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Experimental study on the influences of high-speed airflow on the
laser ablation behaviors of C/SiC composites
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Abstract: To investigate the effects of the high-speed airflow on the laser ablation characteristics of C/SiC
composites, comparative study of laser ablation experiments under different environment conditions, including static
air, Mach 1.8, Mach 3.0, Mach 6.0, were conducted by utilizing the joint experiment system integrating the laser and
wind tunnel device. Experimental results show that, compared with the static air condition, the high-speed airflow had
a remarkable impact on the laser ablation characteristics of C/SiC composites. The “washing effects” induced by the
high-speed airflow made the ablation pit wider, deeper, smoother. Meanwhile, the linear ablation rate and mass
ablation rate enlarged with the increasing airflow velocity, which was mainly due to the increased sublimation rate and
erosion rate caused by the decreased local static pressure and increased dynamic pressure, respectively. Besides, the
contrast experimental study of 2D and 3DN C/SiC composites were conducted to investigate the influences of braided
structure of C/SiC composites. Results show thatdue to the factors suchas lower heat conduction capacity along the
thickness direction, the lower porosity, the ablation resistance performance of 2D C/SiC composites was superior to
that of 3D C/SiC.
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Table 1 Parameters of the test conditions

environmental conditions total temperature/K total pressure/kPa velocity/(m's™) irradiation time/s
static 300 101 0 4~10
Ma 1.8 363 323 535 4~10
Ma 3.0 815 1850 891 4~10
Ma 6.0 1784 4257 1787 4~10
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Fig. 5 Final ablation morphologies of the front surface of 2D C/SiC
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Fig. 6 Final morphologies of the ablation pits of 2D C/SiC
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Fig. 8 Real-time ablation morphologies of the front surface of the C/SiC sample in the static environment
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Fig. 9 Real-time ablation morphologies of the front surface of the C/SiC samples in the Ma 1.8 airflow environment
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Fig. 10 Comparison of the ablation rate of C/SiC composites with different structures in different airflow environments

B 10 AFEASIRHEE T AR A C/SIC &4 Rk pe 2 50 LE

051002-7



weOoW s 5 Ol TR

KF 2D k. X F it el 3, 3DN C/SiC &2 & M EHEH A . Ma 1.8, Ma 3.0 Fll Ma 6.0 PR35 1% Jit it b ot i 5
43104 29.3. 31.8. 85.0 Fil 142.3 mg/s. 5Lk bei i AR (b HUAEE LI, B 25 ok It 38 B 1 2 55, 3DIN R o o o ol el o
WG, i FL AR R PR 2544 R, 3DN IR Y T et e il i R 2 R T 2D IR . SV 7, 2D C/SiC & & MR T
JeE M REIL T 3DN C/SiC B &M k. X F 22 T W& 45t FidEgE 22 5 BT 5 3. (1)2D C/SiC & & M BHE B
S i A v 2 B I 57 R A B T A A )2, (AR PSRRI P BE U158 T 3DN C/SIC & G A R}, JESE T R R
(2)2D C/SiC & & MRk — 4k )7 B At 8 3 302 8] 5 4 R BUIR, 1 3DN C/SiC & & M ORE R T 47 78 B 21 4 41 i 55 JL 1A
il 15 PR i) S KGR R TR, N T A% B S be i A5 (3)3DN C/SiC B A MR TR IR A 25 T R L T
HA 35 19 FL PR % (2D: 13%, 3DN: 18%), AL B M 3E 18, 23 52 M S Ak S Iy o 36, T 5 AL B - S SO B0
PE, SRR} PR SRS O B il S R R

3 & i

ARSCTF T AR B 5 T im0 Xt C/SiC & & A BB B SE 58 87 5% o I FH SO 38 45 8 o XU B 45 52 46
HEHME RS, 5 T Ma 1.8, Ma 3.0, Ma 6.0 I T 9 C/SIiC &AM RHEOC RS2 56, IF 5SS A T
JERe i SLIG AT X L, BRI T MU C/SIC B A MRHEOE R AT A B sE i . 25 SRR, SRS IR I,
o AT C/SIC B AR BB BE AT R e A T R AR R (1) R S AR O R R B iR R A
T TR EROR, R BORFER AR T #S B 50; (2) i s A 0 0 oh il A P bT 2 B T 58 L R L TN
O REVR Aoy < I i W R L T S w1 A N TO T 2 Y =i 3 i S N N e W A LI 0 A R T A R S RN =50
(3) R i o AR R 2 T ) S ENRIOCRAE — i B B L WZE T Rl 00, (HR A5 5 1 R i Ak iy, A R e
WA TARE RS T 0 TR, SRR Ltk C/SiC i FEBe i gF FE . 1M FL, Bifi <0 ol B 3 A, 2 it
R E — 20 B A R 1 T A SR 3R 18 T, DA K 3 R 18 TR R ) 3 ol s 23R 3 R, S B o ol ol 2R 5 U 8 o R 23 5
N

BE b, 38 2 S50 X TN [ AL LG C/SIC O RE AT N i sem . g5 SRR, th T 45 /8 XM M RE 1Y KR [, 3DN
C/SiC & &M BB IE 5 5 2D C/SIiC B & MR B B & M IX . 2D C/SiC & & # kel T8 B 5 1) 51K 1Y) 5 4
AEJ7 . AR FL B, LA S8 it asd i v B S s ol B ) SR 0 e 2T A A 20 )22 5, (A5 L6 R TR IR 5 2 1 T B okt
fit 113458 T 3DN C/SiC B &%} .

5% 3k

[1] PR, flia A, IR, 45 MREOEHR A0 (M. dbat: ER; Tl Hikt, 2002: 1-151. (Sun Chengwei, Lu Qisheng, Fan Zhengxiu, et al. High power laser
irradiation effects[M]. Beijing: National Defense Industry Press, 2002: 1-151)

(2] BRSZIE, k€. ELLAT UGB SR S RIS R AR (1], A RPR2#3R, 2007, 24(2): 1-6. (Zhang Litong, Cheng Laifei. Discussion on
strategies of sustainable development of continuous fiber reinforced ceramic matrix composites [J]. Acta Materiae Compositae Sinica, 2007, 24(2): 1-6)

(3] ZRUAY. PagIEaE A REBUR JRANELT & v B (7). B CH AR, 2013, 34(2): 20-25. (Zhu Zegang. Ceramic matrix composites show new blue
ocean in exploiting and applicating the development value[J]. Advanced Ceramics, 2013, 34(2): 20-25)

[4] Schmidt S, Beyer S, Knabe H, et al. Advanced ceramic matrix composite materials for current and future propulsion technology applications[J]. Acta
Astronautica, 2004, 55(3): 409-420.

[5] Zhang Litong, Cheng Laifei, Luan Xingang, et al. Environmental performance testing system for thermostructure materials applied in aeroengines[J]. Key
Engineering Materials, 2006, 313: 183-190.

[6] SuMeng, Cheng Laifei, Luan Xingang, et al. Laser ablation behaviors of C/SiC composites in air[J]. Acta Materiac Compositae Sinica, 2013, 30(6): 37-47.

[7] Liu Qiaomu, Zhang Litong, Jiang Fengrui, et al. Laser ablation behaviors of SiC-ZrC coated carbon/carbon composites[J]. Surface and Coatings Technology,
2011, 205(17/18): 4299-4303.

[8] Dang Xiaolin, Yin Xiaowei, Fan Xiaomeng, et al. Microstructural evolution of carbon fiber reinforced SiC-based matrix composites during laser ablation
process [J]. Journal of Materials Science & Technology, 2019, 35(12): 2919-2925.

[9] Tong Yonggang, Bai Shuxin, Zhang Hong, et al. Laser ablation behavior and mechanism of C/SiC composite[J]. Ceramics International, 2013, 39(6): 6813-
6820.

[10] Wang Yang, Chen Zhaofeng, Yu Shengjie. Ablation behavior and mechanism analysis of C/SiC composites[J]. Journal of Materials Research and Technology,

2016, 5(2): 170-182.
[11] Chen Zhaofeng, Fang Dan, Miao Yunliang, et al. Comparison of morphology and microstructure of ablation centre of C/SiC composites by oxy-acetylene torch
at 2900 and 3550 °C [J]. Corrosion Science, 2008, 50(12): 3378-3381.
(121 BXIBH, B4, £t MR G S A AR et mbem AT (0. rh EARHIEIE, 2015, 34(10): 762-769. (Duan Liuyang, Luo Lei, Wang Yiguang.

051002-8



ERRE: mE RN C/SIC 5 & MBEHEO e AT J9 52 1 [ SE 38 A 7

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Modification and ablation behaviors of ultrahigh temperature ceramic matrix composites [J]. Materials China, 2015, 34(10): 762-769)

Fang Dan, Chen Zhaofeng, Song Yingdong, et al. Morphology and microstructure of 2.5 dimension C/SiC composites ablated by oxyacetylene torch[J].
Ceramics International, 2009, 35(3): 1249-1253.

R, ERC. BOCRIBIESRRG 300 (1], J12#EE, 2016, 46(1): 435-477. (Song Hongwei, Huang Chenguang. Progress in thermal-mechanical
effects induced by laser[J]. Advances in Mechanics, 2016, 46(1): 435-477)

kR, Ehikiae, EDE, A, I as R X B IS AT R R A R S A M RO R il sz L] TR N0, 2015, 42: 0306004, (Zhang Jianmin, Ma
Zhiliang, Feng Guobin, et al. Influence of tangential airflows velocity on ablation heat of laser irradiated glass fiber reinforced resin composites[J]. Chinese
Journal of Lasers, 2015, 42: 0306004)

RPN, VIR, RO, 45 WIS RIER T BEEA 4R SRR BOCARIRELN (1], S0 S AT, 2013, 25(5): 1075-1080. (Chen Minsun, Jiang
Houman, Jiao Luguang, et al. Laser irradiation effects on glass fiber composite subjected to tangential gas flow [J]. High Power Laser and Particle Beams, 2013,
25(5): 1075-1080)

TR, B30, EREE, L YISO R BN S PR ST (T]. 0 506 Ak, 2016, 53: 041403, (Zhang Wenjie, Meng Wen, Li Yunxia,
et al. Research progress of tangential airflow impacting on laser irradiation [J]. Laser & Optoelectronics Progress, 2016, 53: 041403)

HACKE, KRR, RGBT RO TR AR S BB (0], 5RO SR T 3R, 2013, 25(9): 2229-2234. (Huang Yihui, Song Hongwei, Huang
Chenguang. Numerical simulation of failure of target irradiated by high-power laser subjected to supersonic airflow [J]. High Power Laser and Particle Beams,
2013, 25(9): 2229-2234)

Xu Huajie, Zhang Litong, Cheng Laifei. The yarn size dependence of tensile and in-plane shear properties of three-dimensional needled textile reinforced
ceramic matrix composites[J]. Materials & Design, 2015, 67: 428-435.

Wang Fuyuan, Cheng Laifei, Zhang Qing, et al. Effect of surface morphology and densification on the infrared emissivity of C/SiC composites[J]. Applied
Surface Science, 2014, 313: 670-676.

Wang Jiangtao, Ma Yuzhao, Liu Yuwen, et al. Experimental investigation on laser ablation of C/SiC composites subjected to supersonic airflow [J]. Optics &
Laser Technology, 2019, 113: 399-406.

Wang Zhe, Wang Jiangtao, Song Hongwei, et al. Laser ablation behavior of C/SiC composites subjected to transverse hypersonic airflow [J]. Corrosion Science,
2021, 183: 109345.

Dimitrienko Y I. Thermomechanics of composite structures under high temperatures [M]. Dordrecht: Springer, 2016.

051002-9



