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(Behaviors of Frost Formation on a Plate Fin
Considering Fin Heat Conduction)
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Nomenclature

o specific heat, J/kgK

D,  mass diffusivity, m*/s

Fo Fourier number, «,f,,/1%,
Hp,  fin heigth, m

h, heat transfer coefficient, W/m’K
h, mass transfer coefficient, kg/m’
hy,  latent heat of sublimation, J/kg
k thermal conductivity, W/mK

kg  effective thermal conductivity, W/mK
Ly,  fin length, m

fi,  mass concentration of vapor

i, mass flux for frost thickness, kg/m’s
m, mass flux for frost density, kg/m’s

P pressure, Pa

Qe  total heat flux, W/m’

Re;  Reynolds number, u,Lg, /v

T temperature, K

T,  equivalent temperature, K
tan fin thickness, m

top operating time, min

U air velocity, m/s
w absolute humidity, kg/kg,
Yy frost thickness, m

Greek symbols

@, absorption coefficient, m’/s
4 increment

v dynamic viscosity, m2/s

4 density, kg/m3

Superscripts

* dimensionless

Subscripts

a air

b fin base

f frost

fs frost surface
in inlet

out  outlet
sat saturation
t time

| eimg wsea w12z 20094 1222 ||




.

2
0
0
9
d
=
o}
L)
i

ox->

huz

Introduction
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Theoretical study

Physical model

J8 12 dudr)e] F4s ey, e &
5 Wkl 23 FAQich Enghr] o] 4
7 5 58S 18 o, udty] Hoxe &
o Ae FEE sAstdE A gAY BAt
7Fesitt. ek B dAfolMe " 19 717
A% REL s Jodo g A o]d ALd
712 o3 2

(1) 37) fr5-2 32HY, HIgS4, Sl

) A8 A FAL #4338 (quasi-steady

state) | T},
(3) 39 AEA ST YA
(4) 8¢ BHLEE x, 79 239 gHrolt),

[3d2! 1] Configuration of a heat exchanger




Mathematical model

22y S 2l F71E(airside), A2 (frost
layer) @ # 2 d(fin mode)® UrolA b, o]E
2 A= dAfE 9,

(a) Airside
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T Wego g o078 Z 7 (zero gradient
condition)o] Foj AT}

Inlet : u=u,, v=0, w=0, T=T,, mw=m,,; (2)
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<E 1> ¢.0,and S, for Eq.(1)

Continuity
apP
u--momentum u [ - e
Ox
apP
v—momentum vV o -
5};
o
w--momentum W [ - Eﬁ
Energy T Ka / Co 0
Mass concentration mw 0Dy 0
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Cold plate (fin) :
u=0, v=0, w=0, Tp,(x, y=0, z=0)=T,
mwzmw, sat(Tﬁn) (8)

Moist air
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- Inlet
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Wall S yromehy
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[3&! 2] Boundary conditions
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Air-frost interface, y = y;
u=0, v=0, w=o0, T=Tg, m,=m,, (Tg) (9)

(b) Frost layer
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(c) Fin model

J8 3= 249 9 5949 dAx 2d )
g g JepiH, 3 29 dAE dAyUE
2 AMEE 2dd M2 AdEe] ok F, Fo) o
A= g AE sAsty] Ja oA e 23 &4

| 54 EEFTRE)

[2&! 3] Schematic diagram of fin heat

conduction model
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Numerical analysis
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Experiment
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Results and discussion
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a) fin temperature distribution
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Frost behavior
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Fin length, Lin [mm] 60
Fin height, Hi [mm] 70
Fin thickness, tm [mm] 1
Fin thermal conductivity, krn [W/mK] 220
Inlet air temperature [C] 7.0
Fin base temperature [C] —20
Air humidity ratio [kg/kgal 0.00495
Air velocity [m/s] 2.0
Operating time [min] 90
(0 whekg) u ms) T,(0)
4r 7.0 0.00464 10 20
®  Experiment
Numerical result
z=52.5mm
3 L
£
£
5 o2p ’
z =175 mm
°
1 L
0 ) 1 1 1
0 20 40 60 80 100
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b) frost thickness

[Z12! 4] Comparison of numerical results and experimental data at x=30 mm and t=90 min.
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[18] 5] Temperature contours on two-dimensional
fin surface at t = 90 min.
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The effects of fin heat conduction
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b) heat flux

[O8 6] Mapped surface for frost thickness and heat flux on a 2D fin at t = 90 min.
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[Z2& 7] Comparison of frost thickness with and
without fin heat conduction at x=30 mm
and t=90 min.
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[2& 8] Comparisons of transient heat flux with
and without fin heat conduction at
x=30 mm and z=35 mm.
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[&! 9] Heat flux with variations of constant fin
temperature for predicting equivalent
temperature at t=90 min.
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[Z18 10] Comparison of the calculated and correlated
data of the equivalent temperature
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[218] 11] Quantitative equivalent temperatures
obtained from the correlation at t=90 mm.
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[T18! 12] Comparison of average frost thickness
between the numerical for equivalent
temperature and experiment at t=90 mm.
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