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Thrust Chamber
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ABSTRACT

An axisymmetric compressible flow solver accounting for chemical equilibrium has been
developed as an analysis tool exclusively suitable for performance prediction and optimum contour
design of LRE thrust chamber. By virtue of several features focusing on user-friendliness and
effectiveness including automatical grid generation and iterative calculations with changes in design
parameters prescribed through only one keyword-type input file, a design engineer can evaluate
very fast and easily the influences of various design inputs such as geometrical parameters and
operating conditions on propulsive performance. Validations have been carried out for various
aspects by detailed comparisons with the result of CEA code, experimental data of JPL nozzle,
actual data for two historical engines, and ReTF data for KSR-IIL
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Fig. 1 Code structure characterized by “one INPUT &
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Fig. 2 Definition of geometrical parameters
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Table 1. Four types of wall contours for nozzle
divergent portions
Type Contour, y,(x) Constraints
Parabola +Vbl(x—c) O YN)AXEYE)Bn
2nd-ord
poly;gm?;l a+bx+cx’ (X YN, (XEYE)Bn
p’fl;i,;)égggl a+ bx+ cx®+dx® | (xnyn)(xeye)Bnbe
Ciredlar | & A== x0)7| () (xeye)n
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Fig. 3 Comparison of chemical equilibrium calculations
between present(lines) and CEA code(symbols)
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Table 2. Results of high-altitude performance of the
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SSME
Ispvac | Thrustvac| Mass flow
[sec] | [ton] | [kg/s]
Actual data | 453 233 514
Frozen equil.| 450 235 522
Selgfflllng 473 244 515

Table 3. Results of high-altitude performance of the
RD-107 engine

Ispvac | Thrustvac| Mass flow
[sec] | fton] | [keg/s]
Actual data | 320 233 73.0
Frozen equil.| 319 23.5 73.9
Shifting | 349 249 733
equi
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Fig. 7 Comparison of chamber pressure of KSR-III
engine with various mass flow rates of
propellants (lines: KPP2D; symbols: ReTF
data)

ALFAIZEE 121708 AFE7o] i3] Pentium
IV 1.7Gol| A 2417k 45%-0] 285U}t Fig. 7
FAA dFFE vl Wl g2 A4
o ABFAE Vel AFoln, Mz H4EA
H7t AFHoE F A= AL ¢ F Uk
F8d dalXE SAGH A2 Aol 4%
3 AEBAlZE EAstg e, A AFe
H3 ok 18 A= A JEsth o)A
A g R ge EARE, o)n] AL4H
24 AAE A £t AP IAHE 7}
e Aol EAEE 5 A vlg] Ao ¢

t7] wj2ojct6]. HeA B FBaAZEE
AR AFe) A {85 AHEE & Us B
AAF Neorr = 0.91 & =&3 T} Fig. 89 e}
W HEY ZAE B 4N AFT ve) Zo) 4
Aoz Hgeln =& W7t Fe AR
A9 A9 2% /RS AT E A EF
o] M2 A5 WHIE 7 4&F 5 Ak 1Yyt
Az A9 Bfolx di77t agtsist @ 5
= b|Fgo] Hu7t He EFVY A= HAA
Z71HA HER A gedda ARt e
30EF A47)(Pa=525 bar, e=11)o] gt a1z}
HoME c]FBFH/YE FHLeA 0EF &
Z7]o it ReTF @4AA] A do] &8 FH=
Nz 3 AFS 73% A Uk

==
xZe

o2

i

e o
ol

Of

Q.
O (5] =
= =
[<] =

Fig. 8 Variations of specific impulse at sea-level
with changes in operating conditions {lines:
KPP2D; symbols: ReTF data)

33 138 AR S HA A A
ol o} Zo] ANE HAEH nFE ANEA F
HAd) s vFEE AgE e HFHe &=

g e A d

F3A (Jet-A/Op) EHH) Kin=2.34, A4

+# 40 bar

e 924 H7 De03Tm, A4 o]
L.=0.337m

e =Z X WX E Ry=0.1066m, #F8}=35

80% W =ZE2 X =& ¥4 Table 1o} et
334 FAE AR en, =& & AR SR
o A 2] 247} Ry=15xRmt Rg=
0.382xRp2 AASIAT) o)W, 27]7} 0. 25°%
B 45°71A], &7 6. 5°%E 20°7bA] Zhz} 1°
Ao 2 HIAAIIAA F 33670 (21x16)Y) =
E384 d3l A& FAsHAt Pentium IV
17GE AHgston, & XA sj¥z=s]
FHINE 7R BFHoZ e 722 =7}
gagon, A AT F 6A17F 408 A
=7t 288Uk Fig. 9094 BREo] Z7)z 32°
o} 77 oA HIFgo] Hust Hen, o
71e) s dete =E 4T U uske EX )

3 2 AF}E Fig 100] JehAAch

20
= R

=
TERA



Rjo@ N|15 2005. 3.

AYZY FAUY M5 olF

Isp,,. [;;c]

20’./,,/

18

Nozzle exit angle [deg.]
3 B =

©

30 35 40
Initial angle at inflection point [deg.]

Fig. 9 Prediction of specific impulse at high altitude
with changes in initial angle B, and nozzle
exit angle B,

T,, =26.4 ton
Isp,,, = 326 sec
Total MFR = 80.94 kg/s

Fig. 10 Prediction of Mach number contours for the
optimum designed nozzle with Bn=32° and 6
e=9°

(1) Gibbs free energy minimization 7]¥2 o]
g3t eE ANe Ae AusUe 24y
sgom, fa/ast ATk A

Z3l EHffH CEA =9 §Y% dZ3HRE
UER AT 3 JPL kEWe 454 759
et siNZAAE AP FAE HzZstgoH,
ol& T3l & AFolA AMEF FRIA )Y
b &AM FEH 2SE7A BE vlstgr G99
23 vehe 44 #5735 383 458
T ATE Ak

(2 A AMEEHE AA AR W HHE 5
gatdom, AHEAVE wE AAAE AAANZ
Zavt Qlo], FduguEY AAE 53 &4
A AL F4E & e AHEAY Hed

et ojd, =& & T3 dojvte BA
A& F M4 F8H 21, F 52 ¥ (frozen
equilibrium) E& o] &% ¥ (shifting equilibrium)
dHE JHgste sidE 4 glen, SSMES
RD-107 Azl the g 8 e 2A &%
< o] F 7HA AT AboldlA EAEHAT-

(3) KSR-II Azle] s dAiqka EFHE &
FAA 7 AFFY As Hstel dia) fHS
FYsAT. AAH 2 GAAHAN FyE
ReTF A3AAAE ZA¥4e vlud o, o5 2
e 304 FFg dade] HBBAS AF
oz & vehlith ydFAdMe F 1E
Az A4FEL A dFstaev, 487 9
S22 AtoldlA 2R BAAFE =228 F
AR BAAFE 53 38 dSFEFHEs F
TdEI EFH Y wgd wE A4FY g n
F99 WslE FFHORE Z 4FFS ¢
RAAH.

@) M3EAE T3 2A4E 29 A AP
e vFES HAH2 e HH I BAE
T3t olw, HA sHvHEE 33
Aoz 71A% 80% ¥ 2o i3] =g 27
Zt 7248 tdstA dsiAzen s dn
2717} 32°¢F &7 909 B4 AA BHE
etk Wzt Aoy Ee AFRAE
vjg] AFFezA G HdPo g oy 44
ggn e ¥l o 4% wWiE nodd
g Ae HYZE FAsHon, AA G4
AAFRERA &7 FES] @& RAo=

)

y

L mlo

_4>

B

—_

<)



8 Hy7 - 222 - e SR BESIK|
adEAS Propellant Rocket Engines,”Progress in
6) gutdloz AHzAAANL Hols=47) Astronautics and Aeronautics, Vol 147,
g 388 AF5S oFsE d A dF9 AlAA, 1992
oS FASIYh a8y HHoAeY gAdg [2] B. J. McBride and S. Gordon,”Computer
2 HA vl ogr &AHTES AT ALl Program for Calculation of Complex
Al HEe GRABAZTA g 2ds FUE Chemical Equilibrium Compositions and

o] Qoln, Eg<¥H(conjugated heat transfer)
2dS Frlsted AWz dadE 27 A4
ste 9 Aol 88 5 S ALE wud.
©}& A 2} (multi-block techruque)E =3
2 nFoJA e plumes £HA HNT 4
T2 33 A Fe|t

oo

¥ XN A
03~

7|

ok

B

T 2
o @7 23

A7E BEINEITHNN AR S
2492 a7) 25T AeAY

¥ e YU

1
=
5

il
Ml
rok

[1] D. K. Huzel

Engineering

and D. H. Huang,“Modern
of

for  Design Liquid-

Applications,”NASA Reference Publication

1311, 1996

Y. M. Kim, Z. J. Chen, C. P. Chen, and J. P.

Ziebarth,”Pressure-Based Method

Instability Analysis,”
International Journal for Numerical Methods
in Fluids, Vol. 19, 1994, pp.981-995

[4] H4E, HFA GAZA =& EF33F
4% AN, YT T A, A31Y, A

- 1%, 2003, pp.85-96

[5] &4, 294, o|58, KSR-II AF 5
ZH AR AR, A EH A,
#|33., 2004, pp.75-86

[3]
for

Combustion

A
#1843,

(6] &<, &AF, 7'°§£"Split-triplet EALY
2 A% 44 22 2AAVY A2E
4 A, EFEetsA, A5, ABE,

2001, pp.41-51



