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ABSTRACT

Normal forces, axial forces_ pitching moments, and rolling moments

on the model and hinge moments on each of the four control surfaces were

measured. Control surfaces were deflected from -39 ° to 15 ° in various

combinations to produce pitching, yawing, and rolling momepts on the

model over a range of angles of attack from -5 ° to 25 ° at roll angles
from -135 ° to 45° .
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(COOED. NO. A_-AH-162)*

By Norman D. Wong and Rex R. Ellington

Sm44ARY

Normal forces, axial forces_ pitching moments_ and rolling moments

on the model and hinge moments on each of the four control surfaces were

measured. Control surfaces were deflected from -35 ° to 15 ° in various

corfoinations to produce pitching_ yawing_ and rolling moments on the

model over a range of a_gles of attack from -5 ° to 25 ° at roll angles

from-13_ ° to 4_ °.

INTRODUCTION

At the request of the Air Research and Development Command_ United

States Air Force_ sn investigation of the static stability and control

characteristics of the 0.5-scale model of the Hughes GAR-II missile was

conducted in the three test sections of the Ames Unitary- Plan wind tunnel.

Six-component data_ including hinge-moment measurements, were obtained.

This report presents results obtained in the 9- by 7-foot test section

at Mach numbers of 1.60_ 2.00_ and 2.30° Results obtained at Hach nmn-

bets from 0.8 to 1.4 and from 2.5 to 3.5 are reported in references i

and 2. Various component configurations were investigated. In order to

expedite the publication of the data_ no analysis of the results is

presented.

|
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COEFFICIET,KPS/d_D SYmbOLS

The system of axes and positive direction of forces_ moments_ and

angles are presented in figure i_ which shows the coefficients referred

to the balance axes. The moment center was located at model station

24.00. The coefficient CA was adjusted for base force by an increment

equal to the product of the base area (13.91 sq in.) times the difference

between the measured base pressure and free-strea_l static pressure. In

order to present the results in the same form as used for an earlier test

of this missile (ref. 3), a reference body diameter of 3.20 inches and

cross-sectional area of 8.04 square inches were used in the data
reduction.

CA

Ch n

CZ

C m

axial-force coefficient_ axial force minus base axial force
qS

control surface hinge-moment coefficient_ hinge moment
qSd

rolling-moment coefficient_ rollins moment
qSd

pitching-moment coefficient_ pitching moment
qSd

CN normal-force coefficient_ normal force
qS

Cn

Cy

d

M

q

S

CL

yawing-moment coefficient_ yawin_moment
qSd

side-force coefficient_ side force
qS

reference body diameter, 3.20 in.

free-stream Mach number

free-stream dynamic pressure

reference body cross-sectional area, 8.04 sq in.

angle of attack of balance axis_ deg

(angle_ in balance normal force or sting pitch plane_ between

the velocity vector and the model center linej independent of
roll angle ¢)

_igle of sideslip of balance axis, deg



:i

i

_a

_n

5p

ST

5y

¢

A

B

E

H

U

W

n

control surface aileron s_gle in body _<is system,

_i [(52- t_4) + (_- 5_)] deL_

angle of control surface deflection_ deg

1 (_2 + 54) degcontrol surface pitch angle in body axis system_ _

control surface total angle in balance axis system_

8pCOS ¢-_ysin ¢, deg

i (5 m 63 ) degcontrol surface yaw angle in body axis system_ _ + ,

angle of roll of model about its longitudinal axis, deg

(positive when model, viewed from rear, is rotated clockv,_se;

¢ = 0° when colTtrol surface number i fls in the positive ba!_ce

no.hal-force direction)

amtelmas

body

control surfaces

hooks

umbilical plug

wing

Subscript

control surface number i_ 2_ 3, or _, corresponding to top, rij_t,

bottom, or left control surface, respectively, when viewed from
the rear with ¢ = 0 °

MODEL _D APPARATUS

The 0.5-scale model, furnished by Hughes Aircraft Company, consisted

of a missile having a set of low-aspect-ratio cruciform wings and trailing

control surfaces. Photographs of various configurations tested and of

the detail of the control surface are presented in figure 2. Protuber-

ances included a set of antennas, boobs, and an _mbilical plug. A sketch

of the model is shown in figure 3. The arrangement was such tha_ the

model could be rotated about its longitudinal _zms (or about the b ......_._

axis) through a range of roll angles from -135 ° to 45° and each control

surface could be deflected from -3_)° to 35°. In order to facilitate tLe

investigation, these changes in roll angles and control surface deflections
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were remotely controlled. The force measuring device was a six-component,

internal-type, strain-gage bal_ce. Since the estimated rolling moments

were small in comparison to the capacity of the balance rolling-moment

gage, these measurements were obtained from a special strain-gage assembly

mounted on the forward end of the balance. Hinge moments were measured by

strain gages on each of the four control surface supports.

PROCEDURE

Stabil_ty data with neutra] control su_:face position were obtained

throughout an angle-of-attack ra_kce of -5 ° to 25 ° at _ _ 0.25 ° (or

essentially O). The Mach n_.Toers were 3_.60, 2.00, and 2.30 and the

Reynolds ntmlber .was approximately 0.6×106 based on a reference di_neter

of 3.2 inches. For the complete config_aration (B_/EHU) the model was
_O _

rolled through a range of angles from -135 ° to 4p . _or conflguration

BWE only three roll angles were investigated: 0°, 22.5 ° , and 45 ° . Con-

figurations BW and BWEA were investigated at roll angles of 0 ° and 45o°

Control surface effectiveness was obtained for configuration B_£

only. At _gles of attack from 0° to 25 ° pitch deflection 5p was varied

from -3_ ° to 15 ° and yaw deflection was set equ_l to -Sptan ¢.

The effect of control surface aileron angle (Sa) on the trim condi-

tion was obtained for configuration B_Z. For these tests_ aileron __ugles

from 0° to 5 ° were superposed on trim values of total deflection 5T.

These trim values were selected for each _, @, and Y_ from the previously

obtained stability data.

PRESenTATION OF DATA

The data presented for the various config_rations, and the corre-

sponding figure nunfoers_ are tabulated below.

Configu- ¢,
ration X axis Y _xis M deg Figure

1.6,2.0,2.3B

BW

BWE

B_YEA

BWEHU

BWE

BWE

BWE

BWE

BWE

CL

CC

CC

CC

Ct

5T

_234

5n

5a

5a

CN, Cm, CA

CN,Cm,CA,Cz

CN,Cm,CA,C Z,Cn,Cy,Chn

CN ,Cm ,CA ,C Z

CN,Cm,CA,Cz,Ch n

CN,Cm,CA,CZ,Cn

Ch 2 ,Ch4

Ch n
CZ

Cm

0

0,45

!0,22.5,45

O, _5
-135 to 45

O,22.5,4_

0,_

22.5

0,22.5,h5

0,22.5, h5

4

5
6

7
6

9-13

14

15
16

17

°



Hinge-moment characteristics with control surfaces undeflected are

included where applicable. Only a limited a_ount of Cy and Cn data

is presented in this report, since these coefficients generally are

negligible and of secondary import_mnce. The apparent shift in CN and Cm

at zero angle of attack at M = 1.60 as indicated in fiu_ures 8(a) _d 8(b)

is probably due to a zero drift in the balance normal-force gage. The

data of figu_re 17 were obtained with aileron deflections superposed on

trim values of _T. Trim values of _T for each value of _, ¢, and M

were selected front figure i0.

Ames Research Center

National Aeronautics and Space A_ninistration

Moffett Field, Calif., Apr. i0, 1959
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A-23933

(b) Con± zL_r_tlon B_EA.

Figure 2.- Photographs of the model.
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(d) Detail of control surface.

Figure. 2.- Concluded.
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Figure 4.- Aerodynamic characteristics for the B configuration.
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