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One and three-dimensional designs and analyses of small radial turbines
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Abstract: A reasonable method of choosing speed ratio and degree of reaction for small
radial turbines was described, and a one-dimensional design code OCC (one-dimensional
computer code) was programmed by analyzing all kinds of restriction factors on the speed ra-
tio and degree of reaction. The code OCC was used for the design of nozzle and rotor blade
of a 600 kW simple cycle gas turbine taken from the literature. The OCC results were com~
pared with the results of the design and analysis code OFC (one-dimensional computer FOR-
TRAN code) in the literature. The results were in agreement, and the total static isentrop-
ic efficiency of the radial turbine designed by OCC was larger than that designed by OFC.
The comparison between the CFD (computational fluid dynamics) simulation resulted that
and the OCC results for the radial turbine shows the discrepancies were lower than 10%. In
conclusion, the present design method and the one-dimensional design program are appropri-

ate to the preliminary design of micro radial turbines.
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Table 1 Comparison of design point input parameters
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Table 2 Design point input parameters of radial turbine

nozzle vane and rotor blade for a 600 kW gas turbine

/(kg/s) 4.5
/(r/min) 25148
/K 1123
/kPa 396
3.96
/() 76
1.25
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s Table S Nozzle vane aerothermodynamic outputs
/mm 30. 88 30. 88
L o= G, /mm 269.99 224,99
(16)~  (23) , /mm 1 1
24~ 3D . G y 17 17
0 ’ m ' 00 /() 52. 8 76. 50
s 01
1.25
Iy aT ’ R s Ar
) 1.04
5 0CC
(15)9 an ’(i)\g 0.07
N 0.07
2 utl 0.15
sinCayp, + 6a) _ <n+l) (15) /K 1123 1123
sinay, 2 2 wtl
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s o3 ) OZ ) Pz ( TZ )
03 6 OcCC
Ug - E;;UZ (40)
6 = U 4D
sin B3
Table 6 Rotor blade aerothermodynamic outputs
. U,
C, = (42)
tanp;
Cp = Cysing; (43)
/mm 30.91 97.32
C,.: = Cicosas (44)
131. 82 S
/rom 215. 99 ) T, _ ¢4 =D G (45)
34.50 T, 2 Qo3 )
/mm 99,79 Do <§og>1 (16)
/mm 1 1 Py 3
1
15 Qs — <£>M (47)
O3 T
—62. 36
/() —3.68 .2.6
—26.55
7 8§ 0OCC OFC
/() 76.00 0
7 ,
0.61 8 , ,
0.16 10% .
0.26 7
/mm 1 1 Table 7 Comparisons of nozzle vane outputs
/K 1122.93 805. 60
OFC occ /%
/K 957. 31 789. 47
/kPa 373. 24 107. 33
/mm 556. 96 539. 98 —3.05
/kPa 213.52 100
/K 1123 1123 0
/(m/s) 576. 95 181. 82
/kPa 396 396 0
/(m/s) 568. 80 AT /K 1117.05 1115.97  —0.10
90. 85
/kPa 388. 70 387. 40 —0.33
.87 .
/(m/s) 139. 86 3918 /) 54.59 52.8 —3.28
203. 25
/(m/s) 109. 30 118.78 8.67
17 17 0
IN T s (1* ) (32)
T /mm 455, 34 449. 98 —1.17
U: = g V20 (33) /K 1123 1123 0
C, = ¢ /20— QAR 3 /kPa 374.31 373.33  —0.26
Cp = Cysina, (35) /K 981. 95 957.23  —2.52
Crz = G080, (36) /kPa 234. 00 213.46  —8.78
C(J? - U? CmZ : o
== J1— (== 7 @) 77.97 76.5 —1.89
W, (Wz> (37) / 5
o /(m/s) 532. 30 576. 95 8. 39
T()2 _ 1+ (IC I)Maﬁ (38)
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Table 8 Comparisons of rotor blade outputs

OFC occe /%
/mm 455.98 431. 98 —5.26
/K 1123 1122.93  —0.01
/kPa 373.19 373. 24 0.01
/K 975. 45 957.31 —1.86
/kPa 227. 94 213.52 —6.33
/(%) 77.50 76. 00 —1.94
/(m/s) 544, 42 576.95 5.98
/(m/s) 586. 48 568. 80 —3.01
/(m/s) 130.01 139. 86 7.47
15 15 0
/mm 262. 12 263. 63 0.58
/mm 62.78 69. 00 9.91
/K 812. 66 805. 60 0.87
/kPa 108. 90 107. 33 —1.44
/K 793. 09 789. 47 —0. 46
/kPa 100 100 0
/(%) 0 0 0
/(m/s) 200. 68 181. 82 —9.40
/(m/s) 215,42 197.72 —8.21
/() —47.05 —47.40  —0.74
/(m/s) 294,41 284.63 —3.32
9 OFC,0CC
= (48).
OFC
P (49).
9 ,
OFC 1.019%
OFC
, OCC ,
10, , OFC
9
,OFC, OCC WDR100

b

WDR100
| T
o= "7 (48)
()
b
_ GQuAhf
P 1000 (49)
9
Table 9 Comparisons of overall performance
WDR100!?] OFC 0cCC
3. 80 3.96 3.96
/kW 100 600 600
0.9022 0.8959 0.9078
10
Table 10 Comparisons of overall performance
of different loss models
OFC ocCC
/(kg/s) 4.5 4.5
3.96 3.96
/kW 1477.82 1479. 96
0.8959 0.8972
2 CFD
0OCC
. ANSYS
BladeGen
ANSYS BladeGen
4
5. 6 ANSYS BladeGen
7
ANSYS TurboGrid
H/]/C/1L-O-H/]/C/L
s H-O-H
y+
1 )
ANSYS TurboGrid
11.14 9.56 . 8.

9 ANSYS TurboGrid
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Fig. 7 Radial turbine stage configuration
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Fig. 4 Geometry shape in meridional plane (unit:m)
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Fig. 8 Computational mesh for nozzle vane

5

Fig. 5 Nozzle vane configuration

9

Fig. 9 Computational mesh for rotor blade
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Fig. 6 Rotor blade configuration ’ 10%.
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Table 11 Comparisons of nozzle vane results
ANSYS CFX 12.0 OCC /%
/(kg/s) 4,61 4.50 2. 44
/kPa 392. 63 387.40  1.35
/kPa 396. 01 396 0. 00
/K 1119.28 1115.97  0.30
/K 1123 1123 0. 00
/() —0.11 0
/kPa 210. 09 213.46 —1.58
/kPa 369. 68 373.33  —0.98
/K 949. 72 957.23 —0.78
/K 1122.98 1123 0. 00
/(m/s) 574.68 576.95 —0.39
/) 75. 80 76.5  —0.92
12
Table 12 Comparisons of rotor blade results
ANSYS CFX 12.0  OCC /%
/(r/min) 25148.72 25148.00  0.00
/(kg/s) 4.61 4.5 2. 44
/kPa 209. 23 213.52  —2.01
/kPa 370. 44 373.24 —0.75
/K 950. 71 957.31  —0.69
/K 1123.21 1122.93  0.02
0.94 0.93 1.07
/(m/s) 580. 66 568.80  2.09
/(m/s) 580. 54 576.95  0.62
/(9 76.08 76. 00 0.11
/(m/s) 150. 32 139.86  7.48
/kPa 99. 97 100 0. 00
/kPa 111.73 107.33  4.10
/K 782.73 789.47 —0.85
/K 809. 19 805.60  0.45
0. 36 0.32 9.37
/(9 14. 67 0
/(m/s) 290. 06 284,63  1.91

13 ANSYS CFX 12. 0,0CC
. 0.11 kg/S’
2. 44%, .
1.3%.
OFC ) .

13

Table 13 Comparisons of overall performance

ANSYS CFX 12.0 0CC
/(kg/s) 4.61 4,50
3.9601 3.9600
/kW 1518.89 1497. 45
0.9208 0.9078
3
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