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A Study on Operation Characteristics of Co-flow Fluidic Thrust

Vector Control under Over-expanded Jet Condition
Jun-Young Heo*, Dong-Hyun Jeon*, Yeol Lee** and Hong-Gye Sung**

ABSTRACT

The purpose of this research is to investigate the operation characteristics of fluidic
thrust vector control using injection of the control flow parallel to the main jet
direction; Co-flow injection. The technique bases on the Coanda effect of flow. Both
numerical and experimental studies were conducted to investigate operation
parameters; flow structure, the jet deflection angle, and shock effects near the nozzle
exit. While the total pressure of main jet is the range of 300 to 790 kPa, the total
pressure of control flow varies from 120 to 200 kPa. The jet deflection angle and
thrust coefficient have linear relation with the pressure ratio(PR) of main jet to control
flow in 0.15 < PR < 0.4 but show their limit above PR = 0.4.
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Nomenclature

o : Turbulent Time Scale Parameter C, : Turbulent Viscosity Parameter
C,,, C,, : Turbulent Energy Dissipation F, : Axial Thrust
Parameter F, : Vertical Thrust
20119 19 59 A4 ~ 20119 49 119 AAbele h  : Height of Main Nozzle Exit
* A5)Q) =gy dta FEeFUoA s k  : Turbulent Kinetic Energy
* Q3 d=FeUgn FF-FIAT SR M : Mach Number

AAA A, E-mail : hgsung@kau.ac.kr M, : Turbulent Mach Number
7%= nEA gFT sHE 200-1
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m'm : Main Flow Mass Flow Rate 0y : Thrust Deflection Angle
77.16 : Control Flow Mass Flow Rate ij : Kronecker delta
D - Static Pressure g, : Compressible DissipationE
D, : Nozzle Exit Static Pressure &, : Dissipation Rate
D : Atmospheric Pressure I : Molecular Viscosity
P, : Production of Kinetic Energy Hy : Turbulent Viscosity
P, : Total Pressure of Main Flow 0,0, : Model Constants
P, : Total Pressure of Control Flow Tij : Viscous Stress Tensor
PR : Pressure Ratio, P/P, Ir : Preconditioning Matrix or Circu-
T : Static Temperature lation
T, : Total Temperature Superscripts
Tt : Turbulent Time Scale - . Time Average
y" : Dimensionless Wall Distance - : Favre Average
oy, ay,a; : Model Constants for Compressible ” - Fluctuation Associated with
Correction Mass-weighted Mean
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Table 1. Jet and control flow conditions

Jet condition P, kPa P, kPa
300 120, 150, 200
Over rexi:?”qe? 450 | 120, 150, 200
supersonic je 600 120, 150, 200
Optimally 790 120, 150, 200
expanded supersonic jet

'S

a) P,=300 kPa, P,= 150 kPa ; CFD: 9.6°, TEST: 9.5°

I

b) P, = 300 kPa,

m

P =200 kPa ; CFD: 10.0°, TEST: 9.7°

!

e

d P,

m

=790 kPa, P= 150 kPa ; CFD: 4.2°, TEST: 3.7°

Fig. 3. Comparison with the CFD results
and Schlieren images
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Fig. 5. Jet deflection angle versus pressure
ratio of control flow to jet flow
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