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Numerical Analysis Techniques and Flow Characteristics of
Two-Stage Centrifugal Compressor for R134a Turbo-Chiller
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ABSTRACT

In this study, flow structure in a two-stage centrifugal compressor for a turbo-chiller with the refrigerant,
R134a, was numerically investigated at the design point of the compressor using a commercial code. Flow
characteristics in the passages of impeller, diffuser and return channel were analyzed in detail including velocity
vector, secondary flow, Mach number and pressure contours in blade spanwise and meridional plane for each
stage. The estimation on the one-dimensional output from the preliminary design and three-dimensional shape
of the impeller blade and the meridional shape of the return channel were performed through the flow analysis,
while some numerical schemes and techniques including Multiple Frames of Reference technique, real gas
property data and inlet boundary condition changes, which were used in CFD, were compared with their

features. The results will be used as reference data for a new design of 3-D impeller shape to improve R134a
compressor performance.
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Fig. 1 Schematic view of two—stage centrifugal compressor
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Table 1 Aerodynamic design output
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Design Condition 1-Stage | 2-Stage
Ri/Re 0.347 0.403
Ri/Re 0688 0.666
Impeller be/Re 0.272 0.184
B2 45.0 450
Impeller Blade No. 18 18
Ry/Re 1.106 1.100
ba/Re 0.232 0.156
Diffuser
Re/Rz 1.716 1.85%6
Diffuser Vane No. 9 9
Other RPM 12,500
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Fig. 4 Static pressure contours at midspan (2nd—stage);
(a) Stage averaging and (b) Frozen rotor option
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Fig. 5 Mach No. contours at midspan (2nd—stage);
(a) Stage averaging and (b) Frozen rotor option
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Table 2 Comparison of property calculations by RK eaq.
and Refprop(NIST)

Property RKEq | NIST | 4%
Density (kg/m’) 25.832 26365 | 206
Speed of Sound (m/s) | 148408 | 14706 | 091
Iso. Comp. (s%m?) | 5333e-5 | 55725 | 448
Therm. Cond(W/m - K)| 00238 | 00135 | 433
Viscosity (Pa -s) 2.066e-5 | 1.160e-5 | 439
*P1=553 kPa , Ti=2957 K

Table 3 Comparison of results of numerical analysis by
property data of RK eq. and Refprop(NIST)

Property RK Eq.| NIST | A%

Static Pressure (kPa) | 553.317 | 548.029 | 091
Temperature (K) | 296582 | 296531 | 0.02

Density (kg/m’) 25754 | 259965 | 0.67

Inlet | Speed of Sound (m/s) | 14878 | 14764 | 0.77
Iso. Comp. (/") |530le-5|551le-5| 396

Therm. Cond.(W/m - K)| 00239 | 00136 | 431
Viscosity (Pa - s) 2.069¢-5|1.164e-5| 43.7

Static Pressure (kPa) | 1052.320 | 1052.300 | 0.00
Temperature (K) | 32225 | 323.243 | 0.31

Density (kg/m’) 48223 | 8901 | 041

Outlet| Speed of Sound (m/s) | 14629 | 14538 | 062
Iso. Comp. (/) |5692e-55920e-5| 401

Therm. Cond.(W/m - K)| 00261 | 00161 |3831
Viscosity (Pa - s) 2.156e-5 | 1.282¢-5 | 40.54
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Fig. 6 Property ratios of numerical analysis results by RK

eq. and Refprop(NIST) in 2nd—stage compressor
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Fig. 9 Secondary flow of first—stage impeller
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(a) near shroud, (b) midspan and (c) near hub
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Fig. 11 Meridional static pressure contour of 1st—stage
compressor
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Fig. 12 Static pressure contour at midspan of
2nd—stage compressor
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