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Development of a Velocity Compounded Impulse Turbine
for the 75ton Liquid Rocket Engine Application

Eunhwan ]eong’:r - Hang-Gi Lee* - Pyun-Goo Park* - Jinhan Kim**

ABSTRACT

A velocity-compounded(VC) turbine of the 75ton turbopump was developed as an improved
performance backup for a single-rotor base-line turbine. Curvic coupling was used for the connection
between rotors and shaft. High temperature torsion test and spin test was performed for the curvic
coupling design validation. Aerodynamic performance test revealed that the developed VC turbine can
generate 20.5% higher specific power than the base-line turbine. It has been measured that 1% rotor of

the subject turbine generates 74.1% of total power at design operating condition.
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Table 1. Specifications of the 75ton Baseline Turbine

Parameters Design Test
Working Fluid GG gas Air
# of rotors B 1
Inlet Temp.(7}) K 900 -
Inlet Pres.(p,) MPa 5.80 -
Pressure ratio () - 18 18.29
N (N/ 1) rpm/v/ K 367 337
u/Coy 0.21 0.21
Specific Power J/kg 296.6 296.7*%

* converted to real operating condition for the comparison

Fig. 1 Baseline Turbine for 75ton Turbopump.
Rotor and Nozzle Block [1]
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Fig. 3 75ton TP Baseline Turbine Efficiency Curve [1]
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.2 (Velocity-Compounded, VC) EI¥1S &3 Working Fluid GG gas Air
A% nEE He el s [6] o2 # of rotors — 2
=28 AR AHevizxl 3R JHE3 v, &% Inlet Temp.(7;) K 1000 -
4 Bul(elst /hEE HRloz Ao M Inlet Pres.(p) | MPa 5.80 .
BAAG & =2ol= AFE Hulef AAH% Pressure ratio (r,) - 18 18.36
4, e e Ade AR e A NT /K| 348 317
R w/ ey 0.17 0.17
Specific Power Jkg 374.6 357.7*
D ATmAl Bl JHL * converted to real operating condition for the comparison
21 A4

&5 BAEWE JEE gHug uudgd o &
=8 02 olatelA & A7} oot
\a

PAEE vk AA)S st 7129 Rl o
B 86%<9 HAL ZEE 39t olet fEo
HEEs 2o ShA717] 98 BHRESFES
1000KZ 3¢t} ol wet &£xHlE 0178 7
23t THe]. Table 29 AAFAS A3t
AR HWe fEE =2 1"ZH-HAWA
2MZEHEZ o]Fo|AEH % 15%F (verl~15)9
ZFell st 149 A 2 3AdFEIHdS
was HAg A9 YAk A4 {2
Zgo) daf=E A 137129 HAAL (a~r)
o] F} At Fig. 4~69lv HAF A9 MF
HEIW (ver.14h)e] HF A Ao A wlstFRE,
A o F wEY vlw, 2ga 33 2l

492 e A

ZEH-AZE 7 7Y Hg
S W, LS AR A
F2 40t vl GleasonAtol fs) A
g ooz Aty FAY 2
Ae 593 AR Erser FF-¢FEoF
B7|A we] HEHr LeA7ANE &

ok

e rlo
o

[o
=

T

T

S
oy Mt N o>

[¢3

Relative Mach Numgeg

Fig. 4 Mach No. Contour. (ver.14h) [6]

400
)
S 380
27
g
8 360 — basedine |
o
5 ——ver.Tc
g 340
@ —ver14h
320 [/“’“_’““
300

2000 3000 4000 5000
Number of Iteration

Fig. 5 CFD Predicted Specific Power Comparison [6]



H15#H H3S 2011. 6. HES HAZANZ HEHZEZ Sz54] HEINY

43

Fig. 6 VC Turbine 3D Model [6]
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