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Theoretical Study on Snow Melting Process on Porous Pavement System by using Heat
and Mass Transfer
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ABSTRACT

PURPOSES : A finite difference model considering snow melting process on porous asphalt pavement was derived on the basis of heat
transfer and mass transfer theories. The derived model can be applied to predict the region where black-ice develops, as well as to predict
temperature profile of pavement systems where a de-icing system is installed. In addition, the model can be used to determined the minimum
energy required to melt the ice formed on the pavement.

METHODS : The snow on the porous asphalt pavement, whose porosity must be considered in thermal analysis, is divided into several
layers such as dry snow layer, saturated snow layer, water+pavement surface, pavement surface, and sublayer. The mass balance and heat
balance equations are derived to describe conductive, convective, radiative, and latent transfer of heat and mass in each layer. The finite
differential method is used to implement the derived equations, boundary conditions, and the testing method to determine the thermal properties

are suggested for each layer.

RESULTS : The finite differential equations that describe the icing and deicing on pavements are derived, and we have presented them in our
work. The framework to develop a temperature-forecasting model is successfully created.

CONCLUSIONS : We conclude by successfully creating framework for the finite difference model based on the heat and mass transfer
theories. To complete implementation, laboratory tests required to be performed.
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Energy Balance Equation
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where, 77, = rate of net energy transfer in by heat,

work, and mass,

EHM = rate of net energy transfer out by

heat, work, and mass,
F = rate of energy generation (= ¢ 1),
e = energy generation rate per unit volume,
V' = unit volume,
AFE = change of energy content, and

At =time step.
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General Mass Balance Equation
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where, m, = rate of mass transfer in

per unit area, mass flux (= jiz,/ 4),
m, . A, = rate of mass transfer out
per unit area (= 17, , ,,/A), and

Am = change of mass per unit area(= 7/ A4).
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msnow, dry = pu‘e(l - qssnow)hsnom, dry (9)

Where, hsnozu,dry = hsnou: - hsnow. saturated
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Snow Mass Balance Equation for Dry Snow Layer
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ms’nowfall - mliquidation, = At
where, M0 = rate of snowfall,
Miiguidation = Yate of snow melt,

Amg,,,, = change of snow content, and

At = time step.
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Water Mass Balance Equation for Water+Dry Snow Layer

m

Tﬁliqu idation + T'n"rum fall — Mlwater, absorbed
- mpmvneation - mr’u,noff - mfz vaporation (11)
Ay,
At
where, m, ., ;,; = rate of water absorption to snow,

Myater. absorbed = Tate of water absorbed
to dry snow,

Mopermeation = Tat€ Of Water permeation

to pavement,
Moo s = rate of water runoff, and
= rate of evaporation.

mm,vapm'ation,
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Water Mass Balance Equation for Pavement Surface

(Interface)

. Am,,
m — ZMwater (12)

permeation At

FDE for Pavement Surface (Interface)

b M — M o Mi— Mj
Puw,stw, Puw.,
w, s w, s Azu:,s w, p*~ Pave Al‘paue
Az, | My = M;
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Az (M{“M;)
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2 At

where, D, . = diffusion coefficient of water
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in water+snow layer

D,,,. = diffusion coefficient of water
in pavement surface

M = water content at node m with time i
(= Pul Pus) o8 (= Pl Puy),

Puw,s =density of water in saturated snow
layer,

Pw,p =density of water in water+pavement

surface,
Az, , = spatial step in water+snow layer,
and
Az, = spatial step in pavement surface.
5 AR AAZ At olg Y BEE 2
B3 YRo| e BA HEYHAL g By, (14)9}
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Water Mass Balance Equation for Pavement Surface

(Interior)
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Heat Balance Equation for Dry Snow Layer

Qeond,water + snow + Qrad, shortwave — Qrad, longwave

“ Yeonw qsno’wfall - QZ[quidution

Az + Az

2

Zsnow, dry snow, saturated

_ ( psno'w.dry + Psnow, saturated >
2

snow, satu mt(id)

At

( C;).snou,u dry + C;z.snom,saturat(:d v (Ts‘no’u'. dry
2

17

where, i]mnd? water + snow = rate of conductive heat
transfer from water+snow layer,
Grad, short wave = rate of short wave radiative
heat transfer,
rad. ton gwave = Tate of long wave radiative
heat transfer,
Qooms = rate of convective heat transfer,
Qanowfan = Tate of snow fall,
= rate of heat for liquidation,

QILquizlation

&

D, snow, dry

=specific heat capacity of dry
SNow,
Gy, snow, saturated = specific heat capacity of
saturated snow,
T now, ary = temperature of dry snow, and

T snow, saturatea = temperature of saturated snow.

CHi7H MsE 7



DolA e el Hig Ao Eq
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. (18)~Eq.

Aeond,water + snow —

k -T

+ ksnou saturated % (Tsnow.dry snowﬁsatum!ed)

snow, dry

2 (Axsm)w, dry + Axsaturatfid)/Q
(18)

where, & = conductive coefficient of dry snow,

snow, dry

and

k =conductive coefficient of

snow, saturated

saturated snow.

. _ 4 o
QradA,short wave GU( 1171011.17 dry Tsky ) (19)

where, € = emissivity,
o = Stefan-Boltzmann constant, and

5

T, = temperature of sky.

T%[RT) (20)

q'r'ud,lony wave (Tsnou (hy

where, 7, = mean radiant temperature.
Qeonv — h(’( Tenow‘ dry ]_;J,'ir) (21)

where, p_ = convective coefficient of dry snow, and

7 . = temperature of air.

air
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22)=2 FA|8}F 2 = ok

h.=5.6+0.332R"° Pk . /L (22)

where, k,, =0.027,

pP.= 0.7,

R, =vL/p:

u = kinematic viscosity of air (= 16.01 £-6),
and

= length for infinite flat plate (= 0.15).

C

P, snow, dry

qsnomfall = (Ta,i,r - Tenmu, dry) (23)

msnou,u, dry

mliquidatiunhif (24)

qliqu idation —

where, h, ;= heat of fusion of water.
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Heat Balance Equation for Water + Dry Snow Layer

QCOnd, water + snow

Acond, pave + QTainfall -

(25)

7qli(1uidation - q(ivaporat’ion =0
where, ond, pave = conductive heat flux
from pavement surface,

izmm ran =rate of conductive heat transfer due

to rainfall, and

Qevaporation = heat flux due to evaporation.

b _ k (Tpa'z,'e - T‘mou:, sauturated)
Q('and,pmre - "“pave Ax (26)

water + snow

where, Kpave = conductive heat transfer coefficient of

pavement.

C

p,w (ltPI( air

qr'ainfall =m - T‘watm'ﬁ» sn()w) (27)

rainfall

where, C water = specific heat capacity of water.
qcvapo’ration = mevapo’rationhfg (28)

where, }, e = enthalpy of evaporation of water.
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Heat Balance Equation for Pavement (Interface)

4T F

Q(zon,d‘pave q(f()?’l,d7 snow, saturae

(29)
_ 0 AT

AL

Finite Difference Equation for Pavement Surface

(Interface)

pave

i i i i
13— 1, ) i -1
~ Nsnow, saturated
A',L.[)(MJC s satu A$

snow, saturated

Ax
+eAr,,. /2 = PraveC, Lpave (

P, pave 2

- |
At )

C A‘Tsaturated
+ psnuw,saturatsd pysaturated 2

)
At

(30)

where, P,we = density of pavement surface,

C, pave = sPecific heat capacity of pavement

surface.
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Heat Balance Equation for Pavement (Interior)

: AT
+ E= mcpﬁ (31)

qcoml, pave

Finite Difference Equation for Pavement (Interior)

Ax Az ) +e,,Ax

pave

pave pave

T7l;1+1_T7in T;_T;,—l
A _kpzwe A

m m

= ppachzpavc Cjn, p(we( Az

it i
) (32)
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