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Abstract

China’s new generation of cryogenic liquid space launch vehicles, represented by CZ-5 and CZ-7,
put forward better requirements for the waterproof and anti-icing functions of the structures.
This paper introduced the principle and application of super-hydrophobic phenomenon, and
briefly described the current situation of the waterproof and icing-free design of rocket struc-
tures in China. Through the tests, the application effect and environmental adaptability of su-
per-hydrophobic coating on the rocket structure were studied, and it was verified that the coat-
ing has a good waterproof effect on small cracks of the rocket, and improved the icing condition
to some extent. A new idea was proposed for the development of lightweight, efficient and mul-
ti-functional rocket structure.
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Figure 1. The contact angle of water
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Table 1. Current waterproof and anti-icing design of rocket structure
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Figure 2. The uncoated test-piece exhibited hydrophilicity
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Figure 3. The aluminum alloy test-piece coated without polishing

3. RETEEEBUABIR/KRENEE SRR

3) TR A, WHmEEH/KERE KR a Sl kKt
Wk 4 pos, WAACPIRE T, KEEAK R RS, SAA R RT 907 SR BURNE, JKIFERIE,
WU ERARARKEL W BA AR SR B

Figure 4. The aluminum alloy test-piece coated after polishing
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Figure 5. Good hydrophobicity after frequent touch
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Figure 6. Icing on the surface
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Figure 7. Typical cabin test article
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Figure 8. Protection of the back of the test article
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Figure 9. The test article without coating after drenching; (a) The locks of the flap; (b) The edge of the flap
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Figure 10. The test article with coating after drenching
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Figure 11. The coated test article after drenching (near the flap); (a) The edge inside the
flap; (b) The edge outside the flap
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Figure 12. Ice situation (in the early and late)
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Figure 13. Hydrophobicity maintained after removing the ice

B 13. BREKERRRBRFHIKIERE

TERIGSAE T, MBS RN T 5 ARG 4 UK 0 BRI &, G5k B ic1e, i T
KB B AR e AR K, DR IA SRS MUK, B 5 Bl B 1074 KL B VKRR T
YRSksh, BEER AR, ST TR KR

FTERIMR, RIBF S HE R DR BRLED, TR 57 5% A DL, B I R B BB
W7 R IR 2 7E R 3 e R

BB K IR 2 T LAIE SR 45 M9 T (0 5 VKRS, (EL7E i PRV IR R R v R BELIE 450K, A RSB vk
JEH 5 F R R
5. it KRE

WRIGFEW, A4 RBK M RRA T 0S8 K G T, o I FRCR:

1) BT B ATASRECE T K S MR AT L. UBTa ke AL IR /NGERR, R HE— DR e s A T S

2) X T WSSO, TR IRPIKIE TR, AR,

3) X TH DB G X — R4 IR, eSS A I B K ME ST L, SRR K B — &

DOI: 10.12677/ms.2020.102011 93 FeRb


https://doi.org/10.12677/ms.2020.102011

WKk 2

YEH

4) BRI SRS R IS5 0K — B MR RCR, JFREMUKIZ 2 Bk, W e i i A gk B 45 K
REJIH —ERCR

KA BT A — R B3I BOK BT SRS B . Bl ahUKBE ST, (HEERS TR B T3 AT K
PR, TR R U LA B

1) PR B, A X 2% Ao LIS B T AR S5 A R TR BAT R 1R B 1 R 5

2) TR T E, BRI BUKIERE S H AT 8K E T R IR 0E . BIRRSEME S, Sl
AR KR AR B H 5

3) AFXHIZHKHT E AR IABE A DL LR A oK, B BUKM R Eh L 0w i K
IPRESEER, JFREIE LS B F R B, 5. HR. SHMEERERT.

SE

[1] Neinhuis, C. and Barthlott, W. (1997) Characterization and Distribution of Water-Repellent, Self-Cleaning Plant Sur-
faces. Annals of Botany, 79, 667-677. https://doi.org/10.1006/anb0.1997.0400

[21 xUEeer, Afer, Exk, EH. BiEEBRARBER TSNP 57238 50, 2013, 29(4): 377-384.

[81 #%, &M, L, X BEKREBORE RSP IR AI0]. B imie sl 50T 7T, 2013, 26(1):
58-62.

[4] BB, 2, SKIBE. AR IHORLE Sty Uk s BT et (0], RIHOR, 20185, 44(3): 15-24.

[5] skilaE, XIKtn, SKAR, W55 MEEBEUKR I & SOk R i ge[]. HERHGRSE 2016, 11(4):
390-394.

[6] M7, FEREEE. P KR AR Z K & kB 7T [3]. Bl#iE R, 1996(18): 1667-1669.
[71 B, BT, kRE. BBE SR EHK R rH] & & Bh UK R 7L [3]. Thaest kL, 2010, 41(S1): 80-83.

DOI: 10.12677/ms.2020.102011 94 PR R


https://doi.org/10.12677/ms.2020.102011
https://doi.org/10.1006/anbo.1997.0400

	Application of Super-Hydrophobic Coating on the Waterproof and Anti-Icing Functions Based on the Environment of Space Launch Vehicles
	Abstract
	Keywords
	基于运载火箭使用环境的超疏水涂层防水防结冰应用研究
	摘  要
	关键词
	1. 引言
	2. 超疏水材料及其应用现状
	2.1. 超疏水现象形成的原理
	2.2. 超疏水材料的应用现状

	3. 我国运载火箭箭体结构防水、防结冰设计现状
	4. 超疏水涂层箭体结构防水、防结冰试验
	4.1. 超疏水试片淋水、结冰试验
	4.1.1. 试片淋水试验
	4.1.2. 试片结冰试验

	4.2. 超疏水典型试验件淋水试验
	4.2.1. 箭体结构典型试验件设计
	4.2.2. 无超疏水涂层的试验件淋水试验
	4.2.3. 有超疏水涂层的试验件淋雨试验

	4.3. 超疏水涂层典型壁板结冰试验

	5. 结论及展望
	参考文献

