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Abstract: Opposing jet flow control technology has a broad application prospect and can
achieve effective drag reduction control under the long penetration mode (LPM). In order to
further study the opposing jet mode transition mechanism and the influence of freestream
conditions on drag reduction control of hypersonic vehicles, wind tunnel tests were conducted on
the blunt body model under different freestream total pressures (0.1 and 0.4 MPa), Mach
numbers (Ma = 5, 6) and jet total pressure ratios. The structure of the spatial flow field and the
surface pressure distribution of the model were obtained by using high-speed Schlieren and
electronic pressure scanning valve. The results show that the LPM is extremely unstable, with
strong unsteadiness and asymmetry, and the flow field presents axial and radial oscillations. At
the transition phase, the flow field oscillates axially and changes continuously between LPM and
short penetration mode (SPM). The SPM is stable and the flow field structure is axisymmetric.
As the total pressure ratio increases, the surface pressure distribution of the model corresponds to

the phase of jet mode transition. The critical total pressure ratio of the jet is affected by the

Wi BHE: 2025-04-24 ; 1B BEA: 2025-06-03 ; FA HHA: 2025-06-11
* 3B E{E % E-mail: aresxf@163.com

SIRME: Bibds, whig, B2, 5. il A gk RSk Al AR T IR R IR 7T ). SEIRiRifg 712, 2026, 40(2): 1-12.
SHUI B S, XIE F, WANG H Y, et al. Experimental study on interference characteristics of hypersonic blunt body using
opposing jet[J]. Journal of Experiments in Fluid Mechanics, 2026, 40(2): 1-12.


mailto:aresxf@163.com

2 LW

W o

http://www.syltlx.com

freestream total pressure and Mach number. As the freestream total pressure increases, the

critical total pressure ratio increases, and the total pressure ratio interval corresponding to LPM

becomes larger. With the increase of incoming Mach number, the minimum total pressure ratio

and critical total pressure ratio of sonic jet decreases, and the total pressure ratio interval

corresponding to LPM becomes smaller.
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Table 2 Relative standard deviation of each pressure measuring hole
in longitudinal profile

O/ () AR R v 72
30 1.78%
40 1.76%
50 1.59%
60 1.59%
70 1.30%
80 0.92%
90 1.79%

T KIS Ma K Fpy/ MPa BIEWR,
1 5 0.105 0. 0.0573
2 5 0.105 0. 0.0653
3 5 0.103 0. 0.0754
4 5 0.104 0.0.0847
5 5 0.102 0. 0.0946
6 5 0.100 0. 0.1455
7 5 0.100 0.0.1945
8 5 0.101 0. 0.2881
9 5 0.100 0. 0.3875
10 5 0.402 0. 0.0526
11 5 0.401 0. 0.0551
12 5 0.402 0. 0.0600
13 5 0.405 0. 0.0624
14 5 0.398 0. 0.0682
15 5 0.399 0. 0.0775
16 5 0.398 0. 0.0875
17 5 0.399 0. 0.0971
18 5 0.404 0. 0.1437
19 5 0.403 0. 0.1920
20 6 0.394 0. 0.0295
21 6 0.395 0. 0.0306
22 6 0.393 0. 0.0315
23 6 0.393 0. 0.0333
24 6 0.393 0. 0.0356
25 6 0.393 0. 0.0392
26 6 0.398 0. 0.0483
27 6 0.398 0. 0.0970
28 6 0.398 0. 0.2918
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Table 3 Time-averaged shock wave detachment distance at different R,

R, TAKBERS L /mm
0 4.6332
0.0573 11.4341
0.0653 13.1783
0.0754 13.7597
0.0847 14.3411
0.0946 8.1395
0.1455 10.6589
0.1945 11.0465
0.2881 12.9344
0.3875 13.9535
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Fig. 9 Shadowgraph images of LPM at different times (R, = 0.0847)
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