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Performance simulation and parameter analysis of viscous fluid damper
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Abstract: [ Objectives | This paper investigates the flow field distribution inside a working viscous fluid
damper (VFD) , and the sensitivity of the hole radius, hole length, number of holes and piston diameter to the
damping coefficient and velocity index. [ Methods ] Parameter design schemes are obtained through ortho-
gonal design, and a FLUENT flow field simulation is applied to study the flow field distribution, and calculate
the impact degree of structural parameter on the damping coefficient and velocity index of each scheme.
[ Results | The results show that the internal flow field distribution basically conforms to the regular distribu-
tion of laminar flow in parallel flat plates and tubes, the impact degree of of each factor on the damping coeffi-
cient and the velocity is obtained in descending order, i.e. hole radius>piston diameter> number of holes>hole
length, and hole radius>number of holes>hole length>piston diameter. [ Conclusions | The combination of
orthogonal design and FLUENT flow field simulation can minimize the design scheme, shorten the design
cycle, and reduce experimental cost, giving it great significance for practical engineering applications.
Key words: viscous fluid damper (VFD); orthogonal design; FLUENT flow field simulation; sensitivity
analysis
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Fig. 1 Experimental distribution of Ly(3‘) orthogonal array
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Fig. 3 Structural model of viscous fluid damper
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Table 1 Value of fixed factors
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Table 2 Value range of influence factors

FASES BUA
FFALFZrymm 1,15,2,2.5
FFFLKE I/mm 60, 62, 64, 66
TEALA A 1,2,3,4
G ZEHAD,/mm 124, 128, 132, 136
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Table 3 Schemes of orthogonal design

LA
Wik S el
ro/mm  Jmm /Y D;/mm
1 1 60 1 124 1
2 1 62 2 128 2
3 1 64 3 132 3
4 1 66 4 136 4
5 1.5 60 2 132 4
6 1.5 62 1 136 3
7 1.5 64 4 124 2
8 1.5 66 3 128 1
9 2 60 3 136 2
10 2 62 4 132 1
11 2 64 1 128 4
12 2 66 2 124 3
13 2.5 60 4 128 3
14 2.5 62 3 124 4
15 2.5 64 2 136 1
16 2.5 66 1 132 2
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Table 4 Grid independence test

st FEZE 1N
1396233 87.13
1944 179 88.57
2091 891 89.13
4499 032 88.16
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Fig. 4 Results of grid independence testing for property simula-
tion of VFD
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Table 5 Simulation and theoretical calculation results of ortho-
gonal design

s ik
TECTHERE R FER% AR
C/(KN-v®) a C/AKN-v®) a
1 27.72 0.302 35.75 0.275
2 28.38 0.323 37.07 0.275
3 31.72 0.299 39.21 0.275
4 32.87 0.325 41.89 0.275
5 19.25 0.345 21.69 0.275
6 22.60 0.373 29.34 0.275
7 14.22 0.297 15.78 0.275
8 15.92 0.351 19.46 0.275
9 12.28 0.280 12.72 0.275
10 11.17 0.262 11.06 0.275
11 13.56 0.325 15.19 0.275
12 10.80 0.320 11.71 0.275
13 6.61 0.258 6.45 0.275
14 6.80 0.255 6.53 0.275
15 10.06 0.276 10.10 0.275
16 11.46 0.277 11.51 0.275
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Table 6 Visual analysis with the damping coefficient as the
evaluation index C

AN ro/mm //mm A D, /mm 75
K, 120.69 65.86 75.34 59.54 64.87
K, 71.99 68.95 68.49 64.47 66.34
K, 47.81 69.56  66.72 73.60 71.73
K, 34.93 71.05 64.87 77.81 72.48
i 30.17 16.47 18.84 14.89 16.22
X 18.00 17.24 17.12 16.12 16.59
K 11.95 17.39 16.68 18.40 17.93
K 8.73 17.76 16.22 19.45 18.12
WZER 21.44 1.30 2.62 4.57 1.90
HiRR 1 5 3 2 4
[ESENE e re> D>n>1
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Table 7 Visual analysis with the velocity index as the evalu-

ation index «

AT Fo/mm //mm i D,/mm =4
K, 1.249 1.185 1277 1.174 1.191
K, 1.366 1213 1.264 1.257 1.177
K, 1.187 1.197 1.185 1.183 1.250
K, 1.066 1.273 1.142 1.254 1.250
X 0.312 0.296 0.319 0.294 0.298
X 0.342 0.303 0.316 0314 0.294
K 0.297 0.299 0.296 0.296 0.313
i 0.267 0318 0.286 0314 0.313

7R 0.075 0.022 0.034 0.021 0.018
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