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2-D Heat Transfer Model of A Horizontal U-Tube

Tunnel length = 1045(m)

Tunnel

(    =0.04m , L=100m)
Invert

Central part Entrance

Ground heat

Road heating

Pavement incorporating heat exchange pipe
(     =0.015m , L=70m)

Road heating area = 175(m )
7(m ) @ 25units

2

2

Slippery road

HUT length = 500(m)
50(m) @ 20units

!

!
HIP

HUT Road Heating System

In winter, the HUT fluid is warmed associated with the
extraction of the shallow ground heat, while it passes
through the HUT and then the extracted heat is supplied
to the pavement surface via the HIP.

Since the shallow ground heat has a low energy density, a
reliable HUT heat transfer model is required to calculate
the extracted ground heat for different tunnel lengths and
tunnel ground temperatures
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2-D Heat Transfer Model of A Horizontal U-Tube
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Heat Carrier Fluid of HUT (HUT fluid)

Energy Balance Equations

(ρC)w : heat capacity of HUT fluid
lw : thermal conductivity of HUT fluid
V : velocity of HUT fluid
Hp : ratio of circumference-surface area to volume of HUT
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     different sections

      Constant 
temperature bath

      Cooling 
     water tank

      Soil box including 
       a miniature HUT

      Inflow pipe
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3.2 Results of Indoor Experiments

Fig. 20 Extracted heat flow with elapsed time

Heat Transfer Model of Horizontal U-Tube (HUT) Road Heating System

Case-2 Case-5

0
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

50
100
150
200
250
300

Elapsed time, t (hr.)

  Observed
  Calculated

0
0

Ex
tr

ac
te

d 
he

at
 fl

ow
, H

 
(W

)
ex

t

R  = 60  e

0 0.25 0.5 0.75 1 1.25 1.5
0

50
100
150
200
250
300

Elapsed time, t (hr.)

  Observed
  Calculated

0
0

R  = 230 e 

Ex
tr

ac
te

d 
he

at
 fl

ow
, H

 
(W

)
ex

t



! "#$%&'($)*'+,-&*$./0&1$/-$2$%/*34/+('1$5 ")67&8+93*/+:&+('1$ %&'($'+0$ %;0*'613<,$='7>

2$#3,,&*('(3/+$?67:3((&0$(/$(@&$5+39&*,3(;$/-$A6B63$
-/*$(@&$#&C*&&$/-$#/<(/*$/-$8+C3+&&*3+C

!"#$%&'()*'$+,$-./++0$123&045&.*'
%&'($)*'+,-&*$./0&1$/-$%/*34/+('1$5 ")67&$D%5)E$F/'0$%&'(3+C$?;,(&:

A3C>$GH$./0&1$9&*3-3<'(3/+$7',&0$/+$(@&$@/*34/+('1$C*/6+0$(&:I&*'(6*&$I*/-31&

    

 0.0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
10

12

14

16

18

20

22

24

26

Section-1(a-a)!  = 46 (W/m2K)

Return tubeGoing tube

 

Width (m)

 

  
 
 

Section-2(a-a)

Going tube Return tube

!  = 46 (W/m2K)

Width (m)

Section-3(a-a)

Going tube Return tube

!  = 46 (W/m2K)

Width (m)

G
ro

un
d 

te
m

pe
ra

tu
re

 (
C

)
o

 0.0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
 0.0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

 
  
 
 

  Obs.      Cal.

        Initial t = 15 mins.
t = 30 mins.

t = 2 hrs. (Case-2)
  Obs.      Cal.

t = 1.5 hrs. (Case-5)

  Obs.      Cal.

J',& "!



2-D Heat Transfer Model of A Horizontal U-TubeEnvironmental Heat and Hydraulics Lab.
A Dissertation Submitted to the University of Fukui 

for the Degree of Doctor of Engineering

3.2 Results of Indoor Experiments
Heat Transfer Model of Horizontal U-Tube (HUT) Road Heating System

Fig. 15 Model verification based on the vertical ground temperature profile
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