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Design of Velocity and Pressure Compounded Impulse Turbine
Eunhwan Jeong*, Pyun-Goo Park®, Jinhan Kim***

Abstract

Design of velocity-compounded turbine for 75ton class LRE turbopump application
and pressure compounded turbine for 30ton class LRE turbopump has been performed.
1D calculation and CFD analysis were conducted in determining blade and flow
passage shape of velocity compounded turbine iteratively. Finally, 23.1% improved
specific power and 5% reduced weight turbine to the original design was developed. In
case of pressure-compounded supersonic turbine design, rotational speed was increased
by 50% and the effect of carryover ratio, 2nd nozzle installation angle, leakage flow of
2nd nozzle, and work sharing factor was studied. Final 1D design resulted 36%
increased specific power and 51% reduced weight comparing to the original single-row
impulse turbine. It is anticipated that nozzle flow path design will be very important
for the accomplishment of expected performance of pressure-compounded turbine and
nozzle shape optimization will be conducted through the CFD analysis .
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- 2 =9 ver. 14h T = @9 ver. 14h
& i - 2 2 WY/E) mm 31.1/33.2
¥ F s K 1000 FIRERS mm 179
A4 F ¥ 9 bar 58 pitch-chord ratio - 0.493
R bar 3.22 - aspect ratio(Y/%) - 1.737/1.855
¢ g W 18.0 ° 3 9 & - 121
7h22g 4 /R gl J/kegK/- 274.4/1.125 °] B(Y/%) mm 372.4/374.6
s Ei kg/s 10.33 o W ABE/E mm 310.2/308.2
3 A F rpm 11000 B 4 7+ 4 deg 324
& = M - 0.168 s T 4 deg 324
3 A A mm 340 B - 0.856
Ul T - 11 Ao-2E 15 mm 4
- 5 A A mm 13.2 59 29 mm 35.7
£+ 37% mm 26.2 R mm 17.0
- T A4 = deg 19.5 pitch-chord ratio - 0.582
= O (EEAF) - 0.96 aspect ratio - 21
=E-2F 15 mm 3 2 T 9 F - 108
=9 2~ 9 mm 285 4 H 9 7 mm 377.6
59 3= mm 14.8 2 3 H 9 73 mm 306.2
pitch-chord ratio - 0.768 2 ¥ T+ 4 deg 48.0
aspect ratio - 1.926 = T 4 deg 423
= o _ 94 25 H| - 0.938
; H9 9 A mm 369.8 R mm 3
= 3 B9 7 mm 312.8 T EFA mm 1
= q 7 7 deg 247 g a9 K/kg 678.4
H z 7 7 deg 217 a4 % & & % 552
P (EEATF) - 0.834 3.869
A8 149 /749 -
2H-49 713 mm 35 AdeH 19/2¢ MW 2.958/0.911
35 mm 3 R .
}oH = &
e g 1 o A6 & 9 KJ/kg 374.6
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AA Aol vAlE Qo] Am, old wet
g 9§24 &HS 8 F 14F 9 version,
a83 7} version 2 FHAAE 3F TAE 12
% 9] variationo] W3l 334 FEHLS P35}
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el

=
9 27A%e BB & AE Yol £AH
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EHle] HF P (ver14h)S 334Y Ay A
oI,
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Stations Pt Ps Ts Mach Flow angle
no | design | v.7c | v.14h |design| v.7c | v.14h |design| v.7c | v.14h |design| v.7c | v.14h |design| v.7c | v.14h
inlet abs.| 1 | 4457 | 4303 | 4.776 | 0.322 | 0.314 | 0.305 | 746.8 | 744.8 | 7445 | 2.329 | 2.332 | 2.336 | 195 | 21.7 | 18.3
Ist. | inlet rel. | 2 | 2192 | 2,103 | 2.306 | 0.322 | 0.314 | 0.305 | 746.8 | 744.8 | 7445 | 1.949 | 1.955 | 1.950 | 235 | 26.2 | 22.1
rotor| exit rel. | 3 | 1.170 | 1.245 | 1.316 | 0.322 | 0.360 | 0.320 | 800.8 | 810.8 | 798.0 | 1.570 | 1.450 | 1.540 | 24.7 | 29.1 | 26.7
exit abs. | 4 0720 0.788 | 0.786 0322 0.360 | 0.320 8008 810.8 | 798.0 1223 1.128 | 1.201 4 412 | 369
stato| inlet abs.| 5 ' 0.686 | 0.721 | 0.380 | 0.323 1 8255(803.0 | 1.011 | 1.165 ’ 359 | 34.0
r |exit abs. | 6 0577 0.586 | 0.589 0322 0.323 | 0.317 8208 827.3 | 818.6 1.034 1.003 | 1.022 318 36.0 | 348
inlet abs.| 7 0.566 | 0.576 0.332 | 0.331 832.4 | 824.2 0.959 | 0.979 324 | 315
2nd. | inlet rel. | 8 | 0.434 | 0435 | 0442 | 0.322 | 0.332 | 0.331 | 820.8 | 832.4 | 824.2 | 0.733 | 0.670 | 0.681 | 48.0 | 52.2 | 50.4
rotor| exit rel. | 9 | 0.418 | 0.410 | 0.420 | 0.322 | 0.306 | 0.308 | 824.1 | 830.6 | 822.2 | 0.686 | 0.703 | 0.721 | 423 | 47.7 | 46.7
exit abs. | 10 | 0.366 | 0.363 | 0.367 | 0.322 | 0.306 | 0.308 | 824.1 | 830.6 | 822.2 | 0477 | 0.538 | 0.547 | 755 | 84.0 | 82.3
Overall Performance
versions Power Specific Power 1st row power 2nd row power efficiency
design 3869 374.6 2958 911 55.2
ver. 7¢ 3874 3749 2967 907 55.2
ver.14h 4080 394.9 3130 950 58.2
units: P-MPa, T-Kelvin, Flow angle-deg, Power-kW, Specific Power-k]/kg, efficiency-%
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seal A7 7]1& 02mm 7= AASAE G
2 ¢F 0.065kg/so. 2 AlLtE=T ol HA FHe
ok 0.7% & wX= Folth A= 2% F

< 7=, o ABF 7R dolokx TIE,
E 3 Y= vs. 1€ 538 HE

T ow 4 29919 53| 99
Turbine inlet Pressure 58 58 | MPa
Pressure Ratio 18 14.5 -
Turbine inlet Temperature 1,000 900 | Kelvin
Rotational Speed 30,000 20,000 rpm
Mean Diameter 167 280 mm
Velocity Ratio 0.225 0.276 -
Flow Rate 3.22 485 | kg/s
Static Efficiency 66.8 59.7 %
Estimated Turbine Mass 20.2 39.3 kg
Specific Power 453.5 335.7 | kJ/kg
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ZHALolol & 2@ =2 14 labyrinth seal
%!

AAstgen WAL 55mmE A A ST
£ wrap around B} 9] annular cascade®
£ 71802 39t wrap around FEIE FH

T & 1st stage |2nd stage
Pressure ratio 4.63 4.36
Power, kW(%) 781(53.5) 680(46.5)
Mean Diameter, mm 167 167
Nozzle AR 1.557 1.450
Number of nozzles 18 18
Nozzle throat width, mm 5 8.8
Nozzle exit span 5.1 13.9
Nozzle installation angle, deg 18 24
Number of rotor blades 90 90
Blade span, mm 71 16.4
Chord, mm 9 11
Aspect rtio 0.789 1.49
Blade inlet angle, deg 244 35.4
Blade exit angle, deg 247 36.6
Nozzle inlet total pressure, MPa 5.80 1.41
Nozzle inlet total temperature, K 1000 893.9
Nozzle exit Mach number 1.64 1.57
Rotor exit Mach number 0.546 0.649
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