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ABSTRACT

The present study has been carried out to develop a computational procedure for the analysis of
the off-design performance in centrifugal compressors with vaneless diffusers by integrating em-
pirical loss models and analytical equations. Losses in centrifugal compressors stem from a num-
ber of sources and their exact calculation is not yet possible. This study investigates several model-
ing schemes and shows that a fairly good prediction can be achieved by a proper selection of the
most important flow parameters resulting from a meanline one-dimensional analysis. The perform-
ance maps for compressors are calculated and compared with measured performance maps. The -
off-design performance characteristics in terms of the pressure ratio vs. mass flow produced have
generally correct forms. However, no universal means have been found to predict accurately the
onset of surge. The prediction method developed through this study can serve as a tool to ensure
good matching between parts and it can assist the understanding of the operational characteristics

of general purpose centrifugal compressors.

Z 9 7]&80] : Off-Design Point(24 A7), Incidence Loss(QArZ<=4), Blade Loading Loss(€7)
B zlea) Skin Fricton Loss(EHnpate4), Clearance Loss(7tz$4), Disk Fric.
tion Loss($l¥o}ats4), Recirculation Loss(Aa=3<=4), Mixing Loss(EgE=4),
Vaneless Diffuser Loss(21g3=38M17]4£4), Total-to-Total Pressure Ratio( %3 ¢=
H]), Total-to-Total Efficiency (R A f-& ), Eckardt impeller(Eckardt®l#])
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Air inlet condition

l
Known geometry

>

Impeller part calculation

|

Loss calculation

1. Incidence loss

2. Blade loading loss
3. Skin friction loss
4. Clearance loss

Diffuser part calculation

Loss calcualtion

1. Mixing loss
2. Diffuser loss

Loss calculation

1. Disk friction loss
2. Recirculation loss

Efficiency calculation

Performance prediction

" Fig.1 Flow chart of performance prediction
for centrifugal compressors
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Fig.2 Enthalpy-entropy diagram for flow
through compressor stage
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(a) Inducer part

(b) Impeller exit part

Fig.3 Velocity triangles for centrifugal com-

pressor
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Fig.4 Meridional cross section of centrifugal
compressor
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