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ABSTRACT

The radial turbine has been successfully applied to the systems which request relatively small
output compared with the axial turbine, and has low manufacturing cost due to it’s small size
and simple structure. Recently, the researches on the development and the efficiency
maximization of the radial turbine are in progress corresponding with the trend toward
miniaturization in turbo machinery and the development of small dispersed power generation
systems.

The radial turbine is to be applied to our turbo refrigerator of which engine speed is 26,000
rpm and turbine efficiency is 88%. Also, as a heat exchanger is accepted instead of a combustor
in our turbo refrigerator, the design of radial turbine has been performed to be appropriate to the
circumstance of low temperature air, not high temperature combustor gas, into the turbine inlet .
This radial turbine is being developed in consideration with not only the aero-dynamic
performance but also the simplification of manufacturing and integration, and the durability at
operating condition. This paper refer to the performance evaluation about the radial turbine
design by comparison with consulting from Russia and the our evaluation about various design
factors which are considered in aero-dynamic design process.
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Table 1 Turbine Design Parameters

Parameters Values
Massflow Rate (kg/s) 1.39

Turbine Inlet Temperature (K) 250.96

Turbine Inlet Pressure (MPa) 0.20549
Expansion Ratio (T-T) 195
Power (kW) 53.46

Rotational Speed (rpm) 26,000
Efficiency (T-T) 8

{Unit imys)

Vrel = 79.13

194.5 124

v o457 Vrel = 136.4
mer = 94, 23°

102.5
Figure 1 Velocity Triangle at Rotor Blade (Non Scale)
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ACTR Tibine Performance Prediction ( Efficiency)
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Figure 2 Performance Characteristics of Turbine

2.1.3 84 oA

718 Y AANAM dAE /ET &= 449
AM ZAHE 7tx 7, g9 sty g4 &
27 & o83 =E3 2H Eolse ¥4 A
AE Y3t

22 23 99 ¥A4& dAS ¥, Conformal
Transformation 7|H& ol &8t WAE x=2&
Sk o ©, =% He 7 A
o BES UEHEL duv a9, 4
£ F8 4 dojEx thE9 Table 2
3L ot Fig. 39 24 Ydehdiddeh Hyl &7l
A A gFoz RYL w, ¥ HYE AA
Bgoz YQsEs At

A8 28 ZYol=e) Fa W4 HelEE gL
9] Table 3% Zx 1 34L& o9 Fig. 49 z7
Lrebli %t

Table 2 Nozzle Geometric Data

Geometric Parameter Values

Diameter at Nozzle Inlet (mm) 220
Vane Height at Nozzle Inlet (mm) 16
Diameter at Nozzle Exit (mm) 170
Vane Height at Nozzle Exit (mm) 16
Nozzle Inlet Blade Angle (deg.) 129
Nozzle Exit Blade Angle (deg.) 65.6
Number of Nozzle Vane 30
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Figure 3 Configuration of Nozzle

Table 3 Rotor Blade Geometric Data

Geometric Parameter Values
Rotor Blade Number 12
Diameter at Rotor Inlet (mm) 152
Hub Diameter at Rotor Exit (mm) 259
Shroud Diameter at Rotor Exit (mm) 109.7
Rotor Exit Blade Angle at rms (deg.) 427
Mean Blade Thickness at Rotor Exit (mm) 0.5

Figure 4 Configuration of Rotor Blade
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Figure 5 Fowfield Analysis Result-Original Design

(a) Relative Mach Number Contour
(b) Static Pressure Contour
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Figure 6 Flowfield Analysis Result-New Design
(a) Relative Mach Number Contour
(b) Static Pressure Contour

Table 4 Mass Propetties of Turbine

Parameters Values
Mass Center (Z, mm) 43
Mass (kg) 143
Polar Moment of Inertia (kg-m°) 1948 e-3
Transverse Moment of Inertia (kg-m) | 1306 e-3
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Figure 8 Circumferential Deflection of Rotor Blade
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