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Simulation of ZnS infared window surface temperature response by

arc-heated wind tunnel
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Abstract: In order to develop related researches of infared window, it is necessary to simulate surface
temperature response of infrared window exactly. As the property of infrared transparence, it is hard to
obtain the surface temperature of ZnS without disturbing the flow field, thus it is not possible to simulate
the temperature response process of infrared window. A method was introduced to simulate the surface
temperature response of ZnS infared window by arc—heated wind tunnel. First, the surface temperature of
ZnS was measured by using 2Crl3 which had similar thermophysical properties with ZnS. Then, the
temperature response process of infrared window was simulated. Finally, several tests were taken to
identify this method by arc—heated wind tunnel. The result shows that 2Crl3 and ZnS have the same
temperature response properties when tested in arc—heated wind tunnel flow field at temperatures between
150-250 C . Tt is reliable to measure the surface temperature of ZnS by using 2Crl3 which has similar
thermophysical properties with ZnS in arc—heated wind tunnel simulation test.
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P8 ZnS £ F 5 P 0 SR TR, IF 0 2013 Sk
0 35 § T ZnS 5 T 1 135 19 o7 2 75— B0, A3 2% 17 i 2
ZnS J2— I R G ASHE I VIR g kR, PRIERATE.
1 g — i G5B AL 4 W2 SR LA AT o i F 1 ZnS B 20r13 S E B A0S

M | 5T Rl S A5 R (9 D' A B AR MR ) e DR B
KGRI BUE EASF R P AE H b IO6 48 AR A A
LHEEME, Fr5E ZoS BA KL HhE B, [T
I FH T M S SR LT AN T, TR RS R A A L
A AR EAAE S,
BLIF R LT AN A LS A F 5T | AR S % 3 51 3k
DR R AIF 5T O AL R B A S AR T LT R M T
H S XUIR S 56, L R 21 A0 1A T B YR T
N 3o RO (0 OGRS, SR ZnS HLAT £ 405 W
P AR E R AL 3R 1 I B 11 R A Al ik =0 O
WA UNLLAM BUSAX | be iR TS5 #R A oy ZnS HA
ZLAM G T TN TC ik 107 H 5 42 fik =2 D0 L 15 4 2 A v i
R ZnS R MBIRA . Wk, WFE i h
ZnS 2 [ I BE 3B AR XA 23 A R K s LS Y F
il LA E B U s A 2 T AR L IORU A
4 ZnS 140 1 2% 18 I BE e N7 A ik

1 ZnS XENEFARE

ZnS fE R LA G D e A 25 B A, i
PR E Y 10 s W] Y ZnS A2 A T A0 IR GE
T, 150~250 CIR FHFERIRIZL, X ZnS 58 B SRR K
M55, Bl ZnS 7RI X [R] A i A R s
AVSBAE EE T EZ —, WERS YT ZnS R
JE A FH 4 A Q0 o Dy Tk S R T, TR, 2 AR
FHAE S fb 7 2RI 5 17 ZnS ARZT A0 I BR ) T
=N, SCh A ZaS A HEURAY TS
B 2Cr13 BIAEEAR ZnS BEAT R IR M 2, £
T 2Cr13 5 ZnS (W BB R, 2Cr13 ZHORE T
S CHR15],ZnS ZHCRIE Tl K, W3R 1]
H1:2Cr13 5 ZnS 7E 100~250 CHF R B A A
i, [R] N 95 B 24 7x10° kg/m?, IR I 100~250 TR JE X
[ FEAN T —E BTGB , P N AN T 4T
M o7 N % AH AT, 2Cr13 AN ARAS 3 FA LT A3 B
4§ 5 ZnS AHEIESR Y 2Cr13 SNARLE TR 3% b #E 4T
¥, 3 1 2T AR AR 2Cr13 A0 b 2 i e ] 4

Tab.1 Heat conductivity and specific heat capacity
of ZnS and 2Cr13

Heat conductivity

Specific heat capacity

Temperature/ JWem-'-K-! /T-kg K
© ZnS 2Crl13 ZnS 2Crl3
25 24.9 - 459 460
50 24.2 - 468 -
100 22.8 22.2 484 -
150 21.5 - 502 -
200 20.2 23.4 517 -
250 19.04 - 534 -
300 17.96 24.7 550 511
350 16.98 - 566 -
400 16.1 25.5 582 532
450 15.33 - 598 -
500 14.69 26.4 616 548
550 14.15 - 632 -
600 13.74 - 649 574

2 ZnS REMERFAREIEH R

2.1 2Cr13 XS ERIRE

WE 1 R f 2Cr13 A0 HOICE 7 in#obr T, 8
KX FEXE N 120 mmx80 mmx15 mm, 3 AH
BEBE Ra /NT 3.6, ANARTE W IR T ##70— BLiH ] il

5 1 2Cr13 & 5 RbrE

Fig.1 2Crl3 emissivity calibration
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MK 2Cr13 BN A4 B % iR R, [ AR
2Cr13 MR R 1A KR PR A S A 1 3 4 ) ol
RAERGE S 2Cr13 AN AR IR AL B R T, 0, 7
2Cr13 B IE |77 % %% T LumaSpec RT L4 #4414
A, 3 A 2T A1 FAAG A SRS 000 A r A 00 3 s A ) AR AX
HEE Ty, VAR LD AN AR AR B & [l HVRAUR B T;
S TR T, MHSE 3R 2Cr13 IR TR Z IR E T
MR e,

ACAE 0 ARORR B R, AR AN TR EE R 2Crl 3 Y
M () % 53 5% Rl 2 it 7R o DAIEL 2 ] 0 bl 2 L B 1Y)
A, 2Cr13 KGR REAL, Bl S 22108 FEAR ,
JE TR E L YR E M 100 THIIME] 150 CHY, & 5
KM 0.292 HGEFFEARE] 0.155 5 1R JE M 150 CHE fin 5
250°CH}, & 5 M 0.155 218 (AR E] 0.145 ; 4R
KT 250 CHE, K HH 38 T 5 £7 0.135,
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Fig.2 2Crl3 emissivity at different temperatures
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. w% % (Kruse) 3 NN . K254 R RO ik
1) i i 46 %o 3 P8 A I LG A T B 9 b 4 )R
FERRE 1 HEAS TR BT H B R 97 5 AR AR AL, iRl 2
Ji7R , 2Cr13 &5 23 b 2 TR i 3 i R MR, X 5
2Cr13 X M 2 T 1Y S8 Ak B2 A O 5 2Crl3 BUAR 2 A B
B AR AR — B, R E R R
kA E A, HAE AR )E DA ) B AR IR S Fe,0s

Fe,0, . FeO+Fe0, fll Cr,05, 7EH# & FHIEE N 0.1~
0.3 wm, & AT A HIEE KT 50 um, Hr
Cr,0, JZ ¢ J5, R IL , 76 4K 2Cr13 X & i Znf, H
RMEZ — AT, — AR N R 5 %
0.05~0.07, 17 3 % M 3K 2Cr13 & & % 100 T H
0.202, WULHH T 2Cr13 40 M 2 1 A AL B2 i A e 1,
F3 Ak o B B 5T 3R WIS g 5T W WA RN R S 1 4b
B S ISR 43 T AR R 1 AR Ak 5 0 1 7 5 HL 3
LR (AT AR AT b i 1 R R N R
K& B H H TR S A X ) 5 ZURE A R R AR
SPETANE, LU AME D X AR T RS TR
K, LMK B XA R G 25 s IR sh A O, & 8
OB R G 2 5 B A G T B S L BRAE
FE R, BRI R R 2 | BT SE Y Rey , mT LA
W AT T S I B R 21 Ah 2, T LA R S R L AR B R
OB F EE AR IR SR O T BE S A A ik Bl
W |  — SUR T AR P B R R, T —
SO LT AR B W WS, T DA & B SR B AIG s 2Cr13 AKX AR
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Rk 23 i Il e T A, Rk 2Cr 3 B A 2 T Y
A A B A H A St 23 I A IR R B S T A
2.2 BRI IR

Sk 56 E L IR R 36 R 2SR, 2Cr1 3 8 1Y 34
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Fig.3 Diagram of flow field experiment by arc—heated wind tunnel
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Fig.4 Diagram of measuring the near—surface temperature
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Fig.5 Temperature rise curves of 7; (temperature at Imm distance
from surface) and 7; (the surface temperature measured

by thermal infrared imager)
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Fig.6 Heat flux density sensor and pressure sensor
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Fig.7 Temperature rise curve of heat flux density sensor’s

reverse side
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Fig.8 Reverse temperature monitoring of ZnS reverse side

during arc—heated wind tunnel flow field experiment
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Fig.9 Temperature response curves of ZnS and 2Crl3

during arc—heated wind tunnel flow field experiment
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Fig.10 Thermal infrared image of 2Crl3 surface at different
temperature rise time during arc—heated wind tunnel

flow field experiment
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