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Mechanism and influencing factors analysis of windage losses from

aeronautic spiral bevel gear

LI Linlin, WANG Sanmin, ZHANG Xuyang;, LI Fei, LI Zhibin

(School of Mechanical Engineering,
Northwestern Polytechnical University, Xian 710072, China)

Abstract: Based on the computational fluid dynamics (CFD) theory, the airflow character-
istic and the mechanism of gear windage losses around the single spiral bevel gear were simulated
and analyzed using shear stress transfer (SST) 4-w turbulence model and multi-reference rotation
model {MRF) technology and the Coupled decoupling algorithm. The influence of gear speed,
rotation direction and shroud configuration on windage power loss was researched. Then the wind-
age moment was studied by orthogonal experiment and numerical simulation analysis with the dif-
ference clearance value between the shroud and the tooth surface, the heel and toe of the gear. By
means of variance analysis and data fitting, the functional relationship between the windage loss-
es and the clearance value of the gear was obtained. The results showed that when the shroud
clearance value was 1mm, the windage moment was the smallest, and the effect of reducing the
windage power loss was the best. The optimal reference value of the clearance between the
shroud and the gear was given by using the single-objective optimization analysis method, which
provided the theoretical basis and research method for further studying the multi-objective optimi-

zation of the shroud clearance and also a reference for the engineering application of the wind-

75 B #5 : 2020-12-08
TEE TN AR (1985— ), 4 14, 3252 SR 9ICIA 4 05 58 30 ) 2 B CRBF5T .

SI AR A MRk, £ =R SR I, S5 . U2 90 S 14 50 XU 2 HL B S5 5 ma R4 A (T ). i 2s 3 3 24k, 2021, 36 (11) : 2447-2457.
LI Linlin, WANG Sanmin, ZHANG Xuyang, et al. Mechanism and influencing factors analysis of windage losses from aero-

nautic spiral bevel gear[ J]. Journal of Aerospace Power,2021,36(11):2447-2457.



2448 i

K
&

&
g3

e % 36 &

shield.

Key words: computational fluid dynamics (CFD); spiral bevel gear; windage power loss;

multiple reference frame (MRF); shroud

I HfE 14 5 i T B R EBE ) B R A%
2y V- e e T TR A AR R N T IR
FmcE ke s R gt WL AR
Hh U e A R Il A R AR S A A G A G S
WA, 15 87 T 5G9 RUBHLAR K 406 Tk 963 2% LB T
PO Hevb 5 A T O A 40 2K o ] 2 M 5k
HERESZMNRTE A 17 8
&, 1A 8 DRCREL A5 10 46 2 i oy T Ok o0 RO T
/2 SR A AT Ak 5 R A B AR R R T
TR G A e R O R O B A % B R R i ] R
(o 48T 8 2k B K T 45 m/s B, U 4 e A
gz R ALE 3l 22 18l 1 24T 9 1R B 2
PG e A | L R A B FE A

RO AN RS 7 I N P i

B2 1K W 7 S 0 A MR B 4F . An-

derson fll Loewenthal®™## 57 7 il B — XF B 15 % Hl
B AUBH By a4 2R 11 X JF kg 25 0 T Ui A A
P ROSE AR 28 0 I R e 56 5 e PR 22 (L2
& 1 28 B2 B =5 O 40 m/s; Dawson” X [ HY %8 X
R R A XUBH B 2k AT T — R AN A
SUR S W UIE 2SR o e e W) B 2 W o
01 8 AR B 0 KUBIL Y I — S Rt T
AV, SR 5 76 4 TH DI TR RN A% TR 8 A s Rl B iR R
PP R AT DL R ARG JXURH , AN e 3= 3 RS L Al
FRAE S H 5 V0940 MUBRE , B e 45198 TitA |
Y758 KUBH A8 2K B9 1155 205K s Winfree ™ 1] 2271 22 3¢
P4 XUER B8 I A e T 1 I AT 8 RS R #Y
DA BB T A AUBE 500, DA 3 b R e /N B A T
51 KURH D R A5 R, OF 8 KU B i T R R A
BT E N 5 Johnson 5 A E0AT 58 T 3F mh & 9 27 4t
Wi 56 7E 25 S AR T TR A ) T B XU 0 FE |, 3R
BT XUEE A] DL KB Zh B 2 70 %, I 4 H 1R e
HEVG 5 0 R VTR 22 00 T 2R 0L T R0 UL .

T TS AR Bl 77 28 B B AR 01 AN W7 B
BT 2 R T LR R R XUBH I 52 o AR
PEMA R T H . Farrall 7 CED 20 M1 T 425 44
AR A IR A 1 R TR Y S R, O i g R W
P AE A T L R/ 0N i T 5 4 XU R Y T BB A e A
8 2t 5 /N T fe P B XU BH A 23 18 i ; Rapley 58]
JH CED J3 B 5% 7 A [l JUART I AR 5 A0 104 45 )42

it 9 14 ik D7 8 BAAH 3 A A9 B i 5 Webb 25
CED 15 020 87 A7 £ RS 0 B A 15 56 7 20k O o
(14 JRUBEL A FE , 8 Hh B 2 145 B B n , JC 1t 4R LA R
BREAR . Bl SR F B HORL 758 Jr ik i 58 T
Vi) 90 55 B 4, 2 W RS A A7 e BT A B
VSR S0z e SR 00 00 A 43 )k B O s
AT (A7 58 FDVRE O FE 0B AT T XUBELARE AL . Bl R = 258
F MIRF #E BUBIE 58 T K5 05 47 2L 15 48 3 G2 KU B 1)
A5 R AL IR By R A 28 o 5 B KRR VR .
Zhu VRIS VR 1 % JKUBE B S 45 2k 14 5% i)
R 82 Ve i Ak AL B ] ot {0 %) JXU BHL 4 5 g
KN TV A 2 [ B A 19,58 A B oK % B
JRVEEL 1) SRR AR 6T R 37 23R F95% ]

L5 T s M S AT 5 2 1 IR X ik 2D XL BHL
AR RAE A, AT DL gs A IXUBE A 2% 85 3% 70 % DA B o
AU TR B XA TR R T B A7 i 47 % 7 JXUREL 52 i) AL 73
HIF 58 A 2 1R AL AR SCEETF CFD B0 43 #r
U7 1 R JHSST Ko i T B e £ 5 2% 5 e % B
T (MRF) A, -0 i 446 % 3 T2 28 (AVE) 8 il
J5 A Coupled fiff #5551 SR i, DUSIC 14 4 247 58 XL
BHL I 28 458 2% 7= A B LB %, R 5 B2 i) 5 8 XURRL
TG ) PR 2 AR A0 01 0 L 285 R 400 XU BEL X SR 45
2R 555 B2 AL E HEOC R A 50 KUBE 5 5 5[]
S F 5 1226 TR 5T P4 IRV E 20 JRUBH 2 S 451 K A LB
IR IE 28 3R 56 B 7 22 43 AT 7 6 43 B 424 IR ] B
T H: 2 E A P B X 2 g TR R JRUBHL B 52 1 5
SR J A1 5 i A DL A R B 4R S R Mat
lab B H bR A 7 I 45 T AR % T it B
PR AH L AR A5 90 B 147 40 JRUBEL ) R 48 2k e /N B ) 4
KB B

1 BESIWERTE

1.1 E=HFRE

AR SCR T MRF 5 3 AF 52 145 48 e 5% iz 3 3 14
e A AN HE AU 5 9 R L, P AURDRE 1A R A A IR
22T PR AT A DX 8 S XU A A T Y
X 32 Bl XA R 5 A A 2 f] ) e Lk DX
H T B AN TSRO A X a2 Bl XS L AN T
SE X, R AV B985 07 B R i % . AVE
A Pl T A



11

ZE PR A T 23 OIEAT 14 8 JXUBHLA5 2 BIL B 55 5 ol R 3% 23 2449

1) EZE T 2

do .

5, TV eW)=0 (1)
2) dhmspE
a%y)+V(pWV%%MwX$W:

—Vp+V-r+S, (2)
e P N 7 3T () A F 24 ) 38 5, 1D

r—p[VV +(VV ) — % (V- V)I} (3)

AR = MIE R
V=U+W, U=wXr (4)

A o AR OT R B 5 O IEE] s WLV 43 R R
AR 5T A A A X TR R 24 X S R R s w0
1B 82 7% AN TR 2% & 0T 5 ) 1R RN >
15V B s p ol ol s A AR ) I RGBS
AR
1.2 mimRETE

it 3 A E Y TG A B s ORI
BOE ARz 30 EE S

1) FminEeRBsA N
(5)

vk R NVANTE S 1 b B 2 Nl i . B L S| N
&R IR .

TWBOEBE T SR ) 2 e, RN RoR
TR X U B Y S AR, R AR AR Y i
o BV BB I 8B 2P ) 5 R /) 2R
R S AL AE B v A PREOT B I R R
e 5 1 2 L i 08 25 SO 1 B I A A R
Rk ik 2 10" Ho g i T b S JLAT S5 A B R A
F | WRCTE i T TR e AR AR 2 b th BB Y E
A

2) kR ikl

]\/[a:E (6)
a

v a 53 50 Sk i A 2

A e ) R 10 O A e R 3 AT S 1 2k A
M FE 15 A3 340 m/s T B FRLIA AR
9 Ma<<0.3, X1 14 6 J) BTG 2 A0 A AT L o
VERE IR 75 SN T 4 i ik . X A N s R
Ui TSR DB, g T T I8 A Al B Y 7 R AR
3 SST k- fii A5 HY , H2 b 1 ke BERU 25 5
Wilcox k- 158 2k JE 75 2 191" SST koo it L 15
BB T Wilcox k-w 155 Y 7E 31 BE X} k-e £ T A

S

[ 95 D12 R % B R
2 SEEER KR R

2.1 CFDitEEHR
VT HE R R S AR SR 3 1 R .

F1 MEHEERERSH

Table 1 Basic parameters of spiral bevel gear
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shroud and gear
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Table 2 Factor level table

it S5 A Z K F
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Table 3. Experiment Scheme and result table

e Bl o 7 FLIR g 45 5
s A B AXB C AXC ABH AL E / (N/m)
1 1 1 1 1 1 0.351 11
2 1 2 2 2 2 0. 503 89
3 1 3 3 3 3 0.537 07
4 1 4 4 4 4 0.562 63
5 2 1 2 3 4 0.449 96
6 2 2 1 4 3 0.47513
7 2 3 4 1 2 0.467 4
8 2 4 3 2 1 0.617 44
9 3 1 3 4 2 0.469 32
10 3 2 4 3 1 0. 566 33
11 3 3 1 2 4 0.599 99
12 3 4 2 1 3 0.559 87
13 4 1 4 2 3 0.489 11
14 4 2 3 1 4 0.479 12
15 4 3 2 4 1 0.603 70
16 4 4 1 3 2 0.651 35
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Table 5 Analysis result table of F test

R 22K IR 1 2517 #l [ #h 07 % FAH Flg S F(fo. /)
A 0.013 3 0.004 25.76 3.29
B 0.054 3 0.018 108. 58 3.29
C 0.021 3 0. 007 40.83 3.29
R 0. 001 6 0.000 2
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Fig.16 Slice graph of C, fitted function
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C,=minf(x,,x,2;)=
1.103 X 10+ 3.010 X 10 *x; +
1.437 X 10 P2, + 2.133 X 10 x5+
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