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Off-Design Performance Prediction of an Axial Flow Compressor Stage
Using Simple Loss Correlations

Byung Nam Kim and Myung Kyoon Chung
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Point (%4 &), Blade Profile Loss (]2 3 A<« 4l), Secondary Flow Loss (2=}
&4, End Wall Loss(ei&4l),  Tip Clearance Loss (¥ 7} 441), Total-to-

Total Efficiency (£ &)
Abstract

Total pressure losses required to calculate the total-to-total efficiency are estimated by inte-
grating empirical loss coefficients of four loss mechanisms along the mean-line of blades as
follows ; blade profile loss, secondary flow loss, end wall loss and tip clearance loss. The off-
design points are obtained on the basis of Howell's off-design performance of a compressor
cascade. Also, inlet-outlet air angles and camber angle are obtained from semi-empirical relations
of transonic airfoils’ minimum loss incidence and deviation angles. And nomial point is replaced
by the design point. It is concluded that relatively simple loss models and Howell’s off-design data
permit us to calculate the off-design performance with satisfactory accuracy. Ane this method can
be easily extended for off-design performance prediction of muiti-stage compressors.
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SIMULATION
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Fig. 1 Flow chart of design and efficiency prediction
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Table 1 Major design variables of compressor test stages (Ref. 13)
NASA test le Vm Crm Csm Csm Ssm
v AR, AR, | Py/Pq | SM(Y
model | (m/s) | (m/s) | (em) | cm) | © (em) | em) | ® w/Por | SMOE)
23B-20 1145 | 1005 | 5.080 | 3.175 1.6 1.0 4.890 | 3.056 16 1.04 1.252 22
26B-21 1148 | 986 | 4.244 | 235 | 1.8 1.2 | 4.090 | 2.272 18 1.24 | 1318 13
28B-22 114.8 | 104.2 | 6.350 | 3.528 18 08 16220 | 345 | 18 0.82 | 1.381 13
Table 2 Comparison of predicted stage efficiencies with experimental values. (%)
NASA test |Lim"® 4 Max. | Model 4 | Model 4 | Model 4 | Model 4
model exp. 1 II 11 v
23B-20 89.62 | —1.42 | 88.2 86.73 147 | 85.12 308 8826 | —0.06 | 87.69 0.51
26B-21 87.05 | —0.85| 86.2 | 88.82 | —2.62| 87.32 | —1.12 | 89.68 | —3.48 | 86.27 | —0.07
28B-22 8784 | —054| 873 | 88.89 | —1.59 | 87.05 0.25) 89.85 | —2.55 | 86.78 | 0.52
A=(Efficiency of Exp.)—Efficiency of Prediction)
Loss model [ : Cpp+CpolEq. 5)+ Cpe(Eq. 7)+Cp(Eq. 10)
Loss model I : Cpp+Cpe(Eq. 5)+Coe(Eq. 8)+Cp(Eq. 10)
Loss model 1II : Cp,+ Cpo(Eq. 5)+ Cre(Eq. 9)+Cri(Eq. 10)
Loss model [V : Cpp+ Cpo(Eq. 6) +CpelEq. 9)+Cpi(Eq. 10)
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Table 3 Comparison of predicted minimum loss deviation angles with experimental values
Deviation angle(degree)
NASA test
Rotor Stator
model
Lim et al."/Exp."¥/Present(after correction)
23B-20 3.72/4.4/3.83 8.30/ 9.3/8.43 )
26B-21 4.77/5.6/5.08 9.22/10.5/9.47
28B-22 6.64/7.1/6.60 10.33/12.0/10.31
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