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Influence of diffuser on basic stage performance

CHENG Chao'*, QIN Guo-liang', ZHANG Jia-zhong',
CHEN Dang-min*, LI Xin-hong®
(1. School of Energy and Power Engineering,
Xi’an Jiaotong University, Xi’an 710049, China;
2. Xi'an Shaangu Power Corporation Limited, Xi’an 710075, China)

Abstract ;. The effects of vaneless diffusers and vaned diffusers with different entrance installa-
tion angles on a centrifugal compressor basic stage were studied with numerical calculations and
tests. For compressor basic stage with vaneless diffuser, inner flow-field characteristics at near-
surge point, design point, and near-choke point were analyzed, showing that vortex existed in the
inlet and outlet of impeller blade and back of reflux blade at near-surge point while flow state was
good at design-point and near-choke point; as for near-choke point, friction resistance loss increased
with large flow speed, causing stage efficiency drop quickly. For compressor basic stage with single
arc vaned diffuser, the effects on surge margin, choke margin and efficiency were analyzed with five
different vaned diffuser entrance installation angles. The results show that when entrance installa-
tion angle of vaned diffuser decreases 3 degrees than the design value while outlet installation angle

is fixed, the polytropic efficiency and polytropic energetic coefficient of stage achieve the best value.

Key words: centrifugal compressor; basic stage; diffuser; inner flow character;
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Table 1 Main parameters of basic stage
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Table 2 Main parameters of vaned diffuser
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Table 3 Vaned diffuser structure parameters of five

different entrance installation angles
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Fig. 1 Vaned diffuser contour map of five different

entrance installation angles
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Table 4 Comparison of design point

SR BEIHE iz g5 W) I 45 R
i R A 0.109 0. 094
AR R R 0.812 0. 796

LAk R 0.471 0. 501

l;- A',

% 0. —

R =TV PR
olswdmtsr, | Omy
003 005 007 009 011 013 0.5

it R E
K6 it BB ARk AR

Fig. 6 Curves of flow coefficient-polytropic
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Fig. 8 Inner flow distribution at near surge point
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Fig.9 Inner flow distribution at design point

MIEL 8 1] LAFR 2 X 3 i % . A4 A 2 4 5
1026 it i Ak i 48 2 11 A7 50K o L 5 30ROt
W 3 T D %A R e 3 A RV S S Bl A
JEIE AT TBIR . ER%EG 5 WSRO BeA 1%
FUBR A3 o IS T0 M4 s A% A [ & AR TN

(a) MAEREFIFE 5 56 24 F T A2k

7= 7>

74> 11177 117
I II
A R \

( .[
‘_I ! / s
1098155 5095 Q0% 15

(b) M £ 2 35 1Y T30 85 25 A 2k
10 BHL2E 5N A AR

Fig. 10 Inner flow distribution at near choke point
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Table S5 Design point performance

(numerical calculation results)
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Table 6 Design point performance (test results)
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Table 7 Off-design point performance (test results)
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Fig. 13 Inner flow distribution of impeller
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Fig. 14 Inner flow distribution of vaned diffuser
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Table 8 Comparison of stage performance with

vaneless diffuser and vaned diffuser
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