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Abstract: To address the limited understanding of windage loss mechanisms in complex back gaps
featuring weight reduction structures, numerical simulations are conducted to investigate the
effects of key parameters such as rotational Reynolds number, throughflow Reynolds number and
relative gaps on windage losses and to elucidate the flow mechanisms within the gaps. A laminar
theoretical model for slope wall gaps is developed based on differential shear stress theory, and a
simplified windage loss model for impeller back gaps is proposed by representing the complex
back gap as an equivalent coupling of two relative gaps. Results demonstrate that windage losses
in impeller back gaps increase with rising rotational and throughflow Reynolds numbers but
decrease with increasing relative gaps. In this superimposed flow regime, a compensatory radial
inflow is formed in the core region, causing radial velocities to exhibit two directions. At a

rotational Reynolds number of 1X10°, the windage loss in the impeller back gap featuring weight
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reduction structure is reduced by 7. 27% compared to that in a standard disk-type impeller back
gap. The flow within the gap is classified into 4 characteristic regions; the rotor pumping region
is induced by the superposition of circumferential and radial flows, and an increase in throughflow
Reynolds number suppresses the pumping effect, thereby altering the velocity distribution of fluid
in the core region and exacerbating windage losses. The proposed windage loss model for complex

impeller back gaps predicts windage losses with a relative deviation of less than 15% compared

with numerical results.

These findings provide both theoretical validation and engineering

guidance for aerodynamic optimization design of supercritical carbon dioxide (sCQO,) radial inflow

turbines.

Keywords: supercritical carbon dioxide; radial inflow turbine; impeller back gap; windage loss;

pumping effect
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Fig. 1 Schematic diagram of geometric models
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Table 1 Sizes of computational domain

S8 KfH
R,/mm 105. 6
R, /mm 34.3
S/mm 0.5,1.0,2.0,3.0

H,. H,, H;» H;/mm 26.0,8.0,26.1,1.7

L, L, Lys Lys Ly, Lg/mm 8.0,9.0,23.9,1.4,1.5,0.2
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Fig. 2 Grids independence validation results
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Fig. 4 Variation of windage loss for different conditions
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