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Numerical Flow Analysis of a Partial Admission Turbine
Using a Frozen Rotor Method
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ABSTRACT

Numerical analysis of the partial admission turbine in the KARI turbopump has been performed.
Flow field of the partial admission turbine is intrinsically unsteady and three dimensional. To avoid
heavy computational efforts, the frozen rotor method is adopted in computation and compared with
the mixing plane approach. The frozen rotor method can represent the variation of a flow field
along the circumferential direction of rotor biades, which have the different relative positions to the
nozzle with one another. It also illustrates the wake loss mechanism starting from the lip of a
nozzle, which is not captured in the mixing plane method. The frozen rotor method has proven to be
an efficient tool for the design of a partial admission turbine.
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Fig. 2 Computational domain of the turbine stage

Fig. 3 Computational grid of the turbine stage : (a) 3D view of
the computational grid and (b) meridional view of the
computational grid
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Table 1 Summary of predicted results

Frozen rotor method Mixing plane method
Parameters Nozzle Rotor EGV DO Nozzle Rotor EGV DO
NI | NO| RIL | RO| SI | SO NI | NO| Rl | RO| SI | SO
Static pressure (MPa) |[5.757 | 0.379 | 0.292 | 0.372 | 0.382 | 0.397 | 0.401 | 5.757 | 0.322 | 0.256 | 0.352 | 0.350 | 0.401 | 0.400
Total Pressure | Abs 4221 | 0611 3618 | 0.536
5.7 392 . . . . . 0. 0444 | 0.444
(MPa) Rel 8053 1533 | 1.082 0552 | 0497 | 0481 | 5780 | 5.398 1.316 | 0913 460
Static temperature (K) | 899.6 | 679.7 | 6804 | 725.1 | 7363 | 7458 | 748.2 | 8996 | 667.7 | 6794 | 7309 | 7405 | 755.0 | 755.0
900.0 0 y . . I .8 7632 | 7632 | 763.3
(K) Rel 500 806.3 | 806.8 7630 T63.1 | 762.4 | 9000 | 899 804.1 | 803.8
Abs 2.295 | 0.889 2.279 | 0815
Mach b 0.080 | 2.322 . 0588 | 0. 0.080 | 2.406 0683 | 0.404 | 0408
ACH number - R 1741 1307 | 7P 0531 1730 | 1260
Flow angle Abs 699 | -387 699 | -384
2. 3 -554 | -66 | -10. 2. .1 513 | 65 | 81
(degrees) Rel |7 637 | 618 4| =66 [ -101} 729 | 70 63.1 | -62.1 3
Entropy (J/kg K) 2062.4|2095.9(2182.212295.6 2335.9| 2358.6 | 2365.8 | 2062.4 1 2095.5] 2222.2 | 2336.7| 2381.7| 2393.2 | 2393.6
Mass flow rate (kg/s) 0.40255 0.40255
7X10° 2.8+ 8
—~ Absolute total pressure (frozen rotor)
—o— Absolute total pressure (mixing plane)
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Fig. 4 Mass-averaged total pressure, Mach number, flow
angle variations along the streamwise direction
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Fig. 5 Mach number contour at mid-span :
method and (b) mixing plane method
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Fig. 6 Tofal Pressure contour between nozzie exit and rotor
leading edge : (a) frozen rotor method and (b) mixing
plane method
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Fig. 7 Pitchwise-averaged velocity vector lines in the meri-
dional planes : (a) frozen rotor method and (b} mixing
plane method
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