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The present work was taken up to expedite

- the performence of & refrigerstion system under
different defrosting conditions, A finned evepore.
tor coll was selected as the 6bject of study &nd its
behaviour was investiggted. A theoreticel beckground
to the problem 1s discussed end the general behaviour
verified, A review of existing litersture has also

been made,
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"CHAPTER ]
- FROST, -1TS EFFECT & INFLUENCING FACTURS

Frost, its effect on refrigeration'plmt opergtion,

and factors influencing its formation are reviewed.



.1 IEZROCTION:

Irn refrigeration systems meny parts of the equipment oxist
at temperitures belovw freezing point of water (32"1’}. « The eve-
porator coil, expension valve, suction line gnd some other parts
of the system sre exposed to sub«freezing temperatures,

1t 43 a well known fect thet the atmospheriec sir contains
- certain enount of humidity. then the humid eir mmes.in contaoct
- with » solid surface, nothing will happen to the composition of
pir so long the solid surfsce is at a tempersture sbove the dow
point of eir although hest trensfer will teke placo if & tempere-
ture difference exists, If the solld surfsce has a tempersture
below the dew pom‘t of sir then g portion of humidity content in
th;a humid elr vill condense on the solid surfoce. In such & ceaso
& compound phenomenon of host and mass tremsfer occurs, Yot
interesting is the case vhen the solid surface 1s st subfreezing
temperatures. In such case, the moisture in air will deposit oﬁ
the surfoce in the forn of minute crystals of ices This deposit
of ice is called FROST. This phenomenon hes its pecullarity in
that the compound mechenism of heet end mgss trensfer is much more
conplex becsuse under such conditions sir is cooled md dehumidi-
fied by a surface, of which the nsture is continuously chenging
because of the build-up of the frost, &nd the nsture of the builde.
up of the frost, too, 1s chinginge

L2 I3 S57s
Frost produced on eveporator coils during refrigerction
- will :vary tnd will be found of véry di fferemt density ind struc.
ture depending upon the conditions of 1ts formetion end a3G.,
then the surfece tempersture is slipghtly below 32’?, frost formesl.

ig herd end cleer tnd does not contain eny eir bubbloes. ;,:: lower
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tecporaturos, bolow 160 F neorly, tho frost forn.d heo o porous
md vook ctructure. In 'gcnéral eolder the surfrceo, the finor
ayo tho ie¢o crystéls. It hogs o vhite gppearince. Looking |
through o memirymv gless 1?. can bo observed thot this frost
foms . intricate notwvork with a multitude of minute oir
'Spams botwecn them, The lstor t.ype of frost is colled RIKD
FROST uhilc the hord tenscious frost 1s colloed CRYSTALLINE FROST,
The two ¢ bo essily distinguishad-as the rims frost has vhitoe
@pearm'ce end fluffy stmcﬁnrs vhile the othor typo hos &
flint 1iko structure end is hard,

Deceuco of tho porous nature of the rics frost, moro
vepour vould diffuso into it ‘tnd rore molsture will travel in
tho frost (os in 1haulation) tnd will freeze grecduclly in the
air opreos. 'fh;ls will offcet the thorncl end physicol propore
ties of the frost as will algo chmae the density of the frost.
Given cnough timg. tho density nay inerosse even ten timos (1)e.

| thile ot te"mperatu,res belov OOF, the frost is snovw
1ike znd cen easily be sereped evon with o herd broom or 1ight
cechendcenl serzpers | £t suech loy teirperatures, it will not
stick to ﬂogr or gurfzces, The érystal_lino frost on the other

Hend is hord to molt end romove.

1.3 I[LCIOPS AFFECTING FOR/TIOH

A number of verigble fretors affect tho quentity end
noture bf frost formed on surfnc;és ot sub-freezing terporature,
Of thooo wo hove alrecdy 1nd1cated in provious article, hov tho

te po rcmre znd durztion of operation offects

The tempernturos to bo peintoined in the refrigerotors® *
dc;;cnd upon the usage od the typo of servico 1t ia intenticd to
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bo put to. In cese of displey cusos, tuo torpereture of the
év:—:poratog should be lower then .thut required otherviso foi'

tho sarmo usage. This should be so beecuso in tho lster €880

¢ sneller tomperature differential batueen’the raﬁiger&t end

- the pmduét erea oxlstg. .

Difforent perishables cre to be meintained at difforont
terporaturons, Icc-ecroom display csses must oporate with o
t"ixturo tecporature botueon ~3)°F to -moF and the refri-
gerent undcr suéh_conditions_mﬁld be roguired to evq)oréte ot

fabdt.}t -QODP; forzen food display cesos are to bo maintnine_d ot
somowhaot highor tomporsturos, necrly -»]Q?F to o°F énd the
mfrigormt would ovirorate st sbout -30°F  Frosh meat will
require fixturo terporcturc of 5% to 3PP ma oveporctor Atcm-
peraturc of epproxinatoly 8°r~‘; those voluosg tdr frosh vogotos
blos tnd dairy products cros fixture terporoturo 35° to 4 F

. 0
tnd en eveporator terporsturc of 12 F neerly. (2

1.32 COIDITION $

.' Tho steto of coil surface clso offects the rate of
formotion of frost. Tho rote of frost doposit on @ cloen
tubo 15 rcuch grom';er then the rate vhen it is with frost (3),
l'0asTs o De Sabﬁ:ltt,' ¥.E. Rontoino end J.P. Doston have pube
liched coms intorosting data regarding its formction on metcl
surfocos (4)s Prosonce of dust porticlos or othor foroig |
xﬁntorioi promoteosthe fornrtion of frost. licny a costings aro
Imown thct vould condenso supercooled vater ot tomperatures
bolow 3PP, vhich could be roroved vithout frosting. It 1o
posoiblo to troat cnd design cold surfoces, with g thin €0 Lt
ing of Polystyrenc.or o siliecono oil or rosin, thet will con-
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dﬁnse supercooled wetor upto -46°F. linimn values of «38°P
hovo been obtained under fevourcble conditions of the cleen
‘surfoeos end. dust- froo stcosphere. Prosenco of'dust'parti-
clegs roducosthis limit considerebly end below «17°F 1t would
be extrorely difficult to provent olzooble quentity of frost
formution ovor tho coils; tnd undor usoeble conditiong this" '
 imposes lwast linit to temperature with costed surfaco, -
Adhosion of the frost to motel surface olso docmaﬁoﬂ
'_ by aoating tho matel with proper mcterials. In ¢genercl eny
- non-wettoble sudbstoneo wos considered of pmmise. The inhibi-
tion to frost formction tended to incresse with the deerocging
tendency of the surfico to the edhesion of ice, It cen agein
be scid thet proscneo of dust affoctod inhibition tnd tact 1ts
presence ccnnot bo elimincted vhon the cireulction of oir wos
dependcrt updn the operetion of the fm; Hydrophillic corpounds,
entifornzing flulds end o number of itirust cocpounds tended |
to procato the initistion of frost. On surfecos quoted uith
éﬁch natoricls, 1a§ers of ico ore formed cuch more repidly
then on cleen surfaces. It is also interesting to note thet

neny bugs prevent vater to frecze at teuperatures below afr

1,33 LUMIDITYs |

The temporature end hunmidity of the surroundings
eleo offcet ‘the formation of frost, porticulsrly in the open
typo disploy coses. Thus'if the displey case is plsced in en
oir conditioned spcee with a different tomperaturo end humi-
dity, tho quentity of frost accuculoted will be different.
The humidity of the varm oir leaking fron outside will alcy
affect the rate of its depositions It will slso depend upox{ -

:



the coisture picked up from the products or its containers.
Hovever, this factor produces considerebly small accurules

tion of frost. - _' .

The emount of frost sccumulsted will also depend
upon o number of other fectorss '

i, iLxecossive refrigeration loads hot foods or steaming
foods or liquids plsced in the cabinot, poor guolity of ine
snlation or thct in vhich vater haegs becn cosked, or system
vith snollor ecpeclity for cetuel loczd at desired terperaturos
vill put oxcossive locd on the refrijerstor thus oxposing tho
cveporator for lorror frost fomctic'm.

131, The sizo of the rofripgerstor and oveporator coil
designs lerier eveporators will colleet zore fost. In finnod
colls tio spceing of the fins is also importent, closer fins
doposit prester amount of fost,

111, %ho quentity of oir lecekege frow outsides st doors end
wells tho protection z3ainst leskege would offoct this foctor.

iv. Doors: openin; the doors will communicate the cold @acev
with thc evbient end will allow some fresh air to be picked up
by_ tho roﬁigerator. Doors opened often z.:nd for longer tino
will allov rore frost to be accumulateds The tendency to
collect rore frost will glso be enhenced if the doors are loose
on hinges or latches or if they huve broken or flottcned sos-
kets.

Ve Cycling Control incorrectly sots if sot for lover terpora-
tures or pressures then optimun, frosting would be promoted.

vi, Testricted elr circul:stions in systers vhore eir is cire .

culeted, o inedeqirte ci-c:letion mey bo ceusod bys .



{0 ecrouding thc food conttiners which may irpede
the flow of £ir froo the evaporatoi', thyough
the entire ooled spice end b:rek to the t.ava-
porstors

{b) boeffles or fiunes either omitted or in-correc-
tly placoeds

or (e) oveporstor is too wide, too high, too long
o or incorrectly pliced to asllow froe circile-
tion of &ir, |

vil, Too lov terperatures: eveporctor bciné too smsll hss
to be opcroted et too low tecperatures,

viii, lore rofrigerent is being cdmitted to the eveporator
then con be oveporsted with the loed c.;n the system end prossuro
in the eveporstor. This will ceuse frosting on the suction lino
even, |

ixs In some cases tho 1iquid line may elso develop frost.
This mey hoppen vhon tho receix;or velve 13 pertly closed or tho
liquid linao strainer gets clogged at recoiver or condenser (5).

| X, ‘thole.of the snow condenscd doos not stick to the

evrpo:;étor. A veriable vhich may be interesting to note is the
proportion of snov condensed that actuslly esdheres to the tube
uvell. |

zl. The possibility of suparsaturz;tion ccn be regorded as
unlikely. Tho coolin surfice 9111 become cozted vith ico
erystcls tmd further erystals will be held in suspension in tho
oir stecn. This will fumich sufficiont nuclei for furthor
con dcn'n: tion.

7ii. Increcsing the eir veloeity will increasc the cmount .

’
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of cdhosion, It vwill increczso tho erount of vepour cdmitted to
‘1t end shell alco affoet tho prossuro drop for the flow (6).

lL41 JUSULATING BFRCIs

The frost sccumulated acts as aninsulstor and reducos

the heat transfer cepreity of the coils A cost of frost on the
eveporator ¢oll vestes pover and couses needless woer, RY
oxample consider a ¢old storage roon piped with »1,000 sg. ft. of
2 in, diroct expansion coils, Assume thet 1t is figurod on hoct
transfor coofficient from still oir to cveporeting surfece of
2 Btu/ (9q¢.ft.) (hre) °PH. The terporoture in the room ig 30°'I?’
end thet of the refrigerint is §°F Tho rofrigorating cnpacitjy.
uﬁder thoso eonditions would bo 4,16 tong, If tho cbil is
coverod vith 2 in. of fino dry frost tho cocfficient of heat
trensfor mey be as lovw o3 0.9 Biw (sg f8.) (hr,) (°H. So
the ecpceity of tho plmt.wuld bo decrcesod ebout £0 to 60
poreent (7). | _ |

Frost on the <oll doos not possess some insuleting pro-
portion 1l the timé. Therc are multitudo of minute oir spacog
. botuoen the network of ice crystels vhich rendor the ingilcting .
offoet, (Ls £oisturo tr.csvela. through thesc eir spacos the
insuloting offoct of the donosit varies. Pure ico is necrly 2%
co offoctivo tn insulstion os tho cork Sut’ the frost containing
cir cpreso hos ot groctor insuloting offoct.s One inch of frost
cen attoin tho msulatihg velue of & in, of cork (7), whilec in
oxtroso ecses the coll surfree thus covered with a multitude of -

oir colls dbotveon ico erystols is ¢S effieiently insulcted ageingg

‘



neet trensfor co if 10 wore inculeted with cork or ssbestos
(8).

Some ood vork hes bocen reported by lir, U. & Steecker
'(?). lle porformed his experinoents with finned coils vherein
~he has studiod the effect of frost accumlated on the overalli
heat troncsfor coefficlent Ucs, Two grephs plotted between Uo
based nn L.!M. 7. D botween the alr and the refrigerznt, md the
air side surface arez of tho frost frec coil, end the quentity
of frost cccurmlated on the coils sre rcproduced heres Theso
grephs ¢ro for different fin spacings o close finned coil vith
nine fins por inch and the other & wide finnod coil with four
fins por inch; refor to figures l.41 tmd 1l.42

The grecphs reveel that the neture on the two ccses of
variation 1s qualitctively the scme slthough sctunl figures
vary, .ith first fow pounds of frost deposition, the valuo of
Uo inerccses end reoches o pech whieh depends upon the rate of
¢ir flou throuph the evoporctor cwil znd the fin-speeing. Frono
the pook the valuo of Uo grcduelly drops £s more &nd rcoro of
frost collects. A possiblo emplenetion for such a behaviour of
the volucg of Uo has been given s followss A slight layer of'
frost nyovides & rough extended surface areg for the coil. /ne
other roccon given was that as the flow rete of the zir was kept .
the somo, the oir voloeity incrocsed beecuse of the reducod erea
for nlr flov, areca heving boen reduced. bocsuse frost sccumulated
occuplcd cortoin volunma, This incresscd veloeity incerocses tho
eir oldo coofficionts The oventugl drop in the value of Uo ¢con
bo assignud to the ineroasing insuleting offect of frost os it
colleets in larger quentitics. JFor further informstion teblo
1l.41 vith ito discussion nay be conguleted in Arte 1,43, -*
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curve between alr pressure drop in inches of wotor end air flov
in ofn chown in fig. 1.45 1s sumerirposed on fig, 1.43., This
ly'ields £ige 145 znd represents the olr flov in cfm ﬁ;r various
value:; of frost asccumulated, This figure reveals the truth of
the above statement. Similarly fig. 1.46 is reproduccd for wide-
finned svoporator,

The effoct of frost in diminishing air flow is importunt
beoeenge this would require a larger L., TeDs to produco gomd
rofrigorcting cffoet, hecessitating thereby a lovor refrigermnt
torpercture. Ue have alroedy discussed that more power per ton
of rei‘rigerétion vould bo consumed vhen tho eveporetor tomporatupo

is lower,

1.43

Tho offect of frcst deposit is more importomt then on
the hest trmsfer cefficicnt,. This fiet can bo illustroctod by
the following exarples A sisple csleulation would shou theot the
effoct of docrease in Uo is not so pronounced uoting from Stockor
(9), 1f the eoil is providing one ton of refriger:ztion with e
air flow of 1,450 cfm.; eir entoring at 3PF md leaving ot 21.6°F
ahd s refrigerent tomperature of 160173 tho L.M.T.D. vwould be
ILQOR L decrease of 127 Uo (assuming sir flov to be meintainoed
constznt) will verrent for en incresse of 135 in LaLT.D 1e0.
to 13.3°For wvill roquire the refrigerent temperature to chenge
fron 16° to 1«%.6017 vhich 15 quitc smell end vould probedbly not bo
of much concem  in refrigorction plent. | |
To show that the offect of blockego in &ir flov is moro
importcnty, he further cites enother examples consider a2 plent of
one ton refrigorction cepacity, entering end leecving air terpers™’

“turos being 3PF cnd 2. PrF rogpoctivoly, rofrigerint tempercturo
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Tarther vith tho holp of ecleuletions it hes becn
ghown thet for on cetuel coso when the system be run Co mact
.0 cox;stc:ut lozd the valuc of overrll heot tronsfor cpefficiont
inerocsos first with frost cccumuletion but lator drops repidly
vith cdditionol frost sccumulcting.

- If Vo docrooses, for the osore refrigorating offect,
LellLT. D. mugst pronortionelly incremso to compensaoto this offect
end that o eoxcollent guide to.the officient operation of o
rofrigerotion system is tho rofrileront terporsture that is
required to produce tho dogsired rofrigerating effoet. Lovor
rof‘rigarmt temperotures Qould nced coro power input por ton of
refrigorstion, Thus o docrocse in the veluc of Uo tcnds to

impalr the performmes of tho coil,

.42

The frost eccuruletod t:e:ps the oir from floving into
tho eooling unit tnd rodueos tho froo ares for tho passoge of
olr, This foctor 1o, hovover, not }Eportcnt in c¢coe of none
'f‘ir_x_ned coils tmd vhoro no oir flov moy bo involved. ‘ Stooclor
in continuetion of his omeriment clco studiod this effoct. (9)
-I-'igur@ﬁ 1,483 tnd 1..44 oro roproductions of his results plotted
in grephicol form betweon sir pressurc drop, inches of wetor,
ageinst tho pounds of frost deposited on the obove mentioned
tvo coilse The comron offoet on oithor coil is that first fov
poundo of fxvst on the c¢oils do not affoct tho pressure drop
cpproeichly but after o cortoln stoge has been renched, tho fums
thor cecaruletion of frost inceroasos tho prossure drop considoros
bly. This vill produco o pronounced offoct on tho quentity of
alr floving through the systoms A fon choractorstic vhich ig a,

é
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curve between oir pressure drop in inches of woter md air flov
in oo shown in fig. L45 is sumerirposed on figs L43. Thip
.yields fige 1.45 end represents the olr flov in efm i'(;r various
velues; of frost sccumulated. This figure reveals the truth of
the abovo statement, Similarly fig. 1.46 is reproduced for wide-
finned evsporator.

The effoct qr frost in diminishing air flow i1s importcint
beeauge this would require a larger L.} T. D. to produco somo
rofrigorcting effoct, necessiteting thereby s lovor rofrigercnt
terpercture. Uco have alrocdy discussed that rore power per ton

of refrigeration would be consumed vhen tho oveporetor terporature

is lowor,

The offoct of frest depocit is more importent then on
the hest tronsfor cnefflceicnt. This fiet ¢an bo illustroted by
the folloving exarple: A simple caleulation would ghow thet tho
effect of decrease in Uo is rot so pronounced uoting from Stockor
(9), if the coil is providing one ton of refrigercztion with o
air flou of 1,450 cfm.; oir entoring at 3P F end leaving ot 24.6°F
aﬁd a rofrigerent tompersture of lﬁoi‘; tho L.M.T.D. would be
11.9°FE. A docrease of 127 Uo (assuming sir flov to be maintainoed
constant) will werrent for en ineresso of 133 in LLT. D i.0.
to 13.3°F or will roquiro the refrigerent tempersturo to chengo
from 16° to 14.6°F wnich 1s quitc smell end vould probebly not bo
of much concern in refrigoration plent. | |
To show thst the offect of dblockago in air flov is roro
importenty, he further cltes ehother examples consider e plent of
one ton refrigeration cepocity, entering end lozving opir terpors™’

“furos being 3Pr ma 2. PF rogpoctivoly, refrigormmt tempercturc
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16.9° K thcrofore LilT.D. 13 12 2T, Uo velue is 2,65 Btu/hr,
ft?. OF, Uith 6% 1b. of frost collected sir flow md Uo vclues
ere rocd fron grephs 1.45 md 1.41, o3 640 cfm. tnd 210 Btu/hr,
ft°. °F. Bocruse of reduced cir flow, the outlet temperature
would decreese as tecperaturc drop of sir through the coils must
inerossc to give 1 ton of refrigerstion. This would involve the
leaving clr terperature as 12 - F, end wvith tho estimpted valuo
of Uoy to produce one ton of refrigernt/;ion, Lo+ T. D. should be
16.41°, Coleuloting 4t will be found that the rofrigercnt
temperature undor such conditions would be 6.7°T, Thus the ro-
quired refrigerint terperature will vary from 15.901? to 6.7°F
end would be of concorn to the oporaﬁor sinco, it would mscn en
inecressed power consutption of tbout 272 perecnt.

* The table 1.41 is oxtrceted from the aforomentionod
srticle by Mr. 4, F, Stoeclker end shows the effect of frost eccie
ruleted on the performmnce of the coil. Under differcnt frost
conditions the value of discherge 1s read from chert 1,45 end the
value of Uo is reed from chsrt 1l.41, the arca of the coil being
370. 2 8¢ fte Entering air terperature was adjusted ot 32 F md
80 leaving air tempercture per ton of refrigerction could be found.
Inmowing the UoxA, leaving end enteﬁng gir temperstures, would
meke 1t possible to ccleuleto the refrigerent terpersture to

produce the required refrigeroting effect.
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FeJRIGRRAVT TL LTS TURE

of g¢fm., {ir flov lb. Ugxl Leaving eir Rofrigermt

Tbe
frost per nin. toroerature. femoratuzo.
0 1,35 1023 1,007 %.91 22,00
1 1,35  10L0 1,03 . .85 22,17
2 . 1,910 98.2 1,043 %.70 22, B
4 1,140 855 1,036 25,20  2L75
6 680 51,0 825 2.80  18.32

A study of tho figuros roproduced in tcblo 1.41 will

revenl thet the effect of roduced oir flow is Esre irportont

thon the decroose in the volue of Uo. First fow pounds of
frost dcposited does not egpprecichly roduce air flov end hoes
trmsfor coofficiont but with tims, frost would build up to o
stoge thet the prossure drop curve ( Fige 1,43 md L.44 )
béeome stc"ep. In this opeorating mnge the pressure drop affects
the refrigerent tomporature wore then the reduction in the

velue of Vo,

(ERERGY , TEIP bRATUKE

;1D SPICG CONSIDLRATIONS)

ti4th the corprescor controllod by tecporcture of
rofrizorcted spece, the perecont oporating time md tho canergy
requircnents will bo expected to increase during running. Thig

incerocse, hovever, vwill depond upon tho type of systen for
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freosor box At was found to be smell. Uith the compressor
controlled by terporsturc of rofrigerent the temporature of
the refrigersted spuce vill go up owing to & blenket of frost
deposit cround the tubes (10).

In eddition the accumilstion may oecur to such a
depth thet inconvenience will result end & lsrge reduction in
storspo space may sccerue, This 1s usuglly a problem of
freczor boxes.

The sceumulztion of frost, therofore, impeirs the
perfornence of a refrigeretion systems Pr intellisent desipgn
end operetion of 2 plint 1its perfbrménce cust be studiod.
2dditionzl coll s'rfece will be required to moet the roterded
opereting eonditions end tho designer rust lmow ond provide
for it. 1In sctnal operastion the frost vould keep on sccumule-
ting greduslly end in order thot the coil performenco md
oporsting conditions are not adversely affectod it cust be
reroved perlodically. The user shezll lmow thet, for best
econoay md/or convenlent operetion, at vhet stage he should
defrost tho plant, It has been shoun for the finned coils the
oir flov is the best indicction of the optimum time to dofrost
end the sbove discussion shouys that thls corresponds to thoe time
vhen the pressure drop curve becomes steep, #n olr flow meteor
or stotic prossure indicetor dn the oir duct would eppear to be
the host ronitor to show when tho eir flow has dropped to a point
vhen coil berﬁbrm:nce is sufferinpg end defrosting is necdod, In
caso of froczor boxes the gpoco blockapge mey be the main

criterion.



CHAPTER 2
DEFROST MLTHODS

Verious defrost methods, their merits end demerits are

discussed,

16
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21 JINIRODUCTION:

Frost accumulation is detrimentsal to tho performenco
of the unit. As vbre and more frost accummlates the hest
trensfer capacit;y' of the coll decreases, thether @ commorelal
refrigerstor or 2 cold storage plent, the problem of deposition
of frost end its removel is qaite_lnvolved. Refrigerator cen |
not be interrupted very often or for too long, on the other hend
- the growing layers of frost on ‘the eveporetor coil or pipe 5o
inhidbit tho trensfor of heat thst the compressor cinnot meet
the load end hold down the temperature even if it is to mmn
continuously.

.Any defrosting operation comprises of two pmblems ono
is how to defrost end the other concerns the control of operation.
The first point will be discussed here in detsils while the .
second point will be discussed in the proceeding chapter.

There are & number of possible veristions in the methods adopted
for removing the frost from the coils. They have been used by
different manufacturers gnd users,&nd have found varying
adeptebility. All such problems concermned with the removal of
frost, however, have simple solutions, et lesst in prineiple,
but tend to become expensive snd may involve complicated mechow

nisms in sctusl spplications.

2. 2 MECH/NICAL METHODS:

The one end quite crude method consists of rorwoving
the frost by scroping it off, This mathod is barbarous end
may result in various leaks in the refrigerent piping, thet nay
be ceused by chosing sherp instruments indiscriminately,

fnother method requiring force works only in case tho o



18

frost is fluffy. The eveporator compurtment is prossurigoed
greduglly until & pressure of sbout $) 1b. per sq.in. is builg,
Thig prossure is then suddenly relessed to the atmospherie
pressurc, The entrapped air within the structure of frost
oscepes, the frost bursts snd is cerried gwey by the outrughing
stroam of air,

It has o disadvantsge in that it requires a pressuro
proof evsporstor, so thét the alr does not lesk into the ref-
rigerant line, This process is used in liquid eir plmts vhero
the refrigorent glso is sir end eny leakage if it occurs
Mwards}, will not deter the refrigeremt,

2,3 SpPiY SYSTENS:

231 De-icing fluids cem be used to remove the deposited
frost, These fluids sre sllowed to flow over the frosted Sure
foces ubere they loosen end melﬁ the frost, pick it end rozove
if off,

Figure 231 shows e porteble type of i:rine coil
defrosters In this the brine is hested by-mems of electricity,
The brino coil to be defrosted is shut off from the elrculation
end is connected with hose pipo to the worm brine msinse The
torperature of the brine is not chove 150°F Hot brine will
then eirculste through the brine coil end tho frost will loosen,
nelt méi drif% owoy.

| f varlation of the ebove dovice cm be in the wode of
heating the brine, Tho vwarnm brine coll may be thermglly attached
to tho condenser or to 1ts cooling veter discharge md connoce
ted t» o poir of defrosting nsins with a pump. Hest is thus
corried from the condenser to tho defrosting maing to melt tho

frost md 1t e2lso affects ot loast a seving of conling wotor.
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. In somo spplicutions to meet emer:ent ceses, service-
men pour witer ov‘ver thickly frosted coils vhereby the frost is .
removed, The defrost methods using wster cen be omployed in
permanent instsllstions but for the freeiing of wator in the
piping cai-rying wvater during the normel operation. Improvements
have been suggested &nd in some units water is used as the

defrost medium, (irt. 24)

232 T _COOLsRSs

Theso -are brine spray refrigeration units which aro a
technical vaﬁation of the sbove methods The evsporator 1s
placed in the brine collocting tenk ond the brine is sprsyed
over the eveporator, rejects heat to the eveporating refrigermt
thei'eby getting _itself‘ coled, This cold brine perforns &n eddi- |
tional task of hest cerrier end cools the &ir. The pressure of-
the spréy is very lov tnd 1t requires & smell horse pover brine
eirculsting pump. This is called brinc spray unit of refri-
geretion or the indirect open spray method.

These unite;z are generslly floor typed, fige 232
shous one such unit, It consists of a steel frome, end located
in this freme sre ¢veporstor coils, brine spray heoder vwith
sporay nozzles and elimingtors, Other accessories reqsiired are
2 brine circulsting pump, salt bins tmd a sumpy znd a fan to
maintain the circulstion of sir. In this case no frost will
ever bo acentulated on tho oveporator coil so long os the con-
centration of brine ;s meinteined st @ proper lovel depending
upon the terporature of the refriperent in the eveporostor coil.
iny mpisture thaot precipitates out from the a2ir will dissolvo
in the downverd spray of brine end no frost will be fornod. Tho
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brine, hovever, will be diluted end in order to maintein the
strength, it must be concentrated by adding morc of solt,

The adventege of the spray units is thot tt;e evVEpoOro=
tor coil is alweys free of frost so long the proper condche
tration of the wntifreeze solution 1s meintained end thus
allovs moxirum performence of the eveporastor coil. It has
certain disadvantsges too, in the form of corrosion possibili-
ties, replenyishing' the brine strength snd nointenence difficul-
 tlies ete,

24

It 15 5 systen in which en exteinal gource of heat
viz water is usod to melt the frost fron the metsl surface,
It consists of a wuter spray cheobor ebove the coils end tho
vater 1s sprayed by the nozzles thet ore arranged on a
header, Fig, 2.41(0) shovs such a systen, Hater for sproying
is usually obtained from the supply line snd the rate of flow
is to be mainte;ined at gbout 40 gellons of water per ton
refrigeration cepacity of the coil, for 10 T.D, { 14). The
tims taken vill be sbout 2 to 5 minutes for deily defrosting
assuming &n adequai:e quentity of wator not too lm:; in terpersturc,
This showys that a large amotmt of wvater will flow during this
period and therefore proper precsutions need be teken to draoin
the water completely ,les-t: it freezes in the sprey chombor after
tho defrost poriod. The gproy-header is pitchod so that tho
vator drains fron it at the end of the cyclo; vents arc provie
dod in the vater line from the velve to the distribution hoedor
to allow complete draining of the renaining water aftor dofrose

ting cyele, wvhere otherwvige 1t will froeze. : =
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A special three-vay valve 1s uscd to control the
floy of vater, to drain the wvator ffom the yater-ling ét tho
end of the cycle, end slso to prevent building up of vater in
the supply line in case the valve should lesk. In illustrgtion
on the vorking of this valve 1s shown in fig, 241 (b)., Uthem
the valve is in the normel position tho water supply 1s cut
off ’-'and the lines from the spray chomber end the drain pan are
connected to the drain. This ensures that sny water that may
have reomeined during previous cycle will drain off. During
defrost poriod the velve would be turned to open the water
supply to thoe spray chamber end the water will sprsy over tho
coils thus removing the frost from over them, The water fron
- the drain pen below the colls will flow out through the sever,
Again, vhen st the end of cyele the valve would be retumed to
normal opersting conditions, the water vill be quickly drained
off from the wster lines &nd tho spray h.eader.

The three wvay valve that hes been just described may
be dispensed with and can be substituted by separate supply end
drain va}vé& The srrengement shown in fig. 242 does not usc
it end hgs becn often used on lorge instellations to feed
several c¢oils at one time, In some cases the drain velve has
been gubstituted by o restrictor tube shown in figure 2,43
co thot it cen drsin the supply line reasonebly fast after
doefrosting cycle, vhile st the seme tims 1t shzll not wvaste
vator oxeesgively during defrost. A ¢ inch OD copper tubing
of suitable length has worked satisfaétorily in mwost of tho
instellstiong, Automstic control can be epplied to the water
defrost oystem with the help of a timér, fig. 244,
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The adventeges of vater defrost systems aro its
| quick operation, end gplicebility for oll eveporstor tem-
peraturcs, The disedventeges arc the limitation of its uso-
fulness only where wveter is avsilsble st tempergsture cbove
48°F, difficulties with sutomatizetion, end considersble plumb.
ing requirements,

25 NI ST (OFF pPERY DEFROST) s

The esrliest and most elementary method is» the menusl
shutdown vhere the operstor stops the compressor snd sllows the
frost on the coils to melt, It is the simplest but time cone
sumins pg no heat is added other than from the smbient, sfter
the removel of frost the compressor 1s switched on,

It tokes e long time, perheps @ fev hours for the cone-
. vection currents to melt the frost on the eveporator, and tho
temperature of refrigerzted products would rise gnd its quglity
will suffer. It will &lso ceuse the articles plsced in the
freezer to melt, It is of common lnowledge that products liko
ice crean ete, connot be kept under such conditions end it is
edvoccted that frozen food stuff shall not be thawed until
they are reczdy to be estem. Ibr these gpplicotions and sliln
tho off period defrost is not suiteblo, This mothod cezm only
be egpplied vhere medium operating terperetures are involved
(sbove $°F). In small refrigerstors ¢.g. in house hold, :i.n
butchor boxes, interruptions being permissible, sufficient timo
ern be glloved to romove tho frost by picking up hest perticlly
aevoss tho eobinet end partly from vithin the .box itsolf. Thup
in o5 vay, the heat consumed in frost deposition will be rcuti-
lisod by cooling tho box vwith it during tho dofrosting. It is

-
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inc sdventages of water defrost systems arc its
quick operstion, &nd gplicsebility for ell eveporsator tem-
persturcs, The disedventages arc the limitstion of its usc-
fulness only where veter is avsilgble at tempergture abovve
45°F, difficulties with sutomstizstion, end eonsidershble plumb.
ing requirements,

2,6 NATURAL DEFROST (OFF PERIOD DEFROST)s

The esrliest end most elementary method is' the menusal
shutdotn vhere the operstor stops the compressor and sllovs the
frost on the colls to melt, It is the simplest but time cone
suminy ss no heat is added other than from the smblent. after
the removel of frost the compressor 1s switehed on,

_It tokes & long time, perheps & few hours for the cone-
~vectlon currents to melt the frost on the eveporator, end tho
torperature of refrigersted products vould rise md its quality
vill suffer, It will slso ceuse the srticles placed in the
freezer to melt, It is of common lnowledge theat products liko
ico creecn etes csnnot be kept under such conditions end it is
edvocoted that frozen food stuff shall not be theved until
thoy sro resdy to be esten. Pr these spplicetions and sliko
tho off period defrost is not suitsblo, This method can only
be epplied vhere medium operating terperstures are involved
(sbovo 8017). In sanll refrigerstors ¢.g. in house hold, :l.n
butchor boxes, interruptions being pernissible, sufficient tino
ern be nllowved to romove tho frost by picking up heat partiolly
acvoos tho cobinet end partly from within the 'box itgolf. Thuo
in o woy, the heat congumsd in frost deposition will be routie
lisod by eooling the bex vith it during tho dofrosting. It ig
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en sdveontage in this respect thet the heat othervise lost in
froot, cin be partlally recovered,

This msthod of menual shutdown is glso used in largo
plents ottended by competent operators, in generel it is not
satisfectory on present day commercisl eqipment commonly found
'1n food md beversge dispensing equiprment,

Aatomatically regulated shutdown methods are preferable
in meny epplications, Men is not as dependedble as en gutomgtie
control. Moreover the cost of performing the job menuvally or
of felling to perform a function at a desirghle time cen be
more then that of sutometisetion. There are four ways to cone
trol this method ; (1) Pressure control; (ii) Temperaturc con-
troly (1i1) Time control end {(iv) Time Initiste =nd Pressure
torminete controls,

2,61 RPEIROSTIN TING  RESSURESs

This method is used in dairy end vegetable refrigero-
tors where the air is circulated through the evsporator by fens,
refer fig. &5)., The compressor is switched off with the help |
of 8 progssure control cut out when the suction pregsure fglls
below the cht-off point, md will be restored to normal operation
vhen the pressure rises sbove the cutein point. A ecyclice
_operation will thus acerue, In the figure the low pressure cut
out ig shown in ;msition end 1s located in the compressor cir-
cuit,

TFig, 2 52 shows the eyeclice veristion in suction pro-
gsure with respecet to the time (2). The portion D represonts
the refrigerstion period, while A,B; em@ C represent off periods
follovwing the svitching off of the compressc;r. A is the poriod
then the fco, the meteal of the eveporator end the motal of
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valls surrounding eveporator ere rising to ad B B is tho
'duratidn of the sctusal melting of 1¢e at 8 constent témperaturng
end C represents the time during vhieh the refrigerint is rising
sbove the temperature of 3FPF Indidentally C ig the period of
maximum‘inportsnce &@s too long a period will increagse tho ten.
perature undesirasbly vhile gt the same time should be long
enough to 8llov defrost water to drain clear from the fixture,
yvith this defrost method large amounts of frost will never accue
mlate on the coil as en off period occurs whenever pressuro
fells corresponding to large frost esccumulations.

in this case even if the heet load be such that no off
cen be roached, the evaporstor pressure will eventuslly drop to
the pressure control cuteout point should the frost bo accumie
lated, This will allow the off period defrost cyecle. A drave
back of this mothod is, when it 13 usged vhere remote condensing
units are involved end en amblent at the condensing unit oxists
at a tomperature lover then the evaporﬁtor tempersture. It will
cause the suction pressure to linger at o value below the pro-
ssure control cut in point. This will keep the compressor off for
a longer time end the temperatuxe of the fixture will rise, A
gimiler condition will arise 1T tho refrigerent lines fvom tho
fixture to remote econdensing units pass through trenches or
conduits with other cold refrigsrent suction lines. |

It should be noted thet vhore temp:rsturc nesarly 38°r
or bolov ore desired it 1s usually irpractical to defrost cvory
cycle by the lov side pressure method,

2% 52 JZLIRERATURE CONXROLs
A therrostaot is uged to control the fixture temperaturo
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Fige %63 represents g line diagram of such o systen, As
corppred to the pressure defrost, a tempersture control is oubs-
tituted in place of low side pressure control. 7The cut in point
is so adjusted that it corresponds to a defrosted evaporator.
In some cuses this method 1s prefersble to the control by meens
of lov gide pressure switch such as in cuses where eoxiditlons oxist
so as to ceuge the suction pressure to linger below the prossure
control cut-in point, ‘

A variation for normel temperature spplicetions incor-
porates the use of special control involving control through
a two temperature switeh as in fig. 2 54. One tempersturc buld
is clamped with the eviporator and the other is mounted to senge
the air terporature. The later bulb stops the compressor when
the desired air temperature has been attalned slthough it cen.
not close the switch to restore the normal refrigercting operes
tion. This is done by the bulb on the eveporator coil, vhich is
so pdjusted as to switch on the compressor at & tempegaturb of
the eveporator corresponding to defrosted condition. The bulb
on the eveporator surface cannot open the switcho It hes the
_adventoage that the defrost period comes end the compressor
ovitches off vhen the circulating sir has reached a particuler
low tempersture, end the system is switched on to normgl ref-
rigerstion operation a&s soon as evaporator hes been completely
dofrostod, |

This method agein provides the defrosting action every
cyele end hes the limitation of becoming impractical vhere tom

peraturos of nesrly 35°F or belov sro desiroed,
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253 ZIlil. CONTROLs

Timo clocks sre utilised to initicte end terminsate the
defrosting poeriods The timer clocks are wvired so thet the cine
cuit to thoe condensing unit bresks for a predeternined time sfter
fixod intervals, Flg. 255 carries a timer switch connected in
the compressor circuilt vhich will switch off the compressor
after a fixod time period, After a predetermined time of off
period to which the timer switch hgs been set it will connoet the
cirenit of the compreésor end stert it, The frequeney end duro-
tion of dofrosting operations are selected end adjusted daged
upon the operational experience or under instruetions from the
penu facturers,

If the shut down period is not long enough to ellow
corpleto rolting of the frost end its dripping off then ice md
frost vill corplicste the operstion, On the other hend if this
period 1o tdjusted to meximum load conditions, it will de too long
under 1li-at losd conditions snd the tempersture of the fixturc
will inercase thus exposing the products stored to tho denger of
spoiling. The setting of timor presents complicstions in thet
the shut-doun period varies wvith numerous fazctors and one setting
will not bo well suited under different conditions, Generaily
the sotting of timer is dﬁne seasonelly. As a rough guide tho
defrosting period in commercial refrigerators moy be somsthing
from 45 to 20 minutos for forced air eveporators as used in
dairy, verotsble sand meat fixturos. A period of three hours or
rore is roquired for gravity air flovw refrigerators. (2,

It 15 a definite verigtion of the previous mothod. 4
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ticor sultch starts the defrost by opening the compressor cir-
cuit but does not close it. This period is termineted by g
pressure cut-in control, refer fig. 256, MHost of these systenms
heve & safoty time limit to operato end close the eircuit should
the pre-set value of pressure cut-in point not be recched. This
gafety time 1imit is generally adjusteble, The frequency of
defrost em be regulsted from four to six times a day.

A greph betwoen evéporator pressure end time of operss
tion in fig. 2.57 1s a typicel representstive of meat displey
unit utilising two to four defrostings pér day (2., Vegetoble
and deiry displsy caoses will hive similer eveporator pressure
chegracterstics end require cpproximotely the sams frequency of
defrosts per day, It is clear from tho pressure-time greph thet
as the frost is romoved the lov side pressure incresses greduelly,
end ‘s soon as the lust bit of frost falls from the coll surfaco
this pressure rises repidly. then the pressure rises to tho
pressure cutein point the systom is turned on to normel refri-
gerating operotion. The period of defrost is veried sutomatie
¢ally deponding upon the eveporotor condltions.

~ Inthis case the uncertainty of adjusting the cut-in

point to sul¢ varying operating conditions, as involved in simple
time dofrost, is avoided, Defrosting is done ot mguiar intervals
vhile the normal operction-is rostored by 2 definite fsctor rolo.
tod to defrost vize. the eveporstor pressure thet corresponds to
dofrostod oveporetors Therefore, elthough the system is shut for
long enoupgh to defrost but no longer i:.han vhit 18 nocesoory.
Congogqientially in this typo the soasonel adjustments ém eiim-

ncted cnd this systom affords zn obvious edventage over control by
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plcin timers,

%6 AR LIR _DEFRQSTs

In this method varm gir is used as the heat carrier
for defrosting, To defrost, the eveporator is first isolcted
from the low tempcrature spece by meens of baffles. The high end
low pressure sides sre digsconnected from the unit, Uuarm air is
then passed over the coils till tune frost hgag been removed, Hosat
from an electric source or fron outside the refrigersted spaceo
i.e, the erbient, is utilised to supply a dlast of varm eir,
After the frost has been removed, the system 1g restored to normel
refrigeruoting 6peration. L few operators prefer to dofrost tho
¢oils vithout disconnecting 1t from the lov side. Inthis case
the time raqaxife'd will be more as compared to that requirod ofter
isolating the eveaporstor,

then the tomperature of vwerm sir is 'TOOF it takes sbout
helf en hour for defrosting end with lower temperaturc of olr,
say 45°F, longer time to the tune of one hour mey be rogaired,
Obviously the defrosting tims will depend upon embient tempe roturo
end its rolstive humidity. ]

This method 1s in fsct en attachment to Tefrigerating
systems end is, therefore, preferred wvhen the same are to be
trangported overseas. Two sots of doors are used with tho cvow
porator, ono communicating with the varn space and other vith the
cold specc. By dbening the sot to varmer gpace end closing that
to the eold spoco defrosting 1s sccomplished, end during refrigo-
roting operstion the doors to eold gpeece are open while the set
to varm spice .fs clogsed, Thig system lends itself to portioular
tpplicetions, Insteed of edspting tho refrigerstion job to o
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stand:rd nnit, eir defrosting units are ususlly dosi med to suip
specific spplicetions end rit in the spece availsble for the
eqiipment, The 8ir hendling equipment ind the rerrigerator are
veried in design with the requirements of psrticular application..
It is one of the safest methods vhich does not disturb
the conditions in cooled spsce, The defrosting cost is low, end
there is flexibility in location of defrost units. The dis.
adventoges include higher installstion cost, specisl engineering
end design cost for each unit, #nd Ingpplicability in lov ten-

perature smbients,

2,7 HOLI G/S DEFROSEs

Paradoxically enough it is an old but current method of
defrosting the coil, Ior the last meny yesrs this system has
been used on & number of commereisl units md large cold storage
plants. This is one of the most economlic methods slthough the
installcstion cost may be slightly higher then othor systems. In
this method all or & part of the hot gas from the compressor ig
uged for defrosting the eveporetoy. Figure 2,71 shows tho basie
arrengerent.

then the defrosting of the eveporator coil is desired
the bypeass velve ig operated to: disconnect the condenser ote.
from @he discharge line,nd the bypass line is connected to dis-
cherge. The hot goses from conpressor are led through the by-
pass linc ¢nd enter the eveporator. The refrigerent vepours
condense in the eveporotor ond rojoet hest to the eveporstor end
through 1t to the frost deposited upon it, which thereby looscns,
rolts tnd drifts zvey from the eveporator coil. Ceution should

be exerted that the volve 1s opened slovly &nd not too wido.
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liigh prossure rofrigerent should be notered to pass through tho
hot gas line at & rote fast cnough to prevent tny epprecicblo
pressure drop ot the restriction i.c. bypass valve or solenoid
valve in tho bypess line but at the sems time slov enough so that
the refrigerent condensed in the eveporstor may be re»eva;;orated |
corplotoly before retuming to the compressor. It is o Very ibe
portant cspeet of the defrosting by hot gases,

In thig type of defrosting tho heat ig suppnod inter-
nally to the coil end some of the frost edjacent to tho cvepore-
tor coils may melt end loosen the leyer of frost cbove it, a part
of vhich mgy fell off without melting., sdequate droin hestors
shall, hovever, be provided. Thc basic cycle had meny drawbeckss

(o) Tho hot refrigerent vepours that condense in the
cviporator mey not re-eveporote end liquid thus produced may
either run back or be drzwn bzck by tho compressor cylinders.

This may ctuse serious demage to them by liquid pumping.

(b) then defrosting, the ¢oil is not ebeorbing heat md
the re-sviporation mgy bo too slow end in-edequate. Some refe
rigerent may remein in it safter condensing. This mey continuo till
eventually not enough quentity of refrigerant retums to the come
pressors in such & cese sufficiont hot gas will not be available
for complete defrosting end the system will run out of heat,

(¢) It olso depends upon high smbient temporatures end
high condcnsor prossures, If the condensing péessuresin the evo-
porator of the system during dofrost (vhich are fairly lover then
normel condenging pressureg) correspond to a temperature near 32° F
1little or no host trinsfer from the refrigerant vepour to the frost

on the oviporator will oceur. The condensed 1liquid from the
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cveporator is to bo re-cveporcted by amblent at the seme pro.
ssure tnd enough heat trensfer fron ambient, in suction line,

for re~oveporition will occur only 1f the smbient tempe rature

is high enough. Therefore this system is not dependsble when the
heat roguirements for defrosting are largey, particularly in
vinter,

vith the help of the foregoing discussion it can be
observed that in é practical hot gas defrogting system there are
two besic requirenents that must be fulfilled.

(e) Liquid refrigerent must be prevented from slugging
the compressor , end |

(b suffieient quentity of hest rust bo availsble to
be supplicd to the system to obtein a repld, complete nd une
feiling dofrost, '

As alrezdy pointed out the begsic system does not work
well, nevertheless it will lend itself woll t}ith rulti-eveporator
gsysteme Uthen more then one evcporator 1s connected to the semo
compressor, one eveporator mey be defrosted with the heat availp-
ble from the other eveporator. Flg, 2,72 gives it and shows tho
velve operation sequence too. This system slso hes certein limi-
tation in that during defrosting if there sre two evaporators'of
cpproxinately the sec2 size, the timo teken is too large. This
is because of the fact that it tekes mich more hoat to remove
frost tham en equel size ovoporator cen plek up undor normal
rofrigorcting conditions, Howover, vhero there ere more thea ti

evsporators this rmsthod is normelly relieble md rspid enough to
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recove tho frost in roasesonable time. The samo holds when tevo
sveporators of lergely different slzes are used on a plent, Tho
smeller oveporstor shell be dofrosted first immedistely followed
by the lerger eveporator. '

flg. 272 also reveels thst in regeneorstive rethod a
ls:me number of valves 1s requireds 7This 1is no hindicep when
the oporation 13 menusl but is @n outright bottleneck in the woy
of sutonatizetion of thig system with the help of stendard valves

md instrunsnts on the merket,

2,72 LIR RE-EV,PORLIORs

Tho ambient air is used as the heat source to rce-ovsporate
the refrip rent which has beon liquefied in the ovsporstor during
defrosts In fig. 2,73 is included a long suction line through the
ambient, vhich mey be &n adeqiocte heat gourco provided that the
temerature of air is felrly above 3PE But the rste of conden-
sation is so repid that‘. a part of the liquid may not be re-evepo-
reted end may pass on to tho comprossor. To overcome this diffi-
culty the flow rate of the refrigerant 1s restricted with a hold
baclk valve plsced before the re«evaporstor. The velve is so sot
that it remaing vide open during normel refriger:sting operastion |
but as the suction pressure increases during defrost it steorts
mdutlating, thus checking inrush of 1liquid refrigerent. The modu-
lating point of this holdebsack velve is set st & pressure higher
then normel suction pressure tnd shell be st the seme timo lowvor
then that corresponding to the terpersture of the gir. At tho
end of defrogt there will be considersble 1iquid refrigerent bow
hind tho holde-back valves To ensure thgt vhole of it 13 evegporatc
before tho restoration of‘ normal operstion certain delsy is allove
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betwoen the hot gas line valve closing end the starting of the
evaporator fans. _ ,

The dravbacks of this type of re-evaporator includo |
its depcndence on high ambient ternperatures.Hunting may be
caused by two modulsting valves viz., the expansion valve end
the hold brek velve located in series on the same line. It will
cauge intormittent vorking of the refrigerstion system &nd ree
duce its cepacity. The moduleting velve end re-eveporstor in
the suction line ccuse a pressure loss to the extent of 2 psi.
and will reduce tho cepacity of compressor, However, with proe
;;er desipgn this loss cen bo effectively reduced to velues between
$+ to 4 pol.

: var:lation of the sbove system intended to overcome
above mentioned difficulties may incorporate a bypess line across
tho ro-oveporator, refer fig. 2,74, During normel operation tho
bypass 1is open thus cutting off the ré-ev&porator and the hold-
beelt valvo, The pressure drop in them would be eliminated.
During defrost the bypass is closed, ;smce the re-evsporator
line 1s in operstion during defrost only the modulsting velve
cen be set for fny pressure. Mr temperai;ures of even 0°F at

the ré-ev::porator heve produced satisfactory results,

TEEI0 BAN

Tho thermo benk is essentielly & hegt oxchenger and
0 heet roserve or heat benk at the some time., I 19 installed
on the corcpressor discharge line end before the condenser, It
containg & heat storing meens (ususlly an mmti-freezesolution -

or sometimes wster even). During normgl operstion the wvarn
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dischargo gosos from the compressor heat up the heat regerving
meense The heat 1s withdraun from it .during the defrost period.
l bypass to the heating coll of the discharge line is 8lso ine
stalled so that vhen the terperature in the hest benk rises the
coil may be cut off from dischsrge line. ‘
| Fig, 2,75 shows the hest bank in detd ls., There is &an
outer tenk that eontaine; the heat storing medum ed in vhich
is partislly immersed m inner tenk, The two ere insulsted to
reduice eny loss of hest end the outer vessel is sealed hermetices
11y thus avoidinpg the necessity of replcnishing the medium,
During nromel refrigerating operstion the compressor dischsrge
geses enter the outer tenk of heat benk through coil 1, trens-
fer some reat to the reserve, end leave through coil 2, All
suction neses pass through the inner tenk entering thrt;ugh coil
3 ond lecving by coil 4. Almpst no pressure drop occurs in thig
coil elthough the temperature mey rise by about 4° to 6°F, (14)
During defrost period the hot gas bypess line 1s opened, hot
gages entor the ovsporator, condense there &nd the 1liquid passes
throuph the suction line till it resches the thermobenk, It
cnters through coill 3 end drops down in the inner tenk, picls
up hest, cveporotes md retums to compressor. There is a small
hole to drein theoil from inner tank to oil sump. The sizo of
this hole should be small enough to ensure the escape of oil
cnd at the sarwe time it should allow no ligqid rofrigeremt %o
droine In somo cases it moy heppen that the thermobenk is not
ccpeble of supplying sufficient host to remove the frost complote
ly and tho 1liquid refrigerant may slug the COM) T@SSOTo To
overcome this difficulty, @ hand oporsted throttling velve ig
installed which will be normolly wido open bdbut in caso tho 1liquid
slugs the compressor it will throttle thems Thip, howovwor, vwill
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increase the defrosting time snd will not be zutometicelly
operating. '

| When water 1s used s the he&t storing meens it may
be slloved to freeze in the hest benk, Thisg will allow the
- refrigerint to pick up not only the sensible hest of the res'erve
but also the lgtent hest of fusion. i hold-beck valve will be
pleced before the hest bank snd that will maintein s lovw suvtion
pressure in thé re-gveporator {such thst the water in the heat
benk may actually freeze), This will elso hold the suction pre-
ssure below en excessive amount,

This method offers entometic defrost with the exception
of hand operated solenoid velve, establishes quick defrosting,
utilises the waste heat of compression through the thermo-banlit,
and the equipment cen be instslled outside the refrigerated space.
The disadventages are higher initlegl cost end greater core in

selection md gpplicastion,

This mothod of defrosting has been used in & number of
smell commereigl units without meking ey specigl provisions
for ree-gveporation of the hot geses condensed. Dsnger of ref-
rigermmt slugging the compressor, however, exists. 4is a mgtter
of fact only a port of the refrigerent within a system 1s cir-
culoted during defrosting, The only part involved is thgt vhich
is trepped in tho oveporator snd suction lino at the timo the by.
pags volvo opens. Tho refrigermt is more or less prossure seeled
in tho recoiver end liquid linos. In & dry oxpension systen tho
 amount of refrigerent partsking in defrost is psarticularly very
‘onall. This reason helps to roduce the possibility of liquid
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slugging the compressor .

To eliminate the 1iquid passing on to compressor from
other causos, following points should be considereds
s PO The systen should be desipgned prefersbly for dry exe
pmmsion so thgt during defrost the compressor digchsbge geses
entering the evgporstor have & minimum smount of unevsporated
1iquid refrigerent to push,
2 The bypass line should be instslled in such a way thet
it drains under gravity into the eviporstor end does not sccumie.
lste 1iquid refrigersnt during normel operation, thet will heve
to be pushed by hot gases during defrost,
3e Treps on the suction line within the refrigersted space
should be avoided 8s liquid may condense in them vhich will heve

to be re-cviporsted before it reaches the COLpressor,

%76 RaYiFSE CYCLE:

In this m2thod, the flow of refrigerent 1s reversed
for defrosting. During this period eveporator scts 83 & cone
denser and the frost is removed; the condenser scts es en
eveporators Although it utilises hot goses from compresgor dis-
cherge to defrost, it cen be clessed as 8 system different
from thats

During normal operztion the refrigersnt flows from the
corpressor through g four-way velve to the condenser end through
the checlk~valve built in the cutomatic expension velve. The
~ chockw-valvo gllows free flow of the refrigeremt in this direocw
tion, Tho ligid refrigerant goes on to the receiver. At the
cvecporator the choek valve is closed and the liquid flows
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through the expansion valve thus setting up 2 lower pressure
in the oviporator vhere it furnishes cooling. Bveporated refe
rigerant pesses through the four ywgy valve back to the compressor.

As frost builds up on the evsporator coils the suction
pressure decreasess A reverse-octing low-pressure control is
used to energise one of the solenoids in the four-way velve end
vill reverse the flow of refrigerent., The refrigerant vapours
flow from compressor to the eveporetor, wvhich will now act as &
cnn&enser, end the vepours will condense, pass throuéh the check
velve that is open end by-pass the expension valve., The 11 quid
re}rigerant will colleet in the receiver end moves on to conden-
sor through the sutometic expearsion velve (with built incheck
velve keoping closed)., The refrigerint eveporstes guickly in
the condenser, which acts as en eveporstor, As.the dafrcsting
continues the pressure of the refrigerent in the evaporator rises
end it actuates the reverse-acting high-pressuﬁre control that
energlses the other solenoid in the four-yay valve gnd reverses
the direction of flow to restore the system to normel operation.

In diagrem 2768 the two cycles ere clesr. The four
vay solenoid vslve will comnect as shown by dotted line during
normal operation end will be in position represented by solid
" 1ine. Although the check velve after condenser is shown as a
gseparato unit in actusl operation, sutomstic expension velve with
"8 bell check built into it are used.

This mothod provides en automatic arrengement. The
oveporstor 1s defrostod quite frequently and not mich frost is

tlloved to deposit on the coil., It will therefore operate under
favorsble conditions. Revei'sing the cycle esteblishes defrosting
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quite rapldly and the condenser heat is utilised efficaciously.

In this period the load on the compressor is low.

A deliquescent sslt 1s pleced in perforated throughs |
vhich sro placed above the eveporator coil, As the a,:l'r passes
through the salt, it forms brine by giving up part of its humi-
dity, This brine drips over the coils washing off the frost,
in this method the refilling of the troughs 1s combursome and
is a diszdventage. Noreover, certain quentity of the salt is

&lso lost.

%81 mother method 1nvoives the trestment of circuleting
gir by cortain dehumidifying agent, the vapour pressure in the
sir would be reduced such that its dew point would be depressed
below the surface temperature of the dehumidifying agent. The
operstion of such 8 system cen be deseribed with the help of
ar. sir washer, I1f some dehumidifving agent like Lithium Chlo-
ride be added to the solution its vspour pressure cen be lowered
for the some terpersture of the solution. In a Lithium Chloride
wvater solution ~ 44 percont concentrstion, the vepour pressure
at 92°F corresponds to a pressure of water at 3s°F  The atr
leaving such 8 washer will have a dry bulb temperature of shout
100°F end & dew point of 40°F

It i3 obvious that this method will lend adventageously
to gpplications where relatively high dry bulb tempersturo émd
a relatively low dew point is required, e know that frost prob-
lems ere involved becsuse alr possessing e moderete dev point,
that is above the tempersture of eveporator collsy passes over

thom &t g1b-frecsing temperatures. A system utilising the abovo
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principle may produce sir 2t a devw point well below its dry
bulb temperature which mey 1tself be below 3P F  If the dow
point is depressed to such en extert that it is less then the
terperature of the eveporator coll, no frost will ever form end
it will contribute towards the solution of the frost problem. |

Flgure 2,81 shows Kathabar system‘ot U.Se Ay utilising
the gbove principle. It usesa Xathene solution for dehumidie -
fication treatment, Kathene is & trade neme epplied to certain
Lithium Chloride solution with some other sdditions., The alr
that is to be cooled and dehumidified to & low dry bulb tone
perature end still lower dew point, i1s psssed through over the
cocoling c¢oils. The Kathene solution is sprayed over those coilg
tind flows downwards under gravity to the sump. Bither direét
oxpension in the tubes or chilled brine therein cen be used to
¢cool the eilr strecm. The Kathene solution during dehumi f1 cation
of the eir streem ebsorb-s certein moisture from it. In order
to mointain a particuler strength of the solution, it 1s removed
to the rogenerastor. However, the concentrated solution leaving
the regencrator will be hot and will result in g certain load
on the cooling coil. Therefore, only a smgll amount is delivered
to the regenerastor heater, w’n}ch it leaves in & very concontro-
ted state such that it may be sufficient to maintain the sgpecific
gravity of the mein body of the solution. The resulting loed
fron this source 1s very smslls. It has been claimed (23) thet
the equipnont cen be designed such that the refrigeration load
from tho regenerator is 150 Btu/lb, of water reroved from tho
elr, This cospares well with refrigerestion requirement of 144
Btu/lb, of ice formed.
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Kethene solutions are reported to be cepable of being
uged st very lov temporatures. It hags been c¢lalmed that (23)
that temperotures ss lov as -110°F heve been obtained without
the freezing of the solution and air has been successfully cooled
to -5° dbt dry bulb temperature md -65 F dew point.

The adventages of the sbove system aro thet.the coil
remains corpletely covered by the Kathene solution because of
its viscosity snd the frosting does not occur even 2t very low
terpereatnres, therefore the operation is continuous regerdloss
of tho moisture loed, Also alr cen be delivered at very low

terporatures,

29 BLECT Ik, FROST _SYSTENMSs

The heat for defrost is obtained fm’m.alectric Source,
In most cases the hest 1s sppllied extemeally although it cen be
epplied intemasally tc;o. Such systems, thcrefore, take a longer
tine for defrosting then the hot gas eethods, usuallj 1} times
or more then thst of hot gas rsthods. |

The heating element used during defrost mey be installed
directly in contaet with the eveporator, depending upon heat
trensfer by conduction; or mey be located between evaporator
fms end the evaporator, depending upon convective heat transfei,
or a combirrtion of the two for defrost. In eny case a teme
perature limiting device should be used or; or near the evipore

tor to prevent excessive temperature rise.

291 In fipure 2,91 the heating elecment is built into the
eveporator. The heating esble is gpplied in correct lengths in
direct contset with the evsporator surfaco, the bottom of the
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drain pen, end the drein-line from the drain pen leading to

the outsice of the cold room. This system 18 usually suto=
motically opersted by & timer switeh thet, when the defrost
period comes, will close a solenoid valve in the refrigerent
feed line, stop motor and fens, end u&ll,energise?the hesters,
To prevént. overhecting of the eveporator coils, & thermostat is
usuglly Installed within the freme-work of the unit, and that
is get to cut out the heaters as soon as the temperature of the
unit rises sbove 40°F. Frequently the required heating load
during defrost may oxceed the current carrying cepocity of a
stindard timer equipment and so relays mey be necessary.

Flgure 292 shows the veristion of temperature with
time. Thero ero three distinct periods first the temperature
increases corresponding to the period vhen the frost tempersa
ture is increasing to a value of 32°F, end then the temperaturo
romains constant till the frost melts, this is the second
period; then oagain the tempersture increases ¢nd this period
corresponds to the dripping avay o}‘ wator that hsas been formed
bocause of melting of the frost in the proceding period.

In case vhen the heaters are inserted into the eveporse-
tor coll, mmufscturing end field-servicing problems ﬁay be ine
volved. Therefore, in long eveporators, it 1s usually bost to
utilise the flowing stream of air gs i:he heat trensfer mediun
tnd the hesting elements used to supply hest for dofrost moy bo
located botveen evsporetor fans mnd the eveporator coil. Tests
heve demonstrated that since the flowing air provides a good
heat exchinger vehicle, the period of defrost isg cbout the saome
€8 that for other direct contact methods. (2.



2]

S — —_——
bt — T
|
R
}
|
p—
3
o
<8 e
[
g
- .
k |
Tirne
2,92 VARIATION OV TEMPERATURE WITH TIMB

Fig,

FOR ELECTKIC DEFROST




e
L

Ls shown in figure 2,93, a separaste system contsining
the refrigerent is bullt into the eveporator, There is a con-
tainer of refrigersnt that cen be hected by electrical elements
during the defrost periods The hot refrigerent gas passes
through the tubes in the eveporator thereby providing necesgsary |
heat to the frost., Circalstion of the ges is msintained by
thermosiphonic setion, During defrost safety limit switches aro
erployed £nd the operation is sutomaticelly controlled by timer,
These controls stop the condensing unit zénd the blowers of the

evaporator,

293 ELLCTRIC LA®PS;

Dlectric lomps focuss:cd on the c¢oll sre also used to
defrost. Heating is by radiation, Infre-red lomps hsve been
tpplied svccessfully only to belts in continuous food- freezers,
The woven vire-belts used in continuocus food freezing beconme
iced in o short time., In one Installzstion a belt 6 feet wide,
travelling st o speed of gproximately 1% fpm. was completely
freed of all frost by twelve 500 wotts infre-red lamps placed
at a distence of 3 feet from the belt end outside the freezer
spoece, The only fgult of this system lies in the high breskege |
of the lemps ceused by clesn-up geng which took over st the
cnd of each day' s operetion. (15),
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CHAPTER 3
ANALYSIS AND RECOMMEN DATIONS

pPerform:nce from energy considerstions is analysed. Different
defrost methods are analysed and recommendetions for hendling

frost problem are made,



ABBREVYIATIONS

S = Areas
E = Eloctric energy consumed
= vmthalpy' |
hg = unthelpy of eir &t compressor suction
hqg = Enthezlpy of &ir at compressor dischearge
y = déat trensfer
G = As defined in Art. 3.5
yr = Totel refrigerstion losd
Gy Qg Qsy Oy = A3 defined in ,.rt. 3.2
t = Tempersture
T = Tinme
T, = Time of refrigersztion e‘jrcle (hours)
Tq4 = Time of defrost (hour)
U = Oversll hest trensfer coefficient
= Specific volume

W = Specific humidity of air
w = UYeight rate of flow
Ve = ‘ork of compressor per pound'of refrigerent

Subseripts
re = Reweveporator
¢ = Compressor
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Sel ETDTICTION:

IFrom the point of vicw of the opersating economy end
cnergy consumption the perfyrmance of an evaporetor is idoel
vhen tho cvepor:itor remsing free of frost. DBut procticel gppli-
cetions collect frost, the performsnce deteriorstes, and so need
defrosting. If it may be de.sired to keep the evsporator frost
free & lorge nucber of idle periods of defrost will have to be
utilised, It will reqiire lirger equipment to hendle the loed
and mey clgo ccuse spoileége of the products,

fpert from the considerations of prod.ct spoiling, it
i1s to be noted thﬁt while seloctin, @y perticular defrost fre-
@zency, following points shall be considereds
(8) ior a given refrigeratinn plent, what is the msximum
rofrigorction rote thst con be obtained vith differont defrost
frequeoncios?

(b) thst is the minfmum aversge energy cnsurption of com-
pressor rotor that will hendle tho refrigerition load?

It is quite importent to note thsat each system has en
optimn intervsl nd durstion of defrost. It may be just as
uneconomic to defrost too often as too seldome The variables
for optirum performence should, therefore, be cerefully selec-
ted,

In this chepter the performence of a refrijerction sys-
tem 1s cmelysed 15 relstion to frost deposit, end difforent
dofrost methods cdopted, In reforence to the loter cnergy
eqictions cre developed for different systems tnd & bagis for

cormerigon of defrosting cost is expedited.
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supplicd vill be & composite term Equction 3. 21 is the expro-
ssion for the totsl quantity of heat supplied (de

‘dz'qfﬂrq&*qsiqr '(3'31)

vhere g4 = totel quantity of hest required during defrost..
Qe = gientity of heat necesszry to melt tize frost
end remove it.
qg * quantity of heat that contributes towards the
Tise of terpersture of the coil surfoce and
cose walls to n velue of sbove sbout 34°F.
q, = quentity of heat lost to embilent sir during
defrost.
Qp = @uentity of hest lost to refrigerent thet nay,
in some cases, be entrapped within the ovapors-
tor coil during defrost,
Jore of these terms moy be inoperstive in certain cises.
The smount of hieat required to melt snd remove the frost, gg 4
dopendg upon the terperature end quentity of the frost deposited,
It 1s composed of hewt reguired for sensible hesting of frost
to its molting point, melting 1t sﬁzd hesting & bit further for
cosier removel,end ewn be roupnly tshen st DD Btu per pound of
frost rcrgved under ordinsey conditions. The exaet weight of
the front deposited een be mossured in the lsborstory. . lowever,
oxpericneo moy tell us the epproximeto erounts deposited for
prrélc:ilor cpplicctions,
the megnitude of heat supplied to the eveporator colls
tnd sholl 1.0 qg will be determined by the weight of the wsll,
1% spoeific hest nd the temersture renge through vhich it is
heated,
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rest lost to the ambient slr depends upon & number of
feetors end mey very lerpoly with different installstions.
thereas 1% usy be negligible in cese of a few systems, it may
be the lrrgest fretor in g few others. The influencing fectors
sres tho defrost period, the tempersture difference between tho
air end the products, the type of separstion between these tuo,
gmd the axtont of cilreulation of sirv &S anﬁr. Since their overw
81l influence cannot be simply determined, this term is hard to
be computed. However, it ce be determined indirectly if neco-
ssary, by messuring (g #né finding out the terms ar » Qg » end
Qp » Thcn from equstion A, 21 the velue of q, ¢tn be deteruined.

In eddition to these quentitles of heut, in somo cages
vhere tic ro rigerent remsins entripped in the evsporator coil,
certain crount moy olso be required to hest up this portion of
the 1iquid. This ternm will be obsent in case of hot gas end
roverse e¢ycle defrost (ILrte 7).

Consiceriny the expression for the smount of hest
required for defrost l.e. yy in eqguation (3. 21), it cen be noted
that vhole of the hest vequired is not for hesting up end melw
tin ' the frost. On the other hind, this requirement swounts to
only o port of the total. The werming up of the evoporstor coil
md uslls moy hive quite 8 lsrpo share, cnd in some csses vigz.
in electric defrost methods sir may take @ lsrge portion of hoct.
Under similar opersting conditions, the temperature of the coil
not chenging much, the megnitude of qg will not vary considerce
bly with different quantities of frost to be removed. ZThe same
“hes been found to be true with the factor qu, Thoreforo, with
differcnt coounts of frost scoumilated the chenge in the hort
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roquirod during defrost will be relstively smgll znd thé defrost
time vill rcmein more or less unaeffocted,

Lguation 3,21 slso shows th&t smeller ampunts of hest
vill be required for medium or velstively high texzperatu;;e oV
porators, s they will defrost more rgpidly. The cﬁmunt of heot
trinsforred to sir, wherever it is significant, is proportional

. to the defrost period. A quicker dofrost will rosult in smolley

qentity of heot wested in werming the eir.

3,3 REFAIGLR;TION CYCLE:s

| The refrigerent pressure enthelpy disgram is shown in
figurc 3,31. The condcnser pregsure is Py cnd the eveporstor
pressure 1s P, The cycle of operstion will bo sdee. The hegt
is picked up in the evsporator et constant pressure Pg during
the procoss es. |

The Refrigersting Lffect per pound of refrigerent=hy « hg »

The arount of work reqired by the compressor will depend upon
the opercting pressure renge, the refrigerent end the type of
compression, If the cormprossion were adisbgticy, the work reguired
por pound of refrigerent pessing through the compressor = hg « hg »

Ior o genoral non-sdisbstic process
e " |

Tho 11qid leaving the condenser is egssumed to bo saturated.
Lhen tho compressor does not oporate the pressure throughout tho

gystor vill eqmlise at some ~ intermedigte prossure value Pg e
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8,41 AVDRAGL BATL * :RATIONS

Lot us consider en srbitrury cyele of operation end
dofrost, foy which

iverege rzte of cooling per hour for the eyelo = -I-:;.’-’
. o¥4d
/ Ty
vhich cen be rouritten as =rl0. .. (3.41)
1r Td / To

In this expression it can be noted thet the nunerstor is the
tvorsge rite of cooling by the refrigerstor when only nornel
operating time is considered ss affecting,

If Ty 1s spell the goount of frost on tho coil will
tloo be spoll end i1t will not inhibit the rate of heet trersfor
g0 that the heat will bo removed by the eveporator st more or
less uniforr rate, Imredistely &fter defrost, some additiongl
loed is icyosed up on tho plent vhich is also to be hendled by
e cveporctor end thoe useful cooling effect is reducod. This
feetor, houwover, will bo importent only in the starting hours of
the plent tnd in the beginning the refrigercting aeffect will bo
onglle Oneo this locd hes been offset its influence on term
tp / To Subsoquently will be sbsents In the initiol stoges of
operstion «p / Ty will therefore, incresse slightly vith incroo-
sing runnin; tire. However, vhen the plent has run for somo tino
tho heat vill be remnved ot roro or less o unifornm rste. In tho
dcnominator occurs the term Tgq / I, 3§ the voristion of Ty hes
elroedy beon discussed, it does not chenge much with the quentity
of frost accumulsted (irt. 3. &, particularly vhen the time of
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operation T is lov, the ampunt of frost on the coil is small
tnd tho volue of g is small ( Equation 3., 21). Therefore in the
lower ringe of T, vhen frost sccumulstion is less, with increasing
volues of T, the denouminctor in the expression for everege rate
of cooling during the cycle decresses while the numerstor tends
to increese. RPr a given plat the sverzge rate of cooling shall
consequently be expected to ineresse.

As T, incresses further, the numeretor becomes constent
md tho vorietion of the denominator mey slso be smell due to smell
magnitudo of Tq / T, « If the stege when Q. / T, 15 constent
1s rocehod when the varistion in the denominetor i1s small, tho
’magnitudo of sverage rste of refripgerction will be moroc or less
eonstinte However, o gencorsl trend that tho sverago refrigere-
‘ting offect shall tond to become constant, is indicsted.
| lov vhen the term Ty i3 lsrge, Tgq / T, in the denoninsg.
tor beecomes en insignificmt quentity { for 25 minutes defrost
oncc a day Tq is shout 1L.77 percent of To ) tnd this factor will
not chtnge msterielly with the chenge of T, RNonetheless, vith in-
ereasing time of operation the frost geeumulstion on the coil
vould hovo increased which vill require lover refrigermt tempers
tures in the eveporator to meet the losd (9). It will result in
2 lowered coofficient of performence end g, / E will decroase.
Por o system in vhich the compressor continupusly runs end vhere
the cnorgy is supplied ot wore or loss seme rate by electric motow,
tho rofrigeration rite qp, / Tp will be reduced. Duc to thig |
factor tho average rote of cooling during the cyecle will decreonse.

It lecds to & conclusion that for a continuously
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ronning mcchine while defrosting too often T will reduce the
rvorage cooling rate between two dei‘rosts," the scme would be
true if tho frequency of defrost is very smell. Therefore, it
indicotes the possibility that there exists &an optimum defrose
ting frequency at which the aversge refrigersting rate is mgxi-
e , |

there the refrigersting effect is produced &t the ’sama
rste by hcving a controlled apé;éation, during the period when
the compressor cen cope with the load, the average refrigeration
rete cen bo maintained by the plant, But it is expected to be
accmﬁpanied by ean increase in perceﬁt running time of the com=
pressor,operoting cost will o up., The defrost mey not be ip-
portant, in such s case, from the pomt of viev of meximun rate

of refriger:ting effect but will be importent due to en increase

in cost of operstion.

Fext let us consider o refrigeration system operating
under conditions such that it 1s automotically controlled for the
tempereture of the refrigersted spoce by & thermostat,

q
Averoge dsily cooling load 3 ( m-') x 2

Yote that

7 is the frequency of defrosting per dsy.
o * Ta

fveroge electrical energy consumed per hour = £
To + Ta

>
(To + Ta)x 12,000

“r

Tonneie egpecity of tho plent =

Average energy consumed Kitl/(ton) (hr.) =
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erd congliering the opercting titza 1, only

Averszo pouer of the motor = TE Ry
| 0

hvercge pover of the motor Ki/ton

B
¥r

5 (<2p2) £ 12,000 (3.43)

Inglysing expression (3.43), it can be noted that it -
15 & prodet of two verisble terms E/Qp-tnd ( 1 + Tgq/ T, )e
Hith incrotsing values of Ty, obviously the term within peranthee
81s decreese vhile E/Q, , ss discussed earlier, decrossos in
the beginning vhile at 8 lster stége has fa'tendenéy to increase.
’azhimevcr vay thoso two fectors vory, and their relative mognie
tudes govorn tho direcction of the variation of eversgo pover
roquired por ton.

thon T, 1s small, in magnitude of the same order as
T4 5 the vclue of the bracketed term decreesos with. inereessing
tioe of opcryation. E/yy 10 elso decreasing during first hours
md se tho sveroge pover reqdimd per ton of refrigeration
doecreasos as the time of operction increases. It is a desirgblo
fcatures f8 the vaiue of Ty incresses further, its effect on
tre exprossion ( 1 + Tg / T, ) bocoros more znd more insignie
fiemt. Houever, E/p passes through s period of constency end
vill start ﬁcmasing and its effect may be more dominent. Thus
if Tp 1s lerge, average pover per ton increases. This is un-
dosirebles Sumzing @p we find thet incrossing the time of normel
opcrotion 1.0, reducing ‘the defrost frequency vhile first reduces
tho overzqo pmsex; required per ton, &t & later stage increases
the gsere. This shows p tendeney that the average powver requiros

ropts per ton will be minirum under certsin optimum operating
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conditions i.e. under e propor conbinction of To end T4 o

Althoupgh it cen be predieted thet there exists en
optirun dofrost frequency on tho basis of the shove criterion
.yet the ozoet nature of performence near the optimum opersting

conditions is not imown. Uhet the magnitude of devistion froo

- optirum will be for a veristion of T, from optimum rppesrs to

be dependent upon the opersting conditions of the plent d its
dosign, tnd shall be studied as o ecse influenced by theso foce
tors for individusl plants,

The simificence of term overage power of the motor
noed not be over emphagsized tnd it shall be noted that z motor
of just the cgpeeity found from equotion 3.43, may not be enough
to hzndle the lozd under more stringent conditions of frosting

ot o later stage even if continuously opersting, and o lerger

Cotor may bo reguired to meet the demend,

w0 will next consider and develop the energy equations
thet will mply during the defrost poriod for different methods,
Cpray systons and chemical dofrost mathods will not be covered
¢ they 4o not involve independent defrost periods.

3. 51 IR RLX205T (D FE PERIOD)S

“he compressor 1s stopped tnd the heat from curroundings
10 olloved to rove into the refrigerstor end wcelt the frost,
ihe totol cmount of heet requirod during this period vwill cone
tridute towerds inereasing tho tempcreture of the rrqst to 32°F,
to melt 1t; to incresse the terpergture of the evaporstor shell
tnd tho refrigerant eontained therein, Different types of hests
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thet will be involved during defrost (irt. 3.2, oquetion 3.21)
cin be dotermined individuslly in the following way. |
Sensible heat required to ralsc tho frost temperatur;a to 32°p
H=yp X Ccpx (32« tg)
Tatent host required to melt the frost qo = wp X hgg
hapt roquired to hest the woter @ = ve x ( t4 - 32)

Therefore Q= q * W * @ (»3.51)
Heet required to raise the terperature of the eveporstor shell

‘ = qq = Wg (tg = te) og (3.5

In order to find out the hegt reguired to reise the teme
persture of refrigerant in the eveporgtor when defrost comes, it
is to be roted that the rofrigersnt underpgoes 8 constant volume
non-flow process. Uthen the compressor is stopped first tho
pressure eguslises throughout the system at P, and then tho hoat.
ing oceurs ot eonstont volume end the pressure will inerease to
some velue Po . This process is represented on pressure-enthalpy
chert by process line 1-2 in fig. 3.51. It is represented superine
posed on the Peh chart for conventiongl refrigerstion cycle sdce
of fig. 3.31.

1
1]

Hoat piclred up by the refrigermmt = gr
vp (ho-hy)-(wy x W/J) (P2~ Py) (3. 83)
Totel quentity of heat required during defrost =
4 " Qe Y 43 T qq
Heat trensferrcd through the insulation = (g =
AU x (tyut = tin ) , (3. 54)
Sinco this heat will be supplied to sbove four items

<
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pressure

Flg. 3.561: P-h

Enthelpy

CHART FOR OF: CYCLE DEFROST

Lvep,

1 Warm Air

el

3
———»— Return Air

l Drip

g, 3,52 BLCCK DIAGRAM FOR WARM AIR DEFROST




\dF Qe tatag gy (3. 21)

In case of domestic refrigerstors q, may be small
enough to be neglected. The equation (3.54) cleorly indicstes
that the operstion will have to be interrupted for smaller
defrost periods as tout’ exceeds tyn. If the overall condueténw
ce is more thls period will sgsin be less but thi.s vill entell

grester losses during refrigerection poriod end is undesireble.

3.52 giibR_DE FROST:

‘ater is sprsyed over the evsporastor surfece, The
frost is melted end cerried svay with water, the evgporator
surface will be heated up and so would be the refrigerant cone
tained therein. The final temperature will depend upon tho
rate of veter circulstion snd its tempersture, end the duration
of defrost.

licat required to melt the frost czn be found bjr thé
equation 3.51 in which tyq is to be considered from sctusl
conditions. The quantity g cen be determined by eqistion
(3,52} in vhich the final temperatui'e of the evgporator shell
will have to be considered. Heat éupplied to thé raefrigerent
will agein be during & constent volume process from state 1 to
enother state ? compared to point 2 on flg. 3.51l. The pre-
gsure at 2 will be determined by the tempersture of water usod
for defrost. This having been estinested, heat required to-
wards this ttem cen be found from equation 3.53. Since tho
defrost is very rapid znd a2lso not much of hegt transfer is ox-
pected to the sir in-side the refrigerated room, q, cen be

safely assumed negligible., Uhole of this heat reciuired for
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defrost 1g being transferred from the eircilsating vater and if
it is g4, then for a circulction of weter for T minutes

Qg = 898 8.33 ( teppertng = Ylesving ) X T (mind)  (3.55)

The enorgy squation, from eguation (3.21), will be

Gp " 9 T 9 ¥ Qg

| In thig cese it is to be observed that the heet currier
water also acts to remove the frost, to carry it oway by mele
ting 1€ md then entraining it alongwith itself. Since tho tem.
. persture of vater is to be well above 32F , ebout a5 F or ebove
{(Art, 24), the temperatures of the oveporastor shell md of refe
rigerant will bo hipgher in this &s corpared to the time defrost.
The expression (3.55) c¢learly brings out the fact thet
greater 1s the rate of water circulution, the shorter will be
the period for defrost snd & nigher terpersture of circulsting

vater will produce o similer effect,

Yarm glr 1s blown over the eviporator vmils. The frost
" gholl be heaﬁed md melted by picking up the heat from the &lr.
The sir that 1s blown over the eveporstor is zenerglly the
outside oir vhieh will be usually existing st & dew point higher
then the tospersture of the frost. As it comes in contact with
frost, in cddition to the sensiblo cooling of sir humidity in
cir will precipitete ¢nd lstent hest vwill be evolved. This le-
tent heet vill be agupplied to froat to heat end melt it. Thorce
fore, In order to account for tho host trensferred from the

8ir, not only the sensible heut dut slso the latent hest 2580
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cioted vith the precipitastion of Lumidity shell be considered,
the neos of vater vopours in tho leeving sir will not be the sctme
88 in tho centoring sire Tho wvater vepour precipitsted will leove
. with tho drip from tho evinorutors '

far this, case tha energ:} egqistion cm be wrilten by
considoring block disgren 3.52, i;t section 1 the warm air is
entoring tho cvegporstor and gftey werning the frost it is lesving
at section 2,

(ef/v) x (hy = hp) x eine) = qp * g * qp * q,

vhere q, = hoot in precipliteted wetor. The firast threo terms hove
been alrcedy derived rnd their velues cen bo determined fronm
oqations 3,51, 3.62 tnd 3.83, Hovever for Gy 9 in eonaidering
the procoss 1=-2 on fig. 3.51 the fingl pressuro in the eveporctor
will be rpproximstely corrosponding to thé dov point of tho vorn
viv, These pressures tre woll within thoe working limits of the
oveporstor coll. Mnly the term hest in procipitated vator ig
now smd this will be glven by
q, = Uy - Up (ef/w) xh Tnin,)

111 other fectors remeining the ssme, the time period
vill decroaso with increzsing rstes of glr cireulstion or when
the veluc of b 1isg hig‘n. Ofcourse this depends upon the dry buld
tecperoture snd humidity of oir end will be smaeller gs _the tom.
porsturo or huridity will ineressec. The term q will be small cnd
¢ bo ncepnlocted without tny effoct.

A bypass 1ine is sdded between comprossor end guiporstor



77
chort circuiting tho condensor end ompension velve. then tho
bypoos volve is opched tho goseos fron the comprosser, vhich cro

vndoubtodly hot enter tho oveporstor. Tho hoed pressurce will |
drop down vithin o pinute or o &nd within o fow minutes the haood
@ sanction prossuros will stebilize st some intermsdicte voluos,
The vnluces of stebilized préusurea will depend upgn tho grpunt of
msistméﬁ in tho bypaos 1line volvess It ic for this rostriction
thet o prescure differonce oxigts. ‘the mognitudes of those pro-

gsuros vill deterpine tho roto of dofrost,

Tho prossurc-cntholpy diogrem for this nothod corporcd
to the or inory refrizorction cycle is given in fig. 3.638. ‘.i’ha
eyclo gdeo 1is the normol eyele, vhilo 1234 1s thot during defrogst.
Frocoos &4 reproscnts hect loogos in bypess line, The hood
progcure Pg 10 logss thin Pg vhilo Pg 4o grootor then P Tho
hosd ed cuction prossures during defrogt 1.0 Pg tnd Po FODe
poetively chould bo guch that tho scturstion temporature Ccorrace
ponding to tho heed prossuro should be grestor thon ad F md
tomporuture eorresponding to suction pressurc P, mst bo loso
thm the torpersture of the hoet soures, Tho eyclo 1234 ooouros
thet tho sefrigorent entering tho sveporstor during dafyost 4o
ecorplotoly condenscds In gotio coges only partisl condansctlion |
vill ocenr end tho eyelo of operstion will bo something liko
1’ 284,

Eoct pielcd up by tho rofrigormmt during re-cveporitlon

Compropcor work = wa X He /J
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Enthalpy

Flg, 3.53 P-h CHART FOR HOT GAS METHOD
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sdoet loss In the compressor = vg X
ieet in the eviporator req;xirod for defrogt y=vw,(hg-h,)
Uith tho holp of the procedurc laid down ecrlier gy tmd gg oen
be found, the tern hest required by refrigerint does not hevo
my sirmificonce in this ecsc. Since the defrost is quite repid
tnd the circuleting fmng, Af eny, ere off during thig period, the
Quintity q, c&n be neglected, 7he egation 3. 21 will reduce to
g = Qe * 9
The onorgy cq-ction for this mothed msy be written as follows
Hett cddod in tho roe-oviporstor + tork supplied to tho compro-
sgor = Heat rojoctod in the oveporctor during defrost r ilect
losec in tho pipo lino + Heat loss in the compressor,
Substituting for ecch tern on the sbove expression ve can got
{(hg = hq) r 1, /3 = (hg = hy) + (hy = h) * o (3. 856)
thereas for the corpressor
e /3 = (h3 = hg) +
from vhich we cen find tho host oguivilent of net energy trzoe
ferred to the corpresgor Gy

G = Vg (t!c /3 - g
‘The byposs line losses are snell end may be left out. leglecting
these ths oqustion 3.5 can be revritten es |

Qd'=ﬁ¢ (hy - hy) = W (ha« hy) +( W/ J - Qo) Yo

= Qpo T Q

Considering the term Q.. 5 we lnovw thet this is the crount of hoat
trengforred across the walls of the ro-oveporator.

Gpo = dro Upp (tg = t1) T = vy (hp = hy) (3. 57)

md

%a%i-t\reﬂre(to-tl}'f
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yie}ding .
: S-Sl

(3. 88)

n exeminstion of the expression forlireveals thgt &f
the hest demend for defrost Qg is fixed, the following points
shall be fulfilled for minimum defrost period.

l. Hest source temperature t, shall bevsubstmtially hi zher
then the tempersture of the re-eveporstor %, .

2 The area of the re-evgporstor shall be as large as may be
partically feasible although this will mesn en unnecessearily
long suction line during normal refrigeration operstion. A bypass
line has been suggested as a possible solution. (airt. 272,
fig. 274).

3. The heat of compression y, is increased by raising the com-
pression ratio Pg / P, between head end suction pressure during
defrost,

4, Bypass losses are undesirgble ss they will tend te ine
crease the time of defrost. (equations 3,56 and 3, 8B).

Congidering each of the sbove points seperately, the
terparature of heat source when it 1s the ambient cannot be ve-
ried at will and shzll chenge according to naturgly, seasonal and
daily varistions, an artificlel source c¢en be edded which shell
be capable of supplying the heat that mgy be required of it, during
defrost periods.

To increase the ratio Pz / P, 5 &n orifice cen be in-
cluded in the line to the evaporator. The choice of the diemeter
of the orifice 1s quite important and eriticsl. If it is too
large it will build up no pressure difference, on the other hand

Alex. 63597
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if it is too small & throttling action will occur and the com
pressor discharge may be cooled to a tempersture bolow aPr

No defrosting of the evgorgtor will be possible.

3.55 RuVERGE CYCLE DEFROSTs

With the help of a four way velve or a combination of
valves, the cycle of performence is reversed. The pressure-
enthalpy disgram for the reverse eycle end the corresponding nor-
nal refrigeration cycle both are given in figure 3.54, The
conventionsl refrigerstion cycle is sdce, At the beginning of
the reverse cycle the head pressure wili drop and during the ro-
verse operetion, the stabilized cyele will look like 1234 with
a lover head pressure. The head znd suction pressures will dee
pend upon the conditions during reverse operation., Process 12of
re-evaporstion occurs in the usual condenser, 23 is compression,
8t 3 hot vspour enters the evaporstor, reject heet to the wallg
tnd through it to the frost which will melt, loosen and drift
sway. Process 41 is throttling.

| Energy snalysis can be done on lines identicel to the
previous discussion. |
| % = ar* 9 |

Keglecting all losses the energy balsnce for the system cen be
vritten as

W (hg « hg) + we x 5 we (hp = hy) * vy ¥, /T (3.59)
and considering the performence of the compressor alono

Ve (He /T = o) = ve (h3 = hp)

or ve (h3 - ha) = ¥e (hp = h1)+ we (hg « ho) =
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3.5 ELECTRIC IE FROSTs

The electric motor is stopped snd the heating is done
electrically for sufficient time to allov the removal of frost,
The malysis is exactly identical to that used for the off sys-
tem with the difference that in this case hest is supplied in a
different vay and at a more rapild rate. Like that it is 8 none
flow constent volume process for the reirigerent but the fingl
temporature attained at state 2 1n fig, 3,51 will be more in this
cagse as compared to the off system, The value O will, therefore,

¢hange. The energy equotion can be written ag
Qg “4r * Gg * 9, ¥ Qp

vhere Q3 is electric energy in Btu to heaters.
dbi'ioizsly‘ the time period will be smell if the vattage of the
he.ai':ers is increesed,

In case with electric heating, the air may teke its
share of hest as supplied from heaters, more so when the fens
z}re» not shut off during defrost snd air is used as the heat co-
rrier, The heat téken by air cannot be neglected for the‘ later
case, rather may be an importaznt factor fer outwelghing the other
items, A thorough treatment can be made with the help of subject
matter presented here, and in art, 3,2 and 3,5L

3.6 ECOJOMICS QF IEFROSTs

Br each of the method described for defrosting certaln
expenditure is to be incurred with the exception of time defrost
(Art. 3.2}, The operating cost for water system will be for the
erount of weter consumed, for wvarm gir defrost method will be for

the povwer required to run the blower circulating eir end if em-

—



ployed, for the electric hesting of alr. During hot gas; roverse
| eyele or electric defrost certaln ampunt of electricsl energy
i1s consamed @d this will constitute the opersting cost.

In order to compare the expenditure incurred in diffe.
rent methods, we will consider the amount of hest avalleble to
remove the frost for the same investment, Let us define @n
arbitrery term 'Opersting Cost Index", which will be mathemgti.

cally expressed as a ratio o
Opersting Cost Index = Heat required to remove the frost
Cost of defrost phenomenon

Obviously the greater will be this quantity the less will be the
opersting cost.

411 these expenditures will depend upon the local rates
of energy (methods 2,6, 27 and 29) and of vater (method 24 ),
It may be noted that the expenditures for water and warm 8ir gySe
tems where ambient 'air is available at fairly high tempersture
for defrost, will be very smell. However, vith air systems thet
involve prehesting, the expenditure will be incressed as the hest
for defrost is supplied by electric heaters; in addition the cir-
culating sirwhich acts as hest carrier needs large quantities of
energy for its hesting.

| In electric defrost the energy st will be more then
that 1n cese of hot gas or reverse cycle methods, This will be
g0 because the total heat required in later two csses is only
partielly met by the electrical energy fed to the motoryvhile in
electric defrosts it 1s to be wholly supplied in the form of
eleetrical. energys |

However, it must be pointed out here that the expenditure
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dufmg defrost is generally a very small fraction of the ex-
peﬁditure diring normel operstion &and need not be over emphea.
sized, The selection of a particulsr method is governed by the
first and installstion costs of the different methods end other

practical considerstions.

3.7 " RECOMMENDATIQONS DESICNS

A good design of » refrigerstion system must take. into
considerstion the frost factor, The frost problem 1s more pro-
nouriced in smaller units and display ceses where respectively the
space occupied by evaporstor is quite a large proportion of the
refrigeretor sp éée or vhere eir circulation is utilised to dis-
tribute the refrigersting effect properly. 'The importence of
frost factor for displey cases is so great that the desi@ of
every part of the cabinet is influenced lsrgely by the considers-
tions of amounts of frost deposit. In larger plents such as cold
stofages there 1s 2 verying opinion end feeling tovards defros-
ting. The storage owners often request a plant thst may not need‘
defrosting but oncé in a storage season. These two classes offer
certsin basieally different frost problems. Special care must
be exercised in cese of more demanding epplications ss display

cases,

3,71 In eny refrigerstion system, following four points must
bo borno in mind. These factors sre very importent for displey
case design.‘

1. 45 for as possible, moist air shzll be kept out of the
refrigersted space or cabinet case,

2, The location of frost deposits end their amounts shgll be
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controlled. |
3, TFrost should be eliminated from objectionable places,
4. Defrosting shall be properly done to completion.
Obviously if the first fector could be controlled fully the
other points will become unnecessary; However, in actual plsces
| they msy often plsy en importent role and need be considered.
| The problem becqmes more complex due to & number of un-
predictable verizbles thst influence the performence. In open
top low temperature display cases the cooling is provided by
means which are more or less exposed to existing seasonal humidi-
ty 2nd would be affected by geographic location. A great loss to
the refrigeration effect occurs owing to the sensible and latent
codling réquired to produce frost, Smeller shall be the top
opening so that less fresh air may enter the case. This will houe
ever, result in reduced display srea. A possible solution will
be to provide slant front glass which will provide greater display
srea yet a smell opening. It is used widely,

' Alr handling 1s quite importent s factor znd generally
yields results to cut snd try methods., Alr must de eyenly dis-
tributed slong the full length of the case avolding sones of high
end lov velocities., Distribution devices mey include a high pree
seure plenum sghesd of discherge grille and baffles dueting to
. the discharge. A more relisble znd elaborgte way is to use s
nunber of fens spaced over the length of the case and blowing
against 8 spreader baffle.

Aftor the distribution of the proper ambunt of air transe
gressing the opening has been obtained, 1t is importent to cnsure

a smooth flow of &lr across the top layerse It can be achieved
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by holding the upper slr ss & blenket while ellowing to diffuge
the lower portion of the air stresm downvards onio the prcd’ucta
Air flowing in this manner will prevent mich of eir filtration
because of the sbsence of the turbulence and in sddition on theo
sere account will keep the upper reglons of the cose free from
frost. ©Splitters end baffles or & perforated beffle moy be lo -
vered from the top to 2llow the lower stroem to diffusc downvards
vhile the upper stretas flovs slong.

The design of the coil 1s &n importent factor end will be
discussed in section 3,72 The location of tho coil'is importent,
A coll shell be locsted either inside the refrigorstod spoco oF
very nocr to the losd. A4 ninimum possible ducting shall be uged.
In displey cases, it shall be located as close to the dischergo
grille as possible. In some cases the ducts mey corry tho cold
elr from the bottom of the cese to the discharge at the top &nd it
may involve & rise in tempercture of cold eir to tho tune of 10°D
It i3 a sorious drevbeck sinco it 1s & loss in a region of tene
perature which is most importemt. Care shsll also be tgken thot
if retum ducts sre used they shell not remove 0o much of moise
ture md get chocked.

The defrosting must be done at regular intervals end o
defrost ought to be complete end ripid. Tho water of defrost
mist be romoved from the cold oreas o3 soon es possible so thet
no wotor may frecze ogsin to form lee g3 soon as the rofrigergs
tor 1s rostarted, It may be pointed out again thet it is herder
to recove solid ice then frost, Fr omooth remnvel of this wvator
a gﬁttcr under a unit cooler or & drip tray under coils ig usged.

Csre must be token in sach cese to cnsure that the drain 1g sesled
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during regulasr operation to prevent wsrm air from penetrsting

into the room through it,

3.72 EVIPORATOR DRSIGNs

As pointed out in section 3.71 evaporator is quite impor-
tant to be considered since it is the coldest component in refri.-
geré_tion system znd is the logicsal place to collect almost all of
the frost. .The function of the coil is to provide gdequete ref-
rigerating effect end that it shall be capsble of holding the
products In the cold space at a proper temperature for long periods
of time tnd even under adverse conditions of operation. The
problem of frost is more important where air is pushed through the
coils which are finned because the choking of air passage offers
acute problem,

In one method extra eveporator surface may be alloved to
balence for the loss in effectiveness of the system due to the
frost accumulated on the coils, This requires large eveporator
ares, fnother method consists of using two coils separazted end
arranged in such 8 way that one or both cen be used in a recircule.
ting menner. In this design a certain percentage of sir is passed
through the coill g second time to dehydrste &nd cool it further,
The major disadvantage of this system is the large surface area
that will be involved. in earlier method, more suited to freezer
units or display cases, utilises proper fin-spscing~staging, It
may also use one or more smaller coils of prbgressinly closer fin
spacing. Fins spaced wider gpart are located at the entrance end
end ﬁl&inly dehydrste the return eair., The wider spacing alloy for
greater frost collection without coil blockage. Progressively
closer fins are used in the following gtages of the eveporator coil
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end they sensibly cool the air, It has the adventage of incor.
porating more effective use of fins end the coil blockage will
oceur ot lsrger intervals thereby reducing the number of defrosts
require;i daily, The optimum combination for fin-space-staging
will depend upon & number of unpredictable factors and will

vary under different Operating’conditions.

The system shall nelther be defrosted too soon nor too.
late, Determinstion of the optimum defrost frequency will have
to be done on the field as the unpredictable snd chenging condi-
tions of the fleld cmnot be duplicsted in laboratory testing.
Defrosting must be done when the tempersture of the refrigerated
space tends to rise beyond the desired velue tnd the system is
not cepable of handling the load even with a continuously opersee
ting compressor. Defrosting a bit too often is slways on the
safer side bui; it must not be too ffeqlent to affect the perfor-

maice adversely rsther than écntributing to it.
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CH, PILR 4

BT IR, ISR UNDER FROGILING CONDITIONS

liest trensfer under frosting conditions 1s studied with perti.

culesr reference to cylindricegl surface.
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Specific hegt at constsnt pressure
Ditmeter of frosted cylinder
Ditroter of bare cylinder

Film hest trensfer coefficient

Mess trensfer coefficient

Thermal conductivity
Radius
Terperature

Time

Latent heat of sublimstion

Veloelity
Specific humidity
Weight of air

Enthslpy of air

As defined by irt. 4,22
Ness ézfmsivity
Coefficient of viscosity
Density of alr

Nusselt Number

Sherwood Number

Prendtl Humber

Schmidt Number

Reynolds Number
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4,1 INTRODUCTIONS
The phenorwenon of heat snd mess transfer from sir in

contect vith a.nmta:l‘ surface at a tempersture below the freezing

peint 1s very complex. The local hoat transfer end overall heat

trensfer vere studled end it was noted that a Quazi-steedy state

vas rooched after the initisl trensient period (25,%,27), IDuring

the transient period, the problem of enalysis is very much conme

plicated since the heat and mass trensfer coefficients are not

uniform oier the whole surfsce end will undergo different modes

of veriation of conditions with time. /n attempt has been medo

to consider this problem under certoin simplificetions, During

the quaze-steady state the problem is one of solving boundary

layer eogistions for hest end moss trensfer, and the besic eqaations

for heat transfer emd diffusion, the solution for & cylindricol

surfece in cross flow of ¢ir has been discussod by Messrs Chung

& Algeren (3B),

The air in contact with a surface at sub freesing tempero-
ture is cooled by convective heat transfer across the air film
et tho frost air interfoce, The totsl heat transfer flux will
then be pgiven by the equation

4.Q - Ak, +4~w\g> (W, -W) L

o ————

The hesot smd mass trmsfers both contribute towsrds the total
cmount of heat treonsferrod. ‘Therefore, it will be influcnced

by terpersture md pertiel pressure diffevences both, Tho



94

re_vsults under frosting conditions may be most conveniently com-

pared by using the coefficient hy bassed upon enthslpy difforencos
88 the driving forees

_{\3&'@'/’:‘“}‘) c.\—t Lz

4 e
(S A"'s

2= (4.2

whére the enthelpy 1 is given by

1=Cpt rL Xl

h

we can write (See appendix 1)

If the leouwls rution be sssumed &t unity

C;v !
—-——-—a-i = "“.),'v\,, (s'\/o"" ’\-5) o WQ d\'%.

S
o

(4, 2)

The teumperaoture at frost air interfsce t will be varying from time
to time becsuse of continuous build up of the frost on the metcl
surfsce, Die to this reason equction 4.28 cainot be integreted
by ordinory methods. |

If it i3 assumod thot the heat delivered to the frost air
interfgace passes through the frost laoyer end that the hest stored
in the frogt is smsall, then

1 L ""i'S
”B\"» L'\" o~ ‘\g{*) - "’&,&

-

vhich on gubstitution for 1 = Ct + 1-94 , cen be vritten as

k. (4.25)
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Further, 1f 1t is essumed thot the frost eir interfeco
is soturotod end if the vealue of ke 1s Mmown, equztion 4. 2%
een be eolved for eny value of frost thiclness x. Onece tho
velue of ¢ has been obtsined the velue of 1 can be found end
the eqiotion 4. B cm be step-wise integrated over the aros,.
It may be vorthwhile to congider the varistion of the
total heot transfer rate with time. For such cuses s relétione
ship should bo found for the variotion of x with time T. Assue
rming thot the frost forms uniformly over the surface and keeps

eylindrierl shegpo, the variation of x with T ¢mn be given by

<

‘ Wo"’w

x = Bw © AT (4. B)
o K

Once the value of x nas been dotermined t cen be found for
different T sinee tho density of frost keeps on verying with |
changing eonditions of frost deposit and since ¥ also is de-
pendent upon frost thicimess, Integrution of equstion 4.3 bo-

- comes virtuglly impossible unless g number of unverrented sssurpe
tions arc mode, The averagoe thiclness ?Eof frost sccunulsated
ever .ue vhole surféxca Ly may be expressed a8

T A ' ‘
- A ven Y ‘
X = So So N——g L We W) >h AT (4. 27) .

Cs

This egiction vill agoin present similar integretion difficule
tieco mQ becomos further complicated bectusge Q ig alao\a
funetion of position slong thoe length of the tubo;osbviously no
gonersel colution cen be obtatned from cquations (4. B) end (4. 27),
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yet the hegt flux cen be resdily determined for two uniquoe con-
ditions répresenting the limits of operetion. One corresponds
to tho beginning of operation vhen no frost axists.end t =1tg.
In the second case, 1f the dew point of gir is above 34’!?, a .
limit would be reached when t sttains a velue of 3R 1In eacht“'
of the cbove situstions i cen be determined, i, is constant, end
the eqiution 4, 2B cen be integrated.

From equation 4.3t and for the case vhen t eqicls 3PF o
relation 4,38 can be developed

¥ -

32— ke
——r" -

N L Chom 17 B) (4. B)

since the value of 1 st 3%°F = 12,3 Btu per pound of dry air.
l'ote thst x, the frost thickness, depends upon the vslue of ke
hen the frost surfsce attains 2 tempersture of 32°F the wateor
venour will continue to condonse #nd will be sosked by the poro-
sity of frost end will freeze greduslly. The velue of tharmel
conductivity shzll incresse during thls perlod, eprosching the
value of gcolid ice. As Ky will incresse, so will incresse x
(equation 4. R) until ke becomes meximume Thus the frost thicke ..
ness may increase even though the surface terpersture is 32°F.
then noximin x is reached dehumidificstion will still continue

~ vith ligqid vyeter draining off. in interesting situstion will
crise vhen the zir will possessa dew point belov 32°F. Dohumidi-
fication vill first occur as usugl but will stop ss the frost sur.
free temporature reeches the dew point., There will be no lgstent
hest locd then end heat trensfer will be by sensible cooling slono
to be given by expression (4. 2) where t,is dew point of sair.
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?:-9'- - ‘?‘V ¢ t“o“‘ d_)
X b ; (4. 2)

Tho results obtglned by theory did not very much sgroe with
oxpoerimental results (25), The suthors sssigned tho doviotion
to the agsumption of lLewis number ps unity. The data showed
certein egrepmerit uith aelculm;ions based on the Colbum

malogy for calculaqng mgsg trensfor coefficients,

4,8 'TION OF HEAT TRINLIER . ITh

L difforent mezthod cen bo utilisod to znolyse the hoot

trensfer without using Lewis Dumber. Two cssuzptions arc mede
that the frost forms uniforply over the surfoce end maintaings its
cylindricel shgpo, &nd the thermal conductivity of the frost does
not vary vith time, Although both of the sssumptions are not
oxact but they are valid to tho oxtent as discussed by llessars
Chunt and Algeren (3B).

Let us considor the conditions after coro frost heas
depos:;ted, the temporsture of oir frost interfaoce is t and the
outer dicmoter of frostod cylindor is D, Hegleeting the hest
storogo vithin the frost lsyor end the suporhest of the vepour
thet is trensforrod, the rete of hest trensfor  cen be given
by ogation (4.31)

Q=205 Lnbtt‘;-t)*{ﬂ%mgcwu-w% L

| - Q/D (4.31)

Q

wvhich ctn be rewritien as (4.32) by introducing dimensionloss

nunmbers
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By heet engd mess trensfer imoslogy
My-x €y x G )
V. A4
wile Sh= C., (Y ) C., Re (b/m) S
or Nu = Cy Qaij/g

vhere 3 = ¢ x C,
Uriting L5 = U = (U = W) = (N - Ugy)

md to-t":(to- ta)-—(t—'tg)

t e ts is geawrally smell end een be pssumed pmtional to He by
tmd 1f the mstmt of proportionality 1s b

tets =b (U )
The constmt b depends upon the réngo of terpersture, With
those substitutions equation 4.3‘2 will reduce to

W = \ng 3 Wo - We s L
-~ (4,33
D
LR AR, = '

This eq@rtion cen give tho velue of W - Up/ly = tg 28 o funetion
of /D, for lmown veluos of (tg - tg) / (i - Hy) 1.0. for
- Imown 9tetos of froo sir stresn tnd the surface conditions of

bare eylinder.



Por the mass trensfer procoss
L, 3 Ar = Luen Lag (Wo-W) ndT

vhich e bo cumged to equetion 4.34 by substituing for hy in
terns of R, &nd Se

LDy . 20, (Wor W)

_ = ' | (4.39)
aL(UaT/DO) e:\'“\'\ Se L?;’,/g) Q.}}/Dog»m
B,
oF LA M)z (MW LT (6.36)
u“ Dg [} DO
{- ¢ D, ™
| A Sy C 7, )
vhero %<%>: Re S (A ° (4.35)

2C § . W
2 G L Wo - Wg ]

Ko cen substitute the valuc of ety / b ~U, in (4.35)
from oquotion 4,33 yin terns of /D, nd e got o rolstion bot.
veen /Dy md UgT/0,. Tho integrsl in (4.35) must bo ’avaluntod
nuneorically becaise the intogmn‘d (/D) 18 quito complicated,
Rolotions between /D, ;md Velp/thel, , end Why ond UgT/ D,
“heving becn found out tho rolation betwecn Welig/Up=Hg end uor/%
~ cen bo obtelneds The velues of Y &nd hence ¢ con be obtained
ot difforcnt stsges by this relation end expression (4.31) will
detormino tho totol heot trensfer, The totsl mess trmsfor upto
oy tino T cen be obtoincd from tho relotion betwoen VD, cmd
UpT/Do » | .

Tho integrel in expression 4,35 mst be evaluated
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numrically becsuse the integrand ¢ (n/no) given by expression
4.36 is quiteo complicated, In certein spplicstions, where the
difference between tempercture of free uir stresm %ty snd that of
bere cylinder ty is small, the integration of f (1/0,), for

the duration of time when I/, is nesrly eqel to 1, becomes
rather simple, In order to get value of W-Wg/Wy~Wg from equas
tion (4.33), certain simplificetions can be made since the
difference tp ~ tg 1s small, it can be essumed that tg -tg/Wy=VWg
= ¢ atg/ly «Wg = b, substituting this value in expression (4,33),
m'get |

P .
WAWQ 55%:: A '1-";:" *‘r‘;
W T -~
W= Wy 1% SLb RS — va Cz%‘"‘\:""“cab
bw) T
(7,0 A~ (%, <P
Cabie Ca A o
- - B
= S
mad 1if vo - ® .
W-Ns L to ,
Vesa RS - - . ,
Wo-fNs 28 Na + Yo (4.37)

from oxpression (4.36), vp can get

% (,——-) ‘fa C“"’") sL\T’::-“" 7’0 """) {'**1:;""’ )
(4,38)

s Reo €S9

vhere Lewb Ryrgy

%, p Re
2R
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Uow the value of f (IV/[,) from (4.,38) cen be substituted
in exprossion (4,35) &nd integreted yielding equation (4.39)

I _FROST LAYER /ND VARIATION OF
MEs

The properties of frost on evsporastor coil voery with timo,
The frost pOssesses 8 porous structure and a concentration gro-
dient fo'r water vapour exists through it., The concentrution
grasdient 1s crested owing to a tecpersture gradient thgt exists
in & frost layer, Becsuse of the exlistence of concentrsztion groe
dient, it is thought thet the water vaspour in the air will diffuse
througn the frost layer and mey change fts density end therael
conductivity.

In enlarged viev of the cross-section of porous frost
leyer 15 shown in fige 4.41. iir in the voids in frost can be
congsiderad to be ssturated with vster vepours at local tempero-
ture of the frost, Thus with the vuristion in temperature of
frost from sir frost interface to coil surfsce, the concentration
vill also vary, Consider the vapour to be driven across the
plme at X, if g1l the aree could be freely utilised for mass
;;'msrer. | o ..S (._2:”)

e ompunt of mass diffused X DK

But the frost loyor does not provide a free surface for diffu-
sion of wotor vepour gs it cannot pass through solid perticles

of tho frost end hos to go through the geps inbetween them., If 0



Partial Pressure or
Concentration Gradient

Tempersture Gradient

Fig. 4,41 REPRESENT.TION OF ENLARGED CROSS-SECTION
OF A POROUS FROST LAYER

Time

Fig, 4,42 VARIATION OF OVERALL CONDUCTIVITY WITH IIMG:




bo the density ol frost ot section X and represent the densgity

S50
of frost for which no free area 1s svailsble,

Actual emount of mass diffused ™My = - g(" B )( ) (4.41)
t

vhere % end C are functions of X end 7. )

Since the total heat transfer hrough the frost leyer
oceurs by conduction #nd by virtue of diffusion of watgr vegpours
that condense as snow, |

The rezte of total hest trensfer at X at eny given time T

- ‘Z*s 2C
= _KL ) SYe (ﬁ) (4.42)

The t;amparzﬁure t end concentrztion are interdependent md for
the small range encountered with in the case they cen be assumed
to be linearly relsted i.e. t = a+bC,

Also the following relstionship is very ncarly true (29)

k= ko(y

vhere k, is a constent, Substituting the values of t end k
- 1in (4.42) ve get . o«
k1
-[{-%,boe + BLCH )S( £
@ { Ko ® % (4.43)
The net difference In totsl heat transfer at X and X ¢ d4dX
vill be stored by the frost and {huzs

3?9
ﬁL b [oR 2) C’ K.t - gL )
( V\ob ng) g§’ D 2— S +( [~ ] g
20
= Cpr § ° 37 (4.44)

Inoxpression (4.44) the heat transfer due to the condenseo.
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tion of wster vepour is smgpll as compsred to the hegt conduction.
t1so thet the veight of frost is smell énd therefore the hest
stored in the frost 1s also smell #and ¢en be neglecteds. Eque-
tion 4.44 will then reduce to

’ -~
e DC Y |
Ko b?g %-;(2“ + Kob ( %"‘i"‘) { '5%:) =0 (4.45)

Similsrly with the help of equation 4.41 the trensient
diffusion equstion cen be written as

cFey SrgTe 5 P v s
2T R T aRE Qe X JT T DT ede)

The equations 4,44 end 4.46 or 4.45 #;d 4.46 con bo
solved sirulteneously by considering boundsry conditions for
as a function of X end T3 end for ke as function of g} end
thereby of X end T boundery conditions can be determined from
the consideretions of actusl condition.

The variztion of conductivity of the frost with time
1s shown in Flg, 4.42, It cen be subdivided into three parts.
During the first period the varistion in the value of k 1s
smalle It 1is folléued by period of repid increase of conduc.
tivity end finelly k epprosches e limiting velue. These pe ribds
sre represented by A,B end C respectively upon the curve. Simi-
. lgr rosults hsvo been reported by Beatty, finch end schoenbum
(25).

It ¢, therefdre, be summarised thst during the esrlier

gtages the conductivity of frost dovs not change gpreclably by
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the diffusion of the vepour thmugh the frosts During this
period the time dependence of the conductivity ind density of
frost may be neglected.

for a cylinder equations 4,47 end 4.48 cen be derived

proceding on similar lines, for hegt mnd mess trensfers res-

pectively N ‘ .

. S o 5!,?.1‘;.. i 35* 2 R

b -2k g0 S 4 b - .o%
IO CERER R PG TS

gL gﬂ‘ ?C SL ol ) 2C

(Kob= ") oo e + = 2 = C o, b B
e {:o) % 2 - O 5 85 ° ¥ (4.47)
md - '

Qe gl LR ,,jr)_. X o,

5o 2 G on o PRI S By e
lieglecting hest transfer due to the condensstion of wster vepour
end the hest stored in frost, equastion 4.49 con be obtained from

expression 4,47,

% >
K"bg“ 1*1"\0"3,‘—"‘"&"-}-K0bji. PSS = 0

a’":.a 9}' .a ., (40 49)



CHAPTER §
EXPERIMENTAL SET Up

Experimentel set up is described,

1§



5.1 R.PRIGERATION PLANTs

Tho oveporztor used &s the object of study vwss that of
¢ F=12 e0ld storsge plant loceated 1n lsborztory building. It
wos cold diffuser type in which & blower was used to suck air
tnd to circulate it through the refrigerated space, as is shown
in i"i,:ure 5 11. The specificctions of different components were

g8 followus.

Evaporetors
Coil md finned type
Coil diemeter 3/4 in., 0D
Humber of coils 86
Fin spacing % per in,
Compressors

' Verticsl reciprocsting 2 cylinders
Bore and stroke % in, x 3 in.
RoPo M, 456

Electric Motor Drives
Induction motor 400/440 Volts

5 HePu' 7.5 Amp

3 pPhase 5 ¢o/s

RePe Mo 1450
Condensers

Coill md finned type.
In the rbsence of en efficlent sir blover esltemstive srreage-
ments wero mede to effectively cool the condensor by spraying
vater., uater from supply mains was used for circulation through
conden ser,

A line diagrsm for the refrigerstion plent is drawn in
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fig. 512 Tuo suction-1liquid heat exchangers were employed
in seriés to subeool the liguid refrigerent from the condensor,
The first heat exch:nger was locsted outside the c¢old storagge
room vwiile the other one was instslled insids the same. The

expension valve was placed outside the room.

6.2 REFRIGER/TED SpACE AND LOADs

 The eveporator was located in the cold storgge room of
vhich the outside dimensions were 12 x 12 x6' 7", i1l the
walls, the celling end the floor were insulasted by 8 in, thick
fibre wool ( density 6 1b./cu.ft.) supported betwecn 1/8 in,
thick copper-zinc slloy plates. Thermocouples had been mounted
6t s1x spots viz. at the middle of four comer penels of the
side valls, and two at the centre of the side ceiling penels .
Each panel vas 4 ft, wide, thus 8ll the thermocouples were well.
gbout 2 ft. removed from the comers of the room. The logd on
the plent wes that duo to trensmission through the insuletion.
Difforent additional 1osds by strip heators end electric bulbdbs
vere tricd to give getisfectory operstion to the plent. Ultine-
tely en additionsl losd of over 500 uatts uaé ﬁrovided by pleaecing
olectric bulbs, This zdditional loed could be measured by a KiHl
motro. |

In order to impose & lstent heet load on the plent wvater

vos filled in e conteiner placed inside the cold storsge, end
vas hegpted by meens of imwersed electric hoaters. Tho woter
container ves insulsted vwith 1/ 2 inch a"sﬁesbos coating on all
sldes end edditionsl 4 in. cork on three sides. The electric

pover to the hester was fed through a varisble trensformer €0
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Cold Storage Chamber
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Lhct tu tdoqaete electric povor could bo supplied by romulcting
tho tro-oiormors Tho pouvor being supplied to tho hoctor, could
bo mecsiiroed by o - wvaltmetoer conrocted to the immorsion hector,
fo record tho teip.raturc of the cold storago walls on
the insido; the therroeouples, tiet vere mounted, voro conncetod
to en automotic electronic potentiometor recorders Rr recor-
ding tho tomperaturc of the outsido, sutomutic temporaturo
racordors voro plecod outside tnd edjceent to the cold-storago

walls,

etor dofrost £s supplicd with the systom, wes ingtalled
for thoe eveporotor coils, Liht nosslos vero used spaccd ot
7 inch dictenee epert end in doublo row to cover tho whole freo
aree of tho eveporator, refor fig. 5.1l Tho vater for dofrost
uos obteired from water supply wein, tnd gcpereto supply g
drein velvos vere used, rofer fige 242 Tho seperete drein velve
the furection of vhich wes to droin offectively the vater rekcine
ing after defrost in the sprey heoeader gd the pipo carrying vecter
to it, veg provided to cllov for the offective dreining. ‘“he
horizonitl portion of the pipo connectinz it to theo spray hecdor
ves kept ¢ bit inclined towcrd: the exit to safoiourd sgeinst
tny entrepping of vater aftor defrost, vhich would othervisc
froesze vithin the conneceting pipe during refrigerstion ecyecle tad
tould block tho pessege of wrier to the heceder during tho followin
defroste A drip trey ves loccted undoerncsth the coll tnd tho
nain drcin vcs connected to thets llessurcuent of tho reto of

voter flouinn could be done by colloeting tho discheirge in oy
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vessel &nd noting the time for vater flow with stop wateh,



CHAPTER 6
" RisSULTS & DIGCUSSION

Results are discusgsed.

el g
GAG?



The object of study of the present experimentetion was
to determine for a particular plmt, under certaln opersting cone
ditiong,; tho variotion of rate of energy consumption end average
pover of the motor per ton of refrigerstion with defrost inter.
~val for uniforn refrigerction load., The plint was opersted under
similar losd end surrounding conditions for different runs.
Different defrost frequencies vere chogsen &and the optimum was
deternined practically. The sensible heat load existed due to
transmigsion gain éhroug,h the cold storage walls, which was rein-
forced by electric lamps plsced inside the rooms Lnergy supplied
to the immersion heater in the water container was considered to -
be latent hest loed, The hest loss by conduction through tho
insulction was neglected. Uthatsoever error it might involve in
calculcting the latent heat logd, 1t did not slter the totsl load.
althouh this will result in grester rstio of latent hest losd
to totzl heat loed then actually on the plent, but the loading on
the plent remsined of & uniform ngture. Therefore, a comparison
of plent performence under such opersting conditions is fully
Justified.

6.2 ERRERIMuNIAL RESULTSs

Runs were msde for eight defrost intervals varying from
four hourly to eleven ho'urly.

Observations recorded during the tests have been included
in jppendix 2, Tgbles 6. 21 and 6. 22 show the results obtained
from tho test, Trmsmission end lump lozds, end thereby the
gsensible hest loed, end the lgtent hest load were computed gs
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indicated obove. The values of rateo of cnergy consumption por
ton end svorzgo power per ton (Art. 3.3 end 3.4) for difforent
defrost intervels vore computods Curves vere drawn between the
totsl energy consumed by the motor during oporiting tiome end
defrost intervsel, fig. 6.21, botveen rato of energy consurption
tmd defrost interval, fief;.‘ 6, 22, #nd betveen sversge povor per
ton end defrost intervel fig. 6.23.

Defrost ;ﬁ Defrogt period‘ : Enorpy Rgte rf‘vemge Pover
Intervel )Y lin, § Kk &’ Hr, ) {Ton)§ Kty Ton,
A S — i
4 15 6.01 6,35
6 16 4,71 . 4,98
6 16 4,97 5. 25
7 18 4,86 5, 19
8 D 5. 18 5.41
9 22 5. 27 5. 50
10 22 5,35 8. 55
11 % 5e40 5,62
6.3 DISCUSSIGHNs S

Tho perfornonce could not bo studied in lov dofrost
intervsl zono boceuse meny unpredietsble foetors influence it
non-unifornly end eny obsorvetion in this region ernnot be
genoraliscd,

Flpe 6. 21 revesls that the enerpgy consurption varies
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OBSERVALIOL SHRET 110.4

T5.2CRATURES (°@ #T_DIFE.

e

e, Mg

00.70
00,20
01,00
01, 50
02,00
02,20
03,00
0330
04,00
04.30
05,00
05,20
05,00
06420
06,42
06,45
084 50
05,55
07.00

1

32 53

“Avercge Valuo

44.0

43,0
43,0
43.0
42.0
420
42,0
42,0
41,5

41.5
420
42.0

42,0

42,0

41.5

420

42.0
43,0

© 43.0

THERHOCOUPLE POINTS

3

43,5
24,0

44.0
43.0
43,0
43.0
43,0
43,0
420

42,0

42,0

a2.0

43.0

43,0
42,0
42,0
42,0

43.0
43.0

e
3
&

in

4
43,0
43,0
42,0
41,5
41,0
41,5
410
0.5
39,5
39,6
39,5
40.0
40.0

40.5
39.5

40.5
41.5
420
42.0

5
41.5
4.8;0

42,0

40.0

44,5

48.0
48,0
48,0
40.5
38,5
38.5
39.0
40,5
42,0
39.5
42,0
43,0
43,0
43,5

41.0

40,5

38.0

36,5 Eaorpy o

Matbowe CRMWH)

35 . 279
37.5

37.0

36,5

35.0

35,0

35,0

35.0

38.0

35,5

35,0

36,0

37.0

38,5

38,5

Contdesees



proport.onel to time except nesr five hourly defrost. st thig
stage the curve has a lower gradlent which tends %o incresse in
this zone end is more or less mointained beyond it. Reforring

to fige 6. 22 end teble 6.22, it c¢en be obgserved thet the rate of
cnergy consumption per ton 1s minimum for the plent, under loeding
conditions of the experiment, ot ebout five hourly defrost with
sixteen minutes defrost period. .0On.either side of it the vorig
tion is steep., However as the time intervel betueen two defrosts
is incressed fron this‘o';ztim, there is & smell-renge where tho
vsriation is steep, while if imerossod further the curve flottens,
The incresse in rate of energy consumption under most stringent
conditions expedited, vas .69 Kili/(hr)(ton) more than thet for
optimum f,e. & increcse of 14.6 percent z;bove optimun, .h’hile
for four hourly defrost the rite of energy consurption is 5,01
KwH/(hr) (ton), 1t is 4.71 for five hourly dofrost. Thus on
decreasing the defrost interval by one hour below the optimum,
the rste of energy consumption increases by 0.3 Kull/(hr.)(ton)

or gbout 6.4 percent over the optimum. Thus for » lover defrost
interval than the optil:mm the rote of energy consumption is sige
nificmtly grecter than optimumes On incressing the defrost
interval, it cen be observed thet incressing the defrost intervel
from five hourly to eight ‘houi'ly., increases the rete of energy
congumption from 4,71 to 5,18 i.e. by 0.47 Kit/(ton)(hr,) or m
incroase of sbout 9.9 porcent. On the other hand increcsing

the defrost poriod from cight hourly to eleven hourly, enothar
increase of three hours in defrost interval, chenges the rgto

of enargy consumption from 5.13 to 5,40 i.e. by 0. 22 K/ (ton)
(hr). Tiis poens further percentage incrosse of sbout 4.7.

Reedinpgs were not taken boyond eleven hourly defrost ao



1i: chokoci the coll excessively and increesed the dofrost poriod
ebruptly by e large amount.

- Tho inecresso in the rste of encrgy consumption is moTo
‘ ré«a"ld neer the zone of optimum performmee. In o reogion of
greater intervel betweon tvwo sucecessive defrosts, defrosting is
not very impog*tmt from the point of viow of enéray edngiderations.
Under tho conditions of tests,. from energy considerations, it was
desirsble to defrost five hourly, It glsu indicsted thet 1f it
is not dono ot this interval tnd the timo interval is increased,
then after s certein conc othor aspoct viz. tho resistmnce to
flow of . eir may govern tho freguency. |

Tho naturo of tho vsristion of averege power per ton with

~defrost intervol is similer to. tho previous curve, as is shown
by fip. 6.28. This msy slso be oxpectef:i gince thé tvo do not
differ by a lerge emount, The optimum condition for the average
power per ton oceurs at more or less the seme tvme 2s that for

rate of cnergy consumption.

6,31 OSNLR,I Iil GERBNCEs
flthoupgh the performence of & psrticular plent was studied N
during the emperimsnt but it vé.riﬁed the genersl behgviour of
the voriation of rsteo of enorgy consumption &nd avoerage power of
tho motor, as theoroticully dismssed in Chegpter 3 (Art, 3.3 and
3.4). Thig, howovor, ccnnot be predi cted as to whot would be the
oxcet ncture of the voriation of the tvo curves near the optimn
from encrgy considerotions. In the case under study the variation
vog rorc pronounced st the optimum amd it répresmted the desire-
bility to opercte st optimum, if the; larée 'freque;wy dbes not spoil

tho bmﬂuct. Undor most stringent conditions of frost éec}xzmxla-
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tion oxpcdited, vhen the frequency was reduced by more them &
percent below optimum, the roto of energy consumption incressed

by 14.6 porcent end eversge pover of the motor by 129 percont,
In eny other case these quantities shsll vary. Even for the seme
plant under different loesd conditions, the performence may vary
under difforent loed snd surrounding conditions. The latent hegt

"lood wes excessive on the plent during the ewperiment under study.
Under less demending conditions the performmee would vary, The
optimum dofrost interval would chsnge snd so should the variation
of roto of energy consumed gnd aversge power of the motor.

In spite of the fact thet performance of eny new plent
cennot bo predicted by tho present experiment, which expedited a
perticulsr plent end the varietion in the mpgnitudes of its
certain importent cherocterstics, it indicsted theat from energy
considerations an optimum frequency exists, On reducing the
defrost interval below optimum there wats 2 merked influence on
the encrgy terms, AS there is not much of frost in this period
end the number of defrosts will inerease increasing the cost of
defrosting, no point will be geined by reducing the defrost inter-
val below optimum, Therefore, 1t is not desireble.

lonetheness, incressing the defrost intervel ecbove it shall
not necesserily entail &n incresse in op&rating cost, becsause

the smaller number of defrosts required will bring ubout 2 ree
duction in the cost of defrosts roquired. Before deciding upon
the frequency of defrost ell such fectors should be considereds
In addition the fsctors pointed out in Chgpter 1 should be looked

into.
END



APPERDIX 3
EXPLIATION OF EJaTION 4,723

Eqsation 4.8 is explsined,

-

LA
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EXPLA, TION OF EWATION 4, s
i, = enthalpy of ai1/1b. dry air,
1 = enthalpy of suturated air at temperature of

frost sir interface,
% = B ctom by b o W(Wo-WI L
= g ‘)'Lc;‘,u;c,»t) * L(WerW]
= B tig-A)

sinca &mg = o
emd 1f wvhole of hesgt trunsferred is sssumed to occur becsuse

of cooling of air, it will be equal to total enthalpy chenge

of sir, thus
AQ L | W, A
LA a. A
COMMENT ON hj NUMLRICALLY EJAL TO by x ? |
AQ .
hy = L /‘?u?)"x' *t2 equation (13)
Ao — N : :

%qu = Mass transfer coefficient t 1bs/(hr)(sqg £t.) (H ~Hg)

where x is the thickness of frost layer

AQ B (At

A - ‘Wxg (. & )

&n expression already obteined when X =0 i, =

C ST ESS uc—&)}b Eamgu - QL .

Row

Compering the two hy, = hy



APPEEDIX 2
0BSERVATIONS

Observations during the tests sre recorded,

e &



OBSLRY; TION SHELT I'0, ]

TIHE
Hr, Mts, 1
00.00 43.5
00, 30 35,0
01.00 34.5
. 0L.30 33. 5
' 02,00 33.5
02 30 33,0
03.00 31.5
03.30 30.0
03.45 30.0
03. 50 31.5
03. 55 320
04.00 325

2
43,5
39. 5
39. 5
39. 5
40,0
39. 5
35,5
33,0
38.0
39,0
39. 5

39.5

THuRHOCOUPLE POINTS

3
43.0

40,0

44,5
45, 6
44.0
43,5
43.5
38.5
38,5
39,0
39.0
39,5

llean tenperasture for:

(Defrost Cycle)

3 hrse 30 min.
next 15 min,
lost 15 min.

Letor sproay period
Pun-o ff period

Meen outsido terporature

4
43,5

420
40.5
4L 0
1L.5
4.5
39.0
38,0
38.0
39. 6
40.0
40.0

5 6

44,0 43.0

42,0 415

4.5 39.5 ,

42,0 39.0 Cremy b
Moot ¢KWH)

415 38,5 _ . ..q

41,5 38,0

40.5 37,5

39,0 37.65

38,5 37.5

39.5 38.0

40.0 39.5

40.0 39.5

= 40.1°F

= 35.8°F

= 37.8°F

= 5 pin.
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THE THERIOCOUPLE POINTS

Hry lte. 1 2 3 4 5 6

00.00 34,0 40,5 43.0 4L5 4L0 4L0

00, 30 35,0 41.0 420 420 420 40.0

0L0O0O  31.0 38.0 420  B89.5 40.6 38,0

01.30  3L6 38.0 38,0 38.5 40.5 38,5 Creryy b
Metor CKWH)

02.00 32,0 38,0 38.5 39.0 40.0 38.5 . sy

0230 33,0 39.0 40.0 40.0 415 38,5

03.00 33,5 39,0 41.5 410 ‘4.0 38.5

03.30 33,5 39,5 43.0 4L0 410 38.5

04.00 33,5 38,5 46,0 <€0.0 40.0 38,0

04430 32,5 37,5 38,0 380 39,5 38.0

04,44 32,0 320 44,5 39,5 30,6 37.85

04.40 . 33,5 40.0 44.0 410 4.0 38.0

04. 54 35,0 4L5 - 48.0 420 420 39.0

05.00 36,0 420 48,0 420 420 30.0

toen taz;pofatum forz A
| " 4 nhrs. 3 rin, = 38.4°F

‘noxt 14 nin, = 37,9°F
(Cofrost C&cle) iast 16 min, = 37,8°F
uctor spray period =6 pin.
Tun-o ¢ poriod =10 nin,

‘‘etn outside terporsturc = 79.7° R
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OBSERV/TION SHERT IO, .

TIE THERMOCOUPLE POINTS
Hre litse 1 2 3 4 5 6
00,00 - 38,5 410 57.0 45.5 45,5 43.0
00.30 = 33,0 40.0 40.0 4.0 420 40,5
01,00 320 30,0 89,0 40.5 4L0 39,0
01,30 32,0 38,5 38,0 38,5 40.5 38,5 Syt
) Mot (KWH)
0200 31.5 38.0 38,0 39.0 40.0 38.5 - 1647
02,30 31,5 88,0 38.5 39,0 40.0 37.5
03.00 320 380 39.0 39,0 40.0 38,0
03.30 32,5 38,5 40.5 40.0 40.5 38.0
04.00 33.0° 39,5 43.5 40.5 41.0 38,0
04.30 .30.0 .37.0 .39.0 .38.5 .39.5 .37.0
08.00 320 38,0 .40.0 .39.5 40.0 -37.5
05. 20 325 .30,0 420 .40.0 40.5 38,0
00, 44 32,0 .38,0 40,0 .39.5 .40,0 .37.5
05.49 33,5 .40.5 .43,0 .4L5 .41.0 38,0
05. 54 36,0 420 44,0 .43.0 420 239.5
08,00 37,0 43,0 44.5 .43.0 420 4L5

leen. temporature fors -
§ hrs. 30 min. = 38.5 F
‘next 14 win, = 38,3°F
(Defrost Cycle} last 16 min. = 39,7°F
Uster spray period = 6 min,
Run~off period . < 10 min,
80.0° .

l'oem outside terperature



OBCLRVATION SHELT NO.4 (Contd,)

Hean temperature fors ,
6 hrs. 30 min,
next 12 min,
(Dofrost Cycle) last 18 min.
Water spray poeriod
Run-o ff period

Hesn outside te persture

= 30,6°F
38,8°F
30.9°F

h

]

.'7' 7 min,

= 11 min,
=81, 5°FR
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03SERY/ 210N _SHERT 110, 5

TIME THERNOCOUPLE POINTS

He, MNts, 1 2 3 4 5 6

00.00 43.0 43.5 43,0 44,0 44.0 43.0

00.30 36,0 389.5 38.5 41.5 420 4.5

01.00 33,5 39.0 44.5 40.5 4L0 39.5

01.30 34.0 40.0 46,0 415 41.5 39,0 Ceerqy b
Mator CKWWH)

02,00 34,0 40.0 44,0 410 415 38.5 _ x5

02.30 33,0 39.5 43,5 410 4.5 38,0

03,00 3.6 38,0 44.0 39.5 40.0 37,5

03.30 30.0 33.5 380 38,0 39.5 37,5

04.00 30.5 37.5 38.5 38,5 39,5. 37.5

04,30 320 38.0 40.0 39.5 40,0 37.5

05.00 34,0 39.0 44,5 410 41.0 38.0

05.30 320 39.0 40.5 40.0 40.5 37.5

06,00 .5 37,0 37.5 37,5 38,5 37.0 .

06,30 320 38,0 39.5 39.0 40.0 37.5

07.00 34,0 39.5 35,5 40.5 40,5 38,5

07.30 3.6 37.5 39.0 39.0 39,56 27.5

07.42 3L0 37,5 37.0 38,0 39,0 37.0

07.47 33,5 39.0 39,56 39.5 40.5 39.5

07, 52 35,6 40.5 40.6 40.5 420 40.5

08,00 37.5 420 420 420 ¢20 420

Contdsee



QBSERYATION SHERT NO.5 (Contd.)

‘een temperature fors
7 hrs, 30 win,
next 12 min,
(Defrost Cycle) 1ast‘ 18 nin,
Water sprey period
Runeo f'f period

Mean outside tempersture

-

-

-

ey

38,7
36.8
39.1

7 nin,
11 nin,
20° R,

132
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THET i B:0COUPLE POINTS
kv, Mtse 1 2 3 4 5 . 6
£0.00  95.0 4.5 4L0 4.0 .40.0 .
00,30  24.5 43.0 41.0 420 4L5
01.00 24,5 42,0  41.5 43,0 40,5
0L30 84,0 46,5 415 420 40,0 Carpy o
v - MeAor (WWH)
0200 320 ®© 43.0 416 " 4L56 39.0 -1c49
0230 20,6 & 420 40,5 4L5 39.0
02.00 30,0 42,0 40.5 4.5 38.5
03,20 2.0 42,0 410 4.5 38.0
04,00 .0 &  40.3 39,5 40.5 38,0
04,20 2.0 3 45,0 39,5 40.5 37.5
05,00 320 45,0 410 4.0 38,0
05030 2.5 46,0 40,5 40,5 38.0
08.00 B5 % 39.0 39.0 39,5 37,6
06,30 320 § 40,0 38.0 29,5 39.5

07,00 35,0 43.0 420 420 40.5
07.30 93,0 35,5 43.0 40.5 415 40.0
02,00  51.5 37.5 38,0 38,5 30,5 38,5
08.30 32,5 33,6 89,5 B89.0 40,0 38,0
09,38 30,0 37.5 415 87.5 32.0 37.0
08,43  20.5 37.5 420 38.0 38,6 37,0
03,48 33,5 40.0 425 40,0 40.0 38,0

Contdesces
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PLE |

Er Nts. 1 2 3 4 5 6
0B.53 850 415 43.0 4L5 4L5 39,5
0858  37.0 43.0 43.5 43.0 420 4LO

09.00 375 43,0 43.5 43.0 420 4.5

Llern te percture fors
8 hrs, 30 cin, = 39,56°F
next 8 min., = 37.40°F
(Jefrost Cycle) 1lsst 22 min. = 39.10°F
‘Jotor spray period = 10 min,
Run—o ff period k = 12 oin,
l'esn outside temporeture = 79,5°F,
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TIiNE
Hr, Mts.
00.00

0030

01.00
01.30
0200
0230
03.00
03.30
04,00
04. 30
05,00
05, 30
06,00
06.30
07.00
07.30
08,00
08.30
09,00
09,30

3283

viLUE

AVERALGE

THERMOCOUPLE
3 4
44.0 43.0
43.0 41.0
43.5 410
43.5 415
43,5 420
43,0 39.5
43,0 39.5
43,0 40.0
43.5 410
43,0 29.5
43,0 39.5
43.5 41.0
43.0 39.5
43.5 40.5
43.0 39.5
44.0 490.5
- 43.5 39.5
43.5 39,5
43,0 39.6
43.5 39.5

POINTS

5
44,5
32.5
41.5
42,0

45,0

44,0
39.5
41. 5
43.0
45,0
40.0
42,0
39.5
41.0
40.0
43.0
41. 5
41.0
42,0
42,0

39,5

36,0

36.0

36,0 Cempy

Motor CKWH)

36.5 . 2067
35.0

34,5

35,0

36.0

35.0

34.5

36,0

34,0

35,0

34.0

350

34,5

34,0

34.0
34,0

contd..L...



O/ AT DIFEFKL N
TINE THER0COUPLE 1OINTS
He, Mts. 1 2 3 4 5 6
09,38 41,5 43,5 39.5 420 34.0
09.43 42,0 43,5 39,5 43,0 34.5
09.48 43.0 44.0 41.0 43.0 35.0
09, 53 43.0 44.5 4.5 44,0 35.0
10.00 " 44,0 45,0 420 44.0 36.0

iegn terporature fors
9 hrs, 30 oin.= 39,2 F
next 8 pin.= 36.3°F
(Defrost Cycle) last 22 min,= 39,0°F
: _E’ater spray period ' = 10 nin,
Runeo ff period = 12 min.
Meen outside tempersture = 80.5°F
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HEE

i

43.5
35.0
34.0
34,0

34.0
325
320

30.0

30,5
, 31.5‘
33.5
33.0:

30.0

3L.5
3400 '
31.5

30.5
30.5
3?.5
30.5

2
43,0
40.0
45.0
45,0

45,0

43.0

43.5

38.0
38,5

40.0

44,5
37.5
40.5

39,5

36,5

39.0

356.5

36, 5

36,5
36,5

3

43,0
39.0
45.0
45.5

44.0

44.0
44,0

38.0
38,5

39.8

45.0

40.5
37.6

39.5

36,5

39.0

38.0

39.0

32.0
39,0

4

42,0
41.0
41.5

41.0

410

40.5

38.5
38,5

40.0

41.0

40.0

37.5

39.5
40.0

39.0

38.0
- 37.5

38,5
37.5

-

THERHOCOUPLE POIRTS

5

44.0
41.0
41.0
41,5

41.5
41,6
410

39.5

39,5

4L.0

40.0
40.0

39.0
40,5
40.0

30.5

39,0
39,0

39.6

39.0

Contdeeee

43.5
41.0
39.5
39. 6
38,0
38e5
37.0
37.5
37.5
37.8%
37.5
37.5
37.5
38,5
37.86
37.5
37.0
36.5
36.0
36,5

to

Metox CRWEH)
- 2‘2—21 .

O
-
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N_SHEET '
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TEMPERATURES (°F) 4T DIFHSRENT POINTS WITHIN THE ROOM

TIME
Hr. Mts.

10.00
10.30
10,34
10,39
10.44
10.49
10,54
11.00

1l
31.0
32,0
320
33.5
34.0
35,0
35,5
36,5

2
37.5
38,5
38,5
39.5
3945
40.0

’ 4000

40.5

3
41.5
43,0
43.0
43.0
43,5
43, 5
43,5
43.5

4
38,6
39: 6
39:5
40:5
41,0
420
420
42,0

Megn temperature fors

(Defrost Cycle) last 6 min.

THERMOCOUPLE POINTS

5
40.0
410
41:0
420
42,0
42,0
42,0
42,0

36.5
36,5
37:0
38:6
4040
40. 6
410
41,0

‘ ' 0
10 hrs. 30 min. = 38,7 F
4 min, = 38,5 F

next

'Water spray period
VRun-o ff period

Me m outside temperature

= 39.8°F
= 12 min,
= 14 min,
= 78:°F.
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