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The linear control characteristic of the multi-wall passive fluidic thrust
vectoring nozzle
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Abstract: The thrust vectoring technology is the key technology of high-performance aircraft,
which can be divided into the mechanical and the fluidic thrust vectoring technology. The fluidic
thrust vectoring technology has advantages of simple structure, fast deflection response and low
energy consumption, so it has been widely studied. However the problems of jump and
nonlinearity of the control law exist in the current rectangular fluidic thrust vectoring nozzles.
Meanwhile the maximum deflection angle is small, which seriously limits the engineering
application of this technology. A new type of the rectangular multi-wall passive thrust vectoring
nozzle is developed in this paper. In order to figure out whether this new nozzle can realize the
vector control of the jet with high linearity and larger deflection angle, two control strategies of
the multi-section wall under multi-wall passive secondary flow and the variation of the initial
passive secondary flow rate are employed. The characteristics of the dynamics and flow field of
the jet are studied by means of experiment and numerical simulation. The results show that these
control methods improve the linearity of the control law of the force vector angle, and the
effective deflection force vector angle is increased. The linearity of the control law increases from

62% to 90.8%, and the maximum deflection force vector angle increases from 18° to 22°. When
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the initial inlet and outlet area ratio of the passive secondary flow is 1.16, the line-arity is further

increased to 94.9%. It is found that there is no obvious separation bubble structure near the wall

of the nozzle during jet deflection, which preliminarily explains the principle of the linear

continuous control law of the nozzle.

Keywords: fluidic thrust vectoring of passive flow; passive secondary flow control; multi-wall

nozzle; linear control; jet flow characteristic
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Fig. 1 Schematic diagram of the Baseline nozzle
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Table 1 Structure parameter of the Baseline nozzle

W £ 28 YRR L FEHERTL2
M B n /mm 30 30
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Fig. 2 Schematic diagram of the multi-wall passive fluidic thrust
vectoring nozzle
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Table 2 Structure parameter table of the multi-wall passive fluidic
thrust vectoring nozzle
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#3 EmWNEFLMST (1 =0.054 m)
Table 3 Distribution of the wall pressure tap (I = 0.054 m)

WAL T FRETH R o/
1 0.09
2 0.15
3 0.21
4 0.35
5 0.41
6 0.47
7 0.61
8 0.68
9 0.74
10 0.81
11 0.87
12 0.94
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Fig. 3 Experimental setup for the characteristics research of the
multi-wall passive fluidic thrust vectoring nozzle
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Table 4 Static calibration performance of the balance

JriE=ss ans-2ni HEEE /% FEEE /%
F, 3 kg 0.31 0.21
F, 10 kg 0.43 0.19
F, 3 kg 0.40 0.11
M, 1 kgem 0.30 0.22
M, 1 kgem 0.46 0.24
M, 2 kg*m 0.30 0.17
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Fig. 4 Numerical simulation networks and boundary conditions
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Fig. 5 Diagram of the jet attachment and separation
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Fig. 7 Comparison of wall pressure distribution between experimen-

tal and numerical simulation of the multi-wall nozzle
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Fig. 9 Angular change curve of the force vector of the single-section
baseline nozzle with valve closing
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Table 5 Closed condition of valves in different jet states ( o represents that the valve is opened, while x represents that the valve is closed )

SRR FEIRAS U1 U2 U3 D1 D2 D3
L o) o) o) e} o o)

— B b X e} o) 0 o} 0
= et X X O @) O @)
=B bR X X X O O O

Gy B A B AL 4n 18] 2 BT, 440 2 ) UL
U2, U3, W 7 A (151 71 R B A 0 142 i) LA 40
B 10 s o 1% 23 B % B s ) U R e R

25

20

15

0/ (%)

10

e i mane LI R i
0.2 0.4 0.6 0.8 1.0
)
E 10 SRABENXERMBEAIASEHNEZLHLE
Fig. 10 Angular change curve of the force vector of the multi-wall
nozzle with valve closing
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valve closing
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