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Effects of Aluminum Oxide Particles on the Erosion of Nozzle Liner
for Solid Rocket Motors

Ki-Young Hwang*, Yoo-Jin Yim* and Hee-Cheol Ham*

ABSTRACT

The compositions, the gas properties in motor chamber and the aluminum oxide
(ALO;) particle size for two kinds of solid propellants with approximately 20%
aluminum powder have been investigated. The SEM photographs of AlLO; taken from
nozzle entrance liner show that the aluminized PCP propellant with 47% volumetric
fraction AP/HNIW and bimodal oxidizer 200-5 pm can offer greater possibility for
increasing aluminum agglomeration than the aluminized HTPB propellant with 64%
volumetric fraction AP and trimodal oxidizer 400-200-6 pm. The nozzle entrance liner
of solid rocket motor with the PCP propellant shows greater erosion at 4
circumferential sections in line with grain slots due to the impingement of large
particles, but that with the HTPB propellant shows uniform erosion with

circumferential angle.

GFulg ool of 20% EFE 2FFO 1A FAA diE AERAPE, ALHAY
Aa&vte BEAA F 4sdFuiEe A ZVE Hlw EA3 T AFSHAI(AP/HNIW)
o] 2007 5 pmE o] R Fol 47% FIAEES AW ¢FvwS i PCPA F
AA = A3A)(AP) o] 400, 200 2 6 ymE AEFF)TL 64% FHEES A &F
vES g HIPBA 34 Bk ¢FRuFEc] 332 7tsAol Ate As F4a%
WEANA HHE AstdEulE gAe] SEM ALRS Baf &3 4 IdTh PCPA F
AAE A& 1A FA7FY] =F FAF YaAdAe & AR A9 S5
2 Q8 ¥Rl 3 dXgte 4 AFHIF B At A = YA " HIPBA
FAAE e Afdde dFLFeR FdsHA AtutE A

Key Words : Aluminum Oxide Particle(3F&}¢F 15 YA}, Erosion(2H7}), Nozzle Liner
(=% WEA, Solid Rocket Motor(LA 31 7])
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2 A7) A8 AHEET =2 WEAE de
AREEE Ba/dEdY, ta/dEY, da/ga
23dA1} 22 Avd U €A (ablative thermal

liner)= ¥E7} Yo} F371# FAE HaAZ
T A3 3 FAAM WA HE F R =
ol 2A4HUA eRoN FdEe S FF3t
= B8 719E M EA R e FEE
S BHEdte 83 9dS 12

A FA7IRe Aees E:ol7l fa FA
o WEs) wEdel ke uFY FAA} AHE
99 AwHoz FE% ULE Fol) a7
L£dgg dFrE Bl o 20% H&H 3
o 2587 HeHd 2x9 sdeert A
okl O Adsel SHEEY] WEolt34]. 1
b QA0 GFuE F G50l sl
FRA daFA AstgFulE YA (aluminum

H
oxide particles)7} AAREH, =S FdA A}
= Wi B A4S A9 o

- 983 BRI T 1
e AR 1A FAoB AEARE @ =F
S48 U EAl(nozzle entrance liner)$} A4
T & D EA(aft dome insulator)ell A 2] 4ks}
AdFuE JA FEZ Qg dvk(3rl/x) &
A B SRA AubE A 3 Al s et
e,

21 £xMe AR ME

Table 1> HTPBA
Al FZAR P FZA ]|
A&4E, T2 YFEAE, 1A AR B¢ A
ZEm 2 AFeE Busldg. F34 989
A LFuFA) BT Z7)E 25 ymE AR
2o g (FHH)L 1992022 1%9] vAd 2}
olF yEhdth ey AskA el wile e 74
AEA Z zolE BRI &, gAY A

F
S

of

9 2248 AgsE FA7B AAE A B
= Aavtxael AsaEuy Jaizre] 24 4% H FIAE AP (Ammonium Perchlorate)”} 69
o et AEe olsirt Desy, Agg=ny  wthd HiHEd P FAE 31 wt%e] AP 20
A7 =2 vwlo g wAY A Eiln 2278 wt%9 HNIW (HexaNitro HexaazalsoWurtzi-
Fulo] AR Aol 247 Aol 7as g TAF] u, wEe] AvE YyHoz
A " m®mouk olel dAay I Zolu w=Zd Atk wIN(EEH)Y A% H FXA= HIPB
253 Az Qs yEA) 2uprl Z71E9 (Hydroxy Terminated Polybutadiene)”} 12 wt%
IAY 2o A JFS - 5 gl °laL, P FIAE 29 wt% ] PCP (Polycaprolacton)
TH5-7]. Zo o] oA Jhadz TAR HAEE ¥
B =fdie gFuE B2 oF 20% £ fotal ATHBI]
H 2379 1A FAC dis] F3A4 484 FXA A4 ZWHAAA EFvE 229 83
B2, A2y Atz BAX 2 AEY (agglomeration) 542 FXA] WlEY 2 YA
Fulge GAAVIE ME vlusPth T3 o] R HlE B9 EEXE §Po] IPHe Azt
& FHAE &EgGlot)o] Jev FEY a9l ¥ o &t 1 T AFgAE XS U=
Table 1. Comparison of the characteristics of two propellants H and P
Burning Rate
Propellant De”S'Ey (@12%O(C))Cp8|a, Composition De”S'EV P%\i/\édeer F’r\giﬁgn I\:/%gtrigi

o) | s (o1 (um) (%) (%)

HTPB 0.91 - 12 24

400 31 29

H 1.80 8.0 AP 1.95 200 31 29

6 7 6

Al 2.71 25 19 12

PCP 1.31 - 29 40

AP 1.95 200 31 29

P 181 83 HNIW 2.03 5 20 18

Al 2.71 25 20 13
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AP
(Bum,Bvol%)

A
(25um, 12vo1%)

HTPB
(24vol%)

AP
(200um, 29vo %)

AP
(200um, 29vo1%)

HNIW
(5um, 18vo %)

Al
(25um, 13vo1%)

PCP
(40vo1%)

(b) Propellant P

Fig. 1. Schematic diagrams of composition
distribution for both propellants
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PCP H}RIE7} AAAA Br) olw AFuE
TEo AR Yo F4 BRAA Az
Aol M gHHel 2 Ao Fvlwel 44

NASAc| A 7Htet CEA TEZIY[12]o2 A
2tEl HeF P FRA19 d47t2 B4 A= Table
29} Atk FA ALF AHE FolA H0%
COE QI A8 E7&2 142762302 H
FRA 7 20 o] & W] At FuE YA
(ALO;) A BEL 3059931.642 F FHA7}
M2 FARIY B Aivlre] X, i A
% HEn T e €4 EAAE MR H=F
< E F Uth

Table 2. Combustion gas properties in motor
chamber for both propellants

Propellant H P
Gas Temperature (K) 3576 3588
Molecule Mass
(kgkmo) 29.754 29.748
Specific Heat Ratio 1.132 1.135
Specific Heat (J/kg.K) 3553 3380
Gas Viscosity ~ 3
(kg/m.sec) 95.7E-6 | 91.9E-6
Characteristic Velocity 1574 1575
(m/sec)
Density (kg/m°) 10.35 10.31
Mole Fraction of HxO 13.05 550
% . )
Mole Fraction of CO» 100 0.71
% ) )
[\/Ia)ss Fraction of Al,O3 30.59 3164
% ) )

Keswani[13]€ 27} F3Z1713el] i3] & 10
THY FAAE A&t AnAFA E2 2wt
HolHz & =55 I Atve] oig
A2 1)S AT
P = 0.5946 (X o+ X )20 | POSTO, 038 076y

(1)

o 7]A,
r : =& 2 (mm)
Xyo - HO9 E2&
Xeo, + CO29 &
o B ARl U (g/em)
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(b) Propellant P

Fig. 2. SEM photographs of aluminum oxide
particles for both propellants
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Particle Free Zone

{b) dy =40 um

Particle Free Zone

Fig. 3. Trajectories for the two sizes of
aluminum oxide particles in a solid
rocket nozzle
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Fig. 4. Cross-sectional view of solid rocket motor

section in line
with propellant slot
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Fig. 5. Erosion and char profiles for the two
cross sections of nozzle entrance liner
using propellant H
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cross sections of nozzle entrance liner
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Fig. 7. Post-test views of nozzle entrance
liner for propellant H

Fig. 8. Post-test views of nozzle entrance liner
for propellant P showing erosion with
the deposited layer of aluminum oxide
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