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ABSTRACT

The ablation characteristics of graphite nozzle throat insert is analyzed for the use in solid
rocket propulsion system. The propulsion system is composed of three types of conventional
nozzles, such as De-Laval type, blast tube type, and submerged type. Various kinds of
propellants are used in the thirteen kinds of propulsion system that has different shapes of each
other. Total thirty seven tests are performed. From the results of the analysis, it is found that the
ablation rate is higher for the higher average chamber pressure and the higher concentration of

oxidizing species in combustion gas.
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H18H H1& 2014. 2. 2 LEEEE0[ 22tIt0lE SHYMS| AotEd ol Y 9
A wi7I7ksE BEAA SEAUAE AE&F Folok gt agtvlolE= FAo] & Heln &
o2 HEAAZoZA HPA Y FHE FFEtE sHow Fdo] & iy} ol vk EZ vl A
71se B HIPA FHe °oF 65~75%= 2 ERZATE AAANA Foslof 2 FHolth
=ZE7HA Y ofxd G sh&el s T ga/ga s e 43s Be s
shal, UeAs 2ed 999 ARG T Aoltt. ga/ga EFAEe ddtgolEd H
A =249 522 Agd iR, F w7k WA S THAEAME ARV ¥ =23
A B oRlg st RIgAY B AR FE 23, 7144 A4 o & Ade 4Es 7K
S HAdist & + J=F wjrirtae S 4 =EARE d4/8s EFARE AT
zgske Aot e =52 2o 2 AA 2H FAE 29 & U =258E NN Z
FRA71Ee] FHAJ] FAHLLE F shyoln, 1 T Aok olAe va/ds EdART EFT
AAE nHetA e HAstE 5 gloh oy WA olAA T EFT FEA07] W
g A el =EdAE 39, &, 7&, A 7hs sttt
T2 aE g RHEARQD RS AX o]Fol =E RUe 12 daAgd=dd o& A
o AAE =52 WA 83 9 FxrFo= 2 H2(mechanical erosion), $}&3 32
A e 53l HriElz, o ool AA vy (chemical erosion), <% (evaporation), &&
Ao mAls 9FS T4 "o o9 2 (melting), £3¥}(charring) 5 2] 7} ATo=Z
ojFe] WENAYGLE HAHAAHoT HHxH HHY gEEEAl HH, BEF oS TAS] v}
2 w71 A& Edh (ablation)g} &
sHAAANAE &7 FHES TN AT A= HIAARS AE B Earts
TEHY, =25 3 bR IS Ak, ¢ Aol ] Atmpel o3t FHFEHE= &3] 354
AANAE THEIGE FAEY] A =&5 e MR AR A o7 7IAF
AdA, HEA 2 dEA9 s 4 gt A2, F5A 2/ (spalling), 1231 FHwHE
W, FERAAMAE HEFFES AASAL 4% o o &§Fo AA T2 MHHew st
stgol dE F U=EE TEEY AR A 7] oA, olet B2 FFS FAY F /S A
g3} T HE B S st A& Blo] ¢
A AadEe A Aale AT w2 Q1 W o] tH[1]
&5 "WAo|l a7dnt. ey 2l AAR
b =25 Auis Aketel AAE & glon, 11 7|1&¢] Gy 54 a7
o] A% 2 AAS} =&5 A9 v A 22 F73 sz nE =2 U
o] a7 E T =E5 Avie AYHQ] =25 | A AtetES AsdAd dolA M FL
3t W Feo F F7H Boe Z2 F37])H & 71z Am7E HH, ol& sl LA AviFEA
A o Azete, mEbd daAzte] w2 £ A7 A% AF HH g FAEA Oy
AEE Adstie AL =55S st WAt o] ATHo] st
vhdo]l By 955t A S E ddstoiol gt McDonald¢} Hedman[2]-2 1g}d}o]E Atu}o)
Aol O3 =25 gES AT 7] 95k Fo dde 39 Fohgkgoln, dFrlg I
=28 Fod S8 el HAAE ARS o S7kgtell we} Fastar, Hye Atvel] 2 QG
atrf, =25 AAAEA 18hu}o] E(graphite) 2t &S vAA dedn MESAT. Lewis 53]
Eha /84 B34 8 (Carbon/Carbon composites) o gkt aEluolE 9 Ba/ea B3R
7} F=2 AgHh gask darts We) €0, B0, 0,99 352
FEOlET MaH wmE g WMEA A 4o azsigon, 4,000, > 0,9 #HE
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Table 1. Ablation rate of graphite at nozzle throat ALTtne] AFER G WE =EE 9o
according to chamber pressure in eleven o] Anlg =4 AFJE A3 Aot} =, dAx
kinds of solid rocket propulsion system. Jpzo] ABER SO Mo ThE 22 R0 =AM

rocket | 3V€T38€ | Jblation |oxidation TAF FR7IEA 22 A 83k AEtA
ntc; szele propulsion ;};:;2352 rate mole At EAE HA =EE(throat) XA &4
name | |(M/5e0) fraction | g ey Ak w7l Aol A, 33
350 | 0.005 | 0.160 9 =7 Fu=Z AL =Y, w22 A
DL1 340 0.006 | 0.160 cooeeT= e - -
335 0.004 0.160 Al dutg EAL &9 At AtulEA),
934 0.106 0.164 = Aulgo A}gsle] BAstTh
DL2 1000 0.112 0.164
1017 0.177 0.488
De-Laval DL3 1150 | 0.276 0.353
tyle 1152 0.285 0.353 4, A[BiZIT} S
DLA 1359 0.228 0.143
1363 0.229 0.143
pLs | 1600 [ 03u [ o5z 41 A2 el me ws)
: : Fig. 2& 11579 M2 g2 d49 F17)8
DL6 1657 0.216 0.492 S ol sal morors -
o oz X RiLA l S — apo
860 0171 04Ly of et AaA P wste] wE 1etglol
BT1 884 0.180 0.448 Eo AlnlgE U Aotk o)A =
blast tube 830 | 0168 | 0448 _ . ) . i
type FJrro] FH7|He] AbSEE-ES De-Laval FE|
B2 1710 0.270 0.515 —o - ; -
1710 | 0.274 0.515 o] x&5 ZE DL2E A9stue FAMsIH
SM1 614 0.043 0.141 Fig. 28 XE & 4 9%o] 2539 AF A
599 0.040 0.141 B i oo
170 027 0.140 AaA Faggo] Frredd wet Ahvigo] F
submerged| g | 1160 | 0284 | 0140 sbete A BdS & & Atk 599 84
type 1140 0.279 0.140 )
S ZtE FAVFBOAME A HuddE w3
M3 1471 0.241 0.509 o o e ..
1216 | 0.184 0.508 7F 2A g2 AS FAS Arre S YEY A
Aot 23y De-Laval HEjo] =&& Z'+= DL2
Table 2. Ablation rate of graphite at nozzle throat oA 3719 dAH HFagH2 FARBHARE 4tks)
according to oxidation mole fraction in three ERG zlolz st 37] = 17]¢ Alupgol
kinds of solid rocket propulsion system. - - — =
ds of solid rocket propulsion systel Zole Holm ). w3 DL6E 10879 7
At : average AkES e ZolH, AAAIZte] 2% AER

nozzle rocl}e.t 0x1da1t10n ablation chamber N . T i o
type propulsion fmo.e rate pressure Frol 2tulx]eAA|7to] Alwlgo w X &= FEo]
name raction |(mm/sec) (psia) 7] 2o Augo] A4 UJEG Aoz Bo
0.164 0.106 934 H} 3259 HNZ g2 =2 Z2A7|H9

DL2 0164 | 0112 1000 v oo == e

0.488 0.177 1017 MNE AAAR] A nfdAE Axd FJi

De-Laval 0.164 | 0.034 994 alzlo] =7}abo] Abolgo] Z71ae molt)
tyle 0164 | 0038 | 1002 HHZ] S7heel we v ]o SUreE .
DL7 0.164 0.047 1067 =2 ddd d4E AAFS ueg =2 ®1d

0.489 0.078 1123 ool AslAHE e Ak HTFLO FAA W
0488 | 0084 | 1071 oz Ashdie] A AEE ey HE,
0.062 | 0.128 1330 5 gl v hEe SUke e 2
0.062 0.130 1490 o] =71 ¢olo] = UE AA=o0=o Ak
BT3 0.062 0.158 1340 g drd APHoz nHER ¢fgHe
type 0.062 0.148 1400 = e L= wmooo AlgMHEZe] wmo =
0136 | 0165 | 1260 7 = #AWoRe MHREY TF T
0.136 0.190 1260 7VE oprIstER fEo] ASsdd wet Abwbs
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Fig. 2 Effect of average chamber pressure on Fig. 3 Effect of oxidation mole fraction on ablation
ablation rate of graphite. rate of graphite.
= 248e ¢ 4 A Zhstel Wl fAE AtgR ErhelAY A
T3, Fig. 227F & F %ol d4d B 2 & 9 337y FA7BeA= sE
dgol Aol wet dvieo]l Frlste A &0l S7Hel wet Avks s 7117 A
< Hola oy FYF Aol HEdHs % o] Hola gt} &7]o|A De-Laval type(DL2)
A2 ge 20700 4% 599 Aves oA AsEEgc] 2 A9 Auig A7}
UER A @3 Afehgo] dAFs WY wWE Y 1] X|¥ 0|31, blast tube type(BT3)olA = &L
Bia ik ol Avhgo] A4 ghe ®ulol  ASBR SO Avkgo] Mz Aolg Holm
Ue} chekgt 290l o) 93 W) frez 9k oo AA% 41™elN AFH TAR 4
FUEh Z 428004 AT dartzel 8 kg 9F Aol sk Aoz BuHn, 2
%!

AT w4 HHoz o3 tIFd Jgd AAE

58, A W 55, = agst
o], =&% RA I =E&H FEWNAS A, o] 2tulg-g dtel 2oz ®HIE A7) A
WS fEd o3 SF3L =25 A7) S50l & rjojol & Zlojtt.
o wEbA FF ol g thgk dAEd] g
F7HAQ d7F et

54 £
42 2131EE-gol e s}

Fig. 32 3579 A2 & g9 F7# oA 22 F7He] =535 A A&
of g darbse] AstEEs Wt mE 2 sk aehgelES Avks 5SS BEASAT
ghuto]l E Q] AtwksS YEhd Aot of 7]of A ARAEAFL 3FFY Al =2¥HE
LG FAe FVIHY dad BodEe Zte F2718, & De-Laval ), EZ ¥ (blast
okzke] ApolE Holn Ut} tube) e, A (submerged) FEjS ==& 2
Fig. 30278 & 4 S%o] 3579 AZ o © FA7IHS AHESte] FIE AT 13FF<
2 e FA718 g MY A3 ibsER ME g8 4 FA7HE g3 FAAE
&o] S7Hgtel wel Avhso] Skt AEE &AL, =55 A aIolESE &5}
B2ls &+ U of F 3739 daAgs FPsA. A+ 2
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LA BFGYo] Fg we Avhgol
e ARe BT $U@ W4 2
£ A BANE A2 PEere W)
a4 ge A% FAE ke vehim
Atk 3EFS] A2 e =2FHe F37)
Bl AE AAHA P} vpE Ak
4 BEel Fgl mek Avkgol F7}
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