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Abstract

A flow measurement system which is able to measure the instantaneous three-dimensional
velocity components and the pressure distribution of fluid flows is developed using a digital
image processing system and the stereoscopic photogrammetry. This system consists of two TV
cameras, a digital image processor, and a 32-bit microcomputer. The capability of the developed
system is verified by a preliminary test in which three-dimensional displacements of moving
particles arranged on a rotating plate are tracked automatically. The constructed system is
applied to the measurement of the flow in a mixing tank. Three-dimensional velocity is obtained
through the measurement and spatial pressure distribution is also obtained. The measurement
uncertainty of this system is evaluated quantitatively. The present technique is applicable to the
measurement of an unsteady fluid phenomenon, especially to the measurement of three-

dimensional velocity field of a complex flow.
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2. 3R UXNAMFEA(3-D
Particle Imaging Velocimetry)

2.1 3XtUKE AZHe

calibration for two cameras 1,2

11

input of eight consecutive images
from the two cameras

determaination of 2-D particle
trajectories

stereo pair matching of points
between camera 1 and camera 2
using the 2-D particle trajectories

acqusition of 3-D position of
particles

Fig. 1 Procedure of 3 - D measurement system.
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Fig. 2 Photogrammetric coordinate system.
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Fig. 4 Basic landmarks for the mixing tank.
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Fig. 6 Measured 2 - D trajectory.
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Fig. 8 Measured 3 - D velocity vectors. (45rpm)
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Fig. 9 Measurement system for the mixed flow.
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Fig. 10 Schematics of measurement system.
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Fig. 13 Measured 3 - D velocity vectors.
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I'ig. 153 D velocity vectors(Z= 200 mm).
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Height 350 mm

Fig. 18 3 - D velocity vectors(Z= 350 mm).
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Table 1 Measurement results for the basic landmarks.

NO ‘ CalcX KjnX : CalcY KjnY I CalcZ KjnZ dx dy dz
- i —— = [ S P S - - S S —
1 89.74 90.00 . 222,07 22140 45.00 45.00 0.26 0.67 0.00
2 | 89.02 90.00 |  214.12 213.89 0.17 0.00 0.98 0.24 0.17
3 | 44.56 4500 21245 212.24 44.52 45.00 0.44 0.21 0.48
4 44802 45.00 211.30 210.70 88.47 90.00 0.18 0.60 1.53
5 | 44.71 45.00 21351 - 21293 89.08 90.00 0.29 0.58 0.92
6 89.18 90.00 202.92 202.94 0.40 0.00 0.82 0.02 0.40
7 ‘ 0.31 0.00 201.47 201.27 44.41 45.00 0.31 0.20 0.59
8 | 44.38 45.00 195.46 195.18 89.26 90.00 0.62 0.28 0.74
9 ' 4460 45.00 190.97 190.86 | 0.03 0.00 0.40 0.11 0.03
10 89.37 90.00 . 183.35 183.44 | 44.87 45.00 0.63 0.09 0.13
1 89.22 90.00 = 182.62 182.65 | 44.30 45.00 0.78 0.03 0.70
12 0.16 0.00 | 17441 17432 | 45.00 45.00 0.16 009  0.00
13 44.54 45.00 | 167.01 166.88 0.17 0.00 0.46 0.13 0.17
14 0.08 000 | 16185 16188 89.21 90.00 008 003 079
15 44.59 45.00 L 163.79 163.62 | 89.32 90.00 0.41 0.17 0.68
16 14.82 4500 | 155.02 15479 45.06 45.00 0.18 023  0.06
17 44.50 45.00 148.39 148.46 44.43 45.00 0.50 0.07 0.57
18 0.14 0.00 | 138.82 138.64 0.09 0.00 0.14 018 009
19 45.00 4500 13343 133.25 44.94 45.00 0.00 0.18 0.06
20 45.11 45.00 121.28 121.10 44.66 45.00 0.11 0.18 0.34
2L 89.96 90.00 119.75 119.67 45.23 45.00 004 008 023
22 | 44.74 45.00 111.54 111.18 0.06 0.00 0.26 0.36 0.06
23 0.17 0.00 114.16 1375 89.65 90.00 0.17 0.41 0.35
24 0.03 0.00 99.70 99.52 | 45.07 45.00 0.03 0.18 0.07
25 89.93 90.00 90.83 90.67 | 45.18 45.00 0.07 0.16 0.18
26 44.86 45.00 89.38 88.97 0.06 0.00 0.14 0.41 0.06
27 45.10 45.00 84.96 84.50 45.48 45.00 0.10 0.46 0.48
28 89.54 90.00 79.28 78.94 | 0.19 0.00 046 034 019
29 0.05 0.00 ; 62.83 62.89 89.86 90.00 0.05 0.06 0.14
30 89.86 90.00 49.59 49.60 45.25 45.00 0.14 0.01 0.25
31 45.20 45.00 58.14 57.89 45.35 45.00 0.20 0.25 0.35
32 45.17 45.00 34.35 34.67 44.99 45.00 017 032 0.01
33 45.21 45.00 52.50 52.34 90.11 90.00 0.21 0.16 0.11
34 44.95 45.00 26.50 26.71 90.59 90.00 0.05 0.21 0.59
35 0.16 0.00 45.22 45.18 45.19 45.00 016  0.04  0.19
36 44.93 45.00 47.31 47.00 90.34 90.00 0.07 031 0.34
37 90.56 90.00 33.64 3351 0.20 0.00 0.56 0.13 0.20
38 1 4515 45.00 8.25 8.69 89.85 90.00 0.15 044  0.15
39 0.17 0.00 31.37 31.27 90.41 90.00 0.17 0.10 0.41
40 0.15 0.00 4.83 5.18 0.11 0.00 0.15 0.35 0.11
41 90.70 90.00 7.83 8.01 45.48 45.00 070 018 048
42 | 9040 9000 0.35 0.00 45.22 45.00 0.40 0.35 0.22
average : 0.29 0.23 0.32
deviation : 0.38 0.28 0.45
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