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A Study on the ablation characteristics of AT] Graphite Nozzle
Throat of Long-Term Storage Solid-Rocket Motors
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Abstract A nozzle in a solid rocket motor plays the role of generating thrust by allowing the gas
generated in the combustion process to expand in the nozzle enlargement part. Hence, mechanical and
chemical ablation occurs in the nozzle throat due to the high-temperature and high-pressure gas. Since
this ablation can affect the internal ballistic performance, it is essential to conduct a test to study this
phenomenon. Hence, this study selected six sets of samples from the same lot stored for 00 years
according to the Ammunition Stockpile Reliability Program (ASRP) to check the effect of long-term
storage on nozzle throat ablation. Subsequently, the AT] Graphite nozzle throat ablation characteristics
were analyzed for each test condition. The result of comparing the ablation rates before and after
long-term storage confirmed that the nozzle throat ablation rate in the long-term storage samples was
lower than the ablation rate before aging. This reduction in ablation rate occurred because of increased
aging of the propellant due to the increase in the storage period. Hence, the comparison of nozzle
throat ablation rate change can be used as one of the estimation methods for performance change
factors. The above situation is true particularly in the internal ballistic performance analysis for the life

evaluation of long-term storage solid rocket motors in the future.

Keywords : Ablation, Nozzle Throat, AT] Graphite, Long-Term Storage, Ammunition Stockpile Reliability

Program

*Corresponding Author : Hyun-Chul Jo(Defense Agency for Technology and Quality)
email: hcjo@dtaq.re.kr

Received October 14, 2021 Revised November 15, 2021

Accepted February 4, 2022 Published February 28, 2022

561



AR &85 =2 A A2338 A28, 2022
1. M2
IA 71BN =52 P4 E Ao ot i

o

‘g0l ¥ vAe F2 7

4 9 39 59 Y=
£ 3 ofuolth. 89] k&2 12, IWtA 4
E50] Qo REEo AREE B 12, 1Y
9] 271914 715 ¥ c‘”}o] fA =] ojof gttt o] w}
A 1A 27T L ESE Q7 AF A 7 A4 22
Hal Sl AAlE ATJ Graphlteol‘:]'. ATJ Graphitex=
2 E 34 AR, A AP, @A=Lt F2 '
AL, BBZAS EAAZ 7HA L T B3, 7RSOl
1 70| Agsto] =55 AAo] 9] AREE Stk
AT BAE 12, IR AATAE =EY
HE YT g5 A }‘% POo7A Hed, =
HHNA 9] Ak 129 AaFE s 71AA
Al(mechanical erosion), st&  Z&l(chemical
eros1on), 2-8(melting), EtSKcharring), 3%
(evaporation) & o2 7] 821f 9Ja] ©AYstH o]
S @2 BAoto] Aulet RET 7|AF Anke] F9-
Aol 247 A= A R & 4o
b= ARG 129] F&4tsEo] "t o]
149 FEATEES NS AU k&9 ¢
= AUHEA S5 4= =55 IANAY {5
740l gt 5% WL WA Hi, =E¥at
FEM Fo& 559 & 7AH Ankg EYL
Aot FeH Al 2X07|13 Aa Al EAASHA He
H,0, CO, 59 A5 A4 YHES s FAic)
53] ATJ Graphitei= 7] SollA w9 b= =4
B2A A 4571 =R AR 500 °C o] 1y
9] 2794 ATJ] Graphite®] F4HEQ T4} A5
A4 AWAEEC] AFst] CO, H,0 522 ZAsh=

sfeta] A7} waggeHl)

o

1¥

[a) -|N'

A A
<l
a7
Q
T,

\e

=]

u:l.{j

ATJ Graphite9] 4} %‘5‘ EAo] it 7= W
9] Akst @A WAob| 5t Walst 9, X718 &

Aol Bzw FAG 27|l E 240 tet =2
= Aol sl Qlgh URgke o] Ajolzt wAgsHA o
w, ol e 450l L ulAE A L 5 Uk
ANAZoZ et A A9 -3} FIF LZE Aujek
distol AL 712 & ot 44 G 20
£ AL A 7] Ae neie Ak 540 o
AL k) o|FAA gk Srk.

& 270 B »nwg w4 9re S9ED 9k 9

<t do

562

webd] £ ARAHE P71 TH 2| wE
5 Ao 0|X) FFL A SAste] F7AF 4
g 28 $9 1A F3718e Auskel Fohd x4
of weh A2AlE F 2HE BRFY ¥ AdARi 4
uhg WSS ulmstel P74 ge] HE 1A 2713
wE B A} skl dhe) ATt

2. 22

2.1 NBAIE ¥ HA

2EW R 204 24 Ho|2 WAL & Ik IF
& @017 919 0043t 7] Agslol L85 Az
% BUT ZEY FA7]3 628 A1¥ste] =2 A}
F 579 T 2 200 Aote Wegel gl LA

Yl

2.2 XHAMNE =
Fig. 19] A3Jetek A=A H7HASRP) EAjo| ulgk
vjaky] FA & SHAES AT SHAHEL 2

EHHEAIY, 7RsiAlg o s FAE

Al

RS

Environmental
testing

Mon-destructive
testing

Sample
Acquistion

Performance test
&
Analysis

Mon-destructive
testing

Environmental
treatment

Fig. 1. ASRP procedure

Fig. 29] 2EHHEAIHS 282 Hslof digh 371
7130 HeHrIE Yool 2 A+ £3C 2HCR W
2(+60T)Z A(-40T)oNlA 24A17F ol FAIok= T
& F4 33 HEsio] 223AS 7Bk Aol
7}»’&@16& FE G717 F7 WE 2718
edEe Y8 L(+60 °C)1e FAITHH 374 B
A7gstod TMH L3H2 71453514]7]7] 95t Al3lol).

FAE F HEHAE 71 AAsk 7 25E
8T H7IE Slste] AR(-40°0), AF=(+20°0), 1L
2(+60°C)°llA 24A12F B¥st= SEAY S AA

AL EE FBSHAH.




7R 1A

%227]1%9] AT] Graphite 2% AulEA 24

2ycle
(24hr)

3Cycle
(24hn)

1Cycle
(24hn)

20°C

Fig. 2. Temperature cycling test process

23 55 24 =3
AFALAE A F9, AeAbe ASSICH,
AAF T w28 Hdsto Fig. 3(a)ol Uehd %L =

72 B8 AL 259

B ol7of AR 33 247]= Fjet AAE ol g
18&4] o]u]z] _Exﬂﬂo Hplo 2 A ATLEY o]
m, ) 3§ 23 2.5m7A
AL Fig. 3(b)2t
kL R B

oMy e e ot
2 O ox -
i o
%
oflt

ol 1N
>

|5 %

e SHSH 4007 o]/\h,] =3 ﬁg io]EE A
35] ol ZHT WIS =28 Yo AEshAt

14

o P _Il)l'

o

7nfinal T Tinitial
2

Ablation = )

Ablation

Ablation Rate = @)

tburm'ng

where, denotes Nozzle throat diameter

Tfi,nul
before Ground-Firing Test, 7}, denotes Nozzle
throat diameter after Ground-Firing Test, t,,,in,

denotes Combustion time

=BT Aulge Eq. (D2 2§kl ALAY A-

401‘

k2|
=1
O

o =B% A% qﬁ; 3to] Fatgick. Auhge £4
7180 & AhsE Aole BT T 3R

Alerg 510l Bq. (DA ASE Al A2z
2 Bq. @l Hgste] Axstec.

563

=
@

|

b

a}
el
2
=
EX

Fig. 3. (2)3D Measuring Equipment
(b)Measurement image

24
=

A

24 =&

AGARANE T 7
Table 1, 20 A5t 0H,
Azos Fyaz HHs
< AR 2AER oE A3t
€ At Ankg WA

Table 19] 2EHIEAS A|l7o] Aluleke
o4  0.28lmmZ 7FF  FHoH,
0.178mm= 7} Attt Table 29| 7H5=3HAE A
2% 1L2ZANA 0.275mmzE AufgFo] 71 Hox,
ALz7A 0.161mmeE 7F Attt A¥ERE &
3 LEukET} FELSAEL S8Et AlE BE AL
FE, A2 eo® SPAE] 20 wt Aulgo] St
She Ad= 2 5 Al

o =%

B

_l

A
2~
Al

pd3

>
ool
N
()

=2

Iz
o

)
g
BT

i

&

4
R

[e]
r

Ettor 1o

Table 1. Ground-Firing test result of Temperature
Cycling samples

Temperature -40T 20T 60T
Average thrust*
% 83.3 94.2 108.5
Combustion time 2361 2082 1.837
(sec)
Ablation Thickness 0178 0.238 0.281
(mm)
Ablation rate (mm/s) 0.075 0.114 0.15

*Expressed as a ratio based on the design value at 20T

Table 2. Ground-Firing test result of Accelerated
Aging samples

Temperature -40T 20T 60T
Average thrust 845 953 100.6
(%)
Combustion time 2342 2.069 1821
(sec)
Ablation Thickness 0.161 0.204 0.275
(mm)
Ablation rate (mm/s) 0.069 0.099 0.151

*Expressed as a ratio based on the design value at 20T
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Table 3. Nozzle Throat condition after Ground-Firing

Test
Temperature Temperature Accelerated
’ Cycling Test Aging Test
20T
60T
-40T
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Table 4. Test results according to environmental

treatment conditions of temperature
cycling samples
Temperature -40T 20T 60T
Average thrust
%) 88.7 100 115
Combustion time
% 113.2 100 88
Ablation Thickness 78.8 100 1345
(%)
Ablation rate 69.6 100 152.8
(%) ' )

Table 5. Test results according to environmental
treatment conditions of Accelerated Aging

samples
Temperature -40T 20T 60T
Average thrust
) 88.4 100 115.2
Combustion time
% 113.4 100 88.2
Ablation Thickness 747 100 117.9
(%)
Ablation rate
% 65.9 100 133.6
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Table 6. Comparison according to environmental

test conditions at -40T

Temp Cycling Test A -40°C A 20°C A 60°C
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Fig. 4. Comparison of results according to
environmental treatment conditions.
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Environmental Test E?Eifgr a{}:; Acceler;l;esii heine
Avera%;) ) thrust 100 98.6
Combu?s/i;m time 100 100.8
Ablation(n/"ghickness 100 110.6
Ablati(;)x)l rate 100 109.7

Table 7. Comparison according to environmental
test conditions at 20T

Environmental Test E?E?s;a;iz Acceler;;es? Asine
Avera%;)thrust 100 98.9

Combu?;i);)n time 100 100.6

Ablation(‘y"(l);hickness 100 116.6
Ablati(;)]; rate 100 115.9

Table 8. Comparison according to environmental
test conditions at 60T

Environmental Test Ej,ﬁ&egr a%l;fsf Acceler;;i? e
Averag?nz | thrust 100 99
Combuzf/(i))c)n time 100 100.9
Ablation(ry"f)hickness 100 102.2
Ablati(;)l)ﬁ rate 100 101.3
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Fig. 5. Comparison of results according to
Environmental Test condition
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Table 9. Comparison of results between Pre-storage
and Accelerated Aging samples at 20T

Pre-Storage Accelerated
Category samples(5] Aging samples | A-B
4 (B)
Average thrust
1 . 4.
©) 00 95.3 7
Combustion time
%) 100 101.9 1.9
Ablation nThickness 100 465 53.5
%)
Ablation rate
©%) 100 45.7 54.3
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chamber pressure, A4, denotes Nozzle throat

diameter
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