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Windage Loss Model Verification and Flow Characteristic Analysis
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Abstract: To predicate the windage loss in gap of rotating machinery, the four common windage
loss models are verified systematically, and the flow characteristics in gap are analyzed in detail.
Firstly, the numerical method is verified by the published experiment data of windage loss and
velocity distribution in gap. Secondly, the prediction accuracy of these four models is validated
under different linear velocity and fluid density conditions, and the flow characteristics are
analyzed in detail. The results show that the windage loss and velocity distribution obtained from
the Reynolds stress model deviate only slightly from experimental results, verifying reliability of
the numerical method. Within a linear velocity of 74—233 m/s., the relative deviation between the
predicted results and numerical results is less than 10% for models 2 and 4 and is large for models

1 and 3. Under the pressure of 0.1 — 2.1 MPa, the windage loss increases linearly with the
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increase of the pressure. The predicted result of model 2 is closer to its numerical result, with a

maximum relative deviation of 1. 44 % when the Reynolds number ranges from 10' to 6 X10", and

the predicted result of model 4 is closer to its numerical result, with a maximum relative deviation

of 6.15% when it is higher than 6 X10*. Flow field results show that there are periodic Taylor

vortices in gap., the velocity pattern is divided into three regions in radial direction, and the

vorticity near the wall is greater than that at the centerline. The study results provide the basis

on selecting windage loss model and offer reference to the development of more accurate models.

Keywords: loss model; windage loss; Taylor vortex; numerical calculation
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Table 1 Common equations of skin friction coefficient
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Fig. 1 Schematic diagram of fluid domain geometry model
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Table 2 Main geometry dimensions of the model
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Table 3 Boundary conditions of numerical calculation
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Fig. 2 Results of turbulence model validation
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experimental values and numerical results
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Table 4 Results of mesh independence validation
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linear velocity of 74~233 m/s

Bt PAL 8- 320 S A, R AR i Ak b AIET 8 AT A
B TEAN TR B 2 R T TR] B PAY 3 4 A28 fia A
ik A A [R]85 ¥ A 1) 49 4 O R 1 R T T
e DX T R A DRI B T S JEE T e IX 3 A X
A LA H S AR AN T (1 2 3o 35 ol R B e X1
L AR A [ 38 8 ) L S T 2 O B 1 R Y — 2
FeAv o BT R T RE i R T B R AR AR R B 52
P e Fhy T BE A B SR T B .

240 L/ (ms )
210 —=— 74
—e— 112

180 —— 156
B —v— 178
315
8 —o— 201
® 120 —e— 223
b — . S
K 90 e e
5 - Y Y

60 & —o

30 —-

0 0.2 0.4 0.6 0.8 1.0

(R-R))-5™!
Pl 8 ZR3HEERy 74~233 m/s B[] B A 141 2 B 4 Al
Fig. 8 Averaged velocity distribution within the gap under

the linear velocity of 74~233 m/s

e B L B SO R T U AT B T R
- BE T R I A T SR O AR TN B T
JEE A G A T A2 B4 A 3 A TR W R P 6 3 Bl
(1835 e A IS D /0 o DR I T Ak 11 300 5 2 T8 B 0/ ) &
B TR A R A R

PO SR O 74 ~233 m/s I a] B A ) 76
= B9 WL Y e 1 R T BE T A Y T




60 [N i

PN

556 B

R Ak e I ELI AR 1 7 1) o g 2 DXORIER 3
XA W FBR . ok T B P O BE T Ak 2 B B R
SN L LA B S RE B R T b R R . 5
b B A 2 R A T v o BE T AR B e e T R K
X UL TR L R B T e AR 52 B L T R
W i e S 35 1] B DAY 9AE 80 A R 4 5 AT b ] B A
(14 JEE 8% 458 2 I £ 38 %) s T S 4T 48 K
N -

0 10 20 30 40 50 60 70 80
WE/(ks™)

74 m/s

|

156 m/s

\

201 m/s

223 m/s

K9 ZRHEN 74~233 m/s I ] B P Y 35 i = 1
Fig. 9 Vorticity distribution within the gap under the linear

velocity of 74~233 m/s

3.2 ARAZEETHREAEENEIER RS H
M R LT H 508 0 BE 454 2R 27 A
SN LR 1 A TR AR IR T L AR Y AT A 5 () )
BIURBE T R R . R 5 S T /e
oy 323. 15 K AN [l 28 U L B0 3+ 30 2
K5 MRARREAE LN &
Table 5 Computational condition of different density in the
gap
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Re

0.101 3 1. 093 19.600  8.29X10°~2.49X 10"
0.500 0 5. 394 19.690  4.07X10'~1.22X10°
0. 900 0 9.713 19.748  7.31X10*~2.19X10°

1.300 0 14.034 19.807  1.05X10°~3.16X10°
1.700 0 18. 357 19.869  1.37X10°~4.12X10°
2.100 0 22. 681 19.932  1.69X10°~5.08X10°
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