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ABSTRACT

Suggested mode]l covers lhe necassity aof calculating the effect of Troust
formatlon, on the evapuratur wall in cooljry slurage rovms, on the hLeat
transfer efficiency belween refrigerant and wel air. In jl obLtained
analytical relatjonships for temperature dislritulion in bolh wall
material amd frost layer, overai) beal transfer coefficient and the Lime
of frost layer furmalion as 3 functiun of frust layer thickoess.

INTRODUCTJON

Frost formatlan un plave wall surface of refriygerating devices, roduces
\he effoctiveness of their work, tends to JistorU techbnological reqime of
a sectionpl couler, over expendi ture of electrical enaryy and
Jeterioration af lhe performance of cooling plant. 1o the known wethods
al heat calrulotion of a1y coonler considered the effect ol fvast on  the
thermal resistance v frost layer (A/ka>. In this case Lhe frust surface

temperature was taken egual ta the wall) surface temperature, which is  nut
correspanding to the true value of the frost surface temperature anl leads
to an apprecialile error in calculakians.

Many experimental researches in frost Foraolivn on a conling swface jn
cryogenic technology and normpgl cooling were maile. Sone of these
investigations {1-3) have been comducted i ¢olU chambess, where real
nperating conditions were simulated. The particular relalivnships given
In lhese works for the change of frust Jayer thickness o  Lhermal

conductivity can be used unly Tor wvery limjled cases of experimental
study.

Anuther parts of these investigolivns L6-B) was carried out of a stany of
the serodynamic channel) type, where the air parameters could bLe varied
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within brooder Jimjts. Testing by these amelhods bowever, has the serious
disaedvantage that the testing conditivons Yiffer, tu o yreatar or less
Jegree, from those of res) exploitation.

The chiel.nim of Lhe wWork ruported here is tuv give a universal eyuation
Yor variocus experimenta} works on air-tonler a3l it's desiyn with a
predicted change In reflrigerating capacity, to do thlc wa shouly study
thelr dynamical choracteristics which can be obtaiaed Dby arranging Lhe
mathiematlcal model]l of the system {(apparatus).

MATHEMATICAL MODEL

Defore consiructing khe mathematical model ol frost Tormation un a3 plane
surface we take into consideragtion the fullowiny assumptions:

l- heating and physical characteristics uof [rosl layer are constant
2- heat and mass transfer coelficients are constont, 3- no longitudina)
heat transfer, and 4u- heat Tlux due to thermal conductivity and Jilfusion
in both longitulinal and Jateral directigns arc neyligibly small.

Let us conslider 3 one-dimensiona) haat transfer process bLeblween webt  air
and a refriyerant thryugh a plaoce wall and the Tormed (rost layer on it's

surface, see Fig. (1), where erergy cyuations and the associated ULoundary
conditivns are »s follows:
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[ (v - T ( 3 3
] 4 9

It §= convenient Lo write Lhe
boundary conditions in
Oimensionless groups:

above enuations and the

the Jjmensionless form using lhe

M. ah

(7)

Q)

correspanding
Tullowing

(9)

o = (T _-T /T -T ), ® = (7 ~T /(T -T >, X = x/b, 5 = A/b,
2 2 s 4 1 ] 3 1 LI |
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EES 5 2 2 1 2 3 4 3
kg = k /k , T = t/70 , £x=c U Y =T }/r = L™/ o To .
2 B . 4 4 1 3
The characteristic time (1o) s defTlrned as the raltio betwera the eneryy

stored in the (rost layer during it's Cormation to the heat flux
the maximum frost layer tlilckness and the wall.
the (ollowing relation:

2
p:_I L r
k (T -T)
9 4y

Equationa (1-8) may be rewritten in the fallowing forms:

a) Tor the wall
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through
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5} Ga
% =" n;ar m o - n o, X=2Zr$ 117)
whare:
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Ns T Is very high valuve 1.2 € « L and teads tu zera aod eguations (1),13)
can be writien in the foflowing fure neglecting the laft hapd sides:

: =q, 2 =0 (20}
2

The sulution of the above two equations by integralion can be written in
the folluwiny forms:

© = A+ L, © = MzX > Bz (21)
z

where N, N2, Bl and B2 are coustanls of Jnlegratian. They can Le

determined  using the Dboumtary condStiuns  given by emiations

(12-14,146-17). The Tinal sojutivon may Le written in Lhe fullowing forms:

(X « }/01 )
2

- < { )

z m kz3 (S + Fp) ce
n (X + F2)

B T TR X+ te3)

vlsere:

Z 1 1. ya 1
[ = - 4 = = i—_— F - -
e ’ F2 = 55 kaa o1, z 2h)

k9 m Oi * Tzs Oi
E} 2
The maximom frust layer thickness (b)) exists when dS5/dr = 0 al § =1 (i.e
6=b), applying thie condition Lo equation (16} gives
K tn-1) k
5 <
h, (o= m) h T k=s (23a)

The running time from the bLeginning of the couling process to  the
formation of frost layer ol thickness A can be determined by inteyrating
equation [146), with the initial condition that 7 = 0 at S = 0, as fullows:
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where:

(27
z i ftn - 1)

Fa = k23 = ¥zs Biz * Dia(ﬁf— m)

The overall heat transfer h as a function of 7 can he determined usiny the
fullawing fosrmulas

hkb - i ; 7 (28
2 k2a 41 * Oi * kza +S
2 )

with S = 1{r) as seen from equation (246).

RESULTS AND DISCUSSION

The results of calculatian, using (OM persgnal coapuley, acknowniedpe the
usefulness of the piven sylution Jor the prediction of frost {urmation
process, lecause they agreed with the emplrica)l farmulas glven 1o Lthe
experimertal wurks [2-3] as shown in figures (2,3).

In compariny with opiber wurks we use the practlral values for the
different parameters osed in Lthe frust formation on Uhe surface of air
covlers working in the regqime of freezing pruodoct gliven in the
experimmntal Works (1,4] as follows:

T =-30°%C, 7 =-00°C, kK =0.13 WanK , % =43 WaK¥K
A A D 2

’
El - 3 _ )
p = 200 kg/m b, = 52 kg/m” r=2.020e x 107 J / k9 ,

h = B0 Wl K, = 40 Wm® K, and 5= 0.005 m .

The results of the exact solution given in this work, formulas (22-20) (or
the different given Jota lead to the following conclusions:
1- wall thickness, ol a gaad thermal conductive material kz' has no effect

on the process of frost formation.
2- increasing the convective heal Lransfer coefficient in wet air side
{ high “4)’ maximum frost layer thickness (b)) decreases ( nearly O

propurtion to j/hd), g Lhe effectiveness of heat Ltransfler increases with

Lhe tngcrease ol h4.

3~ varlatlan of cunvective heat tronsfer coefficient In the refrigerant
s5ide (h‘) in the range of it's practical values Iias no effect on Ethe

process of frost formation,

NOMENCLATURE

b maxfmum frost layer thickness, m
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giot number, ' b /7 k
specillic heat ;| J /7 ky K
partia) mass transTer kg/ky

fi,Fz constants, defined by eguatlon 24

Fo
N
I

kzza

NXx “~ntn 13

cunstant, defined by equation 24

film heat transfer coefficient, W/m K
enthalpy, l/kg .

thermal conductivity,W/m K

dimensianloss theemal canductlivity, (kz/kB)

constant, vefined by equaltiun (18)
coostant, defined by egquatlion (19)
latent heat of evaporation, J/kg
dimensjonless frost layer thickness, A/0L
tine, s '

lemperature, K

caordinate,m

Jdimenslanless coordinate, x/U
dimensionless wall thickness, &/b

QRFEK SYMDOLS

g 2

zZ

AN E0>0D

thermal Uiffuﬁivity,mzls
relative therwmal diffusivity, (ca/u7)

maistore separation coefficient,

wal) thickness, m

frost layer thickness, m

dimensionless term, defined Ly equation (9)
dimension)ess_temperature,

denslty, kg/m>

characteristic time, defined by eyuatian (10)
dimensionless lime, t/tTo

EUDECNRIPTS

" BN~

refrigerant ((ree stream)

wall

frost layer

medium Lu be couoled ((ree stream)
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Fiy. (1) Frost formatlon sckeme
on-g flat surface

1- refrlyecant fleld

2- flat wall,

3- frost laver

h- wet alr coolng Fleld
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Flyg. (2) Geowel of frost layer as o function of
Ume
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Fig. (3). Nelatlvn between Lemperalure of

frost layer surface (¥

3) and frosk
layer thickness (A)

1- el (3], 2- Qef [4] and 3- Present work



