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CED analysis of the Disk Friction Loss on the Centrifugal
Compressor Impeller
Hyun-yop Kim*, Lee-sang Cho** and Jin-soo Cho**

ABSTRACT

To improve the total efficiency of centrifugal compressor, it is necessary to reduce
the disk friction loss, which is defined as the power loss. In this study, the disk
friction loss due to the axial clearance and the surface roughness effect is analyzed
and proposed the new empirical equation for the reduction of the disk friction loss.
The rotating reference frame technique and the 2-equation A SST model using
commercial CFD code FLUENT is used for the steady-state analysis of the centrifugal
compressor impeller.

According to CFD results, the disk friction loss of the impeller is more affected by
the surface roughness than the change of the axial clearance. For the minimization of
the disk friction loss on the centrifugal compressor impeller, the magnitude of the
axial clearance should be designed to the same size compare with theoretical
boundary layer thickness and the surface roughness should be minimized.
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Table 1. Specification for the impeller of

FE71e A% wF £4

Kol
A7(9S 9By Y2z wy
(Ryo.2 TaAs kel Ve Aolth e
% 7174 dslel mE A% BF &4 WA o

the centrifugal compressor

Component Dimension
Impeller radius(A2 108.5mm
Inlet tip radius(Ay) 65.1mm
Inlet hub radius(/A») 21.0mm
Axial clearance(s) 0.5mm
Impeller tip height(b2 15.3mm

Vaneless space(Rs—F2) 20mm
Number of blades(\y) 9 (9 splitters)
Rotational speed(M) 35,000rpm

Table 2. The variation of the impeller axial
clearance for the CFD analysis
(surface roughness : 0.016mm)

Component cleaégLacle(s) s/ Fe
Case 1 0.5mm 0.0046
Case 2 1.0mm 0.0092
Case 3 1.5mm 0.0138
Case 4 2.0mm 0.0184
Case 5 2.5mm 0.0230
Case 6 3.0mm 0.0276
Case 7 3.5mm 0.0323
Case 8 4.0mm 0.0369
Case 9 4.5mm 0.0415
Case 10 5.0mm 0.0461

Table 3. The variation of the impeller disk
surface roughness for the CFD
analysis (axial clearance : 3.5mm)

Component Surface roughness(As)
Case 1 0.004mm
Case 2 0.008mm
Case 3 0.012mm
Case 4 0.016mm
Case 5 0.020mm
Case 6 0.024mm
Case 7 0.028mm
Case 8 0.032mm
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Fig. 5. Volume meshes and detailed view
of impeller disk region

Table 4. Boundary and Initial conditions for
CFD analyses of the impeller

Component Value
Inlet total pressure(MPa) 0.1MPa
Inlet static pressure(MPa) 0.090MPa
Inlet temperature(K) 297K
Outlet total pressure(MPa) 0.285MPa
Rotational speed(rpm) 35,000rpm
Mass flow rate(kg/s) 1.57kg/s
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Table 5. CFD analysis results of impeller
side gap and outlet

Parameters Side gap Outlet
Total pressure 0.241MPa 0.285MPa
Static pressure 0.197MPa 0.219MPa

Total temperature 407.8K 412 2K
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