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Performance Design of Turbopump Type Liquid Rocket
Engine System with Separate Flow Cycle

Byunghoon Park* - Heesung Yang* - Wonho Kim* - Daesung Ju** - Woongsup Yoon*

ABSTRACT

LRE(liquid rocket engine) performance design code with several modules for each engine
component has been developed for a preliminary design purpose. Thrust chamber, non-cryogenic
centrifugal pump, single stage axial impulse turbine, gas generator and exhaust pipe for extra
thrust have been considered. For simplicity, pump exit pressures are fixed, which eliminates
pressure balancing problem between thrust chamber and turbopump unit. In this paper,
calculated performance parameters with system flow charts and the design methodologies for
each component are briefly presented and the results are compared with the real engine
specification.
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Fig. 1 Schematic Diagram of the Real
Engine System
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Fig. 2 Design Flow Chart for the Entire System
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Fig. 3 Design Flow Chart for TC

232 528 =w

euas) Ael2oN Ee
A% 14 £Ae

&7
4
wet

AHA R

Byl
Mo Bl g
t Zolth 2y 2H &7 99
vigte] 24 Wsd U@ HY A5
Zwio) A, YurH o2 w7 solz
A ARstel ul7) solz
270] BT B ol AFAME

v | anzEw

Hj7] sto

=

=

=2
=

a7 0l
T a

SELE

i
Z IORES:]

EL,

27w
BoAE A
=Y &7

Z7hA

2wy

d
|
]

lk(ii

126

Feloz mal AF A
gahac.
CESEEE K

g JAen
EREECE
27 299
Yol sAlE BAV 9o

F7150) ARH

.. design target ~
BHIRTRH URSH=
A HE ARY =8

'1"c END

i Pressure toss’

LT nputs T L] (2% ommmzave
EHHnEs ) P e~
. 1
L4
| PUMP: [ - \
U moonee ; b GG
UWIBILIEN |7 samoeass
[ E-1-=1-) I \ _O_If:_@nuv,_%?x! : :
LoEas ! | )
| mREza : : H
| )
l'runmm: ! v
ZEBDUA !
[t |
| REAPEY . . -
Cgaa 1 Puns (BT T
' Solidit: v - Y o
| Blade verp b [wmbicdes ToviE | |
Chord Length . ) e - HE =R
@A ' { HImE it | 4
) oL R SR
[ . Ouputs ~ _ . | diAS0l R saay
|;1A OR-ET 1 .,,(539".’"?;'_.""'1"", ;
{ gnig [ .
I
a,:lsgyaz Do | oo uc;aa-sxm o
| 23%223 . T wews |
| moppge ! ‘ ! (Stepanotts Prieiderer) | ;
[ BEHAMT ! o ¥ o
i | mngeans |
’TURBINE I I (Wiosnor @Eé")
| cENy 2o . LR
| ZE )IENMEE [ Tmge a8 i
| FEEAL | | saB =8 J(lb_' X
| &=,2s.28,084 | [ =2
l eSS | l X
Eimas S - 1E:ﬂ§e=umumn§i°'(.g=u<rm B
[ _ -} B
[ B2aved |
. R / - .
TURBNINE
| S S
! { Teepzeagred ]
I 2 X
! I mmmaoemde
| - {Brarna =8
' [ 257 ermniaor + Sommrna ] T
! IS s T :
o I
! < 7 Mreaan® aax --
Lo
v
- C|EUER - BI2DS | <crmay. -+ - +

Il b
.Y —
ZEBY, BANSIHS |
25,202,081 I !
@M M

Exhaust Pnpe

éxtra thrust_

Fig. 4 Design Flow Chart for TPU

24 4A A9 £ A

e ==
S

Y3 317 atmE A}

HENERICERR=REIN
a7HE Ao Zohe BT 27 299 27}
et B B4R Fv)el oE
z710) e W=
Z71Eug AN Aoz zZao

(R



AdE MA Zzade] Aste wirigoel=z
7b 9, B2 849 eHHags Asn A
o2 g 5~10% AEY AHES 2= A" Al
WS dFs3 Uk

Table 1. Main Input Parameters

BE F3, kef 18000.0
& ¢ ¢4, atm 0.84
F d44 949, atm 126.2
A4 O/F 8l 3.75
}’“‘2"37] 48, atm 126.0
7h2 37 &, K 1073.0
72 A7) O/F i 0.602
aEgr 419de, am 40
AuET E3YE, atm 217.0

AgAEE 47, atm 70

ABpAEE &Y, atm 206.0
el S)ALF, rpm 29350.0
Bul 28 JF33, m 0.24
EYl 2§ ?“—?‘i}é atm 317
EjRl =& wALZ} © 17.0
du 4%, kg/m 344.0
A3t 9%, kg/m’ 1610.0
a4 A%, m 0.3

Table 2. Comparison of the Results with the Real
Engine Specification: Thrust Chamber

AAAT [ oiddR [ (%)
=% +F—:*. kef 1806353 | 18000.0| +0.353
F &7 $9, atm 0.84375 0.84 +0.446
FHAd AFF, kg/s 64.10 68.56 -6.505
B8yl A5, ke/s 2.70 2.66 +1504
= 5 Y, m 0.1042 0.105 -0.78
&7 "k 351 36 -25
=EE3HE=EZ, m | 0508 0523 -2.87
FeA 39 kef 1777932 | 17834.0| -0.31
vl 7] gpo]= 33, kgf 284.21 249.0 +14.14
5944 Isp, sec 277.35 260.0 +6.67
% Isp, sec 270.38 - -
ohdk &4, kef 186.73 - -
Azxg 2% K 3205.19 32021 | +291
QA2A7NHAE, Jke-K| 354.05 327970 +795
da4 vlgnl 1.150 1.202 -433
1219 AR, ke/s 61.05 - -
1A =% % A%, m | 01014 - -
1239 &7 npahs 3.506 - -
124 Isp, sec 29473 - -

Table 3. Comparison of the Results with the Real
Engine Specification: Turbopurmp Units

AAZT [P N (%)

A== AR ke/s 15183 | 16201 | -6.28
da¥x 38 0.630 0.63 -
duygx dd s 5 6 -
Az g8 A3, m | 0152 0129 | +17.83
NRAPE AFEL kg/s | 51624 | 55271 | 660
AAPE 5§ 0.690 0.690 -
AAHEZ WA A 6 7 -
AAFEE Jd9e)27, m| 011134| 0098 | +1361
EHY &3, kW 1597.20 | 14400 | +10.92
gyl 87 dAR%, kels 27041 | 266 +1.66
H¥ &8 04921 | 062 -20.63

Bl 28 |7, © 2243 2361 -4.99

Byl 28 7494, ° 38.29 24.41 +59.0

HY &7 25 K 736.771 | 630 +8.34

Byl RE BALS 0.2900 - -
Rl BHol= AF 149 - -
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