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Coupled heat exchange of radiation and conduction
of water sprays in the heat shielding process

DU Yong-Cheng, YANG Li, PENG You-Shun, ZHANG Shi-Cheng
(College of Naval Architecture and Power, Naval University of Engineering, Wuhan 430033, China)

Abstract: Artificial sprays can be used in the fire safety and infrared stealth because that they can strongly attenuate the
heat radiation through the scattering and absorbing effect. A model is established to calculate infrared radiation attenuated
in the spray by coupling the radiation transfer equation and energy conservation equation. Taken the sprays as an absorb-
ing, emitting, anisotropic scattering non-gray medium, the medium radiation, multiple scattering of the sprays, target
radiation flux, and environment are taken into account. The radiative coefficients are calculated through Mie law and nar-
row bands approximation. The hemispherical spectral transmissivity is calculated with this model. By comparing with the
Lambert-Beer’s law, it was found that medium radiation, multiple scattering, and target radiation flux can weaken the

spray shielding efficiency.
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Fig.1 Shielding of heat radiation with sprays
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Fig.2 (a)Continuum and narrow band models of In-
frared radiation in 8 ~ 14 pwm, (b) Average optic pa-
rameters in narrow bands
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Table 1 Comparison of hemispherical spectral transmissiv-
ity
Water sprays depth; 0.3m
Temperature/K Coupled method Lambert-Beer

Target temperature; 350 K
Depth/cm ~ Coupled method Lambert-Beer

350 0.528 8 0.600 0 30 0.5288 0.600 0
700 0.564 0 0.599 5 60 0.469 6 0.3612
1700 0.588 2 0.5993 100 0.306 2 0.1822

(1) 1 Jeil i 5 50 RIS L T 5 e A S
AR SR PG B 4 S 9 B B 2 BB Y. %
BB - ) T UF VA o N 73 7 I ARl E1 A
FGT AR EL R | K 55 10 B e O RO R G 3R B
SR LA AR TR0k B =2 A3 ' 2R B 3 U 2R SR
& RN g e Ers s ) | R

(2) SR JHIZAB R AT A5 3553 7K 25 2 e X Js 1)
SPGB B A A TR AR AT R G SR A A SE R
BB A, Y H bR IR S PR L A 22 RN K A 4R
SR K 25 (4 18 B B W AS K ELRE T s 18
(G TF s K R BT, I U i B B R
AN R I3 45 5 AR B 0 AP 45 R 8 S e i B
2

(3) A ZAE R OG5 2 Bk a3 R, & IR
ST K 35 IR AE T K S50 A B iR T R £
AR M 2 7K 55 1 PAGE IR AR 5

(4) % [EA K EZK K X e A i g Bt <P e
5 RTE #3G TR T — L.

REFERENCES

[1]Hu Bi-ru, Wu Wen-jian, Dai Meng-yan, et. al. Study on
property of infrared obscure of artificial fog[ J]. J. Infrared
Millim. Waves, (#5840, 53CHE, RBH, 55 &S
LT ANEE R IR I BT 5T, LI 5h 5 = KM EF R ) 2006, 25
(2):131 —134.

[2]Chen Bing, Li Cheng-jun. Analysis and attenuation experi-
ments of water vapor on infrared radiation [ J]. Opto-Elec-
tronic Engineering, (RIS, 220K . /K5 WL AN i
SEBG 5430, St T %) 2008 ,35(3) 48 —52.

[3]Lu Hui, Wang Xiang-wei, Lv Xu-liang, et. al. Analysis of
thermal IR camouflage performance of water fog[ J]. Infra-
red Technology, (f7#E, E 1 fi, B4 K, 4. K5 B AL
AMBZEPERE AT, ZLAME AR )2009,31(11) 1645 —648.

[4]Zhao Zhen-wei, Wu Zhen-sen. Method for determining fog
drop size distribution and fog attenuation at infrared wave-
length [J]. Journal of Xidian University, (#X¥r4E, =R
AR W0E ST 10 7 R RN 55 B LL AR S R R . R
B F A A S8 )2002,29(2) ;253 - 256.

[5]Hu Bi-ru, Wu Wen-jian, Dai Meng-yan, et. al. Study on
micro - physical characteristic and electromagnic obscure of

(F3%79 1)



1 T PR AEE AR S AR — B R Y v 3 R e SR A (R o B T vk 79

phase information [ D]. The University of Western Aus-
tralia, 1996.

[ 14 ]KOVESI P. Image features from phase congruency[ J]. Vi-
dere: A Journal of Computer Vision Research, 1999, 1
(3).1-26.

[15]ZHANG H, FRITTS J, GOLDMAN S. An entropy-based
objective evaluation method for image segmentation[ C].
Proc. SPIE-Storage and Retrieval Methods and Applica-
tions for Multimedia, 2004.

O 5C_.5C_. Q. 5. 5C_.5C_. 5. 5C_.5C .5 . 5. 5C_.5C .5 . 5.5 . 5.5 . 5C_.5C_ .5 .5 . 5C_ .5 .5 .5 .5 .5 .5 . 5C_ .5 .5 .5 .5 .5 .5 .5 .5 .5 .5 .5 .5 .5 . 5C . 5C_ .5

(E#39 )

REFERENCES

[1]LI Qi, CHI Xin, SHAN Ji- xin, et al. Terahertz AbsorptiOn
characteristics of polytetrafluoroethylene [ J]. ChineseJ. La-
ser. (ZFEF IRRK, 208 A5 SRV 00 bR Kbk 2%
FePk. RESE ). 2008.35(5) :756 — 759.

[2]ZHANG Cun-Lin,Zhang Yan,Zhao Gao-Zhong, et al. Tera-
hertz sensing and imaging [ M |. Beijing: National Defense
Industry Press , ( aRAEAR, ok, RER 5. KR 2E B
SR, bt [EB L) . 2008 :140 — 159.

[3]LI Qi, CHI Xin, SHAN Ji- xin, et al. ontrolling Software
Design for THz Imaging System Based on Far-infrared Laser
Source[ J]. LASER & INFRARED. (%5, RJik, H20 8%,
. HE T LD ANBOL IR B K6 2% 15 S AR R G A 5
T Bt 54045h). 2008, 38(9) ;925 —928.

[4]GE X in-Hao, LV M o, ZHONG H ua, et al. Terahertz w av
e reflection im ag ing systfm based on backw ard w ave osc
illa to rand its app lication[ J]. J. Infrared . Millim. Waves,
(BB, B, P A RS s OR M 22 3R IR 1 4 AR
RGN, 5N E R EFHR) . 2010.29(1) 115 -
18.

[5]LI Qi ,XUE Kai ,LI HUI-Yu,et al. Advances in research of

terahertzte radar cross section measurements. [ J | Laser &

I R S S S S S S S R S S S S S SN S S

Opt oelect ronics Progress. ( =R, L S ZsEe s EN N
25 PR IS H O I i AT ST . M BB FHR).
2012. (6) :5 ~12.

[6 ]McGowan R W ,. Cheville A, Grischkowsky D R. . Experi-
mental study of the surface waves on a dielectric cylinder via
terahertz impulse radar ranging[ J]. IEEE Trans. Microwave
Theory &Techn,2000,48(3) 417 —418.

[7]YANG Yang, YAO Jian-Quan, SONG Yue-Kun, et al. The
radar scattering cross section of different wave band for
spherical targets. [ J]. LASER & INFRARED. (it ,ﬁJEi%
B R EINAE BRAH AR TE A [R] 5 B ) B I T AT
B S4T4M).2011.41(5) 552 — 556.

[8]YANG Yang, YAO Jian-Quan, TANG Shi-Xing, et al. The
influence of the rough surface on radar target scattering cross
section[ ] ]. LASER & INFRARED. (4% 7¥, Wk #4%, J5 it
A ORLRE 2 TN 7R S H AR BN B RS . B S
£14h).2011.41(7) ;800 —803.

[9] YANG Yang, WANG Xiao-Ou , CHENG Li-Xue. Experi-
mental study of target scattering characteristic of lidar for 1.
06 wm[J]. Infrared and Laser Engineering. (#57, T H2
WS BRI, 45 1. 06 OG5 F AR R 451 i1 52 56 F
75, LI5S TH2) . 2000. 29(3) 152 ~59.

P S S S S S S S SN S S S S S S

B

R T e R T e i e e e e e e e R e

(k343 )

artificial fog[ J]. Infrared Technology, (#ZE%n, S Cfik,
A, 45 N385 U BILARRAE 5 O i JE i M RE BT 5T
LLHMEAR )2005,27(5) 1367 ~370.

[6] Xu Bo, Shi Jia-ming, Wang Jia-chun, et al. Calculation
and analyzing of the extinction characteristics of the water
fog [J]. Infrared and Laser Engineering, (V¥ , 5,
TERAR 5. K G RE M THE 5 0. 204 5306 T
F£)2005,34(1) ,38 ~41.

[7]Cong Bei-hua, Cai Zhi-Gang, Chen Lv-Yi, et al. Simulated
study of blocking flame radiant heat by water mist[ J]. Chi-
na Safety Science Journal, ( b BN BB L &
AR SRR OB RS BT, RE R &R FF
#%)2005,15(12) ; 69 —74.

[8]Chen Zhong-wei, Liang Xin-gang, Zhang Ling-jiang, et al.
Investigation of sprary on temperature drop and infrared
stealth of water surface object [ J]. J. Infrared Millim.
Waves, (Brrfl, NI, kT, 55, SHIROKFRETR
WK HARLL AN S ST, AN S B RIBFR),
2010, 29(5) ;342 —346.

[9]Berour N, Lacroix D, Boulet P, et al. Radiative and con-
ductive heat transfer in a non-grey semitransparent medium

i T e R T i i e e e e e e e e

[J]. Journal of Quantitative Spectroscopy &Radiative Trans-
Sfer 2004, 86 9 —30.

[10]Tan He-ping, Xia Xin-lin, Liu Lin-hua. Numberical Cal-
culation on Infrared Radiative Properties and Transfer-Cal-
culating Thermal Radiation [ M]. Harbin; Harbin Institute
of Technology Press, (IRFNV-, BBk, XIbkAE. L1450 E
S S RN B ETE—TERESF. BRI,
M R I Tl K2 i fidt) 2006,

[11]Boulet P, Collin A, Parent G. Heat transfer through a wa-
ter spray curtain under the effect of a strong radiative
source [ J]. Fire Safety Journal, 2006, 41:15 —30.

[12]Rokni, M. Sunden B. Numerical investigation of turbulent
forced convection in ducts with rectangular and trapezoidal
cross-section area by using different turbulence models
[J]. Numerical Heat Transfer Part A, 1996, 30 321 —
346.

[13]Li Li , Gao Zhi-yun , Wang Xia, et. al. Effects of for-
ward-scattering of fog on range-gated imaging system [ J].
Infrared and Laser Engineering ( ST = HE A ,E8&, 5
5 R THIT 1] 30 SRS 0F BEL 85 08 5 JRAR R GE RS2 ), 2150 53
JETE)2004,33(6) :562 — 566.





