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Preliminary design and performance analysis of a radial inflow turbine
Do-Yeop Kim" Ho-Keun Kang* You-Taek Kim"
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Abstract: The major component with a significant impact on the thermodynamic efficiency of the organic Rankine cycle is the
turbine. Many difficulties occur in the turbine design of an organic Rankine cycle because the expansion process in an organic
Rankine cycle is generally accompanied by a dramatic change in the working fluid properties. A precise preliminary design for
a radial inflow turbine is hard to obtain using the classic method for selecting the loading and flow coefficients from the exist-
ing performance chart. Therefore, this study proposed a method to calculate the loading and flow coefficient based on the num-
ber of rotor vanes and thermodynamic design requirements. Preliminary design results using the proposed models were in fairly
good agreement with the credible results using the commercial preliminary design software. Furthermore, a numerical analysis
of the preliminary design results was carried out to verify the accuracy of the proposed preliminary design models, and most
of the dependent variables, with the exception of the efficiency, were analyzed to meet the preliminary design conditions.

Keywords: Radial inflow turbine, Preliminary design, Organic rankine cycle

Nomenclature U  : Circumferential velocity
A Area W : relative velocity
C  : Absolute velocity Z  : Overall Height
M : Molar mass h : Enthalpy
N  : Blade number m  : Mass flow rate
NBP : Normal boiling point t : Blade thickness
P : Pressure II  : Pressure ratio
R : Radius a  : Absolute flow angle
T : Temperature I6] : Relative flow angle
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: Velocity

: Density

: Torque

€ e 3 ™ Mmox 3

: Loading

. Efficiency

ratio

: Meridional velocity ratio

. Flow coefficient

coefficient

Subscript

0 : Stagnation state

00 : Stagnation state at position 0

: Position
: Position
: Position

1
2
3
4 : Position
5
6

of the volute inlet
of the volute exit and nozzle inlet
of the nozzle exit and interspace exit

of the interspace exit and rotor inlet

: Position of the rotor exit and diffuser inlet
: Position of the diffuser exit

azi : Azimuth angle

c : Critical state

m  : Meridional component

n : Nozzle

r : Rotor

s : Isentropic or shroud

ts : Total to static

tt : Total to total

: Volute
0 : Tangential component
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Table 1: Main properties of R143a

Properties Values

M [kg/kmol] 84.041

NBP [K] 22591

T. [K] 345.86

P. [kPa] 3761

p. [kg/m’] 431.0

Acentric factor [-] 0.2615
Evaporator 'l'u!;"

Heat sink
medium
.

R ——

Heat source
meditm

@

Condenser
Pump

&

Figure 1: Schematic of basic closed organic Rankine cycle

Table 2: Thermodynamic data from R143a ORC cycle
Py [kPa] Ps [kPa] To [K] Power [kW]
5000 1835 413 400
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Figure 2: Rotor inlet velocity triangle
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Figure 3: Temperature-entropy diagram for a radial inflow turbine
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Figure 4: Rotor exit velocity triangle
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Figure 5. Flow chart of the preliminary design for RTDM
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Table 3: Input parameters of RTDM
hoi-hss [J/kg] | power [kW] | RPM [rev/min] N: [-]
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Table 4: Comparison between results of RTDM and RITAL

Parameters RTDM RITAL
¥ [ 0.391 0.391
& [] 0.812 0.812
N, [-] 20 20
N, [-] 20 20
m [ke/s] 16.90 16.89
s [-] 0.80 0.80
Ny [-] 0.86 0.88
R, [mm] 67.2 67.3
b, [mm] 5.6 5.3
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Table 5: Total to static efficiency, flow and loading co-
efficient according to the rotor blade number

N, P ¢ Tts
16 0.768 0.422 0.75
18 0.792 0.406 0.78
20 0.812 0.391 0.80
22 0.828 0.377 0.81
24 0.842 0.365 0.83
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Table 6: Mesh information
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Table 7: Comparison between results of RTDM and CFD

Variables Preliminary design CFD
I [-] 2.72 247
I, [-] 2.53 227

m [ke/s] 16.90 16.90
Ty [K] 413.00 413.00
Ty [K] 369.65 374.26

T, [K] 366.41 370.52

oy —hys [kI/kg] 23.66 23.96
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7 [N'm] 157.51 158.60
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s [ 0.80 0.85

Ny -] 0.86 0.94
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Mach Mumber
Contour 1
9.158e-001
B8.242e-001
7.326e-001
8.410e-001
5.495e-001
4. 579e-001
3.663e-001
2.747e-001
- 1.832e-001
I 9.158e-002

1.000e-015

Mach Mumber in Sin Frame
1.311e+000
I 1.180e+000
f 1.069e+000
9.474e-001
| B.262¢-001
7.049¢-001
5.837e-001
4.625e-001
3.412a-001
2.200e-001
9.8750-002

Mach Number
8.795e-001
I 7.915e-001
f 7.036e-001
6.156e-001

| 5.2770-001
4.397e-001
3.518e-001
2.638e-001
1.750e-001
8.795e-002
1.0000-015

Figure 11. Mach number for relative velocity of the rotor
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