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A Study on the Thermal Response Characteristics of
Carbon/Carbon Composites for Nozzle Throat Insert

Heecheol Ham*

ABSTRACT

A thermal resistance estimation of carbon/carbon composites used as the nozzle throat insert of
solid rocket motor was performed using TPEM motor. Three types of TPEM motor and two types of
propellant were employed. The ablation rate is higher for the higher chamber pressure and also higher
for the higher concentration of oxidizing species in combustion gas, but it is lower for the higher

material density.
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Table 1. Compostion of Propellant and
Concentrations of Oxidizing Species at

Nozzle Throat
ALT}p2 24
) ssEeg| o [EFHE
2458\ @, | 7o (ut.%)
ADP-302 | 0.10 | 0.39 2761 20
ADP-304 | 0.01 | 0.15 3245 175

321 TPEM ZH
HEAY HEd € ddAde FHrsha, e
Ao B 9 JyE gwrg mdIde HFPHL

Brtsty, volrba olfd Hrt ARE
|

Aol EH7t AlER

9oz AT F A3, 94 FEe HA
7t AFE9H, HFol &olat] AlPdteE F
ol 93, EE Aolxe ALgo] 753t
AAFelZtd F& Aot} makA o] ALE
£ 3542 + A EHE MEsiHen o
£ TPEM(Thermal Protector Evaluation Motor)
olg} Wl TPEM ZHE 4% 37 10
inch % 16 inch ¢ ¥ FFZ MALHAJL
1, TPEM-102 78 4] 200~600 psia, &
&2AZbol  15~25%  AE9  Fu]dL(End
Burning) ¥ 4£F  AFEEo|G.
TPEM-10m& Q4% 2 dvplie 7€ AHS &
9l TPEM-10& W2 AMg3stn =27 w A3}
o Alggch 4842 Ho 1200 psia, F&
AlZbe A 30%, =5 HAL 100~185
mmo|th, =Z2& 7 mm tubular FAto|oh
TPEM-16-2 7H8 St o] 700~1300 psia, Q&
AlZbol 9~20% A= wRELEF Hi(Radial
Buring) 189l & Al¥ EEolth. Table 2
t TPEM ZEHe & Ad ¥ A%o|H, Fig

1 TPEM ZEe] F4Eold,

Table 2. Standard Dimension and Performance about
Three Types of TPEM Motor

=
Hi,

644.8

{c) TPEM-16
Fig. 1 Schematic of Three Types of TPEM Motor

RE ¥F |TPEM-10|TPEM-10m|TPEM-16
=557
(mm) @24 | @l65 | (378
= A
Al T | om0 | ge62 | geo0
973x20) | 5274.6x| @274.6% | 503.2x
(mm) 485.5 488.2 644.8
B
(psia) 300 1000 1000
2| BoEd
) 300 500 3000
x|zt
(se0) 20 10 10
®z74.6 '
< &
- 3887 "'
4855
(@) TPEM-10
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Table 3. Thermal Response Characteristics of ATJ,
CC1 at Nozzle Throat in TPEM-10 and
TPEM-10m Motor

2E %}% ( ;H 3 TPEM-10 TPEM-10m
e
TANTF)NAT) | cc1 | AT | AT] | cal
w9 =4\ |(ADP-| (ADP-304) | (ADP- | (ADP- | (ADP-
2us 54 304) 304) | 302) | 304)
350 | 330 329 974 | 1123 | 983
QA 340 | 360 340 | 972 | 1071
Tt 335 | 340 340 | 994
A 355 330 | 1002
(psia) 347 325 | 1067
346 335
0.005 ]0.006 0.007]] 0.070 | 0.078 | 0.054
0006 | - 0006] 0075 | 0.084
Akn)-g 0.004 |0.004 0.003 0.034
(mm/sec) 0.009 0.007| 0.038
0.010 0.005] 0.047
0.004 0.005

Table 4. Thermal Response Characteristics of ATJ,

CC1, CC2, CC3 at Nozzle Throat in
. TPEM-16 Motor
D
2R 25 AT] | ATJ] | CC11{ CC2 | CC3
(ADP- | (ADP- | (ADP- | (ADP- | (ADP-
gutg =23\ | 304 | 302) | 304) | 304) | 304)
1270 | 1017 | 990 | 99 | 982
daa 1000 1020 | 1079
B LE 1008 | 1033
(psia) 1049 964
1015 | 985
0159 | 0176 | 0.118 | 0.190 | 0.198
A 0112 0112 | 0.168
Tore 0127 | 0191
(mm/sec) 0110 | 0128
0112 | 0119
0.870 | 0.870 | 0.910 | 0.850 | 0.825
) 0.870 0910 | 0855
244 9= 0935 | 0.850
0945 | 0.885
0945 | 0.885
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£t AFARND S P F & AHE
A RAoln, AT] E49 AlE AFAL "l
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&3t oy, {hStEEE0] ADP-304 XA KTt
E2 ADP302 FZAE ALE3 AT] E49 Al
¥ Az ¥ A3 QTHTable 1 FZ). Table 4%

TPEM-16 EEE A&3te AFALAEE
3 F =4 ARE H3 Aoy, AT] &4
9 Ag Axx vz AP FAAE
ADP-304E 7|Bo2 AMEEHew, ADP-302
FRAAE AHEE AT] £49 AE A3z H L
39Tt Byl AXe 25 g9/ EFAE
ojn], ZE FExE Y WEAo|d uwat
3FF(CC1, CC2, CC3)E AFdad. Fx4d
A5 e 24 WEE 20 gonE Y #olth
Ao EAE =EE(throat) HAA SAE
AaAE AE WA Aol2 ALHT, 334
27 g ANl AT =5 AHY
Ao gutg 54L& g3 Al 7 AnEA, &

Hopg g AFB et EHSR

4. AEZn 24

41 d24 sbel e st

Figure 2 TPEM-10% TPEM-10m 2E €]
Ax4 g Wale e di/sa BEFAs
(CCHet AT] £ 2rt&E YERI Zoloh
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Fig. 2 Effect of Chamber Pressure on Ablation Rate

0.00

TPEM-108] 344 MA Fa¢EL 300 psia
o], TPEM-10m¢ &4 A7 Fgdge
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FH= Frdiz Fdaith &9 Fig. 194
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AHgE dAad FEREE TPEM-10mo] Wiz o] Table 127E & F U%°] ADP-304
AHgEtg oy, =25 WAS 234 mmolA 165 FA 9 AS 2FEEELS 01603, ADP-302
mmZ FAFOITH 4HE FAAY =5 FRAA Y A EREES 0490t} GelM= A
e e dubAQl Delaval =& ejold, 9%l TPEM-10m# TPEM-169] 344 A
TPEM-10m¢] ¢ 7 mm9 tubularg FAth A BFLHL 1000 psiaZ FL3ch 1PNA
agdA ¢ F Uxeol dx/¥a BIAE ¢ F AR AFEERE] FE we F
(CCLHS) o} AT] 4 25 qtgo] Fsglel ot 2E 25 dupgo] HAE Z12r2 F7HekA
B SAE 71272 Anigo] FARe & £ on, BE9 FAIH =55 WA zold o)
Aok gax/gh BIFAFCC ABF 100 N&717F 2A 9 A gE AR v
psia @ 0.008 mm/secE 4tvlgo] F7gth 1 =ZE JAo] 378 mmsl TPEM-162 0.1
#Hu Hagaol 1000 psia?l A9 ©h/EA A ERE F 0123 mm/secZ, 165 mm¢
BEAFRCCHY Avls SAHR|7F 19X $olz, TPEM-10m-2 0.085 mm/secE 2tulgo] F71g
AT] 9 Antg SHAE HME & AolE . a8y TPEM-16, 28EEE& 04989 A4
Holx o] ojol tigk F7FH |47t Bas) Aokg ST 1A Eolx, ASEEE
ok, 0169 AF FHAE ME Rol& RHoln §lo]
EHo Y BAZE otk =&xd olo] gt F7HAA A77F P
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F 3HE oISER 4ol Aol Wk 4 gag AYs R He BYS AN €
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Fig. 3 Ef:féét of Oxidation Mole Fraction on Ablation
Rate of ATJ Graphite
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Fig. 4 Effect of Material Density on Ablation Rate
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