Mechanical Engineering and Technology LI L2 58K, 2022, 11(3), 249-256 Hans Y
Published Online June 2022 in Hans. http://www.hanspub.org/journal/met
https://doi.org/10.12677/met.2022.113030

e & AR Sz EBEH AT 5 5IE

44, TRE, Badd, 4L

U AR R DA IR A (331)7), IR AR
294 3 TR U RS B A ARG, PRSP
S EfUR KA IERA R, HERHL, W EH

Woks H . 20224F3 4290 FHER: 20224F6 H17H: KA HI: 20224F6H29H

R

St RSN EM IR HFERER. FaRESHE, BERATRKTIm-PATENEY
RERHE B RV FEEERE, RE0 BT E RS WS BO RN &t B ST H IR
My, & GHRER/DN. BRRBERIBEARAE TR, X EFRETHESWSHORTHL R, FEIE
WIEHRBRAE TS B IR .

X in

Parameter Optimization and Experimental
Verification of Hydrodynamic Pressure
Mechanical Seal in Aero Engine

Wei Xiong!, Jianlei Wang?, Jiajia Ji3, Shenlong Li3

Aecc South Industry Co., Ltd. (331), Zhuzhou Hunan
*School of Machinery and Precision Instrument Engineering, Xi’an University of Technology, Xi’an Shaanxi
*AECC Changjiang Engine Company Limited, Research and Development Centre, Yueyang Hunan

Received: Mar. 29", 2022; accepted: Jun. 17", 2022; published: Jun. 29", 2022

Abstract

Aiming at the shortcomings of traditional mechanical seal in the Aero engine, such as large lea-
kage and short seal life, the model of Upstream pumping mechanical seal was established on the
basis of infinitely long plane parallel groove theory named as Whipple theory, the effects of the
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seal structure parameters on sealing performance including fluid film stiffness and leakage were
simulated, and the structural parameters of Upstream pumping mechanical seal were optimized
to obtain the film stiffness. The correctness of optimal results were proved by the simulation test.
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Figure 1. Upstream pumping mechanical seal structure
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Figure 2. Effect of spiral groove number on seal opening force
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Figure 3. Effect of helix angle on seal opening force
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Figure 4. Effect of helix angle on liquid film stiffness
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Table 1. Sealing structure and working condition parameters

=1 BHREMNTIASH

¥ HiE ¥ BE
BNHAMFAE ry/mm 38.7 5L B 1
NI FAE r/mm 32.7 WETE A oo 8
FERLAF1E r/mm 36.9 TR Hy/pm 8
18 n/rpm 30,000 L NJA 18
Vi bl J£71 P/MPa 0.05
4.2. Hifk=ig

FEIRTEH] ho: [4 pmy 6 pmy 8 pm. 10 um];

FEME R N,: [140 164 18 20];

WEEEM a: [6° 8°% 10°, 15°];

fvitt: [0.6. 0.7, 0.8, 1.0. 1.2];
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Table 2. Orthogonal test table of influencing factors of sealing performance
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RBE HEER WHER
BIEA a IR hy EER%W B FEH N, JFIR 71 Fy/N HHRE o/ml/s
1 6 4 0.6 14 363.93 0.1513
2 6 6 0.8 16 620.43 0.2959
3 6 8 1 18 775.69 0.3617
4 6 10 12 20 794.56 0.3490
5 8 4 0.8 18 412.86 0.1733
6 8 6 0.6 20 630.21 0.2874
7 8 8 1 14 994.21 0.6943
8 8 10 12 16 1305.3 0.8108
9 10 4 1 20 432.56 0.1861
10 10 6 1.2 18 803.82 0.4782
11 10 8 0.6 16 12312 0.8927
12 10 10 0.8 14 1583.2 1.4038
13 15 4 1.2 16 481.13 0.3483
14 15 6 1 14 813.01 0.7516
15 15 8 0.8 20 1250.6 0.7985
16 15 10 0.6 18 1746.6 1.2957
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Table 3. Leakage range analysis
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REIRT RES A Bs B IR CHEERL D &%
K, 1.1579 0.859 2.6271 3.0064
K, 2.0145 1.8131 27271 2391
K, 2.9608 2.7526 1.9937 2.3089
K, 3.1941 3.9026 1.9863 1.6210
ki 0.2894 0.2148 0.6568 0.7516
B K, 0.5036 0.4533 0.6818 0.5978
O/ml/s ks 0.7402 0.6882 0.4984 0.5772
kq 0.7985 0.9757 0.4966 0.4053
H# R 0.5091 0.7609 0.1852 0.3463
FE RN B>A>D>C
K A, B, Cy D,
A& AB,C4D,

Table 4. Analysis of opening force range
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REFEhr Pt as) A SRR B 15 CHEEREL D 1#%
K, 2554.61 1690.4 3971.94 3754.35
K, 3342.58 2867.47 3867.09 3638.06
K, 4050.78 4251.7 3015.47 3738.97
K, 4291.34 5429.66 3384.81 3107.93
K 638.65 422.6 992.99 938.59
R K 835.65 716.87 966.77 909.52
FyN ks 1012.70 1062.93 753.87 934.74
ky 1072.84 1357.42 846.20 776.98
W7 R 434.19 934.82 239.12 161.61
F Wi B>A>C>D
K A, B, C, D,
A A A,B,C, D,
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Figure 5. Mechanical seal test system
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Figure 6. Sealing product after test
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