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Abstract

Taking the water tank of a tunnel cleaning vehicle as the research object, a unidirectional fluid
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structure coupling method was used to model and numerically analyze the water impact and
shaking problem inside the water tank using the finite element analysis software Workbench. By
applying different braking accelerations to water tanks with different end face structures under
different water storage conditions, an impact load was formed, and the impact pressure and
maximum load that the water tank was subjected to under different working conditions were ob-
tained. The research results indicate that the impact load on the water tank is influenced by the
structure of the water tank, water storage capacity, initial speed, and braking acceleration.
Through analysis, it was found that the double baffle type circular arc head water tank has a good
structure. When the water storage capacity is 80%, the stress value and shape variable can be ef-
fectively controlled, verifying the consistency between the calculation model of the water tank and
the actual water tank. It indicates that the one-way fluid solid coupling method used has good re-
liability, providing a reliable analysis method for the optimization design of the water tank struc-
ture of tunnel cleaning vehicles.
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Figure 1. Two finite element models of water tanks
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Figure 2. The maximum impact pressure generated by water on the box
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Figure 3. Transient distribution of gas-liquid two-phase flow in an
80% water storage tank (circular arc head water tank)
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Figure 4. The maximum impact pressure generated by water on the
box (80 % circular, arc head water tank)
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Figure 5. Load distribution at different time points on the front end face of the water tank
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Figure 6. Stress cloud map of water tank under maximum load
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Figure 7. Cloud diagram of deformation of water tank under maximum load
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Figure 8. Load distribution on the front end face of the box with different water storage capacities
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Table 1. Load distribution under different water storage capacities
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Figure 10. Maximum impact pressure generated by water impact (single partition)
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Figure 11. Load distribution of water on the front end face of the water tank under different working conditions
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Figure 12. Load distribution of water on partitions under different working conditions
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Figure 13. Schematic diagram of double partition water tank structure
B 13. WRIRKFELEEREE

(b) 90%

FEARTEN 6 ARIKF N B S8 2 AR, BaAR 5 i (R AT B8 A 2 0K, 2 ANBEACR KA 20D 3
ANIEIAEE, HEEA AL, LRI, SRR A R AR 2y 80%. I AL X
e, A BRAR KA 2R i T AR K E 90% 2 A

R AR G TSR RASEGEAT T, [FIREORFFRIAGIE L (16 m/s) AN BN E (—4 m/s® ) A2,
FEft /KBy 80% UL T » 6 BE AT UG R K R HEAT 015 1000 AT o AR 7K 7 A (1 e Kb oty g4 14 B

Pressure Pressure
Contour 1

Contour 1
9.203e+03 3.048e+03
I 6.324e+03 I 1.236e+03
3.446e+03 -5.750e+02
5.670e+02 -2.386e+03
-2.312e+03 -4.198e+03
-5.190e+03 -6.009e+03
-8.069e+03 -7.820e+03
-1.095e+04 -9.631e+03
-1.383e+04 -1.144e+04
-1.670e+04 -1.325e+04
-1.958e+04 -1.507e+04
[Pa]

[Pa]

(a) itk (b) Bt

Figure 14. Maximum impact pressure generated by water impact (80%)
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Table 3. Distribution of impact load on double baffles at different speeds
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Table 4. Load distribution of water tanks with different structures under different working conditions
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Figure 15. Stress cloud map of double partition (90%) water tank
15. MFBHR(90%) 7K FE R 11 = E
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Figure 16. Double partition (90%) water tank deformation cloud map
16. XPEHR (90%) /K FEZ ZE = B

IKAAEEJE N 5 mm, KA KR ) A0 B AR 38 e AR AR K AR BT RN TSRS AR i BN BN S, K FEIZ
#zibiash, AKEBHE T B X KA A AR ey, AnAE IR S S B R, e S R 2 e 2K
fifo BRI JJH 34.53 MPa, f KRNAS A 4.68 mm, AT HOEHF SR IR (252 MPa), %24 SRR &,
N T AT A G BB TS e R R BBE 7, R B REOKAE B 5, R RFIHUE A B B R AL 1 1
DU, RATREMZHIK,  PIERAT RGBTk

KR FGRRTJaim i . AR AT RRAR AR ik A AR R, SRATREAS & 55, HR 4R W
% 5 R,

Table 5. Structural analysis of water tanks with different thicknesses
5. TEIEE KB

T4 i TH B AR (mm) FEARBEAR (mm) FEAR (mm) KR 71(MPa) B KB AE (mm)
K56 5 5 4 345 4.6
28K 56 5 4 4 40.9 5.1
3K A 4 4 4 75.7 7.8
7K F 4 3 3 78.5 8.3
S5#/K 6 3 3 3 110.2 10.5

KA R LR 3 mm JE(5#/K ) I ANE AN, JLa K8 8 110.2 MPa, 5K 3AZ B 10.5
mm, 4 REUIIREGR, T8 B AR KA I A IR A AR A 7oK

2 A )5 BIZKAE H B EORI 179 1, BRRE] 7 1.21 t, 7ESCRERREBENMIT FEL T, AT
%% 0.58 t /K, A RUE KA MEHETF K.

5. &g

ASCHEFAT IR T 5 A AR S PRI, DLREETHUE 4 KA IR, R FRIC O Bk AF Ansys
Workbench 7355 1 /KA SHARKIAT IR TR . A6 B e [ A 5 073k, 1S B 9ISk Y vl i T 45
P RIKAGAEAN R A KB . AR B DN B2 ) 00 R SN b oy A AT 155, IR M v S R A% i
AT 0, A PUR S

(1) I B fe [ 7 28 AN [ e T 5 ) ok AT 4 P T AR S 7 R AR A, 85 SRR W 168 9ISk i
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