10

15

20

25

30

35

40

mﬂHiEXEﬁ http://www.paper.edu.cn

INTRMR G T 25 B LR S IR B 5%

BEAr, REMK

(MPaRE K FITAZFR, Y8 110866 )
E: /&K (Heliophorus ila Lycaenidae ) # 1 85 i xt A FH 4 A RS8R E, ¥ KWk
R ERNRE R, T RITRBRE R NREBHR AR TLE 85%, #F AL
HRERANEI AR RANAAREAEEE N, AXETEH R (SEM) FiE 4t
W (TEM) T8k A e, LA, AR ZERAM LS. LFiEk
EHEWE T T BN, FEREW: MRESOLSF BARM RGBS, TEMNTS
PR BRI AR E L ERG SR, B, KRENTREWH R T EHBRE
HiE LAY, IS PR A SRR, I KM B R . 2R R AT S K T A A
F R AR R e T B kAl
KEIR: AT KMEERAR, BS%R, MEH HiRE
FES%ES: Q63

Study on microstructure and optical mechanism of butterfly
Heliophorus ila Lycaenidae scales

WU Liyan, SONG Yugiu
(Agricultural Engineering School, Shenyang Agricultural University,Shenyang 110866)

Abstract: Wing scales of butterfly Heliophorus ila Lycaenidae had very high sunlight absorptivity
that could convert the solar energy to heat to maintain the body warmness. Early spectrometer
experiment results showed that the absorptivity could reach 85%. Therefore, analyzing about the
scale inner microstructure and its optical mechanism had great significance for solar heat
utilization research. In this article, through scanning electron microscope (SEM) and transmission
electron microscope (TEM), microstructure characteristics and simplified models were described.
Then, by using multiple reflection and optical resonator theories, the mechanism of light
absorption was analyzed. Results showed that the Heliophorus ila Lycaenidae scale had two kinds
of optical microstuctures, the top slope and hollow structure had multiple reflection and refraction
effect which could prolong the travelling length. The bottom hollow structure formed a
rectangular resonant cavity mode which could save energy, through the combination of these two
kinds of structure, the sunlight could be absorbed efficiently. This study provided a theoretical
basis for subsequent bionic designning of structural materials for solar heat utilization.

Key words: Bionic, solar energy heat utilization, butterfly scale, microstructure, resonant cavity
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Fig. 1 Optical effect of H. ila Lycaenidae (a) Butterfly H. ila Lycaenidae (b) Reflectance spectrum
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Fig. 2 Results of SEM and TEM. (a). Distribution of two kinds of scales (b). Holes on the top scales surface (c)
Morphology of bottom scales (d). Cross section shape of bottom scale
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Fig. 3 Microstructure model of scale with absorption function. (a) TEM picture of scale microstructure (b) 3D
simplified model
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Fig. 4 Multiple reflection and refraction structure of top part of absorption scale
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Fig. 5 Optical rectangular cavity structure of bottom part of absorption scale
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