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Estimation of the operating characteristics of a turbopump
driven by a pyro-starter.

Cheulwoong Kim* - Woo-Seok Seol*

ABSTRACT

For a short time a pyro-starter should turn the blades of a turbine to the adequate rotational speed
by a single operation. Through this process the pressures of the components of a propellant rise rapidly
up to the operating point, and the components enter into a gas-generator. Combustion in the
gas-generator occurs to keep the turbopumps working. In this research characteristic parameters of a
pyro-starter which correspond to the required performance of the turbopump before the gas-generator

starts to work were selected

x =

FolZAF7IE BALES 18] 4F5] HRYDY 2HE AP HUFE EeFolobd @ o
W BT} e FUA G AABYAZ FFH AhuE ozH HYY A&H m% 23
A "k B ATAE 2wl 54 ojde AAAFTEI] AFAALNN Hrgmel o

ol §3@ stolz AFr)e FAL ARskAT

Key Words: Liquid Rocket Engine(§ A 2 A %), Turbo-Pump(E} 8 ), Pyro-Starter(3}o} £A]F 71)

1M B zo] HdrE 14000rpm77}7‘] FdtA e 9
ojZAIE7IY TFE At

HEFZ 7] Al§E 8t Fo|2A)F7)

7t AHgE e o] Telz ABT)E BN

E4810], BAZH05~15%)d 7tady s E 2. £EbM peEEl gl At

Eyzol (FAYU FAEo "ad JH4E o

A stedol gt oleld £AE 1o EHEY 21 344 2dlg (Mathematical modelling)

1) Fel= AlE7)

 BRYREATY SRLAAAAG A21F TGolZAE7 ) ARFL TRy 7
A2}, E-mail: kimcw@kari.re kr Ao

~ 167 —



. 5 ER Y

m:#‘ﬁ)‘ﬂlz'\/ﬁ k (ﬂ']'_ k
(Eq- 1)

A71M, e EdAMY FFAF, S =F B

A, Py YTFEY, T2 dF2%, 7o ¢8%

§hH], k= vlgHlo|g,

(2 Hyl 54
HYEHAe N, =

m *n - Loy (Eq. 2

2 ¥¥5=d,
kE—1

olaf, L&d:%RTo(l_(%)T)OIIL, €

(]

Eod

L)y )23 a2,

& 71A ol
E}EM (Eq- 29 Lowst n& WJF22H o
Zol Hul g¥4o] dojnh.

Nsz(Al.cad'n—AQ.n2) (Eq 3)
(38) HE #F(head)

HE F542 otefish o) Eai%lﬁ}

H=C +n*+Cy+m +n+ C-m? (Eq 4)

4o gunoz tge FHE 2

. 7’L2+ 06‘ TY;,2' n
(Eq. 5)
HIZd A BE G2 #g 714

P+ G -m

Iy, 948
A dedt
G) HEFZ A5 BAY

BEPZe Hse offHoz 78 5 ok

n= / —dt

O]HH, ANT:NT_NO_NF
dn _ 3600 - 75 AN,
dt 4-m-n-J

W E ot}

oz, Je HRHZS BAE

22 948 =71 2 At 573 (input data and calculation)
To|ZA V- HEEI dA EARNE AL
off Eoizt 21& olulg}t 2ot
(1) TelZAF 71 FE A
o] ZA|F 719 ZFAlel Alzte] @E wolz
AE719 948 W3le Fig 13 o) d«stg
F AR FF7tS, Fol2AFY] E EHEPIZ
E4zke Table 1, 2, 33 2t}

ooz S SE=A

2 (kgtiem*2)
-
S
T

0 0.5 1
N2 (see)

Fig. 1 pressure condition of pyro-starter

Table 1 characteristics of working gas

P R Aedea
ke/s) [T O K g/kerr) | 0/KeK)
12 1373 |1.257 42 81 2055.5

Table 2 nozzle of pyrostarter

22 | »2& =z & &
21 | A% | 32 | A% | 33ns
1866 | 5 1109 mm| 0977 | 18" * * °
mm

Table 3 condition of turbopump

° =4 A4 TP R34 B=Z

B vae | epm) | % (ke/s)

1/19 £¢& | 7.37-10-2 (LOx) 64.087
1/76 kg'm® (Fuel) 29.157

# LOx BE % Fuel HZ 9 HAl= oW,
AEE 0.997kg/m o)tk
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Table 4 performance data of LOx pump

l:;SS(kf;(;VSV) Head (bar) Power (hp)
44.3421 110.377 940.916
50.8130 105.935 979.868
58.0133 101.112 1031.885
61.971 98.781 1061.556
66.187 95.727 1091.913

Table 5 performance data of Fuel pump

mass flow rate
Head (bar Power (h;
ke (bar) (hp)
33.163 143.373 992.360
35.734 141.280 1039.570
38.534 137.913 1073.570
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Table 6 Coefficients of Turbopump unit

A oA | - - - -

Turbine [ 2.84-10° | 4.38-10° - - _ -

C1 Cz C3 C4 CS Cﬁ

Ox 1358107|-3.9210% | 1.0110° | 7.9310™ 1.73-10%] 0
pump
Fuel 1, 11907| 21010% | 0073 |61310" |37810%] 0
pump
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Fig. 2 Mass flowrate Fig. 3 rotational speed
of pyrostarter. of turbopump
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Fig. 6 Mass flowrate in Fig. 7 Mass flowrate and
the Fuel pump rotational speed.
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Fig. 8 rotational speed of turbopump

Table 6. Pressure rate in Turbine and Max.
mass flowrate in Pump

Ejdl ¢teld] Bisl |Fuel HZo HUA%
Line 1 1/76 11985 kg/s
Line 2 1/19 1850 kg/s
Line 3 1/76 46.06 kg/s
Line 4 1/19 42.96 kg/s
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