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Abstract: Axial turbine loss model is a key for axial turbine aerodynamic preliminary design and low—di-
mensional optimization. More accuracy and universal loss models have been the key issues in the field of aerody-
namic thermodynamics of turbines. In recent years, the development of precise design puts forward higher preci-
sion requirements for the axial turbine loss model. Moreover, the high—precision experimental measurement and
numerical simulation technology provide the possibility for the establishment of more accurate loss model. There-
fore, the development history and trend of loss model in recent years are summarized firstly. Then, based on the
latest research progress, the existing deficiencies are introduced. Finally, the future research focus and develop-
ment trend of axial flow turbine loss model are forecasted.
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Table 1 Loss breakdown for typical turbine stage®®

Profile Endwall
loss/% loss/%

Characteristic of turbine stage

A Normal aspect ratio, normal solidity 40.76 59.24
B Normal aspect ratio, low solidity 73.38 26.62
C Low aspect ratio, normal solidity 36.33 63.67
D Low aspect ratio, low solidity 55.30 44.70
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Fig. 1 Typical endwall flows in turbine cascade
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Fig.2 Incidence loss coefficient in Ainley & Mathieson

model”"
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Fig. 3 Incidence loss coefficient in Craig & Cox model*
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Table 2 Variables affecting the value of profile losses in Baturin model'®’

Variables

Loss type on which it affects

Relative value of flow deflection angle in turbine cascade
Relative position of maximum thickness
Relative maximum blade thickness
Isentropic specific velocity at the cascade outlet
Relative spacing
Relative blade angle
Reynolds number
Flow angle at the cascade outlet
Bending angle of profile

Trailing edge radius

Friction losses
Friction losses
Friction losses
Friction losses, wave losses
Friction losses, edge losses
Separation losses
Friction losses
Edge losses
Edge losses

Edge losses
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Profile loss

Kacker & Okapuu, Zhu
Secondary loss Benner
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Fig. 6 Prediction of turbine losses with different aspect

ratio (Beschorner model versus CFD)™
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Table 4 Summary of typical axial flow turbine loss models

Loss type Loss model Year Loss type Loss model Year
Ainley & Mathieson 1951 Ainley & Mathieson 1951

Stewart 1960 Hong Yong S 1966

Balje & Binsley 1968 Balje & Binsley 1968

AMDC 1970 AMDC 1970

Craig & Cox 1970 Craig&Cox 1970

Profile loss Traupel 1977 Lakshminarayana 1970
Kacker & Okapuu 1982 Tip leakage loss Traupel 1977

Denton 1993 Kacker & Okapuu 1984

Zhu 2005 Yaras & Sjolander 1992

Baturin 2017 Denton 1993

Coull 2017 Kim & Chung 1999

Ainley & Mathieson 1951 Beshorner 2013

Edge loss Craig & Cox 1970 Ainley & Mathieson 1951
Traupel 1977 Craig & Cox 1970

Ainley & Mathieson 1951 Incidence loss Zehner 1980

Ehhrich & Detra 1954 Moustapha 1990

Scholz 1954 benner 1997

Hawthorne 1955 Hartsel 1972

Stewart 1960 Ito 1980

Boulter 1962 Kollen & Koschei 1985

Balje & Binsley 1968 Huang Zhonghu 1989

Secondary loss AMDC 1970 Yang Hong 1995
Craig&Cox 1970 Air—cooled loss Lakshminarayana 1996

Traupel 1977 Bohn & Kim 1999

Kacker & Okapuu 1984 Ning 2000

Sharma & Butler 1987 Young & Wilcock 2002

Okan & Gregory—Smith 1992 Lim 2012

Benner 2006 Cha 2015

Coull 2017
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