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ABSTRACT 

MATHEMATICAL MODEL FOR mOST FORMATI ON 

ON PLANE SURF ACE 
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Suggt's teoJ ,.o(lel covers the necess ity o f ca lculat ing tha eFrect of frost 
fOr lll\ltlon, or, the eVlIpu ratur wall ill coo li,'\! sturaQI! r oo.,.s, UII til e Ileat 
lr"nsfer effi ci ency b!!~ween refrlgerolnt alloJ wet air. In j t olltained 
Ol nOllytlcal relat ionsh ips for temJleril t l)re d i si'ribul: ion i n hoth wall 
m,lterj.,1 and frost layer, overal l heat lr.llls f e r coefricieut " Old the ti ffle 
of frus t l"yc r f ur"alion 0115 a rUIH::tiurI uf fru~t laYI! r lhickll\?ss . 

INTRODUCTION 

prost f or.,."l!on un plall~ ... . lll ';ur r<!OCl? of refrlye,· .. tiulj oJev iCI!!i, reduces 
lhe effectiveneS1=; or lhvjr work, lend !> to lli!;lUriJ t c:chnoJoQicnl r['\l illlp. of 
il. !H!ctloni'l couler, over expenditure or p, l acll ' ical enef'l,JY ;JnoJ 
ueteriuratiOfl of lhe pp.rfor.,.ance of ( oo linQ lJ!on t _ 10 tile known lIe thmJs 
or he/lt calculiltlOIl of air Cooler cons itJel' ed the e rre tt, o f fI 'u'5t Oil lht> 
tht>r/l\31 re!'.i!;tancl' of frO $~ layer (6fk I. In thi s COl $~ lhe rrost !Ourfilce , 
tl?llpl:!roturu was taken equol to til \! wall s urfilce teonpera ture, which is nut 
corrpsporuJlft\l to the true va lue o f tile rrust surface te"'11er"ture anll le<lus 
to :)11 ,)pJlle c iallle e rror in cal cu }.:Jti uns. 

Many e lilleril!lE!utal r ese .. rche5 in {"o5l for",,, t io,, on a c(luliOl(J su,'f ace in 
cryogQni c tQciinol09Y and norll!.) I coolj,'9 WQre lIl')II \? SOIlC' or tllcse 
jlOvestig;ttloOl'J (1-5) have lIeen contiuc t eu ill colu r:hOll!ll.Jers, wile,,!! real 
pper.tinq cOllu itio1l5 were 5 1 .... ula\ell. lhe nartic "J ;\r r~l ., tl unshiJlS given 
III tl,es (' works for 1:11(' cl,ange of fr o st I ':'yer thi ck 'lcss and thpt' lnal 
conoJuctlvlty can bl! u !;ed unly for very lim i ted calOes of ~~Jll' ri rlle ntal 
s tuUy . 

Another Ilarts or tllese investiq a ti olis (1I- 0J ""s carriet.! [lut ur iii st" nt.! of 
til e "ero!'/ynall'li c ch,1nneJ type, \'I1l !:'r e thl'! \llr par Ol ... eters COlllel be vOlrieoJ 



n. It3 51.11 ten A. A. 

"'; thin Uro~U ll r J llni ls . Testing by these l!I ethod~ 

dlso\Jv;Jnt"IJ!;! th .... t the tll'StinIJ cor\lli ~ ions tllrrer , 
degree, (ro .. thosl? of re a l E'Ml'llojt.)tiun. 

how"""llr . 11"5 lhe set" ious 
to a yreatcr or less 

lhe c hief . "i .. of the work n~llortetJ here is tu gi ve .J l> "i yer ~a l E'lluatiun 
for v arious e lfjJeri.."ent;,j works 011 air-co oler ami i t's UI:'Si YII with 11 

IJ reulctod change In ri'rrlger.Jtlng capacity . Lo liD \.11 1, W(J 5110111\.1 study 
thC!'lr dynamic,')) ch.:Jracteristics ~rhich t iln be o\.Jt.lin I? LI hy M rllI!!)il1g lIl e 
m(lth(!lII.)tica} motlel of til l! systcllI lanpOlr.1tusl . 

MATHEMATICAL MODEL 

(Je forl! cons lructir.y the m.)tilellatical rIIouel or fro s t rormlltion un iI 1,I .JIl'" 
surfoce tlr. tilke iuto consIder"tinn the (01 I uw\II9 3 SSIIIIII,t ionr; : 

1- hll'lIIt l'\9 ",nu physical cIlOlr,u:ter i sticli o r r r05 l l ;,yer ,)r{? (onst;,nt • 
2- hv,)~ a nd ",ass tr')ns rer coefficients ;,re consta llt, 3· 'I\J 10lll,litudill.d 
lI!!ol t tran! .. fer , ;,nd !j- he;,t fiu l( due to thefliial cOIM.luc~iyjty and diffusion 
i n bot" l ong itu. Bnal and la teral lhrections .lre nelj li ll i bl y small. 

Let us c Q'ls ld!!r ,) one·di rnen!'ion-'JI hllolt t r ,)n~ r cr pr"C I!5!. lleh~PII 

lind <J re(rilJerant thru\.i\,lh i\ 1,I ,'''e .Hal I .... nu the Jur lllf!d rn .. st layp.r 
s urfOlet' , see FiQ . Ill, where mlerg y P.IIU ilU OIlS and the associ .l t['v 
condit lu ns ')re ,) 5 fQlloHs; 
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k , 
e T , 

T , 
a • 

where: 

lu -d ) Ir - I ) ., , 
c (T-TJ , . , 

, 

I t is convenil:"n~ Lo 
llounu~rv conditions 
lIi.,ensionless groups: 

write Lhe 
ill the 

iluuve equilliuns 
ujmellsionJ ess forn. 

9.:= (Tz-T.I/(T .. -Tl)' e a 
Z '" 6 Ill, 0I11 :t" C(-.I Ctl. 

kl9 =. k I" , . T - t / To , 

.. IT - T JIlT -T I, 
3 ' .. "­
Oi • II lo t k , , , 

e ~ e ll -T Ifr , . 

w, 

and the correspond i no,! 
using the rullowin\l 

)( '" I< III , 5 = 6/b, 

Oi =-11 b/k , . , 
t/f a T o '" , 

Till:! chilracteristic ti"e ITOI h~ "'cOiled ')s lhe ratiu lJetwe<?1I the eneryy 
stored in th,.. fr05l layer (juri,,\! it' !> fO .... 'iltjgn to tl'l! l,e,Jt flul< throu!}h 
till:! llIil)lil'llUWI frust !,Jyer tJlickne':O!i .:Inll the w,Jll. It l:,Jn be detennineLi fruRl 
the folluwing ... ~latIDn! 
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til\? fOllowing fur,.s: 

0 < , < Z til I 

x • 0 <I21 

x z I J 3) 

x 0 Z ( }I,) 

z < X < Z~5 1151 

X"'7.~S 
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va 
---" OJ , m 0 - ,,' • x , , K "'Z+fJ (171 

where: 

2.lIcJ - " ) 

) • " m • (10) 
c , 

2. ) 'u -u ) (ll - tJ ) (r - 2. 1 r 1 
(I q J 

1 • , -, B ., 

" = + • c , 

0' a a' e , 
0 

, 
= 0 = • - -

a " a x' 
{201 

TI,,~ 5uluti(J" of lhe auove ~HO t'flu.)tions uy jnl€gratiol1 C;)I\ b\:! .. ..-j thm jT' 

th~ folhl~'intj (0':'.,5: 

(21) 

when! (H, ('12, 91 <lnc! 1:12 <lre constl)nls of integfiltion. They Cilfl be 
de~f! rmiru.·tJ USill\l lilt! ulJuml:l.y CO!l'\ljtiuflS ~liv r;ol1 by cl']lIatiuflS 
(12-1',,10-171. lhc:o final solutiun m03y ue wriHl'1l ill llll? fuIJm~in~1 furlJs: 

" e = , 
"' 
n e = , m 

.. here: 

FI "' 
2 

k;.:g' 

IX ,. I IDi ) , 
k~lI (S • F" 

" 
,. F,) 

IX • f 'IJ 

+ - + 
m OJ , i'c"'23 D i , Fz '" Z 

k1. ~ I<"l !l Oi , - z 

(221 

(23) 

lhe m.3l'1imum frus~ layer thickness (u) exists wllell dS/dr '" ° illS"" (i.e 
6"'1..11. ilppiyimil this comlltioll Lo equation 11&) gives 

b • 
k , 
h .. 

In - II ), , 
-,-,­, 

'''' £0 runniny ~iIlH! frolJ the lJegilitling ur lhe 
formatiull uf frulit lilyer ur thi ck~ss 6 Ciln ue 
el1l.1.:Jtion 11&), Hith the jllitial cUJ,{jilion tllilt 

(25) 

coul ing process tu the 
ueterlllillCu Uy inteyrilting 
T '" 0 at S = 0, ilS fullows: 
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~ 5 • Fu 
T --.,,--ie:--=-=. l !:: ., IFI - F;l1 L .. ( -=-C;;~-UJ III-till F!) 

I ) 
(26) 

, 
\"Ihere: 

In - II 
1271 

tJi (n m! , 
The overall heat transfer h os a funl: tion of T c')n he determined usinlJ the 
fullowing forQula: 

h b 
-k­, 

k23 Hi , Di , • 5 
k" 

\"lith S "" fiT) as seen frOIll equaliu .. (26). 

RESULTS AND DISCUSSlON 

1261 

.1(.know I eiJge the 
f rost ! u( m<ltio n 

91ven ill lhe 

The results or calculation, using ION Imrson.1 \ co~pute,-, 
usefulness ur U,e given solution for th~ preiJi l:ti orl of 
process;, lIecause they agreeiJ wi t)1 the empi r il:<li rormui<ls 
experimental works tZ-:5J <IS 5110tlll in figures 12,3). 

In COllll')r I ny with olher wurks . ~ u, • the pr<lctlC<ll v<llues roc the 
iJifferent p;:!ral"llelers USE!iJ ill lile fru ~ t form Olti on '" the SUr·filCe or 1:Ii r 
coula rs working in t he reqillle or freezing pruiJw.: t given in lhe 
e>cper illlF!u"tal works 1I,',1 ., follows: 

T , -'0 °c , T , -1,0 'C , k , O.I S Wlm K • k • (,5 Wlm K • • , , , 

P '" '100 ~g'Ul3 P, .. ::;2 kg/III 
, 

c , 2.0?{)c , 10d J I k. 

h 000 W/Ol 
, 

K I, ',0 Wlm 
, 

K i)lld ., 0.005 • , 
• • • -, -, 

The results of the elli)ct solu tio n qiven in this work, formulas 122-21]) for 
the iJJfferent given \Ji)ta leaiJ \;0 lht:' followil"l9 conclus iUllS: 
1- Hall thicknE'ss, or a 500iJ therlllal conductive materiill k • 11,1.5 no e ffect . , 
on till! process uf frost forl!lOltiOIi. 
2- i ncrea slnlij the convec tive )l eOl l lrOlns fE'r coeff icient in \oIet 
( high 11

4
), mt1>cjIllUII'I frost l.lyer thi ckness (IJ) ,jeerease!> ( 

i)ir siue 
llei)rly 6 

proJlUrtilln to JII'4/' "Ilt.! the affectiviJllE's'i of tleal tr<'lno:;fel' irlCrf!aSeS wllh 

the illcrease or h • • 
3- variati on of cllnv~tive heat tri)lls(er coerficient In 
side (h.) In the ra1"ll} E' of it's prac ti cal vol)ves )103 5 110 

prucess of frost form<ltion. 

NOMENCLATURE 

b lIlaM llllum frost layer thidcness, If! 

th e refrig er.:t nt 
~rrect on the 
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n; 
c 

" F l,F l 

" 

Oiot number, It II I k 
511eciflc heat. J I kg I< 
p~rtial .. ass trallsrer , kg/kg 
constants . defined b y Il'qu;)t\.on 2', 
c:uIl!;t;:Jnt, derined by !;!tlu"ti on 26 

h 
I 

filII !">tout transfer c:oe fficient , WI,. K 
t'ntilalp y. J/kQ 

therllal comJuctlvity ,IUm
2 

I< 
Llllllcnslonl cs5 thermal conLluctlvl t y. 

k 

", 
m constant, defIneLl lIy equation ( 181 
n cons t ant, defined by equatl o t"'l 11'11 
r l /l bmt ht:!ot uf I!v<:Jporatjon, J/kg 

t k Ik I , , 

S dillH!nsionles5 frost Jayer tltickncss, troll> 
t tillie, 5 

T lemper;)ture, K 
I( coordjnate,lII 
X Llime ns lo nless coordinate, lI/b 
Z dimensionless Hall thickness , a lb 

a 
O~l 

ther,.a! Llirrusiv ity, mZ/s 
rel"t;",e t he r lDa l diffusi vit.,.. (0 lu I 

, >. 

(1 moi s ture s~ara tion coefficient , 
6 willi thickness, m 
A frost layer thickness , ,. 
c uilllt'?nsionle»s hrlll , Llerinel1 by li!!quatioll ('1) 

'3 cl irnms iOllless!! temper a ture, 
p den~1 tv , kg/m 
TO ch"r<lch r i s tl c time, uefi neu by elloO\tion (101 
T dimensionless 1:1me, t l t:o 

refriger.ant (rree s~reilllll 

:I. 1,01 <1 11 
9 (rcst Idyer 
.. ,.ediulII tu b e euoled Un>e st ,·toam' 

REFERENCES 

Sultan A. fl. 

\- Chen M. H., ."flU nO I.~rT10U V. M., tieut, 
frosteu tubes, E~ued .. tmt itnd theu r y 
l1echanical Elly . No. a, p. (,0 -7£" 19{)1,. 

"'<ISS anu mullen tu", 
trans"e tl on o f 

tr '::Hls r er in 
th~ A..er iean 

2- Kon.:lOOv N. 5., a ud Cl,umak I. G. , 
modltl, Kholudelnay" Teklmica , N9.2. 

S t udy o( 

p. 22-26 , 
plane 

1 '700 . ! 

",')11 air cool er 
in Ilussiun ). 

3- Kon s ~ "ntirluv L. I. , af'od Mp.lnuchenko L. 6 ., Marille r efr igeration pl"nts, 
Oook, P! !lld vilY."\ prolli s h l inDsti ,',Ob, 1'171) . ( in RU5Si.)1I L 

l,_ Mna!> 1:o kmlOv G. K., Voronin V. 1\., and 5tr,Jd ia T. N., Ellflerl,.entill 
6tudy of p r OQr"lIIed c.oo linl,l IIr il i r coo l!! r , Kl lo lode lna ya TektlllJcil 



MansourI! Enl;lint'erinll Jtlurll",l (MEJ ) Vol. 10, No. 2, D~c. 1791 H. 48 

TekhnoillljiiJ, No 25, p . 33-3b, I?Tl. { ill Russi;"lfl I. 

5- I'ilvlukevich N. V., Urkov n. 1., anu 5rnolskay.1 (\.0., Heat-IIIas!; 
tr;)nsfl:!r Hitll frost -ror format jun Of) a Ileat tr;::lnsre'- of I'e .,~ tqmsr~r 

apparatus, Ingenl:!rl'lll-IJnidcheslt.ii journ"I, Vol. 2'1. No . 3, p. ' ,79 - ',02 , 
1975. t in Russian J. 

b- Hosou,], T., Uzubachl, 11., £rrect uf rrost 
coeffic ilo'Jlt. IIHact., nev. J.)p311, Vol. 16. No. 

UII tile he.1t tr alls f!'!r 

lJ, [1. 25'1-25'LtJ?7f,I. 

7- Javnel, O. K.., llifluence of fr o~t on the heat tr;Jnsrer anu Ml'rudynamicaJ 
resistance of <lir cu uler. KhoJotJelnaya Tek1miC<l, No. '7, 1'-25-29.(1 970) 
lin nussianl. 

B- Sauders, C. 1h., Tes ting o f air cooler ofl(~r "ting tH.der frosUng 
conditions. n""elCe' Dull. 1111, 11.30J-39!J , 119721. 



M. 49 

1 

o 

.~ " .. 
'.' ... 

.... : " 
' .. 

',' , 

-E 

~ 
0 

K 

<I 

L, 

x 

6ul hn A. n. 

, 
l 

l 'I 

, 
2 .1/7 

1 

o kO - -l,---';:, - '-.--'<a"--/' "0 .....,.,1-;,--;,\;-"--',".-" \;(h) 

Fly. (1) Frost (ormation sckemc 
on ·., nilt surfa ce 

1- refdycrant Helt.! 
2- Hut ,,<ill. 

Fly. (2) Grollth or frost layer ilS i) function of 
tlm e 

)- frost layer 

'
1- wet alr cooling riel'" 

1- Ref (4J. 2- Ref (1 ), J- Rer (5) • 
4_ Rer (2\ <lUO S- Prescnt \lork 

.., ... -< 
+ 

<P 

" K 
~ 

~ 

~ 

- )'t 

-JG 

-Ja 

J , 

Fig. (). Ilel<ltlon lJet\\'ecn te mperilwre or 
frost layer surfi) ce (T) MId frost 
li)yer t hickness (A) 

1- ncr (a), 1. - Ref ('t'l and ) . Preselll; \York 


	Mathematical Model for Frost Formation on Plane Surface.
	Recommended Citation

	tmp.1671720843.pdf.HVHSN

