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A study on the vaneless diffuser and volute casing design for the
improvement of small centrifugal compressors
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Abstract The performance improvement of a small centrifugal compressor for waste water treatment has been
conducted by the design change of vaneless diffuser and volute casing. Existing two compressors use a common
impeller, but the width and length of the vaneless diffuser and the cross-sectional shape of the volute casing are
different, respectively. Based on the experiment of the existing two compressors and their CFD results, the design
of the vaneless diffuser and the volute casing has been changed. It was found that the strength of the interaction
among the volute tongues, the vaneless diffusers and the impellers of two existing/one improved compressors, was
affected by the cross-sectional area and inlet radial length of the volute casing including system losses’ change. The
efficiency of the impeller with one existing design was increased as the decrease of the width of the vaneless diffuser,
but losses at the diffuser were accumulated. In conclusion, approximately 2.88%p efficiency increase at the design
point of the new compressor with the improved design has been confirmed by CFD analysis results.

Key Words : Centrifugal compressor, CFD, Performance test, Vaneless diffuser, Volute casing

Nomenclature impeller exit radius

D34 Diffuser height Ra Impeller exit radius

C Velocity Rs Volute scroll inlet radius

Co Total pressure loss coefficient Re Scroll inner radius at a polar angle ©°

Ps3 Average static pressure at a diffuser inlet S) Polar angle

Pos  Average total pressure at a diffuser inlet %p  Percentage point, arithmetic difference of two
Poi Average total pressure at an arbitrary percentages

position of diffuser
R/R. Diffuser radius ratio of an arbitrary diffuser to an
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Fig. 1. Geometry of diffusers and volute casings : (a)
Fluid zone of model 1 (b) Sectional view of
Y-Z plane(Model 1 - Model 3)
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Table 1. Vaneless diffuser and volute dimensions of
each model
Mode
| b3a/bsa, model 1 | Rs/Rz, | Rseo/Ras0r, Model 1
1 1.00 1.91 1.00
2 0.82 2.55 1.00
3 1.00 2.27 0.91
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Table 2. Design point

Value unit
Total—TotalA L775
Pressure ratio
Flow rate 0.466 kg/s

2.2 A &d]

x4 x4

CP?C'P

Orifice (dlscharge flow)

x4®——® x4
O4®

HEEHG

@ 0—Hi—

Source Powermeter Reactor

(b)

Control VIV

Ambient air

Ambient air

Inverter

Fig. 2. Performance test layout : (a) Picture of Model
1 (b) Schematic of measurement system
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Table 3. Computational mesh of each model

Impeller, diffuser
Number of Mesh
mesh type
4,158,480
3,795,876
4,218,864

Volute casing

Model Number of
mesh
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2,577,540

Mesh type
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Fig. 4. Test and CFD result of Model 1 : (a) Pressure ratio curve (b) Efficiency curve
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Fig. 5. Test and CFD result of Model 2 : (a) Pressure ratio curve (b) Efficiency curve
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Fig. 6. CFD result of Model 1, Model 2, Model 3 : (a) Pressure ratio curve (b) Efficiency curve
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Fig. 9. Static pressure distribution of the design point at
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