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Numerical Flow Analysis of a Supersonic Impulse Turbine
with Nozzles and Rotor blades
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ABSTRACT
Four design candidates for a 14MW class partial admission turbine have been chosen from a preliminary

design process. Their performance were estimated through the 3-D numerical analyses using a frozen rotor
method. In order to select the optimum design, each flow analysis result was compared with others. Flow
characteristics in the passages and some types of losses induced by shocks and wakes were found from
calculation results. Based on these calculations, a new rotor blade was redesigned and compared with

previous one through flow analysis.
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Fig. 2 3D View of the Computational Grid
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Fig. 5 Compartion of Insentropic blade surface Mach
numbers distribution

z7y7ro] AAE dE 32Y FEHAE BEA
o]l &< Fig 4o UEhiSith Axtds 2 Aol
Bolz| ggrout AUAOE Case 3 o 7MY F2
#e wolzm g} olzjs AME mid span’d &
o}g of
O

s I 12

W sdEzs s BUg F et 1,2

A4 Ry F& A%E Relw wa 3 4y

9 A% FYWIA FAYeR FL AE wolw

Atk R e olHE @Fe FEWHo A4S
ya

T
g
=2
=

- 447 -



% fzel W Aotz WAHlA Helo] o
# £Ao] Hold fiko] AuHez o A7) wWgo
z 4 4+ Atk

o

(b} Mach contour of Case 3
Fig. 6 Comparition of Mach contour between Case 1 and
Case 3

o213 H2 Fig. 6ol =AY Case 13 Case 39
F2AA e st zed 2 el gl Case 19
A4 28 ¥Ho] Case 3o #ld] o} G 4o
M ZEHY T4 o|FRE & I& oAy
ukah ghol Case 3 Bt} 22 ke ze AL pag
F Stk AT Fig. 62 FUHAA viatrid el
Fig. 59] $AEZH nlatyddxe] Yehd ule} o)
EHUZEHY §5& dad] o83 JE9 JIFwet o}
Yzt =23 ZEZke] 7oz 9% 4% u H
nE {FE5549 osE HsiMe B AlYUd u3ol
S59G.

3.2 RE n#
Bule) A4 ASARNN 959 d%E »
ol 33 ZEd] U@ F5AN A%E 1F 3k

Absolige Mach Number

Fig. 7 Absolute Mach contour at mid-span of Case 3
2 FUY x28 ARSE A% =F E7WY

B 2
o %59 &40 ¢AA Ak B3 =F &7 A
A LAY FHE Fig 89 JEZYARAA B &
Qe Hhe} o] AT ZE] EHol= Aoj9] FEE A
U 4 fxez whAusie BHlg {5&4E 7t
A-et

eZo 78 AY ZHEZ A4Y"E 52 H
63 Fig. 7914 & & l%o] 28 HARA HAE
932 A7 B3] AN AP AA T3
t Fig. 6014 E=AE ute} 2ol FYAS FAFH
2837 Hx olyd AR dsted HAZ
g7y weE A ol Zele] FYFE o7t B
37 "rh o) "] oo e =E2HY A 4
Ao wet gAY 53] 2719 =& Abold 2H
Byole {27 gAse Y M & wedde
RolEH oL o] AHo] & ST AlolollA LA
He 379 9% /M 2A ¥ 9907 wio
o},

[}

o

- 448 -



Fig. 8 Entropy contour at mid-span of Case 3

Rotating Direction
(c) Streamlines at rear plane of rotor
Fig.9 Streamlines at section planes of rotor
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Fig. 10 Comparition of insentropic blade surface Mach
numbers distribution from hub to shroud

Fig. 11 Mach contour at the front of rotor
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Table 1 Efficiency of each design case

Efficiency (%)
Case 1 56054
Case 2 55978
Case 3 56.136
Case 4 5.8H4
Case 5 56.108
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Fig. 13 Comparition of Insentropic blade surface Mach
numbers distribution
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Fig. 14 Comparison of streamlines plots
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