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NUMERICAL STUDY ON THE CLOCKING EFFECT IN A 1.5 STAGE AXIAL TURBINE

Jong 11 Park, Minsuk Choi’ and Je Hyun Back >

Clocking effects of a stator on the performance and internal flow in an UIRC 1.5 stage axial turbine are
investigated using a three-dimensional unsteady flow simulation. Six relative positions of two rows of stator are
investigated by positioning the second stator being clocked in a step of 1/6 pitch. The relative efficiency benefit of
about 1% is obtained depending on the clocking positions. However, internal flows have some different
characteristics from that in the previous study at the best and worst efficiency positions, since the first stator wake
is mixed out with the rotor wake before arriving at the leading edge of the second stator. Instead of the first stator
wake, it is found that the wake interaction of the first stator and rotor has a important role on a relative efficiency
variation at each clocking position. The time-averaged local efficiency along the span at the maximum efficiency is
more uniform than that at the minimum efficiency. That is, the spanwise efficiency distribution at the minimum
efficiency has larger values in mid-span but smaller values near the hub and casing in comparison to those at the
maximum efficiency. Moreover, the difference between maximum and minimum instantaneous efficiencies during one
period is found to be smaller at the maximum efficiency than at the minimum efficiency.
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Table ! Geometry parameters of each blade row

Parameter 1" stator 1 rotor | 2™ stator
Number 22 28 28
C.(m) 0.1506 0.1610 0.1638
Selidity 1.30 0.96 0.96
Span(m) 0.1524 0.1524 0.1524
Aspect ratio 1.01 0.95 0.93
Inlet flow angle(deg) 0.0 50.0 -39.2
Exit flow angle(deg) 67.5 -64.5 65.0
Tip Clearance - 1% -
Rotating speed(rpm) 0 410 0
Re 5.9x10° 55x10° | 5.2x10°

Fig. 2 Computational grid for UTRC 1.5stage turbine
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Fig. 3 Unsteady pressure history on blade surface at mid-span: (a)
1st stator, (b) Ist rotor, (c) 2nd stator
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Table 3 Calculation conditions

Parameter 1" stator 1" rotor 2" stator
Domain (ixjxk) | 125x61x51 | 105x61x61 | 125%x61x51
Blade
(dead block) 57x13x51 57x13x51 57x13x51
Tip - 57x13x11 -
Number of nodes 388875 390705 388875

Flow coefficient 0.78
Inlet total pressure 101330 Pa
Outlet hub static pressure 95955.7Pa
Rotating speed 410 rpm
Tnlet temperature 15C
Inlet velocity 75ft/sec(23m/s)
Inlet Mach No. 0.067183395
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Fig. 4 Time-averaged pressure coefficient distributions on each
blade surface: (a) 1st stator (b) 1st rotor (c) 2nd stator
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Fig. 7 Time-averaged entropy distributions in front of 2nd stator
(a) Maximum efficiency (b) Minimum efficiency
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