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Fig. 1. Structure diagram of dual-synthetic jet actuator and computational domain: (a) Structure diagram

of dual-synthetic jet actuator 171 (b) computational domain.
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Fig. 2. (color online) The verification of LST: (a) Contours
of imaginary part of the eigenvalue w; with LST solver;
(b) contours of imaginary part of the eigenvalue w; in An-

drea’s paper.
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Table 1. The parameters in Andrea’s paper.
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Table 2. Research parameters.

Case Ap/m-s™1 f/Hz T/K
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7 8 100 226.5
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Fig. 3. (color online) Contours of imaginary part of the
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Fig. 5. (color online) The computational results of LST in Case 1: (a) Contours of imaginary part of the eigenvalue

w; in Case 1; (b) the eigenfunctions of most unstable mode of flow fields in Case 1.
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(color online) Velocity profile and temperature
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Fig. 7. (color online) The computational results of LST in Case 2: (a) Contours of imaginary part of the

eigenvalue w;; (b) eigenfunctions of the most unstable mode of flow fields.
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234701-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 23 (2017) 234701

BT (o, B) = (1.2,0.7), BB} w; = 0.01093; Case 3
THF, IARRE S AT (o, B) = (1.1,0.4),
BT w; = 0.012111. 7] LAy, AN [F) 50 i 5 42 1
T, B BES AR XEGEEA R, SiRiRES
SR AR R, AR E X ks oK, P sl i B ) 3
B A B K, T S P U 5 S v B AR B, AN S8
X 3l /N, B (] 2 A AR X AL/

X b = 20 T B AR E RS (1 RRAIE o £ T
PAAZII, SR IAL T W v BRI AR, | 7| #E L A
N2, YL | T| R R T A & B AR TS
T SRR R R, || E N E, N EhxHE
) T e A5 0, RS A A4 5 B [T R G 3
FaUE AT FE ). 456 S HASH A KR L, 1]
DL R TEBE T IR BN T, Jiiss A B A A
SE IRIEE RS, B RS A, i £ B T AR RN
B/ BARAR A SR, B S AR B
KA ik /), 22 B R R R A R ik
FERE s . AR A T R RS
P T, G RN R AR R, AR R A T
Ivas, msh RS E PR RN, S OB A
PEHN 25 1 L E N NA I AR B, 1S N
PR3 AN Wb R A=Ak, IR T A SR N R TR R
1323, ahfs AR Ry, U2 e vk
PErm.

1O 25 H T AR 900 T P ek 5 ) T A iR P
M, 7T LAEH, X Case 1 #1 Case 2, Case 3 L#
IS A P R R R AR ARG, 3R I SR RN
Xt 52 AN B 4 B il | T, | p| B F 8 i &
X al LA 8 (b) 3 B EDIE.

SIHT R, A OB AL TAE SR 2 100 Hz.

3.0
8
2.5 7
2.0 6
5

RNy~
4
1.0 Aw 3
0.5 i 2
| 1

B10 (M%) Case 4 THF, LST i151%45 5

Il K& /103

PR 22.5 m/s I, B AR E RS R 1] 4
NE, RYILR A TR N A E 12 i, B
&, BT A OSSR S R A B, 45U R
TEN T ZZES5 (i dh, 515/ NABIAE FE A BAS
NER R, REBOCEILH = BRI

T T T T
/ J40
-4 3.5
—=— U-Case 1
—— U-Case 2 - 3.0
—+— U-Case 3 &~
T-Case 1 9.5
T-Case 2 | =
—— T-Case 3
120
< 1.5
1 1 1
2 3 4 5

9 (WITUR ) ANIR] SR IR0 FEE 01 S VAt A7 1o B8 5 T il
R
Fig. 9. (color online) Velocity profile and temperature

profile of flow field with different jet temperatures.
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Fig. 10. (color online) The computational results of LST in Case 4: (a) Contours of imaginary part of the

eigenvalue w;; (b) eigenfunctions of the most unstable mode of flow fields.
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Linear stability of supersonic boundary layer with
synthetic cold /hot jet control”
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Abstract

To investigate the stability and transition control mechanism of supersonic boundary layer, a coupled method of
velocity /temperature control based on synthetic cold/hot jet is proposed. Based on the prior dual-synthetic jet actuator,
a high performance synthetic cold/hot jet is achieved by adding a cooling/heating module. By placing the actuator under
the flat-plate, periodic blow-suction is produced and low momentum jets are injected into the boundary layer to control
the transition. Numerical simulations are conducted to study the propagation and evolvement of the unstable waves
in the supersonic flat-plate boundary layer with Ma = 4.5. Influences of wall blow-suction, synthetic jet temperature,
perturbation frequency, and perturbation amplitude on control effect of the unstable wave are mainly studied. The flow
field and control effect are analyzed using the temporal mode of linear stability theory. The results show that without
jet control, the first and second mode perturbation wave coexist simultaneously with the second mode dominant in
the two-dimensional wave. In the effect of the wall blow-suction, the second mode appears to be more unstable while
the first mode is suppressed. Under the control of the coupled speed-temperature, the jet temperature has significant
influences on the area of the unstable region and the growth rate of the perturbation mode. When the jet temperature
is different from the inlet fluid temperature, the fluctuation of temperature accelerates the transition of laminar flow to
turbulent flow, and the velocity profile becomes more full, which leads to a more stable flow field. The control effect of
high frequency blow-suction disturbance on flow field are better than that of low frequency. When the control frequency
is higher than 400 Hz, the imaginary part of the eigenvalue w; of the second mode disturbance wave decreases, and
the disturbance component accelerates the correction between velocity profile and temperature profile of supersonic
boundary layer, thus making a more stable second mode. When the disturbance amplitude decreases to 1% of the main
flow speed, only the second mode is detected of low time growth rate, which results in a better control effect. However,
as the disturbance amplitude further decreases, the first mode reemerges, and its wave number overlaps with that of
the second mode at first, and then, separates from each other. The research results provide a new idea for supersonic

boundary layer transition control from laminar flow to turbulent flow.

Keywords: dual-synthetic cold/hot jet, boundary layer, transition control, linear stability theory
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