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AERODYNAMIC DESIGN AND NUMERICAL ANALYSIS OF AN SMALL SIZE AXIAL AIR TURBINE

S.Y. Park' and J. H. Baek >

Air Starter motors are used for the start of medium-speed diesel engine. One of the main part of air starting
motors is the axial turbine stage. In this study, design of I-stage axial type turbine for 14kw class air starter
motors has been performed. The turbine blade was designed based on mean-line analysis. 1-D design calculation
and numerical analysis with CFD were conducted iteratively. The validation between 1-D design method and
numerical analysis for axial clearance has been performed. It revealed that there is optimum axial clearance of

turbine design.
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Table. 1 Design point

contents unit specifications
Stages 1
Power kw 14.5
Mass flow kg/s 0.4
Rotational speed rpm 16500
Total pressure kPa 800.5
Total temperature K 293.6
Mean radius m 0.0594
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Fig. 1 Turbine stage velocity diagram[1]

B oo A= Eleven parameter[2]E ©]-&3}o] £
o= A& FANUL: ZH7ke] A WMol gk g

pd

Bl 4 Aniet w149 A7 - fE 4 e - 13

o}

O:

A A e EH R gl wel HHo] s
T WE %S ARSIt Table 201E EWIO AAW

23 AXt F AM =AH

oo HYl V& FE A EYol= A A4
& AR 37 FF5 A4S AT el ARE
A= Fig, 29 2tk
=% EY0]=9] Leading edge 'olli= H-type, 12|
Trailing edge 9ol J-typedl A7 727} AR5
i, Bel= FHoE O-gridEs F-&38tth =6 24
= AR A A AR HE " (skewness) & BAIH]

=
VAR:S
i

32 K

©

Table. 2 Design Variable of nozzle and rotor

Nozzle Rotor
Number of Blades 15 39
Hub-tip Ratio 0.948 0.955
Mean Radius[mm] 59.4 59.15
Axial Chord[mm] 13.42 12.68
Chord[mm] 24.7 12.68
Blade Height[mm] 32 2.7
Tip Clearance[mm] - 0.5
Inlet Angle[°] 0 -65
Exit Angle[°] -76 65




Fig. 2 Computational domain for 1-stage turbine
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Table. 3 Analysis conditions for flow computation

Analysis Type Steady state
Turbulence model SST model

Working fluid Air ideal gas
Inlet condition Protar = 800-5kPa
Tiota = 293.6 K
Outlet condition Poic = 299.3kPa
Reference pressure Py =0atm

Wall boundary

. No-slip condition
condition
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Fig. 5 Effect of Axial Gap
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(d) Axial Gap 20mm

Fig. 6 Pressure contour at 50% span
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