
43

Extension of Operating Range of a Centrifugal Compressor by Use 

of a Non-Axisymmetric Diffuser

 ZHENG Xinqian : 





45

where l = tana5, and a5 represents an inflow angle to the 
scroll. Here, the suffix NL represents no-load. A/R of an 
actual scroll is set to be slightly larger than that under the no-
load condition. By applying a slight load at a design point or 
due to the presence of a tongue having a finite thickness, a 
pressure distribution occurs to some extent, even at the 
design point.

On the other hand, at an off-design point, the scroll is 
burdened with a higher load because of the mismatch 
between a flow state and a passage geometry as with a usual 
cascade, thus causing a more enhanced circumferential 
pressure distribution. With reference to Japikse’s sudden 
expansion loss model(17), a pressure recovery coefficient 
representing a load from the scroll inlet to the throat is given 
by 
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take lower values than those without circumferential 
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Such situations will be examined in more detail using the 
linear theory. It is assumed that the flow is a two-dimensional, 
steady, incompressible, and inviscid one in the axisymmetric 
annular passages having a constant thickness as illustrated in 
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scroll passage is nearly circular (ellipsoidal), and the scroll is 
designed such that pressure at the scroll inlet is nearly 
uniform in the circumferential direction at a design point.
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the HPR condition (

Fig. 10-(a)) and under the LPR 
condition (Fig. 10-(b)) are illustrated. From Fig. 10, a 
situation where a jet-wake structure from the impeller traverses and decays inside the diffuser can be seen. 
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Measurement items were,  53 53 53 53
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on the lower pressure ratio side is lower than in the 
other two cases(16).

(2) Comparison between base configuration and case D
Figure 18 illustrates a comparison of overall 

performance between the base configuration and the 
case D. In the case D, under both of the high and low 
pressure ratio conditions, the surge flow rates are 
smaller, demonstrating that the above-described design 
guideline for non-axisymmetric diffusers is effective. At 
the design rotor speed (170 000 rpm), 
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