 /
/
* » 5 # M
v 3
SL'0 u.L 1l gh M y
. l_ xq . Joa ) 4
Let + _
1 . T . H
[ 00 ¥ - — — OF G-t . — 00 ¥ - |'J
wS2°¢ -—te weig 00°'8 ¢ - [N we il 00'8 = -

11}



AEDC.TN-59.142

Xy

v*:—-_ﬁcou 1 4 .Omm -

P € 19pow >

a27A P18
A27A oPIEB

q 5y Pl 2

!
i
(qel) U

aa1A uwyg  °FPeA Bep-zr-
— TR H//

- L § g |
] ‘
\.\ A /
| N\
Y ’ |
N p | \
/ . \
= , | ~ -
~_ | o — ,
» - .//t’l’\\\
il 00y — = i
e cos T T -—— 00y
i - weld 00°8 +— — ——




AEDC-TN-59-162

&

papn|auo) y “Big

LPUwOgSIPPON Y

{

-

409 6

L 13pOM -~ M31A apis§

i ¥otl'0
@ >
— 00 ¥ -
weid 00'8 -t

9 [9PpOR ~ MAIA IPIS

h 99¢ 1 '
n \ i v +
1 P
N K !
oou’
| W SR
- ,
u2ig 8¢t '8 - 6zt v “

L PU® g S[3D0f - AdTA uw|d

— ——
~S

e

S [%PoN "9

AJITA 3PIS

/ 1171
N2
e

- — U

a9TA uwld

.ﬂ

+

16



AEDC-TN.59.162

L

0.13 g p=
7 . —//'; .\,‘
B A r ]
)
Sﬂy |
- 0.08 S - 2
t|’\f.'-:‘ o0 | ~
>~ l l .'"/ %7 f
- S e
2 FE= e |
6."’(/
0.04 7 ir
P , , ” |
w = !
-8 -4 0 4 8 e
/:\d -
0.2 C
cL ':/‘ |
./»‘;';/ J
Az
e
0.1 L Model
,5‘; h A 1 (Flaps 0)
f 8 2 (No Wedges)
L~ 6
;y/‘;'/ O 7
;é_ ® 5 (No Fins)
-8 -4 A/Q/ 4 8 12
Lo’ i
2
R/j -
¥ | -0.1 — /_
1'{:/G
> —;:"_ﬂ
I/, :/\’ ‘,’ __1'
/’f_ 2 21 .
0.02 ,/ ’,qf Y /, =
1 - ~ l - :/i
Cn v.{./é“-'/'/“‘
et
-8 -4, M 4 8 12
AJ
7
./’\
71 lo.0oa

Angle of Attack, a, deg

Fig. 5 Longitudinal Characteristics of Basic Models

17



AEDC-TN-.59-162

: I | | Flaps Wedge ]
, . Q All O o
r * " 48 All 10 O None —
| | O Top Only
T A11 O, B All 5 A Bottom Only
. - | T All1 0, B All 10
b = 1 ‘ 0.3{ i c.3r —
[ | I2¢ )
; - — 1 ottt
| ! I
= g + l N 1 — —a 0.2} —+— —~
] - | 1
e —+ lr:— = e
' c, .

—+ —+ + T 0.1 ~1* T 0. 1b— o
| Sy ‘ = * |
'r 1 e T T T
l l A & i g —-j +

0.03 0.2 . o001 | oo -0.01 o0 o
m
— T = =7 1 1[ Ii
_ ; | |
. -0.1 - + -0.1 l
a. Model 1 ' b. Model 2
T
AN ~ |
> t 0.2 ’
= i 1
Model B N CL .
A3 (RO, L -10) [ 2. =
3 (R -10, L -10) {
¥ Mk S S P P
O 4 (With Tab) | x| I !
® 5 (No Fins) | 'W ¢ | ;
1 t e B
i - |
'"J “l .
0.05 0.04 0.03 0.02 0.01 con -0 0z
C a | i
n | o
T Ty T
| ol
c. Models 3, 4, and 5

Fig. 6 Longitudinnl Stability and Control Characteristics

18



AEDC-TN-59-162

.015 .015
C Jlaps c Vedges
Y O All 0 Y o Nose ‘
, O ; }8;%8:8:3 O ALL T and B[ >
o T 88,00 ATy B -
.010}— I B 5,5,0,0 | g10 —
A O A1l 5 (Open) — |
}_/ _’— /7-'/1_’;‘ =
Y T 1
005 pr—/ > .005}—~<——~ ——<
- _ iy .
F‘ 7 = . 7
1 o // -JA - ’
¥k Ak
- N _,_E ~e
0.001 . - -0.002 v r -0.002 C -0.004
iy S cn S - n
. o R I 1
ya$ L 7 7 1
‘ Model 1 A i Model 2
L— _.005 L oosl
-~ N ~
' - Elevons 1:’
. 005 = gn -10, L -10 .005
¢ | - R O, L-10 o |
Lo -
3 ~
0 &= =
0.002 < -0.002 0.002 1 -0.002 c -0.004
-« €4 n
— = 1
Model 3 ~ Model 5
lL——-.005 -.005
a. Directional Stability and Control
-4 0 4 8 12 16 !
CZ Angle of Yaw, y, deg
OL 1 q { I i
[ ] I ] ] ] Model
N n Pl N S S S R 5,
N A S T S S S S S ~t M
R By 5)
Son ISEEea B IS w1 (1, 10,
| 1 | 1 r ] 1
B A NN | B, 10)
.‘-—‘. E—T‘——\-_' _.'_::‘T’\’:_\_;\:_ ) /2 (le Bz)
T T T T T = =L L3 (RO,
‘ ‘ | - L -10)
-.004 4
b. Roll Control

Fig. 7 Lateral Stability and Control Characteristics



AEDC-TN-59-162

All Flaps ot 0

Py S

All Top Flaps 10°, All Bottom 0°

All Flaps 5, Open Configuration

0. Model 1

Fig. 8 Typical Schlieren Photographs
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