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ABSTRACT

One dimensional design was conducted to develop the drive turbine for supercritical CO, power system. Designed drive

turbine was 2 MW class and 1-stage radial turbine. Specific speed analysis and specific diameter analysis were conducted to

estimate the basic specification of turbine, i.e. efficiency, rpm, power, rotor diameter. To manage the thrust force of drive

turbine, turbine rotor and pump impeller were back to back layed out. Rotational speed was selected considering the specific

speed condition of turbine and pump. One dimensional design was conducted to determine flow angle and dimension of drive

turbine. Also, to analyze the characteristic of loss in turbine rotor, it was classified by the source of loss, i.e. incidence loss,

passage loss, trailing edge loss, exit energy loss, tip clearance loss and windage loss. One dimensional analysis results were

used to calculate amount of losses and these values were compared in design and off design point. In this analysis, passage

loss and tip clearance loss were dominant for all operation region. At the lower expansion ratio condition, the loss was

increased, and it was stabled more than expansion ratio 3. Even the loss analysis was conducted with simple theoretical

equations, the characteristic of loss was identified well and these information can be used as a reference in minimizing loss

in turbine rotor.
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Table 1 Design Conditions of Drive Turbine

R
7 Power turbine Pump
2 y .
= - 5
ca Driveturbin@ ssssssssssspassssssspissasssssnss
¥ Backto back layout
Heater
QD
9 Q—
Recuperator -
Condenser

4 " 2

Fig. 1 Schematic of SCO: cycle
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P_turbine_in 200 bar
P_turbine_out 578 bar

Pressure ratio 3.46 -
Flow rate 14.81 kg/s
Power 1.985 MW
RPM 36,000 pm
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Table 2 Sizing for SCO, Turbine Design
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Table 3 Specification of Drive Turbine

.. Power d_tip Specific speed 0.259 -
Ns RPM | Efficiency Ds
[(MW] [mm] RPM 36,000 -
0.2 27353 0.76 1.34 10.0 27719 Noz Rin (r1) 152 mm
0.4 55,706 0.8 2.051 5.0 138.6 Noz Blade number 19 -
0.5 69,633 0.87 2.099 4.0 110.88 Noz Mach_out 0.85 -
0.6 83,560 0.87 2.099 3.33 R4 Rot R_in (r2) 116 mm
0.7 97,486 0.84 2.043 2.86 79.2 Rot R_out (meridional) 41.59 mm
0.8 111,413 0.8 1.924 2.5 69.3 Rot Axial length 48 mm
0.9 125,339 0.72 1.736 2.22 61.6 Rot incidence -35.27 Deg
1.0 139,266 0.61 1.470 2.0 55.44 Rot Blade number 12 -
Mass 14.78 kg/s
Pr_tt 3.46 -
Efficiency_tt 0.894 -
Power 2.162 MW
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Table 4 Specification of Drive Turbine

Loss Classification (Rotor)

Ay idence Incidence Losses

Al sage Passage Losses
Ahyyiting edge Trailing Edge Losses
AP arance Tip Clearance Losses
Ay dage Windage Losses

Ay yitenergy Exit Energy Losses
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Nomenclatures

Rotor tip passage width

Chord length

Absolute velocity

Specific heat at constant pressure
Mean passage hydraulic diameter
Enthalpy loss

Discharge coefficient

Coefficienct of windage loss
Mean passage hydraulic length
Mass flow rate

Coefficient of passage loss

Mach number

Number of rotor blade

Static pressure

Radius

Blade speed

Relative velocity

Blade angle

Density

Clearance

<~ ov RHRITICTVIEEITISEIREDOaN S

Ratio of heat capacity

Subscripts
0 : Total
1 : Nozzle inlet
2 . Rotor inlet
3 : Rotor outlet
a © Axial
ar . Axial & radial
c . Clearance

Exit energy

[ . Incidence
opt . Optimize
) . Passage
r : Radial
rel . Relative
t ¢ Trailing edge, Tip
w . Windage
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