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Abstract: In order to optimal design of the structural layout and operating parameters of the bridge deck fluid heating system, and
further improve the snow melting efficiency, based on COMSOL Multiphysics multi-physics field coupling simulation platform, a
three-dimensional computational model was constructed to analyze the snow melting efficiency of circulating pipeline-heated bridge
decks by characterizing the process of melting the snow layer of bridge decks into water with the process of phase change. The
accuracy of the new numerical model was verified by the experimental data in the literature, and the model was used to simulate and
analysis the influence of the pipe inlet fluid temperature, geothermal pipe burial depth, pipe spacing, pipe diameter, snow layer
thickness and fluid temperature along the loss on the bridge deck snow-free rate, snow melting rate and temperature field distribution.
The simulation results showed that the thickness of the snow layer over 0.04 m would significantly reduce the snow melting rate of
the heat pipe melting system, and the increase of the temperature of the pipe inlet fluid made the growth rate of the snow melting rate
decrease gradually, and the temperature difference between the fluid inside the pipe and the bridge deck structure in the process of

heat transfer decreases constantly, which exhibited a nonlinear temperature decay effect. The results of the study could provide data
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support and technical reference for the efficiency analysis and optimal design of the related bridge deck fluid heating system.

Keywords: circulation pipe bridge heating system; snow-melting and de-icing model; numerical simulation; snow-melting

efficiency; geothermal energy
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Fig.1 Schematic diagram of the bridge deck snow melting
and de-icing system
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Fig.2 Schematic diagram of the model structure
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Table 1 Changes in material properties before and
after phase change
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Table 2 Design parameters for fluid-heated road snow-melting test system units
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Fig.7 Effect of different spacing on snow melting effect

175 200

3.0

—=— 1] 50.30 m
2.5 H—®—lil#i0.25 m
—A— 1] #0.20 m
—w—[]H0.15 m

2.0
1.5
1.0
0.5

BRFRIREE/°C

1 1 1 1

175 20

2.0 L 1 L 1
20 25 50 75 100 125 150

H5} (8] /min
K8 ARIEEET & IE FJ7 SRR
Fig.8 Temperature variation of the road surface directly above
the pipe at different pitches

EIEAT B B N2 T EOMVE RS R G
IR TGRS B A, BT, SR A IE
e XS v ik J32 375 140 52 W RS 3 A 0 8 A B




106 TR N NI

fie (T Ji) % 54 &

B

AEZEZ L, MHFHRERERERE, flan, & xf
3 Fron By A E 0L, B M I ) BE HE AR 4
>40.20 m,
2.2.2  ETEME VR RS SR R
AN [ T MR R 2 AF TS I Tl =57 28 SR Bl s )
AR 9 Fias . mE 9 nLIE 1. M K S )
A Ao T i 25 4 T 3R 1 184 B S A 9]
% 0.08 m IHFENNHRE] 40 min 22 J5 T 46 H B0 4
A U SE Ak Ir s ZEAY I R 294 150 min; i
FIESEER0.12 mi 9] 20 il 35 A IR A] 3 R 2 80 min,
HAEX R 150 min I HF T IS RN 0.70, KAk
StAmlAL.,

1.0

091

0.8

0.7F
M’ 0-61 —=—J7%0.12 m
l 0.5 —e—17%0.11 m
R —a— 117010 m

0.4 —w—117£0.09 m

03 —o—117£0.08 m

0.2

0.1

04 1 1 I

20 25 50 75 100 125 150 175 200
A [8]/min
P19 L VR X i 5 R 4 52 )

Fig.9 Effect of burial depth on snow melting effect
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Fig.10 Effect of snow layer thickness on snow melting effect
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Fig.11 Effect of input temperature on snow melting effect
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Fig.13 Heat transfer load of the system for snow
melting at different temperatures
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Fig.14 Effect of different pipe sizes on the result of
snow melting on roads
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Fig.15 Temperature decay of the pipeline fluid at
different moments
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Fig.16 Temperature variation of fluid at different flow
distances with increasing heating time

HIFEl 16 ] LU i, 76 B 4000 4R i A TR 341
10 CTHIEBLT, Bl A A T Sl BE 2 00 3G I, i R I
JE A A B S 1 s, A S B PR Bl 8 m
LR B 5 0.68 €, S shfE Bk 16 m B, HE
FWGAE] T 1.4 CTHA, T RS mRE A
10 CTHARBFFEAL AT, AN 3 30 1 2 40 i L
BIoA — R T, X2 B — 7 A AR A
RS | 55— 5 TH 45 K TR 10 208 T S 3
T 22 U/ N B FARE R A U/ D TR BT ok e L
] Eb /N T B e 220, BSOS [ B A ) 9L B 35 25

[y ERAn
2.3.2 MR BE VR R AR S G T A S A R )

H LR A T A A N AL RE I I s B
P < A A S i, L I T AP ] A 50 A8 A
A PS8 Dl R 32 2 Bl /I P R B ot AR T

FHE IR o PR it 9 e e S B 8 — T B
0] S PR AN [ o7 A Yk 38 2 2B R 8 R, 2% B 3 A
AT S Pt 22 B S B L AR M AL TR AN K )
P, (A 2 ThT R 5 S BRI 21

S5 LR BE R B o 4 2 13 BN [R) 2 AF
RS TSR Ko A, R B R e i KU D
TR B AT T i 5 A0 RE G B 2 I DY) R AT AL )
B o HOCHAER =5 MU AN B B PEARAE LI 17,

(a) WA FEHA (b) JFRRIL

(d) Pk
K17 Armm AR 2 e

Fig.17 Bridge deck snow melting non-uniform characteristics
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