%38 5 TH H S Vol. 38, No. 7
2011 4£ 7 A CHINESE JOURNAL OF LASERS July, 2011

SIS R A st a R Slas O R
B JEE NG B
fioEoA

(¢Eﬂ%%@%ﬁﬁﬂ%%ﬁﬁlﬁiiﬁi%§,%ﬁlmww
PR EE B AR Y BE LAR A JEaT 100084

WE  Ppeim IR 2 BON R M B w0 Hde 5 R AE RIS . D B OG R BEOG 76 1R 1 $A B o IR, DL AT B
Prrafi b g BERER T — AR 4 TR I A SO RS A L 38 A AE 7S MR B A A5 0 R R — R AR TE R IR T AL TR S
PR 4 Ja Rk o A B0 TR A 46 Je b R L 4 1 S PR U Bl M R A VO A TR O TR 4 S T 6 BT FR R 1 K R e R
B A DT 35 B B 5 O ERAR 00 B Y . R BB R AR 4 R S e RS A I BB R L T T AR D 1 = 4
BT, 5% I o TR ) e SR o e IR R AT T BB A LN A B . 5 R R I L I T i R A R A I Ot o B IR A
P T o DA B 28 570 1 R A6 3 Ak 1) 2o A o bl 8 ] S B B S R P R BOG SR IR AR . T IR T — ) B A
KBOLH ik FR .,

KEE MR PUEOGEE I BRI kAR B G Ri

hESESE TJS XERFRIRAS A doi: 10.3788/CJ1.201138. 0702010

Anti-laser Characteristics of Hybrid Shell Structure with
Liquid Metal Layer and Its Numerical Simulation

Yang Yang' Liu Jing*
! Key Laboratory of Cryogenics, Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences, Beijing 100190, China
2 Department of Biomedical Engineering, School of Medicine , Tsinghua University, Beijing 100084, China

Abstract In order to avoid the thermal ablation destruction induced by the laser weapon, a thin layer of liquid metal
is sandwiched into the hybrid structure shell. The unique merit of this hybrid structure lies in the excellent
characteristics of liquid metal in thermal conductivity and flow to rapidly dissipate the thermal energy accumulated at
the radiation spot. To evaluate and understand the practicability of this defensive measure against the intense laser, a
comprehensive investigation on the suitability of using liquid metal is performed to sustain the thermal ablation
damage. Numerical simulations are performed on three-dimensional heat transfer problems in the composite structure
embedded with liquid metal. It is found that the new method can effectively reduce the temperature at the shell
surface, which subsequently delays the softening process, and then achieves a powerful ability to withstand the
intense laser. The strategy is expected to be useful in a variety of anti-laser systems.
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Fig. 1 (a) Shell structure of modern missiles; (b) current

common protective missile shell for anti-laser
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Fig. 3 Temperature contour on the supine surface of the

N

ablative thermal protection layer at 2 s. (a) With

liquid metal film; (b) without liquid metal film
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Fig. 4 Surface temperature of the ablative thermal protection layer. (a) On the supine surface center (0,0,4);

(b) on the lower surface center (0,0,2)
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Fig. 6 Temperature of the ablative thermal protection layer on the supine surface center (0,0,4) and the lower

surface center (0,0,2). (a) 2 s moment; (b) 10 s moment
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Fig. 7 Surface temperature of the ablative thermal protection layer. (a) On the supine surface center (0,0,4) ;

(b) on the lower surface center (0,0,2)
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Fig. 8 Surface temperature of the ablative thermal protection layer. (a) On the supine surface center (0,0,4);

(b) on the lower surface center (0,0,2)
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(b) on the lower surface center (0,0,2)
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Fig.1 (a) Ho* YAG transparent ceramics of different Ho®*

concentrations and (b) Ho* YAG ceramic sample
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Inset is output spectrum at 2097 nm
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