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Experimental investigation on response characteristics of
PIV tracer particles in high speed flow

Wang Yanzhi', Chen Fang"*, Liu Hong', Sha Sha’, Lu Xueling’, Zhang Qingbing®, Yue Lianjie’
(1. School of Aeronautics and Astronautics, Shanghai Jiao Tong University, Shanghai 200240,
China; 2. Beijing Institute of Electronic System Engineering, Beijing 100854, China; 3. Institu-
te of Mechanics, Chinese Academy of Sciences, Beijing 100089, China)

Abstract: The tracer’s tracking ability is the key factor affecting the measurement accuracy of
high speed PIV. Particle relaxation modeling is presented for high speed flow with the normal
mach number over 1.4. Based on the combination of theoretical analysis and numerical simula-
tions, high speed PIV and the tracer particle seeding technology are developed, and the quantifi-
cational measurement ability of PIV is improved. Recent experimental results were obtained by
the Multi-Mach number high-speed wind tunnel in Shanghai JiaoTong university where titanium
dioxides of various sizes were used as tracers in the Mach 4 wind tunnel to induce a 22° shock
wave. The results reveal that the 30nm titanium dioxide particle is the most qualified option.
Meanwhile, various shock wave experiments (including oblique shock wave and detached shock
wave) were carried out to validate the particle tracing ability. In this paper, multiple experimental
results are put forward to support the selection of tracer particles of high speed PIV.
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Fig.1 Multi-Mach number high-speed wind tunnel of
Shanghai Jiao Tong University
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Table 1  Conditions of test cases

Specific heat Total- Total-

ratio y temperature/K  pressure/MPa

4 1.39 400 0.4
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Table 2 Relaxation characteristics of < —_i>
tracer particles on 10° wedge model Particles Particles

30nm 100nm
Relative Reynold number 0.03 0.1
Particle Knudsen number 14 4
Relative Mach number 0.29 (t=1)
Relaxation time/ps 1.55 5.24
Relaxation distance/mm 0.38 1.29
( 3 ) o My 6 4 ><

10 kg/(m + s), p, 4.23 X 10°kg/m’, p,
0. 04kg/m*,30nm
L 97ps, 30nm 100nm

1/3, 30nm ,

3 30nm
Table 3 Induced shockwave characteristics over wedge
models with 30nm tracer particles

10° wedge 30° wedge
Relative Reynold number 0.03 0.08
Particle Knudsen number 14 14
Relative Mach number 0.27 0.78
Shock wave angle/ (%) 22 44
Freestream velocity U/(m * s1) 797.8 797.8
Velocity U,;/(m « s1) 299.7 565.1
Shockwave strength Ma ,; 3.71 2.87
Velocity U,s/(m « s1) 157.6 151.9
Relaxation time/ps 1.55 1.97
Relaxation distance/mm 0.38 0.81
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Fig.4 Visualization of cyclone flow in particle seeder
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Table 4 Shock wave angle
100nm 30nm
22.23° 21.34° 21.75°
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Table 5 Shock wave angels and error of 30° and 45° models
10° 30° 45°
( ) ( )
22.23 0 44.07 0
21.75 -21%  42.64  -3.2%
23.55 5.9% 44.28  0.5%
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