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Development of New Application of Gear-integrated Radial Turbine (GRT)
and Improvement of its efficiency
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The world is facing new issues and challenges, such as climate change and the creation of a low carbon
society. With energy-saving requirements becoming increasingly stringent, gear-integrated radial turbines
(GRTs) are gaining greater attention. This paper introduces our development activities to expand applications
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of GRTs and to further improve their efficiencies.
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Fig. 1 Geared compressor with a radial turbine driver directly
mounted
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Fig. 2 Cross sectional view of high-temperature, high-pressure GRT
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Fig. 3 High temperature running test equipment
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Fig. 4 Result of high temperature running test
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Fig. 5 Schematic diagram of test facility
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Table 1 Original turbine specification

Type GRT270

Gas Air
Inlet pressure (MPaG) 0.34
Inlet temperature (O) 143

Exit pressure (MPaG) Atm.pressure

Shaft power (kW) 411
Speed (rpm) 24,314
Jet speed ratio(U/CO0) 0.64
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Table 2 Measured pressure at nozzle throat inlet (MPaG)

Prggémljre p,0 S:(;i%n Pressure difference
; Center - ogp,0prP0
side side "’
Original parallel | 6170 | (150 | 0.004 0.077

nozzle

0.048 — Difference
0 0 O Reduced

Parallel nozzle with

high curvature head 0.162 0.150 0.114
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Fig. 6 Turbine section drawing

03 00000000o0o0o0ooooooo
Table 3 Measured adiabatic efficiency with original wheel

Rate operation point Max. efficiency point
(U/Cp 0.641) (U/Cy0 0.71)
Adiabatic efficiency 0.857 0.862
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Fig. 7 Pressure measuring section at nozzle throat
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Table 4 Comparison between measured and calculated results

P, p,0 PO
Pressure side Center Suction side
Measured 0171 0.150 0.094
pressure result
Calculated 0178 0.156 0.095
pressure result

M0 Measured total pressure
[JO calculated total pressure
A0 Measured static pressure
AT Calculated Static pressure
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Fig. 8 Pressure comparison at exit
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Fig. 9 Velocity profile at inletd U/C,00 0.640
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Fig.10 Velocity profile at inletD U/C,[J 0.7000
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Fig.11 Wheel configuration comparison between original wheel and new wheel
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Table 5 Wheel configuration comparison

Original New wheel
wheel | o1 | No2 | No3 | No4
Rated U/Cy 0.64 071 | 071 | 071 | 071
Blade exit angle 0 °0 051 058 | 052 | 062 | 062
Exit flow angle O °0O 20 5 22 10 2
Exit shroud diameter 192 175.8 | 1758 | 192 183
/ Exit hub diameter (mm) /80 /648 | /648 | /80 | /64.8
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Table 6 Measured adiabatic efficiency with new wheel

U/Cy n ad
0.642
Original (Rated point) 0.857
wheel
0.71 0.862
New wheel 0.709
No.1 (Rated point) 0.905
New wheel 0.709
No.2 (Rated point) 0.899
New wheel 0.709
No.3 (Rated point) 0.890
New wheel 0.709
No.4 (Rated point) 0.907
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