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Program Development for Solving the Energy Balance
Problem of Liquid Rocket Engine

Soonyoung Park* - Changho Nam** - Wonkook Cho***

ABSTRACT

We developed an engine system design program by balancing the pressure-mass-power relation
which can be acquired from each component's specification. In gas generator type open-cycle
rocket engine system it is possible to distinguish the variables into two categories, which are
input variables and requirement variables. We define 11 design variables corresponding to the 11
balance equations as functions of pressure, mass and power of target engine system. We solved
these equations by Newton method. As an example we designed gas generator cycle engine
system and finally we could conclude that this developed program is well suited to the engine
system design.
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Fig. 1 Schematic of Open Cycle Liquid Rocket Engine
and Variable Definitions

< FF37) A% FE 27 FHo] AE

Itk ol2 R ¥ 7tagAr]e FFEHE ¥l
Atk ojejzo] ¥, ALY R EFHIS
2 ‘718 QT F(basic requirement) @} B FHo]
WwHo e ¢ T} L ‘Z7Fk(condition
value) & A9 A 2REAE AT 27 ‘AA
Fk(given value)y S22 AZAE & lon, olHF
g gkel A= A(constraints)] HH WAl
STRE WEAI7] A% 28I L Aoy
A&7)/7k22A7 FF T3 2L dIAAN2H
o] ‘HAM(design parameter) 2 Yo} A7
g o F, o]& MdAWUFEE e AHE
BE qUATES BT AIAN2E HdAARL
2 & 4 Qo FAFHeE FtATAT] Ao]E 9
¥ &3 2ol 1Y AANFE AYY F
At

3
o

LM o o

o =AP,, . FA47] 284 3 27
sl A

2, =AP,, ; 3427 98 32 237
2 A%

g = Fy, Ll w7 Bol e 29

T =AP,, i 7h2EA7] 284 39 e

R B



T mmox FALT] A %
T ="M, 1 Fd27] A8 %
L7 mgg,oar 7] sk R
——— o) Ag fo
Tg=m,, A F R

Tip = mfu 9 F ¥

xy, = PR 2Rl %}au](ng/Ptbe)

= TE o83t shawra7)
Abel2 dlFe] AUATEE o] F7] Y3 BA

@ ZHresidual) R,

U
i

22 AN 5 o

Rl = P ( 0 om_*_APpp ox APl,ro Iy
- APU’U co APZU_] co)
@ A7) A/ A8 TFSU 4E 7
R (PO oz+APpp oz A})l,co_x
- AP’U’U co Apmj,co)
- (P(] fu+AP _APl,cf — I

- APLU cf AP) eg,cc APinj,cf)

® 7hawgy) A8A/98 FFAA IY 23

By = (Pyow+ AP, .~ AP, — x4
—AP,, ,,— AP, )
~(Pyju+ AP, ;,— AP, ~ AP,
~AP,, .~ AP, ;)

@ Ax7) £ 73

R4 = (0/ e

® 77 E3m 23

= ‘F;c - C:C,C', ce (1’5 + ‘TG)

®
Ry
@ Bz 2ag/8 FERS 7
R

—_ (Appp,ouer) (AP fuwloj

npp, ozPox npp, fupfu

( - )A’/[/.’/
NGy, 44 T, (x7+$8)(1_(3311) T /')

P99~ 99

Byl Wjr|ed 8 7%
RSZEbe_
@ AsA 7F 78
Ay =zy—
D A8 7% 73

Ry=1z— (%

Crbe C} the (337 + xs)

(xs + x7)

+ )
D 742287 e

Rll = })tbexll - (})(),fu + APUv,fu - APl,gf
- Aporvgf - APUUvgf - APZ”]‘gf)

Eldl cgaa]) o3

R(X)=0 1)
Eq. 19] 3= Eq. 29 wEWHL o|&do 77
% 9ok,
R (X¥)* =— R (XH) 2.1)
"t = gh 4 5F (2.2)

- 137 -



£ dFdMe d4vl dartxd EA
NASA CEA ZEE o|&3gitH3). dAx7e
2712 FFHE FIAY 2z 2 ¢Ex
dgoz o Jet A-1 FRA ) d3ta} 33t
2d-g shift-equilibriume]y} frozen®]
F U2 Yo Y & + I=EF AT

AP Mo A4 2 e AT
Adel fr2 Zold wel T dxLEFH
dAgEE 123 2dE o]&3od At A.

il wj7] =&dAe X Eq. 39 #A4
S 2RE ARSI en, o|& o8& HY] =
2N B4ER(c,)E AR @, W,

0
=

oft T Y
L o o r2 ffr

& Bile) #9g 9uiaE, m, e HaEAy7)
238 Hild TFHE AF 449 A4,
Ce &% 749 W, T, Tyt 22 8
d7eEd 7 LEE 9vdch ou ¥y
s 7bs g JtagAnY e g2 A8
e Aoz 9o
Wo=m oG (Tyy— Tp) @

22 AAN2Y A Ag

B dFA Adg Z2aPs o83ty vt
2247) Aol ARZA AAN2H) iR
7Y 474 2ARE Fg 20l =ML B A7
A AN FUL olgst] AWA2He o
WAZEE 2 & Jon ol A=Y
o] A HH3}7t 7hesith4].

a4 =
Hxgas) Aol AR Nxg AAE

AP R aTFHeT Yol ¥A 2TUE
HE57] A9 GANF 1HE oSt

Unit: Plbar), Tl FlkN), tspleecl, mika/sL RLIAKgnIL aMW/n*2)

Fig. 2 Energy Balance Example for GG Cycle Engine
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