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Abstract

The Carbon/Carbon composite was prepared from 3D carbon fiber preform and coal tar pitch as matrix precursor. In
order to evaluate of ablative characteristics of the composite, liquid rocket system was employed Kerosene and liquid
oxygen was used as propellants, operating at a nominal chamber pressure of 330 psi and a nominal mixture ratio (O/F)
of 2.0. The results of an experimental evaluation were that high density composite exhibited high, while low density
composites showed low erosion resistance. The erosion rate against heat flux was highly depended on the density of the
materials. The morphology of eroded fiber showed differently according to collision angle with heat flux on the com-
posite. The granular matrix which derived from carbonization pressure of 900 bar was more resistance to heat flux than

well-developed flow type matrix.
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Fig. 1. Ablation mechanism.

Table 1. Comparison of heat-sink material
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Property Steel Carbon Beryllium Desired characteristics
Density (g/crm) 7.82 1.70 1.82 Low

Specific heat (kJ/kg - K) 0.54 1.30 2.34 High

Thermal conductivity (W/mK) 3.46 14.41 10.81 High

Thermal expansion (1K) 8.4 15 6.4 Low

Thermal shock resistance index10°) 35 141 2.7 High
Temperature limit9C) 1150 2200 930 High
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Fig. 4. Dimension of nozzle for liquid propulsion.
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Fig. 5. Machined c/c composites nozzle.
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Fig. 6. Erosion rates.density of 4D c/c composites.
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Fig. 7. Erosion rate vs. density of 4D c/c composites.
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Fig. 8. Continued.

3 BT A7E hA olgEUeS & T 8

ol ' 71A el B2 v nA; Aok 71x 9
wetting= "]&-8te] o]2gh & frAlol] olsiM A &

7F olgH Tt e

32 9z AJFo) o dmfulip]E

Ao e AlxE Baeh B3AE 73 Fig. 42
e gy =5g Ve = A A Fo] A vy E
& 7] S8 SEMeE AHS #EE ).

Fig. 9 Egka19] Wwr} 1.86 gleme) AlHe s 73}

(®)

Ao A THEsiA] FElE 600 bake A|Z=g Aot

a3 (ay= 4190 matrix pocket] Xo|H F9o RtH ©
22 A vhe] BRIt} o] matrix pocked] 2wt AE& #Z
sl7] f1sl Brh grisk gl (b)e} (celth.

2 (bplA ¥ S99 wd el e 359
Alell &fsf A71o] vk mefo] HRlth 28 (el e 54
ol & AAA e Bo] #AEM o] THME Wi
A7)o) Y7h BFs Az 4= 9l

TS 5 Aol A oE A4 AL
3 gejd BgE A YEbET

—

Aol o]

¢

o



Ablative Characteristics of Carbon/Carbon Composites by Liquid Rocket 197

e Aller combustion 1es!

before combustion test

Alblated shape of nozzle throat

1.568gfem”

Density

photograph of nozele after combustion

700
600
500
3400
300
200
100
IS -
0 2 3 4 5 & 7 8 10 11 12 13 14 15 16 17 18 19
[sec]
Combustion pressure in chamber
150
@
5 100 oximass

e i T

50 - fuelmass :
- "
0 3 .

et T

0 1 2 3 4 5 6 7 8

10 N 12 13 14 15 16 17 18 19
[sec]

Propellant mass flow rate history

Fig. 8. Continued

Fig. 10> 719123} 912l e] 900 barz7olx 12 E3}131 A]
He] matrix pocket] SEM Z&#o|t},

a9 (ap] 2% FE-o| matrix pockett =L F¢o) BE
A ohgke] Rola vk 28 (bye & Y Fskr) wE
o] 7|1AE o] 21 UE T4} coarse grairtd .z o] Fo]F
o} Zzejuf o] o] fAl ofsf AtulEolA P& oA FE F
HAE fﬁﬂ%i o]Fo|7 AL B F Uk

oje} -2 HYH S Al /\] 712] el (morphology®t ¥l
A =W Ko} 848 o 4 Qdrh 5 o] gk grain FE]S]
& &l (morphology)} Fig. 9(0)11 He Rk o] Yo o

(©)

ol Aol g Zom At

19 (cfe 300002 &h 1ol

o] el Bl grain ZFM Avhd s Hu H
oAl & 5 vk AL d&e] dRAC HFE w=
grain 2] 7147} €= Zlo] ol grain 1Ake] & 5
Fol A RE gejats gow sebdth 2y CpldE o F
grain] 727} leaf-like flake E°] =121 Qe UL
AT 5= Yk aAL o] Z2 grain el o5t A3kl A
/\]—U]_7]_ O]OIIL]— 1:!0]: J‘:]_%E 2= 01]—4_

o/l adolA #&F Axk= 7IMEskA 900 bar *E



198 H. J. Joo et al. / Carbon Science Vol. 2, No. 3&4 (2001) 192-201

b idi

Fig. 10. SEM micrographs of ablated matrix pocket of c/c composites derived from pressure carbonization at 900 bar.
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Fig. 11. SEM micrograph of ablated surface morphology of c/c Fig. 12. SEM micrographs of ablated surface morphology after
composites. combustion test of the c/c composites.
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(b]

Fig. 13. SEM micrographs of c/c composites before and after

combustion test.
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