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Design and hot-test analysis on LO, /methane combustion chamber

body based on additive manufacturing technology

LIU Zhanyi, ZHANG Weijing, ZHOU Kang, WANG Yong, HUO Shihui
(Science and Technology on Liquid Rocket Engine Laboratory, Xi’an Aerospace Propulsion
Institute, Xi’an 710100, China)

Abstract In order to further understand the feasibility of applying the additive manufacturing technology
to the development of combustion chamber body in liquid rocket engine, the design, processing and hot-
test of combustion chamber body have been carried out based on additive manufacturing technology. To
realize the integration scheme of internal and external walls with superalloy as the internal wall of combus-
tion chamber, some measures such as spiral channel design, reducing the thickness of internal wall have
been adopted. In addition, a hollow flange with ribs has been taken to ensure the sealing effect of the
flange while achieving the modular design of the combustion chamber. Selective Laser Melting ( SLM)
technology was utilized to process the product, and the detection on all aspects of the product was carried
out. The product has been verified by the hot-test, and the structure is still in good condition after the
test.
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Fig.8 Results of 3D scanning and measurement

F1 EBEEREMNRER Pl RREBRZ
Tab.1 Tensile test results of test-pieces at high temperature Pk s i, B TR 8 G 4N S P R BE
PESAARS  BUROBEE/MPa U IRSRIE/ MPa KA 0.5 kg/'s, UL FEBUE TBLANER 2 Pizs o
1 115.5 112.0 £2 BRIEESE
2 119.0 115.5 Tab.2 Combustor parameters FfT kg/s
3 119.0 115.5 WA R PR MK
4 122.5 108. 5 0.90~1.35 0.30~0.45 0.02 2.00
5 115.5 108.5

BB BT T 17 Yk, R KPR
W] 20 s, LR mFa] 92 s B IR 7 i 9
FioR

6 112.0 108. 5

3 BIRESIRHRIR

3.1 IeHRR

PAUHT , X RARE % B AR EEAT 18 R T 4T A
WIS o AT IR, ¥ AN E 7K T 10 MPa RS
T,10 min JGiit i, 548 TCASTE o WU K v A
SRV K38 T8 14 it BEL , PR A 384 b o 32 7 it ) 2 T AL
it 2 AR 5 K, ¥ 0038 T8 PN STk EAT AT Ab j
S, T 2 AL . SRR, 15 F ok o s
P 2 kg/s BRI 0T, X AR H N 4 MPa, Fig.9 Photo of hot-fire test




88 kPO

2023 48 A

3.2 REER

3 TR 4 NIRRT A SR
B TOCHEAT AT IR, AR A5 B PR 4 40 T 2 R v%
HFR TR 4 s .

®3 ARKPTHR

Tab.3 Typical test conditions

TUTF
1 2 3 4

e AR
AR 0.90 1.05 120  1.35
(kg+s™)
N =4
E%EH%J]B/)ILE 0.30 0.35 0.40 0.45
(kg=s™)

,r:e:i:E/
MR P A R 0.2 0.02  0.02 0.02
(kg-s™)
BHIK R
PADK LR 200 2,00  2.00  2.00
(kg+s™)
ok S R
PRIE == S & 1/ 113 1.32 1.51 1.70
MPa
PR R 0.901 0.942 0.954 0.976

F4 BIRERTHEER

Tab.4 Heat transfer results of each test condition

7. K
THFs
SH
4 1 2 3
SBE TR R 810.2 896.2 938.2  996.3
WEE TR v 492.3  525.2  543.6  565.2

Y HIGR TS 36.7 45.6 54.7 62.5

AEFNR AR 31.1 4.4 51.8 61.3

M HRE TR X R, T S A g (A
Pl , — e R B b RO 1A PO S B e
1, 22 TS SR A B 40 SR AT 1) 45 4 i JEE A A R
AR

MUK B 7= b SRS A R, N BE TG
BEEMELAR (UNTE 10 froR) , R TR % B &7
FUOTAIERATE

E10 #XEFRERE
Fig.10 Product photo after hot-fire test

4 ZERiE

ARSCEET IR G oA, 2230 8 1 A K iy
REANMURRE % B 3R iy Bt i 1, I AT T #uil
B, MR RAE 134 i 1 5 AR TR b = B AT
(AT A T Mo 38 A0 o 3 2 A A R (9 B R P A 5
THREA T ERARDGR, B b T H AT R
b IR, 3 ME LSS 0 36 3IE 9 A 1 3 7 A ) AT
FEPE , AR BT R S 2 A ok A TR 5

S 3k

(1] prsfeda. Sp G HoR R S AKR LT ], b AL TR,
2020,31(1) :19-23.

(2] B WK KT A WU R Rl R [ M. JE 5t 5
fiic s A, 2014.

[3] K7 B WA KRS RSBl T IM]. dbat: b T
H AL, 1994,

(4] P20 SRAE S IR22 75 55, WK KR R ShBLHE ) = 4T
S FE AR RS G e [T ] MR 573l , 201,32 (10) .
93-96.

[5] kKB, UK AE, w8 R IN 55 AR JCHT K ShpILaE bF i i
BORWIFTREE [T ] HEHEHIAR ,2022,43(5) :29-44.

[6] SOLLER S. Selective laser melting( SLM) of Inconel 718
and stainless steel injectors for liquid rocket engines| C]//
6th European Conference for Aerospace Sciences. Krakow
[s.n.],2015.

[7] HAYNES J. Additive manufacturing development methodol-
ogy for liquid rocket engines[ C]//Quality in the Space and
Defense Industry Forum. Cape Canaveral; [ s. n. ],2017.

[8] THOMAS D. Center overview and additive manufacturing at



%4

9 & 5 4 1] R o — , 85 BT HER il i B AR R A TR e e % B S B S AR 89

(9]

[10]

[11

[

[12]

MSFC[Z].2014.

GRADL P R,PROTZ C,GREENE S E, et al. Development

and hot-fire testing of additively manufactured copper combus-

tion chambers for liquid rocket engine applications[ C]//53rd

ATAA/SAE/ASEE  Joint Propulsion Conference. Reston,

Virginia; ATAA ,2017.
GRADL P R,GREENE S, WAMMEN T. Bimetallic chan-
nel wall nozzle development and hot-fire testing using
additively manufactured laser wire direct closeout tech-
nology[ C]//AIAA Propulsion and Energy 2019 Forum.
Reston, Virginia; ATAA ,2019.
BARNETT G,BULLARD D B. Summary of liquid oxygen/
hydrogen , direct metal laser sintering injector testing and
evaluation effort at Marshall space flight center[ EB/OL].
https://www. semanticscholar. org/paper/Summary-of-
Liquid-Oxygen-Hydrogen % 2C-Direct-Metal-and-Barnett-
Bullard/0a54f20dee55bb31£52481d46bbead767d19¢25a,
2015.
GRADL P R,VALENTINE P E. Carbon-carbon nozzle ex-
tension development in support of in-space and upper-
stage liquid rocket engines[ C]//53nd AIAA/SAE/ASEE
Joint Propulsion Conference. Reston, Virginia; AIAA ,2017.

[13] ELAM S,HOLMES R,MCKECHNIE T,et al. VPS GRCop-84
liner development efforts [ EB/OL]. https://www. seman-
ticscholar. org/paper/ VPS-GRCop-84-Liner-Development-
Efforts-Elam-Holmes/ c19e8818ee4d5200503e8d9db858 €3
131a269d64a,2003.

[14] GRADL P R,PROTZ C,FIKES J, et al. Lightweight thrust
chamber assemblies using multi-alloy additive manufactur-
ing and composite overwrap [ C]//AIAA Propulsion and
Energy 2020 Forum. Reston, Virginia: ATAA ,2020.

LIS ] FhACIE Apidy  BRAREE 25 R 1 SR K sh LG B
YER AT, KA HEE,2022,48(2) :117-126.

SUN J G,HE X Q,YANG D J,et al. Key manufacturing
technology for large thrust LH,/LOx cycle engine [ J].
Journal of Rocket Propulsion,2022,48(2) :117-126.

[16] EZKHE AN R. BH HJ1454% :GB 150—1998[ S]. 4t
50 BRI T AR, 1998.

[17] hRESE =2 R 2 hEE RS S T L
) AR EIRG S BEMSRS SZLIM] L. b
[ Bk H ieet:, 2012.

(18] FIRZE, Wbl , T WA KT & S ) = Bt [ M.
bt B Tl Rk, 2014.

[19] TR MR T ZIM] L AEst: A T k., 2005.



