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Abstract: To clarify the mechanisms affecting windage loss and flow characteristics in shaft-type
rotor-stator gaps over a wide range of gap-radius ratios, the effects of key parameters, including
the gap-radius ratio, rotor radius, and rotor rotational speed, on the windage loss coefficient are
systematically analyzed using numerical methods. The flow mechanism within a gap-radius ratio
of 1. 3 is revealed, a method for predicting the optimal gap-radius ratio is proposed, and a
windage loss coefficient model covering a wide range of gap-radius ratios is developed. The results
show that the effects of the gap-radius ratio on the windage loss coefficient mainly include wall
shear and fluid dissipation. At small gap-radius ratios, the shear effect is dominant, whereas at
large gap-radius ratios, fluid dissipation becomes the primary factor. As the gap-radius ratio
increases, the windage loss coefficient first decreases and then increases, and an optimal gap-

radius ratio that minimizes the windage loss coefficient exists. As the rotor radius increases, the
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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 numerical

simulation results, a method for predicting the optimal gap-radius ratio of shaft-type rotor-stator

gaps and a windage loss coefficient model covering a wide range of gap-radius ratios are proposed,

with maximum prediction deviations of 5. 58% and 11. 81%, respectively. The results provide

technical support for windage loss studies and gap structure optimization in shaft-type rotor-stator

gaps over a wide range of gap-radius ratios.

Keywords: shaft-type rotor-stator gap; windage loss; flow characteristics; gap-radius ratio
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Fig. 1 Schematic diagram of shaft-type rotor and stator gap
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Table 1 Sizes of computational domain and data accuracy

R,/mm §/mm i [A] % /mm  JLf #iE
1~12 0.05~0. 60 1 12
20
15~25 0.75~1.25 5 3
1~12 0.028~0. 34 1 12
35.5
15~45 0.042~1. 27 5 7
1~12 0.021~0. 25 1 12
48
15~20 0.31~0.42 5 2
1~12 0.017~0. 20 1 12
60
15~20 0.25~0.033 5 2

2 BREMH

Table 2 Boundary conditions

28 Bl
HFEEH Q/(r s minT ") 10 000~50 000
& H1 p/MPa 0.101
M T/K 300
P o/ (kg + m*) 1.788
S HEE p/ (pPa- 13. 700
e 5% TR Re, 2.41X10°~1.63X10°
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Fig. 2 Validation results of grids independence

3 #R51e
3.1 HEEEEBNERVE
Pl 3 Shy Bl IS B i 1) st IXUBEL 63 2 R %0 C B [A] B

At R AR e I ] DLFE YL B p 38R C
Jel/NE O R T AR R H L A B b O T B X

0.005 0 ETHX !
0.0045f ! 00025 :
100024 :
e i
0.004 0} Ty 00023 i
10,0022 i
i ! i
- 0.003 5 | (000211 225, 0.002 12) i
2 100020 i
0.0030F | ‘ ‘ B : :
i
000251 | /l'
i
0.0020F i i
i
0.001 5 : '

0 04 06 08 10 12 14

K3 Cr. bl p 22tk

Fig. 3 Curve of C;  variation with 3




%9 XUBE A5 A HILARCI IS ] B XUBH A5 2% % 0 sl A AT 5 169

BT PIER Sy R RV AT mAL Cr dwesdy o ] B XU B 45
Jd /N AL R Ry B A IR B AR L 7 o 7E T REIX,
BEE 738K, Cr PRET R BT 9, S5 Cr B W1
i, G 3 B AR Y g 29 10 LGl 1Y
i 2R A% Ak AR XSS 22, BT 4k S8 I xd Cr. Tk
BAK.

o - BE TT Y B I8 7 AT AR AIE Jb A 5 e 1) BN 1)
Cr.o WZEACARDL P 4 JRIR T TERIR] 8 2648 T i 1 BE
T F XTI ) 7 W FE RS Z AR Al £
EE 4() PR LVE 2 68 1 mm(yp = 0.028) B,
DL AR 5 R T ) AH B AR D SESR  NRT R IALAAS F BE
TET 22 [B) (1 EE 458 VT 0 7 BB R XY Cr, R, Hoift
F VA0 i R £ R R 5 S VR O g R X DD e
T 9 J58 ) B R A A T B N B sl g o 7 A T
PRI, YIN 7t 5 B0 R R S A B4, W] LUIA
SRy A R W g A RIS O A B R B T — A 3R
T o 7E B — JE 9T N VD ;g S5 /NI AR G2 3 05 [ AT
FRE T ) 5 25 G0 1 ) X R fe R AR i A4 0z 2l 1)
e H T REMVEN .24 0 8 mm(y = 0. 225) B, YR
WALOIEE: R @ SRR AT ST IR IA R AN PN S &
A, YR F BN A F 6 = 1 mm, BLI Cr 3871,
JRUBHL A58 2 B /N 76 T B DX, 300 AR 15 B T 1) AF B 1 2
532 W it 28 T e 1 Bt XU BEL 46 2K 28 A A9 2 2 IR R L AT
ACb) AT LA B, Bl A 18] B2 g B 48 O 8] B oA I A 5
R TET ) JEE 554 PR ) B 5585 2 B O B D D7) N ) W A
BN MR S 23 BT o 25 (] B g 8 0 R L R
Ay RS 8 R Ui % i 2 T T R T 9% 1) 74 X BB
R BRI R J7 2 30 I e DX 88 . I HL el R B
JIE K8, 2 By 52 80 A TR o) U 583 2 A i T 7 () B
N FE S A s i A T 6 IR0 5 BRY 45 2% AR X
BER,

45T —— 6=1mm (y=0.028) "]
6=8 mm (7=0.225)

YT £
|
< TRV /) WYV
E v J
Z25F \/
20F
28 /
LSr e aix SRV X
0 50 100 150 200
7/mm
(a) FR&IX

zkxb. xjtu. edu. cn

—— 0=15mm (y=0.422)
0=40 mm (n=1.126)
24

| Py,
N \/\\/ \/\/

N T ya

20 SmHERUN X

45

St B SEONE X
15 : : . ;
50 100 150 200
Z/mm
(b)) EF X

Vel 4 AN [ [R) B B 1Y B 1T 39 U )% ) 43 A
Fig. 4 Average shear stress distribution on rotational wall

surface at different gap heights
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Fig. 8 Fluid velocity distribution in infinite space
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Fig. 9 Vorticity distribution within different gap height
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