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The Theoretical Model for Predicting the Behaviors of the Frost Formation
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Abstract

A theoretical model of the frost formation has been presented to investigate the characteristics
of the growth of frost layer by considering molecular diffusion of water vapor and heat generation
caused by sublimation of water vapor in the frost layer. The present model was compared with
existing experimental data as well as a previous model. The difference between the present model
and existing experimental data was found to be about 6 percent. An analysis for the behavior of
frost formation using present model shows a good agreement with the trend for a number of
experimentally observed features. The present analysis can also provide the physical understand-

ing on the phenomena of the frost formation.
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Fig. 5 The effect of air humidity ratio on the frost

Jo] Az 7] wlFoll HelFe] el Azt o]z gl

Ja— iy — o J—
L TEHIPE BT TgeTE .
S ®HNTTX 5 o N S 2
—_ B = -+ 0 N _!L — N ] N
. AT 2 w0 3w w2 R deg
DR o IR pE
= % 4 W G 4 S5 rz - N
T R W s o e @ 7] 3 b0 50
A4 ™ = o ~ RO i ﬁ of Ay Mo o vy
L jiril —n T u it [FL NN o - oo |o
& N e M o ol R ROt ° 2 588
o of ° Mo —w N Ly X - 200
T To No ° oM oﬁ*AH BT N i " 3 o} a bt 838 \mu/
] W TN P w ) P = & e |1 =
—_ 3 T S H o m » cog
o T o = a0 s N ° ™ = s i g8
o < ° T oo TS = g N Y T K SEE oy
£3 mﬂ;ulﬁwt oW o_\_ﬂu._ ) E 3 ca 2 g PEE RO
—_— ~. e \
o N %o CE R PR i X £ g | ;i
- : [ o :
T -~ N ] 4 ! W o Ao N K 5 = 3 = .m - . - =
o %o o g RO %%.@%ﬂqor@r .-t e B mc/
A Hoop g ¥ % g | E B8 Poog iRk
- ok o M I S I 5 os o 5 £ 0%
[ R oF ok o a4 £ Sl 3z 5 ERan
§oZw TR0 %%%Mﬂz_:_aﬂz & eef e £ § e
o #oa M " o= N % o : LN £
W BT o b oG Ly 0 3 3 S : : g
—_— o - — ! ! ! 1
s w7 N P _ R
) " 5. )ainjeraduie) a0vjIns 1sold .
e FWT T oA SR A qwr H Lr (3,)21m) ) ] woag (0,)2amjeaadwa) a0BNS 8044
E3 i =
ol .
Al T E YT — T T ~ o = o = j— —_— —_
LA i 5 % g govdEd Mook oF 2 % Wo T e T RN T F
T e I g T Tag W 5 F ol TR T o koo v
T T w e g d T "y TAT S B R
—_ = iy ! o
K T Ko o wo = o) o I e 5 © oY
%0 ol ©oR oy =0 MM ,M*m Wo N .__4/A + so dl. o = o 1 o) 20 Ho + 4 oF O
" Ll i~ ™ IR A X Mo o T uf ap T oF Mo e w
i & _ e g B o L R M B S
F oo ool = OGS g ~ = 8 T 20 P s m s o M
GO U S g Ty 0 L i T g T g o
— o — E GoH B
B o BN T oﬂ, 3 T o B — o - K w B 50 ok M 4+ TR
N c R S F o T g ; R R
g 7 50 — oy TN ey = - T ol . X
P w 8T S s w3 emrR TaPgw
~ X At " by o o< — oy _
) Ty NeeeT g dAfses W ¥y T Ty
o oy Ty O W < = = = i NS zn & o o -
= = 3 7o ® 5% WW ujrs ,un o \.Mo n £l - M " .ﬂ o 3 _.L W iy a il oﬂ» w_‘ o umc ‘.‘m
gt 3 PeT 53 LT HILE OE;LTH% A R g S B RN
el —_— — o —_— .bo —_— = ﬂu.l = - ,.__L o f v W o " — .*
T o — 4 X B s L AE < o4 — T i [i] o T = o| iy
TTILe g 3T § T, Eals BT e g MU Tuwow b
@ — o+ F Ll i in om ) ap w u_.Oﬂ (- N = M o WM T mW ™ e ® T oo W
NN o= —_ : B! L N N - - e A RN o Mmoo o b w oo R I
— = 3 AR s % Mo o g aX e - “#Hm T A F T Mo
LN Y amg © FT D gy D T ook o L% X R T Ty
X Zo mh 1 ~ §F = - w T T 0 ~ - Oy AL —n
Nowmw oo T oo < R Wi 2 ool w3 |i?noM£MﬂﬁHﬁWﬂr
o ~— rtg —~y —_ .| - = <t X 5} Q] T o
T TR R ™ WAR gl Ak do oo TR T ou oo ¥ T T UM W OB T M wy ow mot

surface temperature



EE

o] e} 3|

o 24 -

1102

G5 7] wll ol A5

iofn

o
;io

FERE

A

ok
-
=
N

e

ool F7)7)
&

to A2l 53

7tz <13
a2

<
) -]

e

LIRS

9 "ok "

3.
T

vt

A

ek 241 7ke]

=

A

A 4] 3]

.

o)
2o

a8 u

odeh,

ol

= zbo] &

o (12)

(<

sk White

o
oLCi

Aol 212 2

(5)9]

ol

4

Y

\2)

o & o] 3}
ols 2ol 4l sfel

25% AxolH,
29}

A e,

o]
|

AMe| s

4.2.1
Fig. 94|

4

3

Foz 42FA

3

O
&Y

I

—
57

L=
i

o] 2m/s
4 m/se}k

A
el
=

s

=]
-

sl

of 4] Br

2 2l
T

B

bl adlellA & ol

A%

5

] =] ul,

OX]

214 347

ol 4 e}

1=
T

[e]
itk

ol Al AelsAzE 24 A

#to

o el o)7-o o) 3}

sk
k&

2

4

A E A ololl whel G ge] FA

|

o]

3

ol =

zl
j=)

%

ol
Y

% 7] o]

AR
= o <

[
s

°]

v o

s

;AO
100

&

o]

dof Zobshel @H

of

%7

7 4

2.

of =

3
T

8
. _ |
LI ~
% 5 |
© ﬁ
] ' do
A w0 1 =
o) nmn
3 © | ANNN
g
= 03 | EEE
£ L8° | cee
8Ny AL
5 @l , i o
2ot | ggg @
2 oeeE | >
= [
! b V
| :
v
| o
| el
‘ .
!
{
{ ! i . [ |
I T .
=) (=] Q (=) o =} (=]
AENE\wiEf sunsody
CE LR T T L
TR R S R
U= D) o e T °
: : X
o] oy T2 E o mo PN
7y - Mo 'R’ "o P =z ~
o T W 5= + M ] B
ol — = T _ No
[~ = Hmu x_o =) ‘% ~ A“T
1 g [
O = o o] — N
o 7z oo Ko o @ N 2
T L
Tow Ll aR T T S
PR Sl A
N B N R
2o AR KR T
X0 R i TR -
E 9 . ;O ‘ﬁlp 28 ‘N
= 4 = IDF TS Nro —_—
JalY T 24 I RN,
% oo e W | N
NP s TR
~ W xeE e T e TR e
Bo oF G0 T o T o uf T
Ty — ~
o am R He UM K i ﬂw
- N r . —_ X !
I S e S S
o oF g NN &M ™ N =
m ~ v, N uﬁ (=Y Ko
Mo & «F <o W ol A T ogd

Time{min)

Fig. 7 The variation of frosting rate with time

] o7 3
. I T o
s [
8y
£ ) | \
g b | 2 :
g ° | x\ [ lo
> 2, Bl & |'E B
ERRAN / —_
T O3g | a
§ 0S5 | | e
mcz. | A m
e}
3 ” ®Y
4 i g
L
|
bos
|
1
/ \ \
/ / H
/. |
o ® <+ [=]
j=] (= o (=]
(=] < =] =1
I t 1 +
= <3} R 1)
w 5] ° o
G o & S
AmNE\mxvﬁ.: SSB
o
- - * "
O S B
o ©
s & __ g
5 2
-
- =l
To. " m =
g + _—
0 3
o 2] ~ =
[T o
2 X m
s N i
Y H | o~
g & e ©
] A
: g
:.8 =
~ Yo &
3 Cm4
g © o o
ek -Totel B
go o
Fojae
TR
° ]
h Ea &S
mTTVw
m
L 1 1 |
< = =] (=] o 00
=] =1 Q (=1 =}
=} © o A N
=

(,w/M)xnyy yeoy

Fig. 8 The variation of mass flux with time

Fig. 6 The variation of heat flux with time



14 ASAEE A
gol7) wjgole, el gEfdel Fohslel 3
mis ol o] slel 4 - 2ol AL5A sbel
%7 ek,
ol Reynoldss7} 10000 ol A}al 74 §-of < - &

Al FA el zpelzt flckxz g O'Neal!?

$batel,

Trel] A £
o ez
422 ME|EZ
Fig. 100+ 37) fE5u3fo
s dehyaich Ae
sholdf 52
)

3 e, elE 47s
o) Wsk o Zolekel 2w ubeke] 2ol -
tocf,

wof FopEo] Ay W

431 4T B2z ¥
Fig. 113} Fig. 12% ol =
ol w WEe] vlAv ojerg 2
2glef A E o gl FlEE0t 245 AEE
o] Al ZhAasl
olRe §F AL ms)
Al gmrh s uH—ErOH e A
5

HapshA] orAnk,

N »

sl 9% vlAE $E709 dufdol A
W o] Helzel Wl AXA H Aol:, ek
ol 4= iﬁﬁh}ﬁﬂmﬁﬂlﬂﬁ%ﬂ%zhﬁﬂ
gl Floleh, o]fgh Aok ofzg Fof A
7 -
Environmental parameters
’é‘sp }- '§2C6 c/
E wm-—O 007 kgw/Kga
A t=120(min)
w e —
5
;‘ a t=90(min) .
=
= 3r t=860(min)
- B
—-—
wn 21
=} t=30(min)
=
=
1
LA 0.2 0.4 0.6

Location(m)
Fig. 9 The variation of frost thickness with position

=5 we 1103

o} b A ket

wl Fre| Habrh AojE Aabel ml o

O 1o ]
o Fig. 133} Fig. Mol vtepioict, of 2852

90 -—-
Environmental parameters
T.=8°C
Tp=—26°C

s V,p,, 1.0m/s

a0k 1n=0.007 kgw/keg.
S

= . t=120(min)

— .
By e t=90(min)

= ol — ———

n

= +=60(min)

<o —

~

-.(7; 6ol t=30(min)

<o

ful

=

58.0 ! y 0.6

0.2 0.4
Location(m)
Fig. 10 The variation of frost density with position

Environmental parameters

m=1.0m

/
| wiy,=0.001597 kg, /kg.

[

Frost thickness(mm)

20

60
Time(min)
Fig. 11 Effect of air temperature on the frost thick-
ness

150 -
Environmental parameters
TP=——300C

Ex Vi,=1.0m/s

E win=0.001597 kg./kga
>~

0100

-

—

S

=

w

=

L

~

)

w

(=]

—

€3

Time(min)
Fig. 12 Effect of air temperature on the frost density



~
1104 o
3
Environmental parameters
Ta=-10°C <= - T,=—20°C
£ | VesiOm/s o Tp=-30°C
E Win=0.001597 kg./kga —_ T —-410°C
B 2l
<8} /
=
4
Q
——
e /
- 1 STt
[72) -
o e
o
= -
L | |
20 izo

680
Time(min)
Fig. 13 Effect of cooling plate temperature on the

frost thickness

150
Environmental parameters
T,=—10°C
o V,n—'l Om/s
s Win=0.001597 Kg./Kga
\ - -
af100 -
— - —
= -
> ~
s -7
e /
w2 -
£ |
= sof o
= e
£ - — - T,=-20°C
= b Tp=-30°C
i T,=—40°C
0\ 1 ! I
0 30 — 80 - 90 120
Time(min)

Fig. 14 Effect of cooling plate temperature on the
frost density

4 Al (15) & vpERE
Z71e} ool

7ol et

.9)01] ‘/}EM aﬂ} F 73
Aeld HEE

- SRR
fol Aeiel Hesk TR

oel g A

]

HTE

© Trammel §@¢] A E3} 2 o2 ghrf,
5.4 &

B ool ae £F719 HAgabr Sl o)t
AWAe EAlol seddle] S «FT F
gl AMAE A S Ak e, oleld A4
¥ AARYE Bt oS 22 AEE S F
2h et

DEER

#43)

(D & d-polA AL 2l 712 2
o} vlasted s o A2F FAE o 6 =2
velytond, V] Ee olgrdst slmsislulel
20~30% % 5k

o

O_L_

b Pﬂ
ool

ok

i

T yo
2

g

rlo
trt
f
Ho
aby
ox oy
0
4
fr
EnA G
il

fobr i
E=3
A
o
25
DU
|o
fu
olN
&

2

(]
-
b2

lo
- jal
.

N

bl

>

=

i
o o g

-
hul
-

Cl
=
o,
oo
uf
- IS 2 J}ﬂl r
Y& ou
o
oo

{o
o
oX
af
rlr
D
ox
b
N
2
s
Eh
ol
ﬂ‘l“

B
-
a
8
o o
o
T ood
ok
B
Ho
N
iy

2

T-ol wla] o
T F71%%e] 3m/s

)
o U
e

2
Ach
ne
tr

2 i

kY
P:
=t
‘

)
P
2
2 2

i

M
rE: o

o 4ol 4] 3=

st ¢
5) Q1+ grles

7P 0c OlﬁP?l 7ol Aels

a H 2] -J,Ii% Cdaides

of QdF& 199545 ;&Y el FaAul ()7
Feh: MESS-F-11)el jsto] Qifslglon), “#4
g 9@ gAY Ul vl

A
ot

Fpe

(1) Reid, R. C., Brian, P. L. T. and Weher, M. E.,
1966, “Heat Transfer and Frost Formation
Inside a Liquid Nitrogen-Cooled Tube,” A. I. Ch.
E.J., Vol 11, pp. 1190~ 1195.

(2) Trammel, G. ]., Little, D. C. and Killgore, E.
M., 1968, “A Study of Frost Formed on a Flat
Plate Held at Sub-Freezing Temperature,”
ASHRAE-J ., Vol. 10, No. 7, pp. 42~47.

(3) Biguria, G. and Wenzel, L. A, 1970, “Measure-
ment and Correlation of Water Frost Formed on
a Flat Plate Held at Sub-Freezing Tempera-
ture,” ASHRAE-J., Vol. 10, No. 7, pp. 42~47.

{4) ol %, olehs], Lg%, 1994, “AHL FA

Tholl Ao #abell wfdt A=A A" f7

Asta =24, A184d, A12%, pp. 3305~23311.
(5) ofiher, olef3], 7<%, 1994, “zHAhz 7)o
Haggy dmadriel o o EAAL " oz



14 AF5E 9
$odE g, Aol A2, pp.

155~165,

(6) Stoecker, W. F., 1957, “How Frost Formation
on Coils Affects Refrigeration Systems,” Refrig-
evation Engineering, Vol. 65, No. 2, pp. 42~ 46.

(7) Hosoda, T. and Uzuhashi, H., 1967, “Effects of
Frost on the Heat. Transfer Coefficient,” Hitachi
Review, Vol. 16, No. 6, pp. 254~ 259.

{8) Gatchilov, T. S. and Ivanova, V. S., 1979,
“Characteristics of Extended Surface Air
Coolers during Operation under Frosting Condi-
tions,” Int. J. Refrig., Vol. 2, No. 4, pp. 233~236.

{9) Rite, R. W. and Crawford, R. R., 1991, “The
Effect of Frost Accumulation on the Perfor-
mance of Domestic Refrigerator-Freezer Finned-

Tube Evaporator Coils,” ASHRAE Transac-

tions, Vol. 97, Part. 2, pp. 428~ 437.

(10) Aoki, K., Hattori, M. and Hayashi, Y., 1985,
“A Study of Extended Surface Heat Exchanger
with Frosting ; 1st Report, Overall Heat Trans-
fer Characteristics,” JSME Trans., Ser. B, Vol.
51, No. 469, pp. 3048~ 3054.

(11) O'Neal, D. L., 1982, “The Effect of Frost
Formation on the Performance of a Parallel
Plate Heat Exchanger,” Ph. D. Thesis, Purdue
University.

“
o]#d =

o)

1105

u

{12) White, J. E. and Cremers, C. J., 1974, “Predic-
tion of Growth Parameters of Frost Deposits in

AIAA, ASME, Ther
modynamics and Heal Transfer Conference, pp. 1
~9.

(13) Parker, J. D. and Jones, B. W., 1975, “Frost
Formation With Varying Environmental Param-
eters,” ASME, J. Heat Transfer, Vol. 97, pp. 255
~259.

{14) Sami, S. M. and Duong, T., 1988, “Numerical
Prediction Of Frost Formation On Cooled Heat
Exchangers,” nt. Comm. Heat Mass Transfer,
Vol. 15, pp. 81 ~94.

{15) Sami, S. M. and Duong, T., 1989, “Mass and
Heat Transfer during Frost Growth,” ASHRAE
Transaction, Vol. 95, Part. 1, No. 3218, pp. 158
~165.

{16) Eckert, E. R. and Drake, Jr., R. M, 1972,
Analysis of Heat and Mass Transfer, McGraw-
Hill.

(17) Yamakawa, N., Takahashi, N. and Ohtani,
S., 1972, “Forced Convection Heat and Mass
Transfer under Frost Condition,” Heat Transfer
Japanese Research, Vol. 1, No. 2, p. 1.

(18) ASHRAE HANDBOOK, 1993, Fundamentals,
6. 15.

Forced Convection,”



