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Analysis on Imaging Uniformity of a Color Schlieren
Photographer

CHEN Lei, ZHU Tao, ZHANG Qi-hua, MA Xiao-yu
(China Aerodynamics Research and Development Center ,Mianyang ,Sichuan 621000, China)

Abstract: A ®1200mm colorful schlieren system was designed by adopting an illumination system without
any protecting windows. The theoretical optical model of the ®1200mm colorful schlieren system was
built up and the imaging uniformity of the system was studied under the complex working conditions as
the gravity, temperature variation, and ambient pressure. The three typical combinations of the slit
width and the cutting quantity of the knife had been considered here, which are 2mm slit width with 1/4
cutting quantity , 2mm slit width with 1/2 cutting quantity, and 0. 5mm slit width with 3/4 cutting
quantity. With above three combinations, the imaging uniformity of the system was analyzed under the
ideal working condition and under the condition by the consideration of integral error respectively. The
results show that with the consideration of integral error, the uniformity of the schlieren image is
decreased compared with that of the ideal working condition. With the consideration of integral error,
when the system is under relatively low sensitivity, the range of the non-uniformity is from —2.44% to
2. 45% ; under relatively normal sensitivity, the range of the non-uniformity is from —3. 43% to 3. 45% ;
under relatively high sensitivity, the range of the non-uniformity is from —5.76% to 5. 81%.
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Fig. 1 The diagram of schlieren system with large-
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Fig. 2 The diagram of present schlieren system without
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(b) 2.0mm with 1/2 cutting

(c) 0.5mm with 3/4 cutting
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Fig. 6 The schlieren images under the ideal conditions
1 BEEBATHIEINLLR
Table 1 The chart of uniformity comparison
under the ideal conditions

Width of the slit and

i color Non-uniformity/ %
cutting degree

Red —1.76 1. 86

Green —1.74 1.77

2.0 mm with 1/4 cutting Blue —1.85 1. 90
Yellow  —1.81 1. 85

Mixture  —1.93 1.91

Red —1.87 1.92

Green —2.02 2.01

2.0 mm with 1/2 cutting Blue —1.97 1. 95
Yellow — —1.89 1. 88

Mixture  —2.07 2.09

Red —3.02 3.04

Green —3.03 3.8

0.5 mm with 3/4 cutting Blue —2.95 2.98
Yellow  —3.06 3.08

Mixture  —3.23 3.27

U R G BAR RS T B AR A A P
—1.93%~1. 91 % fEh 3 REUE T A A A N
—2.07%~2.09% s fE8 = REUE T A A M Ky
—3.23%~3.27%.
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Fig. 7 The shock waves in schlieren images
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Fig. 8 The shock waves under the ideal conditions
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Fig. 10 The schlieren images under considering the

(c) 0.5mm with 3/4 cutting

effect of gravity

(a) 2.0mm with 1/4 cutting

(b) 2.0mm with 1/2 cutting (c) 0.5mm with 3/4 cutting
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Fig. 11
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The shock waves under considering the
effect of gravity
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Table 2 The chart of uniformity comparison under

considering the effect of gravity

Width of the slit and

. Color Non-uniformity/ %
cutting degree

Red —1.95 1.97

Green —1.87 1. 85

2.0 mm with 1/4 cutting Blue —2.04 2.07

Yellow —1.88 1. 89

Mixture —2.17 2.19

Red —2.55 1.92

Green —2.23 2.01

2.0 mm with 1/2 cutting Blue —2.31 1. 95

Yellow —2.22 1. 88

Mixture  —3.08 2.09

Red —4.13 4.12

Green —4.72 4.71

0.5 mm with 3/4 cutting Blue —4,81 4,84

Yellow —4.41 4.42

Mixture —5.12 5. 14
2.19%0 s EHR AR RBUE R AN S MEVE Bl — 3. 0896 ~
3.09% s R E RAE T A AW E N —5.12% ~
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(a) 2.0mm with 1/4 cutting
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Fig. 12 The schlieren images under considering the
effect of gravity and 50 C
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Table 3 The chart of uniformity comparison under
considering the effect of gravity and 50°C

Width of the slit and

. Color Non-uniformity/ %
cutting degree

Red —1.95 1.97
Green —1.87 1. 85
2.0 mm with 1/4 cutting Blue —2.04  2.07 (2) 2.0mm with 1/4 cutting
Yellow —1.88 1. 89
Mixture —2.17 2.19
Red —2.55 1.92
Green —2.23 2.01
2.0 mm with 1/2 cutting Blue —2.31 1.95
Yellow —2.22 1. 88
Mixture —3.08 2.09
Red —4.13 4,12
Green —4.72 4,71
0.5 mm with 3/4 cutting Blue 481 4,84 (b) 2.0mm with 1/2 cutting (c) 0.5mm with 3/4 cutting
Yellow AL A2 B4 #R%6RER(THRAESN . —10CI8H
Mixture —o.12 5. 14 Fig. 14 The schlieren images under considering the
effect of gravity and —10C
R4 EBESRE(TERR.EAH. 100 B ML
Table 4 The chart of uniformity comparison under
- considering the effect of gravity and —10C
Width of the slit and ) .
) Color Non-uniformity/ %
cutting degree
Red —1.97 1. 96
Green —1.87 1. 88
(a) 2.0mm with 1/4 cutting 2.0 mm with 1/4 cutting Blue —1.67 .65
Yellow —2.04 2.03
Mixture —2.23 2.21
Red —2.88 2.79
Green —2.76 2.67
2.0 mm with 1/2 cutting Blue —2.85 2.74
Yellow —2.95 2. 87
Mixture —3.27 3.29
Red —4.75 4.73
(b) 2.0mm with 1/2 cutting (c) 0.5mm with 3/4 cutting Green —4.91  4.94
T, e e 0.5 mm with 3/4 cutting Blue —5.22 5.23
o TIRIRE IR (TR E A 250 Cff Yellow  —5.19  5.17
Fig. 13 The shock waves under considering the ) _ o
Mixture —5.58 5.59

effect of gravity and 50 C
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(a) 2.0mm with 1/4 cutting
(b) 2.0mm with 1/2 cutting (¢) 0.5mm with 3/4 cutting

H15 FREGREZEH(TERIL:EZ N, 100 H K

Fig. 15 The shock waves under considering the effect

of gravity and —10C
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(a) 2.0mm with 1/4 cutting

(b) 2.0mm with 1/2 cutting (¢) 0.5mm with 3/4 cutting

W16 #REH Bl 50CH 2 kPaw & THK HEH
Fig. 16 The schlieren images under considering the effect
of gravity, 50°C and 2 kPa
x5 ZEEN.BESCM2kPamHF THRESGE
B A X
Table 5 The chart of uniformity comparison under
considering the effect of gravity, 5C and 2 kPa

Width of the slit and

. Color Non-uniformity/ %
cutting degree

Red —2.21 2.34

Green —2.02 2.06

2.0 mm with 1/4 cutting Blue —2.16 2. 20
Yellow —2.34 2.22

Mixture —2.44 2.45

Red —3.01 3.09

Green —3.15 2.99

2.0 mm with 1/2 cutting Blue —3.17 3. 14
Yellow —3.34 3.37

Mixture —3.42 3.45

Red —5.41 5.49

Green —5.52 5.53

0.5 mm with 3/4 cutting Blue —5.32 5.25
Yellow —5.41 5. 46

Mixture —5.76 5.81

(a) 2.0mm with 1/4 cutting

(b) 2.0mm with 1/2 cutting

(¢) 0.5mm with 3/4 cutting

17 % EEH .5 50°C Fr 2kPa o & T %
Fig. 17 The shock waves under considering the effect
of gravity, 50°C and 2kPa
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(a) 2.0mm with 1/4 cutting

(b) 2.0mm with 1/2 cutting

(c) 0.5mm with 3/4 cutting

B 18 #E® A IKE—10°C 1 2kPa i & T4 ¥
Fig. 18 The schlieren images under considering the effect
of gravity, —10°C and 2kPa
k6 EEENREBE-10CH 2 kPa i TRE
HE XL
Table 6 The chart of uniformity comparison under
considering the effect of gravity, —10°C and 2kPa

Width of the slit and

. Color Non-uniformity/ %
cutting degree

Red —2.01 1. 96

Green —1.94 2.02

2.0 mm with 1/4 cutting Blue —1.84 1.94
Yellow —2.04 2.03

Mixture —2.21 2.20

Red —2.91 2.94

Green —3.23 3.16

2.0 mm with 1/2 cutting Blue —3.17 3.12
Yellow —3.25 3.27

Mixture —3.36 3.39

Red —4.99 5. 04

Green —5.05 4.97

0.5 mm with 3/4 cutting Blue —5.42 5.45
Yellow —5.31 5.23

Mixture —5.66 5.68

(a) 2.0mm with 1/4 cutting

(b) 2.0mm with 1/2 cutting

(c) 0.5mm with 3/4 cutting

H19 FREAKRZE(THERI:E N, —10C,2 kPa) i 3 %
Fig. 19 The shock waves under considering the effect
of gravity, —10C and 2kPa
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