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A study on the optimum condition of electric snow melting and
deicing system for the anti-freezing testing road

Kyu-Il HAN*
Division of Mechanical Engineering, Pukyong National University, Busan 608-739, Korea

The snow melting system by electric heating wires which is adopted in this research is a part of road

facilities to keep surface temperature of the road higher than freezing point of water for melting the snow

accumulated on it. The electric heating wires are buried under paved road at a certain depth and operated

automatically and manually. Design theory, amount of heating, and installation standard vary according to

economic situation, weather condition, installation place and each country applying the system. A main

purpose of this study is figuring out the appropriate range of required heat capacity and installation depth

and pitch for solving snowdrifts and freezing problems with minimum electric power consumption. This

study was performed under the ambient air temperature( —2°C, —5°C), the pitches of the electric heating
wires(200 mm, 300 mm), heating value(250 W/m?, 300 W/m?, 350 W/m?).
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Table 1. The average value of temperature and wind
velocity

2004 2005 2006  Average
Average 08 -28 00 12
temperature(°C) e T ' T
Average
wind velocity 3.7 35 3.6 3.6
(m/s)
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Fig. 1. Schematic diagram of experimental apparatus.
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(a) Pitch of electric heating cable(300mm)
Fig. 2. A location of thermocouples.
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Fig. 3. Variation of surface temperature according to
time( -2°C).
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Fig. 4. Variation of surface temperature according to
time ( -5°C).

A g AL H A e AR AT
<Up view>
BOOmm
e 1
ﬂ/'ﬁ Cemursedo;! o
Back o A ~ Front (Power input)
~ 4 E"“’m! :‘m"“"‘ m‘:ﬂ/
memc L100mm
| 'iﬂm
= Thermocouple ® Eleciiic heating cable
<Side view> <Front view=
s — -‘m:nmm
TR T
02 e B L Flopa w2 g1
+03 A3 From by B3 A3 T = Sl
D4 v FE™ 3ot T o 00w
405 A5 g s W8S AS ——“"'"i
Dfi oy} B L4 BE A "m“i-
(b) Pitch of electric heating cable(200mm)
ghel At EE EUE o1V 258 -2°Cs
~5°C2 4 A 3ko] 43¢ 484l Fig. 3 - 4
= whgeFo] 300 Wim?, &g 7+-4 300 mm, &
WA & A 7] 22 wE XHHE
pHeze ExE el Aotk +xE BW
AA7E §3(0°C) ol o] = =v Auls A
¢l 7]e e -2°Cel A 97k 420 -30% A = W
g Ao et on, thE st X v s
g 7 S vhekg ok
EH A0 M E2EH2EHS
Fig. 5 - 62 awr<g =k 300 Wim?, ¢ 7] = -5°
C, & 7+40] 300 mm<d wf, Ex AW u}
B AW yE e Aolth A B
8
A
6 B
- —-=C
o4 -D ;
5 .| 7T E @ -
5 21 --—F P et
g T =
3 0 74 _/','-f'. e '—,_:--—-
., B gt e
- PO e S
~ /..//;:‘_:”5,/
-4 /,__/__?s‘
L bl
6 ot st
0 2 4 6 8
Time(hour)

Fig. 5. Variation of surface temperature according to
time(no ice condition).
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Fig. 6. Variation of surface temperature according to
time (ice condition).
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Fig. 8. Variation of temperature according to depth(pitch
of heating cable : 200mm).
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Table 2. A comparison of melting point reaching time Table 3. Material properties
Width o . P Cp K
Ambient air Material
Heating vall(Jr:m) 200 300 temperature (kg/m’) (kg - K) (Wim - K)
(Wim?) °C) concrete 2700 1050 1.2
250 123min 150min 2 copper 8978 381 387.6
237min 255min -5
70min 85min -2 Table 4. Test conditions
300 - - -
160min 183min -5 ambient temperature(°C) -2, -5
350 45mi.n 54mir1 -2 convection heat transfer 144
123min 166min -5 coefficient on surface(W/m? . K) :
heating value(W/m2) 250, 300, 350
2| oA
Rl e EA| A e o dHel BE = A I
H A o] A=y & 2A9)f Aol =& 2] 57 ol gl & W gk E Ao & 71E& AF88lH
ol gl oA el Aol ol B bl = A4 el Adstglch Table 3k 4= sj Ao Waw
o= FEHom o] gHE /I EH WA mAe ZAA S AFEAL LE
StEAl A5 AR BAE 4T P A
(heat diffusion equation) &] 2wk g |t} o] &= Z=X| off A1 23t
& Al (3) 2.2 A% tIncropera and Dewitt, oo Abg S xE] A ==l Fluent= o]
2007). 85k i A1 % 4 o vl L vl o] o] T
Fig. 9 -11& ord A er o] 71¢ 2o A
8k8T 8k8T 8k8T78T 2 o °"YE°
x Vo) Ty oy ) T e = Perar & 2ol F wdd wfe] 300 Wim2, ¢] 7] 2 - 2°C,
(3 ERAWC] sl Agd) 2l 7b4 o] 300mm
 w yemsshe Ve Aol T s4 A9
A7 A7 ez WelAl e g AEISL 2 o] o] o vl AbR] B Al 7Rl uhEbA] U e
& A

3 A1z o] 1 et °
6 -

A = A _ e

S mEe A gaze] ARy Yye wa o 4 e
YT A g ES ol gokelw] AR} 2 7 -
ganaz Aage e Tasac vans 5 e
o g2 7}r} 250 W/m?, 300 W/m?, 350 W/m? = 0 f/ 4
O ZA Al Zhe w2 WS §lol dASHA F-AA :,”,I--'/ Simulation data
A AEdel A A4 AT FE, A= 600 = T Bpement e
mm =0] 300 MMe] Fag]E L 2E9 AR T 0 160 260 300 400 560 660 700
A EEF F SR O A 2AL ALE Time(min)
g, TP mE2F ofF 21He o4& TH S Fig. 9. Simulation interpretation diagram.

— 367 —



TR mE”amomLEEA,iMEmﬂmmﬁwm%EWMmﬂ o
P om o | ol W R oo ol LR - ST VT TR ol
S £ e M ™ 8 o o I R ﬁs,b ~ B S
ZENE SuETAIT LN TG0 pnTFLNETE Y © &
HLE@ 0%7Lﬁr%mﬁﬂﬁo%ﬂfﬁfﬂwgi&ﬂ%@r&%frﬂw & ~ |
ﬁﬂﬂ%gwﬁwﬁx%\ﬁool%ﬂﬂuxmgmo ﬂ,ﬁﬂoﬁmE%WEEﬁaE% £
®e BN g ol gl siddd Iovg WS Fwdg ¥ w b
E mo s M o ~ - o o mo TN X A S Lo S ol
e W T W oo ENXG g PR RY 4 s N T F X8 T B Sk 5o
g B oo B oy HE X Zmag ™ o m oWy E Xop MO mﬁﬁﬂ% -~ F 7l
w B HNE® TSNy mgPET LS g EWg B <o o
aﬁmﬂﬁd,.le,_JSﬂ_ﬁl%ﬂﬂn%m%ur;]Oaﬂ ﬂAﬂAO]]H% o
N ol W o= N o oy o 7 <X B SN S ° ® o Bl B
%ﬁ%zcﬂO@MﬂogE%Eﬂmﬂﬂzs%k@%3%%%4 - -
¥ M ELeErY Mt weEa ¥ o gWTTsgTeces <w T W
T BT AT U e B gt Py Ow T oy X S 2
= H o ~ £ ~ 5 A JlquM/,mr —— J]oﬂ | S T
Ll e N e 8 FY EOT b F TR N EX AWy T o «
% L 3ok =~ = o o OB e © = T o T m T ~ o)) =z
) : NG = = ) TE P33 F 2 o T
anm,%ﬂﬁooﬂﬁﬁ;7mmno@E:%ﬂpﬁﬂ%m ﬁﬁewﬁﬁaﬂoﬂ Hom
I C I i S s T O R T ol o B
WS e 20Q®Wm 8T8 ®adr Ry P gt @3 TEX g ®r = ¥ o
e O o« WO T NEBEGgTE WD REE DTN ANTF R N
. 5 == G i o) = o TGS
g2 O s3] O " b 0| T 0 T
& & o P WKy W X
=3 I oSl ! m WO N = = R
&g i - B< w5 o o =
il 3 He Aegw T T =
I HE By ® oy
Bl5 g pww oo < %o
§ Qo é 0 — s =
= E = 5 %Vﬂﬂ%&,wﬂ o N
- 55 ulzx®®w Oy W T
B/ o2 Tz o NI 5 <
g Elg p2=NMaxar W
m £ = I Wrmﬂﬁlla‘aﬂm@‘mm ._._._._._og_‘.‘mE
2| 5 58 JA_E = ah o N - N g
- = H _ 9 P .
Elox g D227 pba g
2 S X 5] %o — [
3| B 0 g < 5w Yoo T T
Y\7.M 3 Y\7..|.m w ufwﬁoﬁau%”£bﬂw ﬂ@
Nxl s 8 n<lEl S BN M T oo X X
S 8 8 8 88 8 8 8 8| = - S 8 88 8 8 8 88 8 8 - e M =~ o=
TEIEIIIIIEE|Y| 3 FEEIIEIIEIEI|iS mimubegd L
SEEEZSRESRE|E| § EBEZEERERESR|i[Dd AR5 B ygxd 4 %
= -] @ e mm | |7 ®#24 M4 RF e

2.868+02
a

Chapman, W.P, 1952. Design of snow melting system.

- 368 —

Q.

-



1:5_1,

AEAd=dY BAE 9

Heating and Ventilating, 88 — 92.

Chapman, W.P. and S. Katunich, 1956. Heat
requirements of snow melting system. ASHRAE
Transactions, 62 —359.

Incropera, F.P. and D.P. Dewitt, 2007. Fundamentals of
heat and mass transfer. John Willy, 70 —73.

Lawrie, R,J., 1965. Electric snow melting systems. Electrical

2 7] 7l<aa) -

wog ) A A o] A e BE

3

o
i

Construction and Maintenance, pp. 125 - 129.
Nydahl, J.E., K. Pell and R. Lee, 1987. Bridge deck
heating with ground-coupled heat pipes. ASHRAE
Transaction, pp. 93.
Shin, H.J. and S.J. Seo, 1993. A study on the highway
snow melting and deicing system using geothermal
energy. Journal of KIIS, 8(4), 139 —148.

20081184 121 4 4
20081199 5917 4%
2008199 59 |

- 369 —



