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@7 Objectives

f =

« Determine: Optimum flow effector configurations

« Determine: Range of AOA for which a side force
IS generated

 Evaluate: Use of vortex-induced side force to
achieve yaw control
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@7 Background
& Slender Body Vortex Shedding

VORTEX-FREE FLOW  SYMMETRIC VORTEX ASYMMETRIC VORTEX WAKE-LIKE FLOW
FLOW FLOW

NORMAL FORCE
SIDE FORCE

ANGLE OF ATTACK ANGLE OF ATTACK
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r@? Test Setup and Instrumentation
& DRDC Trisonic Wind Tunnel

950 m’
Air Storage Bag Choke Valve

Aux. Vacuum

Tank 0.6x0.6 m N
‘ Test Section 900 m

Vacuum Tank
Settling
Chamber

Nozzle |Sting Control
Block [Mechanism

| e 2m ol 17.7m _ | J22m
e Indraft wind tunnel e Test duration: 5 — 11 sec
e Test section: 0.6m x 0.6m e Turnaround time: 30 min.

*0.2<Ma<4.0
«-20° < AOA<+20°
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@7 Missile Configuration
=

Baseline Geometry With Conical Nose

All dimensions in mm

le— 38.02

£ . =

30.00-

27.00

218.41
Center of pressure location: 56% of total body length

Front flow effector location

)

D D Rear flow effector location

3 Keys spaced 15° 3 Keys spaced 30° 3 Keys spaced 45° 5 Keys spaced 15 5 Keys spaced 30°

 Aspect Ratio L/D = 13.0 » Conical Nose
* Nose Aspect Ratio Lv/D = 3.0 « 4 Fins in + Configurations (Removable)
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r@? Missile Configuration

=

Baseline Geometry With Conical Nose
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@7 Missile Configuration
L

Nomenclature: North East Down Coordinate System

(e |

Top View

Nose View

Cu
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R‘i)7 Experimental Results

ateral Force Coefficient vs AOA

1.00

0.90
,.0.80
0.70
0.60 |

0.50 h—*— Nokeys
| —=—— 1 Key J 5
0.40 f—— —— 3 keysat 15: e e e ]
| ——— 3 keys at 30 i ;
0.20k— ¢ Skeysat15°| . . £ g

—— 5keysat30°| 7

0.00
-0.10

* No fins

A . Conical nose L/D= 3.0

* Flow effectors centered at 270°

* Front row
* Ma=1.5
* Re/m= 15.2x10°%

e it

Lateral Force Coefficient, C

o |\||E||\||!|\||‘§\||!--

10 15 20 25
Angle of Attack (AOA), degrees
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@7 Experimental Results
=

ateral Force Coefficient vs AOA

1.0
0.9F |——e—— Nokeys Y * No fins
2 08F| ¥y ;::vsatﬁ" | 2X 30°
Q 07k > 3keysatae’| - Conical nose L/D= 3.0
o " F |+ 3keysat4s° z
S 06F |+ Skeysati15® - Flow effectors centered at 270°
T 05 E . —F— 5 keys at 30
a QN * Front row
::E; 0.4F
S 03f *Ma=1.5
% 02F
S o01f * Re/m= 15.2x106
@ -
© 00F
(o] -
ik DYE
2
._03 [ | TR AR (N TR TR N N NS M T

10 15 20 25
Angle of Attack (AOA), degrees
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R‘i)7 Experimental Results

ateral Force Coefficient vs AOA
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* No fins
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C

t

* Flow effectors centered at 225°

icien
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—a—— 1 Key 5 E
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——— 3 keysat30°| ; ;
3 Keys at 45° | g
——— 5keysat15°|. | .

* Front row
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o o
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o O

S 0.20 .
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R‘i)7 Experimental Results

ateral Force Coefficient vs AOA

0.70 g
0.60 F
_050F
0.40 F
0.30 F
0.00 e = CLE

00—
B Tkeyat0® | . N A Sl

-0.20 F|—— —— 1keyat45° | | X e Ma=1.5

_0_30 ;_ A 1 key at 900 \ /

040F : :g :::ggo \/  Re/m= 15.2x10°

2050 Bl ———— 1 Key @t 225° [
0.60 L —* Tkeyat270% | @
OV Fl o 1 keyat315°

5 10 15 20 25
Angle of Attack (AOA), degrees

* No fins

 Conical nose L/D= 3.0
* Flow effector: 1 key
* Front row

« Angular position: 0° - 360°

Lateral Force Coefficient, C
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@7 Experimental Results
=

ateral Force to Normal force Coefficient Ratio vs AOA

z 0.7¢
% 0.6F v * No fins
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R‘i)7 Experimental Results

ateral Force Coefficient vs AOA

Lateral Force Coefficient, C

1.00
0.90 F
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0.70 F | | |
0.50 g
0.40 F
0.30 F

1

0.20 [| ———— 5 keys at 30°

Z
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Angle of Attack (AOA), degrees

15 20 25
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* No fins

* Conical nose L/D= 3.0

* Flow effectors centered at 225°

« Aft row
* Ma=1.5
* Re/m= 15.2x10°%

1.00
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@7 Experimental Results
& Axial Force Coefficient vs AOA

0.50
* No fins
o * Conical nose L/D= 3.0
o * Flow effectors centered at 270°
S 030}
R - Front row
o
o
@ *Ma=1.5
g 0.20 |
i . No keys ° — 6
L = 1Key Re/m= 15.2x10
-g 3 keys at 15°
L, > 3 keys at 30°
< R0 < 3 keys at 45°
@ 5 keys at 15°
_ 5 keys at 30°
L l Il l L L L L I L L L L
10 15 20 25

Angle of Attack (AOA), degrees
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R‘i)7 Experimental Results

L~ ..
Normal Force Coefficient vs AOA
3.00

* No fins
e 5 - Conical nose L, /D= 3.0
o 200 L * Flow effectors centered at 270°
© 2.
E * Front row
O150F — = I‘I\h;(ll;iys
g T 3 keys at 15° *Ma=1.5
o - | —>—— 3 keysat30°
& .00~ Shaymatan | * Re/m= 15.2x10°
© R * 5 keys at15
£ 5 keys at 30°
o
=2

1 1

10 15 20 25
Angle of Attack (AOA), degrees
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@7 Conclusions
(=

« Peak Side force magnitude measured between AOA of
15.0° and 20.0°

» Locating the flow effectors closer to the nose tip results
in higher side forces

« Maximum side forces measured at an angular position
of 225°

- Side forces generated by the micro-structures are
symmetric for complementary flow effectors angular
position

« Apart from side force, the nose-mounted micro-
structures have little impacts on the other aerodynamic
coefficients
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