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Abstract

Because of the climate changes and the development of building technologies, the cooling loads have been
increased. Among the various renewable energies, geothermal energy is known as very useful and stable energy
for heating and cooling of building. This study proposes a road snow-melting system of which heat is supplied
from GSHP(Ground source heat pump) in viewpoint of the initial investment and annual running performance,
which is also operating as a main facility of heating and cooling for common spaces. The results of this study
is as followings. From the site measurement, it is found out that the road surface temperature above the
geothermal heating pipe rose up to 5C, which is the design temperature of road snow-melting, after 2 hours’
operation and average COP(Coefficient of performance) was estimated as 3.5. The reliability of CFD has confirmed,
because the temperature difference between results of CFD analysis and site measurement is only +0.4°C and the
trend of temperature variation is quite similar. CFD analysis on the effect of pavement materials clearly show that
more than 2 hours is needed for snow-melting, if the road is paved by ascon or concrete. But the road paved by
brick is not reached to 5C at all. To evaluate the feasibility of snow-melting system operated by a geothermal
circulation which has not GSHP, the surface temperature of concrete-paved road rise up to 0C after 2 hour and
40 minutes, and it does never increase to 5C. And the roads paved by ascon and brick is maintained as below
0C after 12 hours geothermal circulation.

Keywords : A & ol Y %] (Geothermal Energy), # € %3] E3# X (Ground Source Heat Pump, GSHP),
= 2§24 (Road Snow-melting), =] 3]4] (Computational Fluid Dynamics, CFD)

submit date : 2012. 4. 3, judgment date: 2012. 4. 10, publication decide date : 2012. 6. 11
communication author : Hwang, Kwang-Il(hwangki@hhu.ac.kr)

138 SIZEf Q0| X| &L =27 Vol. 32, No. 3, 2012



]_

S

A

N
[€)

3

led GSHP9]

J o

7H 3 o5t/ &[ER 9
[e)

3
]_
7
AN zA ADA 2l

b

A

4O

BEH E2IN2EY 4

GSHP9]

=
[¢)

1
.

T} 56D o

ARA

o

=

H

Foll | ],
o]

o,
[e]

2l

ko3
T,

2005 Aol A 8 A el 7 ko] &
o AR o
oA, AR AA A 4

[¢]

.M

¥

e

o

oL

2ol 3

[e]

=

dx ety

W3zs
GSHP7} A

=

=

R

.

A

1
.

el A

cl

P
[}

o uay
F 7Hs

27k

Eal
o

=

L
L
p—

L

uFEe ygvg o

1,000m?e] AFe] 71 B A]

o] ool dAl Abge] 10201732012

8
o) 7§, 20139 F-E)

o A A
A1 A AY of] U %]

h=}

=

o

Pgro=H

=
T

o

=

34

9

CFD

1

°
yul

o} 3

AABAIAZY  F V2R T

o) - 9)

2= ZAEHAT),

o

™
A
ox

|

o

=
Hr

o
N

ol
b
el

21 8% Ns

=
=

(Ground source heat pump,
7)o oA Yow &g

-
3t

} GSHP=

i o | B P

N
B

0

%

139

8) F A MRS Y AT AR, 4 v A MRS AT A

ol BES Fig. 13 #oh o] 4

ASHRAE Journal, pp.42748, 2007.8
OEEE L, BTXE, 2000

PP.1797186, 2007.5
7) Thomas H. Durkin, Keith E. Cecil, Geothermal Central System,

-5

S DA s A%
X 9he) 319 ol A, GSHP®)

20122.28
3) AL AIAAE, 2010 A-ANUA BEEA, v vl

2011.11

Journal of the Korean Solar Energy Society Vol. 32, No. 3, 2012

2) A R ANA o]



(=] e deldAes =2

Table 1 Heating and cooling loads of each block [kW]

Cooling | Heating | Diff. rirel?t‘gg
34 | Design 229 137 91 148
block | Capacity | 317 18 | 138
40 Design 187 113 74 264
block | Capacity 422 158 264
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Fig. 2 Locations of road snow-melting installed

(b) Geothermal system for road snow-melting mode
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Fig. 5 Temperature and relative humidity(2010.12.30.)

(b) Thermocouple attached on the road

Fig. 6 Measurement location of road surface temperature
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Fig. 7 Variation of road surface temperature(2010.12.30)
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Fig. 8 COP of road snow-melting system by ground
source heat pump(2010.12.30.)
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Fig. 9 Mesh modeling for CFD analysis

Table 2 Boundary conditions for CFD analysis

LA &5
Air 267.60K 4m/s
Water 318.15K 1m/s
at Om 267.65K -
at -1m 21765K

Velocity inlet

Surface
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Fig. 10 Variation of road surface temperature by CFD analysis
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Table 3 Characteristic of road materials'’
Specific Density Hea‘F .
heat K /mgj conductivity
(kJ/kg'K) & (W/m'K)
Ascon 0.921 2,120 0.744
Concrete 0.879 1,500 0.593
Brick 1.047 1,400 0.442
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