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A Technical Trend of Manufacturing and Materials of
Nozzle Extension for Thrust Chamber

Keum-Oh Lee* - Chul-Sung Ryu* - Hwan-Seok Choi*

ABSTRACT

The combustion chamber and nozzle of a liquid rocket engine should be protected from the
high temperature combustion gas generated by the chamber. An upper-stage nozzle extension has
a large expansion ratio, therefore, The light-weight refractory materials have been used since the
weight impact on the launcher performance is crucial. Gas film cooling and ablative cooling
methods were used before, but were not applicable nowadays. Radiative cooling method with

niobium alloy, Ni-based superalloy and ceramic based composite has been used to this day.
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Fig. 5 Vinci Engine (Left) and Aestus Engine (Right)
[12, 15]

32 BIARE AHEE BAL WA
238N A9 F Je YL

B @ ol
Aty slute] BHARE olgetH oA zi
edN AY F Yr wzIRE ALY 5

Atk Hatstde] sHold Algte Egtage] 4
21 & (elongation)& A2kl AFHT 108 o)A
am, EE(2.0-24g/a)= I¥t F4(8-9g/ cr)ell
Hl3) g 7] A Z[9] EFANEE AHEEA
= W Hud e =SS3ZRE AR F
Aot Aty EdAgEs 2=

H7d w7 2o webs A WekA] g =
eo AE F 37| wWEol(Fig. 4) =EdAH
o &7 259 1,600~1,900K 4 ZE= = )

o
i
= -

~

tH10]. =3 HdAEe] SHo=E A3
T Q1/dA(fracture toughness)?} E2 &
3} Ad(thermal shock resistance)s 7}X] 3L

Ao FARIF wg F e T4
, B GRARAFE T 9o,

A 55 9E F Utk
za4ue A" BdAEE Delta NI

Az

composite(C-C) A F[11], Vinci AZ(Fig. 5)°l
AR EAY C/SiIC A E[12], Vulcain 2 AR
AHEEYE C/CSIC AEE0] UTHE. =& &
AHE S EFAE= FE FHE Snecma
MoteursAtoll 4] Novoltex fabrication 7o Z
A== ATH11].

2 AJo}2] KhrunichevAle] RD-0146 <l Z1[13]3}+
Energia®] 11D58M ¢1%[14]& C-C 5 A& A}
&3t =& FFRE AAs At

off H
o M rlo

]

0 I T =1

o
N
=y

carbon-carbon

Fig. 6 Firing Test of 11D58M Engine [14]

33 YA 79 23b5-S ARSSE BAL W A

U 7I¥ke] %% (superalloy) C1039] &
2Tl EWAA T, 1300K FEA7HRA= %
=7F w9 Holur] ol (Fig. 4) =& 4o
257} 1300K ©)5t=z A7 =HAThE, o] AR
7F ZHAAL e a2olAe udE HAE ol&
st e FAY] =R AFE 5 U
Ariane V ZALA 9] Alto 7 AREEH AW Aestus
AR (Fig. 5)2 == FFH7F YA 7vke] 2§

— 508 —



¢ Haynes 25[15]2 A&=glen, Ao HHA
2=7F 1328K7HA] A F A=s A,
=gVt =289 YA 2t ke
delz AAHAT. ] ﬂﬁo =S8R =
C/SICHEZAME A AZE o] Uti[16]. &

& w=tol Al Constellation Program®] AFA]
ARES 13+ ARES V9| & o=z 7jud
Aolu| J2Xe] AAME o AAA = ga
A A3t EEAE AREE A AAT, WY
A52ZA Eat#l Z¥(Thermal barrier coating)
= AHESt =5 SR WY 255 260K B
Ae W YA 7Nk 23592 Haynes 2305 Ab
Ve AeZ yehy ol 2¥d TS
Abgste] A A8S 7FAA AAT17].

m4wm
2

N
N
rh

N

Lo

oy rlo o = yp
W

rlo

o M
&
ol
4

T‘Ol_n
o

ok

F
o
E
N
o > R e
N

N ooy bbb
Mo

,d
N>

o
(O

o rr
i
Ac)
>
op
A,
- 30
o
w £ oo
i
>

N
N
N fo
Yo, I Rl odroop o1 N 2

=) B

E?L
ol
o
<
T
"
N
iz
P
E?{_i
ol
N

Moy

e Aete BRAE A

AGAAE WA 3

° P
S ¢ F A

ofs
o
o
>~
%

oo of i rr

s Tt
N
w

T o
=2
9
>~
>

do rlo

ik

b

Mo
o

1. '"Liquid Rocket Engine Nozzles", NASA
SP-8120, published by NASA, Washington
D.C, 1976

2. http://history.msfc.nasa.gov/saturn_apollo/d
ocuments/F-1_Engine.pdf

3. Walter F. Dankhoff, "The M-1 Rocket
Engine Project", NASA TM X-50854, 1963.

4. http:/ /www flickr.com/photos/jurvetson/446
4220730/

5. http:/ /www.adboo.com/cmnr/servicepropuls
ion.htm

6. http:/ /www.collectspace.com/ubb/Forum35/
HTML/000454.html

7. http:/ /www friends-partners.org/oldfriends/j

green/blockd.html
8. http://onorbit.com/node/2178
9. F. Breede, M. Frie, "Development of

Advanced CMC Materials for Dual-bell
Rocket Nozzles", Sonderforschungsbereich
Transregio 40, Jahresbericht 2009.

10. Captain Steven Steel, "Ceramic Materials
for Reusable Liquid Fueled Rocket Engine
Combustion Devices", Materials in Space,
The AMPTIAC Quarterly, Vol. 8 No. 1,
2004, pp. 39-43.

11. T. Pichon, A. Lacombe, P. Joyez, R. Ellis,
S. Humbert, FM. Payne, "RL10B-Nozzle
extension assembly improvements for Delta
V", ATAA-2001-3549.

12. http://cs.astrium.eads.net/sp/LauncherProp
ulsion/Vinci-Rocket-Engine.html

13. http:/ /www.russianspaceweb.com/rd0146.ht
ml

14. Sololovsky, M., Petukhov, S. N,

Yu. P. and Sokolov, B.A. ,

"Development of

Semuyonov,

carbon-carbon  nozzle
extension for liquid fuel rocket motors",
Thermophysics and Aeromechanics, Vol.
15, No. 4, 2008, pp. 671-677.

15. http://cs.astrium.eads.net/sp/LauncherProp
ulsion/ Aestus-Rocket-Engine.html

16. Schmidt, S., Beyer, S., Knave, H., Immich,
H., Meitring, R. and Gessler, A,
"Advanced matrix

materials for current and future propulsion

ceramic composite
technology application", Acta Astronautica,
Vol. 55, 2004, pp. 409-420.

17. Lightweight Nozzle Extensions for Liquid
Rocket Engine, NASA SBIR 2007
Solicitation, 07-2 X9.04-9517 Proposal.

— 509 —





