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ABSTRACT

Through the KSLV-II, a turbine drive system(high pressure air supply system + alcohol burner) for
the turbopump real-propellant performance test of the 75-tonf/7-tonf liquid rocket engine was
developed. The turbopump of the staged combustion cycle liquid rocket engine, which has been in
development as a next-generation launch vehicle, requires more power than that of the turbopump
used in the KSLV-II. Therefore, the TPTF(turbopump real-propellant test facility) needs to be improved
the performance of the turbine drive system for the development test of the turbopump assembly. In
this study, the performance improvement process of the turbine drive system was summarized, and

the results of the alcohol burner development test for generating turbine drive gas were analyzed.
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: available power

avail.

w : work per unit mass

m  : mass flow rate

h : enthalpy per unit mass

C, : specific heat at constant pressure
T : temperature

T : specific heat ratio

PR : pressure ratio(=P;/P.)

¢, @ discharge coefficient

P . pressure

A" : nozzle throat area at Mach =

R : specific gas constant

G, : adiabatic gas velocity

H  : enthalpy

R}, : enthalpy of formation at reference

temperature(298 K)

Ap . differential pressure

K : loss coefficient
p : density
VvVt velocity
A . area
t : time
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Fig. 1 Simplified diagram of two engine cycles for
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Fig. 2 Schematic diagram of turbopump Real-propellant
test facility[5].

Table 1. Propellant Run/Catch system for small type

TPU test.
R/C | Volume | Qty | Max. P | OP. T~
system” | (Nm’) | (ea) | (MPaA) (K)
LOx 20 2 1.0 93
Fuel 50 2 1.0 Tatm

*Run/Catch System, **Operating Temperature
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Fig. 4 Schematic of turbine drive system[4].
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Table 2. Requirement parameters of TPU real-propellant
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Table 3. Test requirements of Alcohol Burner components.

Compo- .
nent Pi/ Pi,75t T/ T7st At/ At,75t m /Mgy,
Air
venturi 1.364 - 1.000 1.333
nozzle
Aleohol | oq - 0558 | 0.455
injector
Aleohol | sone | 0778 - 1.288
burner
Cooling

1.563 0.778 0.758 1.288
nozzle

*: ratio of combustion chamber pressure
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Table 4. Test requirements of Alcohol Burner components at transient mode.
Mode At P . T . .m . .m PAR . PAR .
(sec) P Ty Mgy, Mgy, PAR,,, PAR,,,
0 10 0.446 1.357 0.375 0.601 0.410 0.436
1 5 0.446 1.357 0.375 0.601 0.410 0.436
2 10 0.559 1.214 0.500 0.677 0.526 0.547
3 10 0.651 1.071 0.625 0.697 0.643 0.631
4 10 0.751 1.000 0.750 0.750 0.761 0.728
5 10 0.876 1.000 0.875 0.875 0.880 0.862
working 355 1 1 1 1 1 1

*: at alcohol burner, **: air, ***: alcohol, req.: working mode requirement

R+ 1.0 5 1 oty 1 g C o 1.2
o PAR Control logic : ™[ Input data
EE’ - i 2 Pressure result
: v i S 1.0
: : ‘ ‘ £
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- 1 £
i l ! i : <08
i : oo , ©
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" L= ! 2 0.6
—age— - - =
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! I =
R O - 0.4
Orifice é) : mode 0~1 m;d’e‘r d d working mode
@+ 7: + l 0.2 L 2 ;3 4 ;5 L L
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AR S Time [sec]

Fig. 5 Air PAR System modeling(AMESIm). Fig. 6 Air PAR System simulation resulttAMESIm).
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Table 5. Results of Alcohol Burner & PAR system at each mode.

dHE FTEA

Mode At error, P* | error, T* | error, ma,i,. error, mak error, PAR,; | error, PAR,
(sec) (%) (%) (%) (%) (%) (%)
0 2.2 0.8 5.8 35 0.37 0.1 0.6
1 4.2 0.8 5.8 35 0.37 0.1 0.6
2 44 0.3 2.8 0.9 1.7 0.7 0.7
3 0.3 1.1 0.1 2.2 0.8 0.8
4 0.6 21 0.2 2.3 0.9 0.5
5 8 0.6 2.0 0.3 3.1 0.9 0.5
working 10 0.6 1.9 0.12 0.7 0.9 04
*. at alcohol burner, alc: alcohol
1.2 2.0
””” PAR ;; requirement ©  Test result
° —0— PAR,;, 1.8+ Calculate (K'=9.39%1076)
BLOf-o .
g L Za r, ref]ulre-nent ? 1.6 L
g‘) ajr, test £
Z 0.8 = 147
5 ]
§ S22t
2 0.6 % 1.0+
g £
0.8
= 0.4
0.6 L AP = (K'/2p)X
mv{de 0~1 'mode 2:mode 3:mode 4 mode 5:  working mode (X, =m,2 m,, : 3.0~8.5 kg/s)
0‘2 1 1 1 0.4 1 1 1 1 1 1 1
20 40 60 80 100 0 10 20 30 40 50 60 70 80
Time [sec] X, [kg/s?]

Fig. 7 PAR and mass flow rate of air supply system.

Fig. 8 Differential pressure of high pressure air supply line.
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Fig. 10 PAR and mmess flow rate of alcohal supply system
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Fig. 11 Differential pressure of alcohol injection.
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