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Fig. 1 Schematic diagram of experimental system for shock temperature measurement
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Table 1  Pyrometer parameters used in modeling calculations
Various parameters for probing the effect of the channel number
Cal. No. Channel No. Wave band Channel accuracy Channel wavelength” [(nm)
1-1 4 400~800 nm 10% 400.00,533. 33.666.67,800. 00
1-2 6 400~8 00 nm 10% 400,480,560,640,720,800
1-3 9 400~800 nm 10% 400,450,500,550,600,650,700,750,800
Various parameters for probing the effect of the channel accuracy
Cal. No. Channel No. Wave band Channel accuracy Channel wavelength” [(nm)
2-1 4 400~800 nm 10% 400.00,533. 33.,666.67,800. 00
2-2 6 400~800 nm 10% 400,480,560,640,720,800
2-3 9 400~800 nm 10% 400,450,500,550,600,650,700,750,800
Various parameters for probing the effect of the width of wave band
Cal. No. Channel No. Wave band” Channel accuracy Channel wavelength” [(nm)
3-1 6 475~725 nm 10% 475,525,575,625,675,725
3-2 6 400~800 nm 10% 400,480,560,640,720,800
3-3 6 325~875 nm 10% 325,435,545,655,765,875
Various parameters for probing the effect of the position of the wave band
Cal. No.  Channel No. Wave band” Channel accuracy Channel wavelength” /(nm)
4-1 6 300~550 nm 10% 300,350,400,450,500,550
4-2 6 450~700 nm 10% 450,500,550,600,650,700
4-3 6 600~850 nm 10% 600,650,700,750,800,850
K2 HELFR(EMIETSBREMWEETH Ty )
Table 2 Results from modeling calculations (At T, level)
T/ (K)
Cal. No.
2000 3000 4000 5000 6000 7000 8000 9000 10000
1-1 124. 65 146. 49 150. 92 185. 20 272. 14 402. 97 571.43 779.73 1025. 43
1-2 116. 30 120. 19 129.17 168. 34 245.76 360. 63 514.58 706. 03 937.77
1-3 98.01 98. 80 109. 45 146. 31 215.07 316. 30 449. 99 618.67 817. 64
2-1 58. 14 60.01 64.49 84.01 122. 66 179. 87 255. 89 351.07 465,43
2-2 116. 30 120. 19 129. 17 168. 34 245.76 360. 63 514.58 706.03 937.77
2-3 174.76 180. 49 193. 79 252.93 369. 28 543.08 776.08 1067. 51 1419. 82
3-1 111.97 132. 28 186. 32 282. 80 421.63 607. 28 842.69 1129. 83 1474. 42
3-2 116. 30 120. 19 129. 17 168. 34 245.76 360. 63 514.58 706.03 937.77
3-3 116. 45 120. 21 122.17 131. 54 162. 60 231.82 336. 82 472. 37 639. 96
4-1 100. 76 156. 87 266.97 433. 34 664.67 965. 40 1342.19 1810. 31 2388.75
4-2 116. 06 131.93 175.18 258.15 381. 14 546. 43 757.67 1016. 03 1326. 56
4-3 139.15 165. 09 169. 39 179. 36 209. 98 268. 31 353.51 467.18 607. 87
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Fig.2  Tuy plotted against (a) different channel numbers, (b) different levels of channel accuracy.

(c) different wavelength widthes of channels covering, (d) different wavelength locations
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Fig. 3  The locations of channel wavelengths against Planck curves with various temperatures
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Table 3  Model uncertainty of a pyrometer

T/ (K)
Parameters
2000 3000 4000 5000 6000 7000 8000 9000 10000
c 64. 34 71. 44 98.53 148. 86 230. 10 347.67 505.02 705. 37 952. 54

Tooy [ (K) 105. 61 115. 67 162. 30 245. 46 377.65 567.06 815. 65 1129. 31 1514. 20

Toou [ (KD 143. 27 159. 01 236.82 371.21 575.35 873.28 1282.12 1826. 81 2522.57
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Experiment Designs and Uncertainty Assessments
for Shock Temperature Measurements
by Monte Carlo Method

LI Xin-Zhu, WANG Xiang

(Laboratory for Shock Wave and Detonation Physics Research ,
Institute o f Fluid Physics \CAEP,Mianyang 621900,China)

Abstract: In this paper,the Monte Carlo (MC) method was used to investigate the optimization of py-
rometer design and the uncertainty assessment for shock-induced temperature measurements. The sta-
tistic Tyoy » which was defined by p{|T— Ty | > Tew } =0. 1, was calculated for 10 kinds of designs,
and each case was simulated 2X10° times to make the statistical sample. Four conclusions are presen-
ted: (1) Using more channels in a pyrometer can surely,but slightly improves the measurement accu-
racy of shock-induced temperature. (2) In the most case, measurement accuracy evidently depends on
the accuracy of each channel. Generally, when the channel uncertainty is reduced from 10% to 5%,
the experimental accuracy can be increased by over 150%. (3) The measurement accuracy also obvi-
ously depends on the channel’s wavelength range. (4) The measurement accuracy can be largely im-
proved by using those wavelength channels at which the difference of the radiation energy measured is
as large as possible.

Key words: shock temperature measurement;experiment design; Monte Carlo method;uncertainty



