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VELOCITY DIAGRAMS  
OF IMPELLERS OF CENTRIFUGAL COMPRESSOR STAGES:  

ANALYSIS AFTER PRELIMINARY DESIGN 

Development of centrifugal compressors consists of several steps, the most important of them being pre-

liminary design. A variety of methods are applied for solving this problem. One of these methods was de-

veloped by Galerkin and Rekstin. However, this method did not fully resolve all issues and was not tested 

by practice. In addition to this method, we have proposed a technique for adjusting the relative height of 

impeller blades, taking into account Mach numbers and the isentropic coefficient. We have formulated 

an approach to determining the empirical coefficient for calculating the pressure characteristics of the 

impeller when solving for the direct problem that is calculating the characteristics of the stage with the 
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dimensions determined by preliminary design. The presented changes were implemented in the program 

for preliminary design of centrifugal compressor stages. The effectiveness of primary design was tested 

with a program for inviscid quasi-three-dimensional calculation by verifying the shape of impeller blades. 

Three stages have been designed with different values of design parameters (loading factor and flow rate). 

Analysis of the velocity diagrams on impellers blades showed that they were designed according to the 

specified design parameters. 
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. 1.        :  

а –    ( К);  –    ( К) 

Fig. 1. Scheme and dimensions of the impeller in the meridional plane: а– 3D impeller;  – 2D impeller 
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Fig. 2. Program «Primary design and calculation of the centrifugal compressor stage characteristics»: Input menu  

of stage parameters for gas-dynamic characteristics calculation (left) and menu of stage parameters  

for primary design (right) 
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. 3.  3 .023.  ,  К 0,022-0,52-029,   , 

   (а)        ( ) 

Fig. 3. 3DM.023 program. The initial parameters and size of the 2D impeller 0,022-0,52-029,  

flow path scheme (а), a blade row and velocity diagram on three stream line surfaces ( ) 
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Fig. 4. 3DM.023 program. The initial parameters and size of the 2D impeller 0,077-0,63-038,  

flow path scheme (а), a blade row and velocity diagram on three stream line surfaces ( ) 
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Fig. 5. 3DM.023 program. 3D impeller 0132-0,545-0265 velocity diagram: by results  

of primary design – on the left, after minor adjustment – on the right 
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