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An Experimental Study on the Performance
Evaluation of a Small-Sized Centrifugal Compressor
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Abstract

The performance database of small-sized centrifugal compressors is needed for the design of
high performance machines and also for the verification of design tools and analysis software. An
impeller is designed, manufactured and tested. The effects of several parameters on the evalua-
tion of performance are investigated and the performance test of parallel diffuser is also carried
out. The proper estimation of static pressure, total temperature and blockage at the impeller exit
is important for performance evaluation. A method in cooperation with 3-D calculation is
suggested. The measured performances are in a good agreement with the predicted results.
However, there are some discrepancies in efficiency.
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Table 1 Design parameters of the impeller and diffuser.

Impeller shape data

Exit blade thickness

1.60 mm

Exit radius (rp)

Inlet tip radius (1)

Specific speed (US) 0.82

Compressor design data

Inlet tip angle (4;)

Inlet hub radius () Mass flowrate (m)

0.4 kg/sec

Number of blades (Z.) 14 (splitter 7 7)) Rotational speed (N)

43000 rpm

Pressure ratio (pos/poi)

Exit angle (/)

Inlet hub angle (8 ) Pressure ratio (ps/po.)

1.635
1.567

Efficiency {7s)

Exit width (bh.)

Inlet tip thickness

0.853

Diffuser shape data

Exit width (bs)

l 8.126 mm

Inlet hub thickness
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Fig. 4 Configurations of (a) the impeller (b) parallel vaneless diffuser (c) grids on the surface for numerical
calculation.
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Table 2 Summary of measured values of parameters near the design condition (m,=0.409 kg/s, N,=
43000 rpm) Hub and Shroud : results based on hub and shroud side wall static pressure
respectively, Average : average of hub and shroud wall static pressures, Avg. & Blockage :
considering blockage effect by 3-D cal., Considering heat flux : heat loss correction, No
-insulation : without insulator).

Parameter Hub Shroud Average B?:fl;agge Cﬁzzitd%rézg irlSlIl\;Z;iOH

T (k) 312.21 312.00 312.11 311.46 311.48 312.03

To (k) 335.65 335.65 335.65 335.65 335.78 335.30

2(m/s) 217.29 218.73 218.00 220.98 221.23 217.01

A 2.0747 2.0343 2.0545 1.9209 1.9235 1.9003

o 0.8453 0.8507 0.8480 0.8556 0.8566 0.8438

PRo» 1.6714 1.6372 1.6543 1.6664 1.6673 1.6652

PR: 1.2973 1.2664 1.2818 1.2818 1.2818 1.2818

7oz 0.8695 0.8303 0.8500 0.8632 0.8630 0.8877

72 0.4246 0.3832 B 0.4040 0.4040 0.4034 0.4205
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Table 3 Comparison of 1-D prediction & experimental results and consideration of other losses at
design condition (m.=0.40 kg, N,=43000 rpm).

Performance 1-D Corrected Experimental Corrected
parameter prediction 1-D prediction Result Exp. Result
PRy 1.71 1.69 1.675 1.664
702 0.92 0.90 0.875 0.878
NE 239 F83 glalefo] AA kAN Fa= A 2T T T T
d A45c (COMPAL) 2| $aAztele] atol & “ ‘ | |
alset] §le) AlgAsle] Aol EasiA ke
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