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Windage Loss and Flow Characteristics in Shaft-type Gap of
Rotating Machinery
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China)

Abstract: To clarify the influence mechanism of windage loss and flow characteristics in shaft-type
rotor and stator gap under the condition of wider gap-radius ratio, systematically analyzing the influence
rules of key parameters, such as gap-radius ratio, rotor radius, and rotor rotational speed on the windage
loss coefficient based on numerical methods. That reveals the flow mechanism with the range of gap-
radius ratio less than 1.3, proposes a prediction method for the optimal gap-radius ratio, and develops a
windage loss coefficient model for wider range of gap-radius ratio. The results show that, the influence

mechanism of the gap-radius ratio on the windage loss coefficient mainly includes wall shear effects
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and dissipative effects inside the fluid. At smaller gap-radius ratio, the shear effect dominates, while at
larger gap-radius ratio, the dissipative effects inside the fluid become the primary factor. The windage
loss coefficient first decreases and then increases as the gap-radius ratio increases, with an optimal gap-
radius ratio which minimizes the windage loss coefficient. As the rotor radius increases, the optimal gap-
radius ratio gradually decreases. When the rotor radius increases from 20 mm to 60 mm, the optimal
gap radius ratio decreases from 0.425 to 0.167. Based on the present numerical results, a method for
predicting the optimal gap-radius ratio for shaft-type rotor and stator gap and a model for the windage
loss coefficient in wide gap-radius ratio were proposed, with maximum prediction deviations of 5.58%

and 11.81%, respectively. The research results provide technical support for the study of windage loss

and gap structure optimization in shaft-type rotor and stator gap with wider gap-radius ratio.

Keywords: shaft-type rotor and stator gap; windage loss; Taylor vortex; gap-radius ratio
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Table 1  Sizes of computational domain
and data accuracy
Ri/mm o/mm n oWlka/ J_H:'Tﬁ(

mm h=Ey
1~12 | 0.050~0.60 1 12
20 15~25 | 0.75~1.25 5 3
35 1~12 | 0.028~0.34 1 12
15~45 | 0.042~1.27 5 7
1~12 | 0.021~0.25 1 12
® 15~20 | 0.31~0.42 5 2
6 1~12 | 0.017~0.20 1 12
15~20 | 0.25~0.033 5 2
k2 AREMH
Table 2 Boundary conditions
2 L Bl
Wi o t/min 10000 ~ 50000
EJ1p MPa 0.101
T K 300
I p kg/m® 1.788
EIPAL N Pa-s 13.700
e B Re,, - 2.41x10° ~ 1.63%10°

(a)

A (R =235.5mm)
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