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The present work was taken up to expedite 

the p erfo rmn ce of a refrigeration system under 

different defrosting conditions. A finned evapore. 

tar coil was selected as the object of study and its 

behaviour was investi gated. A theoretical background 

to they problem is discussed cnd the general behaviour 

verified, A review of existing literature has also 

been ninde. 



S 

LL I. T 

yy  {b e  

• 

1iOST ITS E1 CT NID 	LUZCIRG 	1 • 15 
1-4CT0 

POST  METRO DS 	 1 = _ 

30 	ANALYSIS AID COi4HLI4 DI TION$ 	 60 .. 88 

4, 	}UT TULNN S l R I w t1R P O 3TI!J Gi 	 89 
COI DITIONS 

5.LXPERIMEN ' ,L SET UP 	 10; - 111 

6. 	SUL'Z3 AID DIS 33 ION 	 112.. 121 

OVUM1 	 122, 123 

LPPIN DIX 2 	 191 - 137 

BIBLIOGRAPHY W8.. 140 



CHAP TR R 

FROST, :.ITS EFFECT & INFLUENCING FACTORS 

Frost, its effect on refrigeration plait operation, 

and factors influencing its formation are reviewed. 
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11  I,Nff4 .tC IOTis 

In refrigeration systems many parts of the equipment exist 
at tenperatures below freezing point of water (32PF). . The eva-
porator coil, expansion valve$  suction line and some other parts 
of the system are exposed to sub.. freo zin g temperatures. 

It is a well know fact that the atmospheric air contains 
certain amount of humidity. then the humid air comes in contact 
with a solid surface, nothing will happen to the composition of 
sir so long, the solid surface is at a temperature above the dew 
point of air although heat trensfer will take place if a tempero-
ture difference exists, If the solid surface has a temperature 
below the dew point of air then a portion of humidity content in 
the humid air will condense on the solid surface. In such a coso 
a compound phenomenon of hoot and mass transfer occurs. Yet 
interesting is the case when the solid surface is at subfroa.ing 
temperatures. In such case, the moisture in air will deposit on 
the surface in the form of minute crystals of ice. This deposit 
of ice is called FROST. This phenomenon has its peculiarity in 

that the compound mechanism of heat and mass transfer is much more 

complex because under such conditions air is cooled and dehuinidi. 
fled by a surface$  of which the nbture Is continuously changing 
because of the buil&up of the frost,, and the nature of the build. 
up of the frost, too, is changing. 

Frost produced on evaporator coils during refrigeration 

will very and will tea found of very different density and struc. 
turo dependin is upon the c3nditions of its forms. tion and age., 
then the surface temperature is slightly below 3 "F, frost fbrmod 
in herd and clear rod does not contain any sir bubbles. i lower 
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torpernturos, below OF nearly, the frost for , d has a porous 
and yak strictures In amoral colder the surfcco, the finer 
are the ice crystals. It has a white cppoarcnce. L. okina 
through a rspifying glass it ern be observed .thot this frost 
fbrr~s c: intricate network with a multitude of riinuto air 
spaces botwecn thos. The lator type of frost is culled RI 
FROST uhilo the hard tenacious frost is called CRYST LLIfE M ST, 
The do can ho easily distinguished as the rime frost  has ito 
ippear nco and fluffy structure while the other typo has a 
flint liko ctructuro and is hard. 

Because of the porous nature of the rim frost, Mora 
Vapour would difflaso into it and more moisture will travel in 
tho frost (as in insulation) cnd will freeze grCdually to the 
air ep e_oos. This will affect the tho rnci and physical proper.. 
ties of the frost as will also ehtn-,o the density of the frost. 
Given enough time the density nay increase even ton tines (1). 

kilo at temperatures below OP, the frost is snow 
like and can easily be screed over with o herd broom or light 
c cha ioal- scraper.. .fit such low tc:peratures,, it will not 
stick to floor or surfaces, The crystalline frost on the other 
hand is hard to molt and remove. 

1.3 ELCTQ1S PFi.cUI BL1MttJ 	iFJRQI 
1 number of variable ft cto rs affect the qu tntity tnd 

nature of frost force©d on surfaces of cub-freezing tai p oraturo. 
Of t! coo tic have already indicated in previous article, how the 
to po rcturc and duration of op oration affect. 

1.31  T 10 a QP F WQ O1 
The temperatures to be nsintained in tho rofrigorotorr 

depend upon the usage and the typo of service it is intended to 



bo put to. In case of disilcy ct ost Clio t^:?croturo of the 
ovrporntor should be lower then; tot roc trod othor riso for 
the sar. usage. This rhould bo so boccuso in the later eaao 
a anelior toxrperature differential bettroen the refrigorcnt aid 
the product area .exists. 

3i `forent perishables cre to be maintained at -different 
tezperatirii. lcotcroum display cases crust operate with a 
fixture tarp o ratu re botiraon • X)O F to -. 30 F and the refri.. 
gerent under such _ conditions .would be raygairod to ovtporate at 
but .-4Oo Z, fbr&cn food display cases era to be acint oinod at 
come hct higher to poraturoct nearly -200F to 0°F and the 
rofrigortnt tiould ovc borate at about .300 . Fresh moat will 

roqulre ftxturo ter-puroturo of 30 to 3 P cnd cv cpo rate r torte. 

poraturo of app.roxiostoly 8!V those voluoa for fresh vogoto.. 

bios - cnd dairy products cros tixturo torporcturo Sao to 4~2PF 

cnd 	 ovcporator torporaturo of 12 F noorly. (2°} 

1.32  . nxTxorj QLgQ1  
The state of coil surface rlso effects the rate of 

firresation of frost. The rots of frost doposit on a clom 

tubs to rich grootor than the rate when it is with frost (3). 

F.ocsrz~ ' '.B. 	Babbitt, ii.E. Ibntcino and J.P. Ibston have pub.. 

lichod corn intorostJng data rogard.tng its ifbrrnction on natal 

curfacao (4).• P rosonoo of dust porticlos or othor fbroign, 
oatoriol prornotosthe formation of frost, luny a coatings nro 
tnotm that could condense supercooled uator rot torporaturoa 
bolo 3P, which could be rocovod without frosting. It is 

possible to treat cnd design cold surfaces, with a thin coot.-
ina of olyotyrcn0 .or a silicone oil or rosin, th et will con.. 

M 
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dense supercooled actor upto .400 P.  Minis um valuos of  	O1? 

hevo bccn obtained under favourable conditions of the clocn 
surfccoc .  end- dust-free str sphere. Prosenco of dust pLrti-

clos rodudos thi s licit con side rsbly End below ..170P it would 
be eztroroly difficult to prevent sizeable 4ucntity of frost 
forAction ovor the coils; end under usonble. conditions this 
imposes loiest limit to to uporaturo with coated surfoco. 

Adhesion of the frost to ttol surface also docro noc 
by coating the ntol with proper materials. In general cny 
non..tiettoble substance was considered of promise* The inhibit. 
Lion to frost fbrmction tended to increase with the docroccing 
tendency of the ,urfr co to the adhesion of Ice. It can ua,Ein 
be said that presence of dust affected inhibition cad that its 
presence cannot be c l loin c:t cd hen the circulation of air was 
depen is t upon the operation of the frn. Hydrophillic co roundo, 
entice ing fluids and a number of antirust co pounds tended 
to procotb the initiation of frost. On surfaces .quoted with 
such natoriels, layers of ice arc formed rush more rapidly 
than on clean surfaces. It is also interesting to note that 
a, ny bugs pseent water to freeze at ter- erataroc below 3% 

1,33 uuJ rs 
The temperature and humidity of the su rroundinga 

also affect the foristion of frost, porticu:isriy In the open 
typo di lcy cases, bus If the display ease is placed in - an 
air conditioned space with a different to peraturo and humI.• 
dity, the quantity of frost oacuriulatod will be different. 
The humidity of the worm air. leoling from outside ,  will olco 
affect thy-  rate of its deposition. It will also depend upon • • 

Ii 



the moisture picked up from the products or its containers. 
However, this factor prodticos considercbly small accuixale. 
tion of frost. 

1.34QLLiPLTo8s  
The amount of frost accumulated will also depend 

upon a number of other fectorss 

i. zcoscive refrigeration load; hot foods or steaming 
foods or liciids placed in the cabinet, poor giaity of in-
sulation or that in which water has been ockod, or system 

with smaller ec city for actual lord at desired for o rata ros 
will put excessive load on the refri ;orator thus oxposina the 

evaporator for lamer frost forcr.tion. 

il. The sizo of the refrigerator rid evaporator coil 

desi(ns lror evaporators will collect Cora fhst. In finned 
coils tine sprains of the fins is also important, closer fixes 
deposit greater amount of lbst. 

iii. rho quantity of oir 1cekr go from outsides at doors and 
wells the protection against leakage tzuld offoct this factor. 

iv. Doors: openin ; the doors will communicate the cold apt co 
with the cbient and will allow some fresh air to be picked up 
by the refrigerator. Doors opened often and for longer tiro 
trill allow nore frost to be accumulated. The tendency to 
collect rore frost will also be enhanced if the doors are loose 
on hinges or latches or if they have broken or flcttcnod gas.. 
Ion. 

v. Cycling Control incorrectly sots if sot for lower tecpore.. 

turns or pressires than optimums  frosting would be promoted. 

vi. ^oJtrictod air ctrculrtion: in oysters whore air Is cir... 
culetod q  art inedegqir to ci - c:lction may bo ecusod by; 
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( c) crowding the food contriners rhich may Impede , 
the flotr of ti r from tho ©vrporcto r, through 
the entire cooled spice €d br' ck to the evro. 
por&tor; 

(b) baffles or flues either omitted or in-correc-
tly plscod; 

or 	(c) ovt:por,stor is too vide, too high, too long 
or incorrectly plf cod to allow free circ lla-
tion of air. 

vii. Too low torporsturyas: eetpor for being too small has 
to be operctod at too low tocpersturoo. 

viii.  :".ore rofrigsrtnt is being cdittod to the evaporator 
then can be ovcpor ted Frith the lord on the system and pressure 
in the evaporator. This will cause frosting on the suction line 
oven. 

ix.  In some cases the licuid line may also develop frCist. 

This my hcppcn thcn the receiver valve is pertly closed or the 
iicuid lino strainer gets clog god at receiver or condenser (5). 

x6, 	olo o f the snow condensed does not stick to the 
ovrporctor. . variable which may be interesting to note is the 
proportion of mow condensed that actually adheres to the tube 
wall. 

di.. The possibility of supersaturation can be regarded as 
onliko1,, Tho coolie ; surftco will bccomo coated with ico 
crystals rid further crystals will bo hold in suspension in the 
air ctr;,t.n. This will furnish sufficient nuclei for further 
con Bien n m tion.  

ziio In ere c sin ? the air velocity will increase the mount 

I 
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of adhosion. It a will incrocso tho mount of vapour odmittod to 
it rend sh€11 oleo effect the procsuro dmp ibr the flow (6). 

1.4 	U} 	OP 	Qfl P1[1.DFWICE OPPi'Q 'Al x  

1.41 

The frost accumulated acts as aninsulator end roducoo 
the hest transfer cr ccity of the. coil. A cost of frost on the 
evaporator coil castes poor and causes needless rocr. Rr 
ozern,10 consider a cold storage root piped with 1,000 sq. ft. of 
2 in, direct o pension coils. tsssu o thGt It is figured on hoct 
tr risfor coofticicnt from still sir  to ovcporeti.ng surface of 
2 Btu/ (sq. ft.) {hr.) (° F). The to pornturo in the room is 3°°F 
end thct of the refrigor ;nt is a& A. Tho rofrigor'ting crpecity. 
zndor those conditions mould bo 4.16 tons. 	If tho coil is 
covered with 2 in. of fine dry frost the coofftcicnt of heat 
trcnsfor racy be as low as 0..9 Btu/ (s4. ft.) (hr,) (o I). So 
tho capacity of the p]..r-at could be decrocsod cbout 50 to 60 
percent (7). 

Frost on the coil does not possess some insulating pi 

portion all the tine. Toro are ru.ltitudo of minute air spaces 

botuocn the net ark of ice crystals thtth render the !nsulcting 

effect, l~9 cisturo travels through these air spacos the 

insulnyinr, effect of the do,ocit varies. Pure ice is nasrly 2DZ 

as offoc ivo ci insulation es tho cork but the frost containing 

sir ccc:.a has ©at greater inse1ating effect. One Inch of frost 

cen att 	the insulating value of 3n. of . +cork (7), while in 

ortroco oases the coil surfr:ce thus covered with a multitude of 

air coils bott oon ice ' crystals is as offtcicntly insulctod against 

8 
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heat trr-:sfor co If It pro in--uloted with cork or asbestos 
(S). 

Some ;,00d work has been reported by flr. U. F. Stcpecker 
(9). He performed his experiments with finned coils wherein 
he has studied the effect of frost accumulated on the overall 
heat trcnzfor coefficient Uo. Two graphs plotted between Uo 
based on L« I . . P. between the air and the refrigerant, end the 
air side surface area of the frost free coil, and the y entity 
of frost accumulated on the coils are rep roducod hero. The so 
arephs cro for difforent fin spacings o closo finned coil with 
nine fins pr inch and the oth~-j r a wide finned coil with four 
fans per inch; refer to figures 1.41 end 1.42. 

The grcphs reveal that the nature on the two cases of 
variation is qualitatively the s: ce although actual figures 
v&ry. .ith first few pounds of frost deposition,, the value of 
Uo increases and reaches a peck which depends upon the rate of 
air flow through the evcporctor coil end the fin-spacing. Eon 
the peak the value of Uo gradually drops as more end core of 
frost collects. t possiblo explanation fbr such a behaviour of 
the values of Uo has been given as fbllowss A slight layer of 
frost providos n rough extended surface area for the coil. /n-
other reason given was that as the flow rate of the air was kept 
the ac v the air velocity increased because of the reduced area 
for air flow, area having been reduced. because frost accumulated 
occupied certain volcano. This increased volocity uncrosses tho 
air aide coefficient. The eventual drop in, the value of Uo co 
bo assi gn d to the in craasin insulating offs ct of frost as it 
collects in larger quantities. For further information tcblo 
1.41 with Ito discussion may be conouleted in Art. 1.43„  

I 
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curve between air pressure drop in inches of votor and air flow 

in cfD sh.o n In fig, 1.45 is suiterii posed on fig, 1,43. This 

yields fi go L46 and represents the air flow in efts for various 

values of frost accumulated. This figure reveals the truth of 

the abovo statement„ Similarly fi-g. L46 is reproduced for wide. 

finned orcporotor. 
The effect of frost in diri.inishine air flow is importcnt 

because this would require a larger L.:i..T.D. to produce scmo 

rotriaorcting offset,, necessitating thereby a louor refrigerant 

toicrcturo. .o have already discussed that core power per ton 

of refr aeration would be consumed then the ovcpor©tor tocporuturo 

is lower. 

1.43 	t +l +►~7 	 f 	4°I 	lV 2iWG Li "LJ 	=  

The effect of frost deposit is more irportcnt than on 

the heat trcnsfor coefficient. This (t et can be illustrated by 

the following ®xssples A simple calculation Mould show that tho 

effect of decrease in Uo is not so pronounced quoting from Stocker 

(9)' if the coil is providing one ton of refrigeration with en 

air flow of 1,450 cff.; air entering at 32°F.cd leaving at 21.6°F 

and a refrigerant temperature of 140 F the L. t-1. T. D. mould be 

iLBoF. A decrease of lW Uo (assuming air flow to be maintained 

eonstrnt) will warrant for an increase of i 3 in L. M. . T. I). i, o. 

to 13..30E or will roiiro the rofrigorant temperature to change 

fron 260 to 14.6°F which is c situ smoil and ould probably not bo 

of cuc i .concern . in refrigeration plant. 

To chow that the effect of blockage in air flow is corn 

important, he further cites another ezcmpios consider a plant of 

one ton refrigeration capacity: entering and leaving air terpera 

turoa being 3f F and 21. d'F respectively, refrigerant torp~rcturo 



11 
f'trthor t ith the help of cc1cul tiona It ben boc 

Sheen thc.t for rn cetuel ecco t icm, the system bo, run to' moot 
. o eonotcnt lord the value of ovoroll heat trcnsfer coefficient 
incroesos first with frost cccunuletion but later drops rapidly 
tsith additional frost occucui ctin d# 

If 110  docrocoos,, for the eato refrigerating, effect, 
t.?1. T. t u st pro'ortionelly increase to compencato this offs ct 
tnd that rn ozcollent guide to • the o ffi cien t operation of a 
refrigeration syston is tho rofriorcnt tcrporcturo that is 
requirod to produce the desired rofrigoretine etfott. Lover 
rofrigorcnt ter4)oroturou would need Toro potor input per ton of 
refrigeration. Thus c docroc2e in the value of IIo tends to 
iapair the perforerncs of the coil. 

1.42 	itU1F jrOP QFj 	k L:'I DD C &s 

The frost cccucuictod he po the air from flotring into 
the cooling unit and.. roducos the free area for the passage of 
air. This factor is,p  ho :ovo not 1r ortcnt in acne of non-
finned coils and ihoro no sir flog may be involved,. Stoockor 
in continuation of his ozporiixnt also studied this effect.. (9) 
Finuroe 1.43 rnd 1.44 are reproductions of his results plotted 
in c;rephicui forw. betje3n ai.r pressure drops inches of cantor, 

,cinst the pounds' of frost dopositod on the above ncntioned 
tt o coils. The common effect on either coil is that first fotx 

pounds of frost on the coils do not effect the pressure drop 
cpproctz5ly but after o certain stage has been rouchcd, tho far. 
thor occaruletion of frost increases tho pressure drop considers. 
bly. This Sri' l p r ►du eo a pronounced effect on the quantity of 
air floting3 through the system. A fan chcrectorctic chich i0 a 

S 
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curve between air pressure drop in inches of wOtor and air flow 
in cfra shorn In fig.. 1.45 is sumerirposed on fig. 1.43. Thic 

yields fig, 3,45 cnd represents the air flow in cfrn for various 
values of frost accumulated. This figure reveals the truth of 
the above stotcnent, Similarly fig. 1.46.is reproduced for wide-
finned evaporator. 

The effect of frost In diminishing air flow is in ort€nt 

bocauso this would requ1ro a larger L.II. T. D. to produco ate 

rofrigorcting effect, necessitating thereby a lover refrigerant 

tocpercturo, t,o have already discussed that core power per ton 

of rofr:i.roration would be consumed then the evaporator tcroraturo 
is louor. 

1.43 ' ,; , `'JL PBOv _IIi8jJdIrG  
The offoct of frost dcposit is more important when on 

the heat transfer coefficient. This fret can be Illustrated by 
the following exaxrplos A simple calculation would show that the 
effect of decrease. In Uo is not so pronounced quoting from Stochor 
(9),0 if the coil is providing one ton of refrigerction with ca 
air f2.ou of 1,450 efm,; air entoring at 3 °F.and leaving at .6'°P 
End a rofri gerent tamps r.ature of 3 0 the L.U. T. D. would ho 

11.9oF. A + ecrease of 1W Uo (assuming air flow to be maintained 
constcnt) will warrat for an increase of 123 in L.M.T. D i.e. 

to 13.30 For will roc~ziro the refrigerant to orcturo to change 
fro a 160 to 14.60P which is quito small and .would probably not bo 
of rucit . concern in refrigeration plent. 

To show that the effect of blockage in air flow is more 
Important, he further cites mother examples consider a plant of 

one ton refrigeration , capacity, entering and lowing air tetpora-. 

turos being 3?I? and 31• eP respectively, refrigerant to earcturo 



15.9° F thcrofrore L.H.T. D. is 12. eF9  Uo ocluo is 2.66 Btu/hr. 
ft2 0F. Iaith 6k lb., of frost collected air flog cnd Uo vclu©.s 
ere rord from graphs 1.45 end 1.41:  as &44 efli.. rod 22:10 Btu/hr. 
ft2 0F. Boccuse of reduced eir flow,, the outlet teoperaturo 

t.,uld docroeso as tozperoturo drop of air through the coils must 

incroaso to Give 1 ton of refrigeration. This would involve the 
leaving cir tortperature as lZ 2'F, End with the estimated value 
of Uo, to produce one ton of refrigeration., L.1. T. D. should be 
15.41°, Calculctinp it will b found that the rofrigercnt 
temperaturo under such conditions would be 6.7°p. Thus the ro.. 
quired rcfrigercnt tetrperaturo will vary from 15.9° F to 6.7° F 

end woulc be of concorn to the oporetor sinco, it would mocn en 
increased power consumption of cbout 2'? perccnt. 

'The table 1.41 is extracted from the afbromentioriod 

article by Mir, t1. F. Stoecker end shows the eff ct of frost aceu.. 

muletod on the perfo'hrneo of the coil. Under different frost 
conditions the value of discharge is read from chLrt 1.45 end the 
value of Uo is read from chart 1.41, the area of the coil being 
370.2 sq. ft. Entering air temperature was adjusted at 32°F end 

so leaving air temperature per ton of refrigeration could be lbund. 

rtno rin g the UoxA, leaving end entering air tempo rature s, would 

make it possible to cciculcto the refrigerant terperature to 
produce the required refrigerating effect. 
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C 	3 	j-tATUiI CTat?Nt1fl J UA 

Lb. of , ;,r. fir flotr lb. Uj Loving airrr fafrigcrrnt 
Md. nel - nin. r i■ to tx 	s., ri ti! 	f , n ~r 

0 10335 10%%0 3 19,907 X6.91 2200 

1 1,345 101.0 19036 6.85 2217 

2 1,314 98.2 1,043 33.70 22.2) 

4 1,140 85.5 1,035 %5.0 ?1.76 

6 630 51.0 825 21.80 1B. 32 

A study of the figuroe rcproducod in tcblo 1.41 will 
reveal th tt the effect  o f ro du cod air flog is c o ro iipo rt cnt 
then the docroose in the valuo of Uo. First fow pounds of 
frost dcpositod does not cpprocicbiy roduco air floe cnd hoct 
trcnsfor coefficient but with tile, frost tou1d build up to a 
stage that the pressure drop curve C Pig.. 1.43 tnd 1.44 ) 
become steep„ In this operating imago the pressure drop affects 
the refrigorent temperature &oro then the reduction to tho 
value of 17o. 

4.5 I 	( I ROY, TEMP J TU 
1.. D S'f tC C0►:CIIX:•Rt.TIOi3S) 

Uith the co preocor controlled by tcrporeturo of 
rofri ,orctod sp cee, the percent operating time cnd the enorgy 
require nts will be expected to increase during running. Thic 
incroese, hotrevor$ X11 depend upon the typo of syston for 	_. 
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free ;es box it was tbund to be smell. €Jith the compressor 
controlled by teLporcturo of rofrigertnt the terperature of 
the refrigerated spruce will go up owing to a blenkot of frost 
deposit around the tubes (1L)). 

In addition the accumulation may occur to such a 
depth that inconvenience will result and a l rge reduction in 
storage space may accrue. 'This Is usually a problem of 
free &e r 'loxes.. 

The accumulation of frost, therefore, impairs the 
performance of a refrigor& tion system. R r intelli ent design 
and operation of a pl.nt its porformtnce rust be stitdiod. 
additional coil s- -rfnce will be required to moot the roterdod 
operL,tint, conditions and the designer rust Snow c d provide 
for it. In act°ial operation the frost would keep on occuriula-
tini gradually and in order that the coil performence rid 
operating conditions are not adversely affected it mist be 
removed periodically. The user shall know that, for best 
economy and/or convenient operation, at what stage he should 
defrost the plant. It has been ,ho n for the finned coils the 
air flow is the best indication of the optimum time to defrost 
and the above discussion shows that this corresponds to the time 
when the pressure drop curve becomes steep. An sir flow meter 

or static pressure indictor In the air duct would appear to be 
the bast =onitor to show i tcn tho air flow has dropped to a point 
when coil porfbrmanco is suffering tnd defrosting is needed. In 
crier of freezer boxes the spaco blockage may be the main 

criterion. 
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various defrost methods, their merits end demerits are 
discussed, 
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Frost accumulation is detrinentel. to the perfbrmance 
of the unit. As adore and more frost accumulates the heat 
transfer ccp$ctty of the coil de.reases. 	ether a commercial 

refrigerator or a cold storage plants  the problem of deposition 
of frost and its removal is quite involved. Refrigerator can 
not be interrupted very often or for too long,, on the other hand 
the growing layers of frost on the evaporator coil or pipe so 
inhibit the trensfOr of heat that the compressor cannot most 
the load and hold down the tea erature even if it Is to run 
continuously. 

Any defrosting operation comprises of two problems ono 
is how to defrost and the other concerns the control of operation. 
The first joint will be discussed here In details while the 
second. point will be discussed in the proceeding chapter„ 
There are a number of possible variations in the methods adopted 
for removing the frost from the coils. They have been used by 
different manufacturers and usersg snd have found varying 
adaptability. All such problems concerned with the removal of 
frost, hr,  wever, have simple solutions, at least in principle, 
but tend to become eiepensive and may involve con lieated macho.. 
nisrns in actual applications. 

2.2 MCI1IL_1QD 
Tho one and quite crude method consists of ro ovind 

the frost by scraping it off. This method is barbarous and 
may result in various leaks in the refrigerant piping, thet may 
be caused by chosing sharp instruments indiscriminately# 

Another method requiring force works only in case the a&` 
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frost is fluffy. The evaporator tomptrtrnent is pro ssurio ! 
gradually until a pressure ©f about 50 lb0 per sq. in. in built. 
This pressure is then suddenly released to the atmospheric 

pressure, The entrapped air within the structure or frost 
osceooso  the frost bursts and is carried may by the outrushing 
stream of air, 

it has a disadvantage In that it m Tres s, pressure 
proof evaporator, so that the air does not leak into the re,. 
riger nt line„ This process is used in Iir id air plants where 
the rotrigo rcnt also is air and any leakage if it occurs 
inwards, will not deter the refrigerant, 

2.3 	PjYS; 
2.31 Oe.iclng fluids c, n be used to remove the deposited 
frost. These fluids are allowed to flow over the frosted sur.. 
faces ubore they loosen and melt the frost, pick it and romovo 
if off. 

Agure 2.31 shows a portable type  ©f brine coil 
defroster. In this the brine Is heated by me s of electricity. 
The brine coil to be defrosted is shut off from the circulation 

'+d is connected with hose pipe to the worm brine mains. The 
for perature of the brine is not cbovo 1500  P. HHot brine will. 
then circulate through the brine coil and the frost will loosen, 
melt and drift ewer. 

+• variation-  of the above device can be in the icodo of 
hooting the brine. The warm brine coil may be thermally attached 
to the condcnser or to its cooling water discharge znd aDnnoc.► 
ted try a pair of defrosting mains with a pwnp. Boat is thus 
carried from the condenser to the defrosting mains to melt tho 
frost td it also affects at least a saving of cooling water. 
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In sores applications to most ever ;ent cases, service. 
men pour wLter over thickly frosted coils :hereby th+ frost is 
removed. The defrost methods using water can be employed in 
permanent installations but for the free4ng of trator in the 
piping carrying grater during the normal operation. In xovemants 
have been suggested and in some units water is used as the 
defrost medium. (irt„ 24) 

2.32 MIT  TCOQiBL 

Theso are brine spray refrigeration units which are a 
technical variation of the above method. The evaporator is 
placed in the brine collecting tank r td the brine is sprayed 
over the evaporators  rejects heat to the evaporating rofrigorcLt 
thereby getting, Itself cooled. This cold brine performs Lii edd .$- 
tionel task of hest carrier and cools the air. The pressure of. 
the spray is very, low and it requires a small horse power brine 
circulating pump. This is called brine spray unit of refrl-
geration or the indiroct open spray method. 

These units are generally floor typed, fig. 2.32 
shows one such unit. It consists of a steel frame, end located 
in this frame are evaporator coils, brine spray header with 
sporay nozzles end eliminótors. Other accessories reçxired are 
a brine circulating pump, salt bins and a sump, and a fan to 
maintain the circulation of air. In this case no frost will 
over be accl2culatod on tho ovcporetor coil so long as the con-
centration of brine is maintained at a proper level depending 
upon the tercporature of the rofrigercnt in the ov porotor coil. 
Any moisture that precipitates out from the air will dissolve 
in the downward spray of brine and no frost will be formed, The 
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brine, however, rill be diluted end in order to maintain the 
strength,, it must be concentrated by adding more of salt. 

The advantage of the spray units is that the eveport.- 
tor coil is always free of frost so long the proper concca- 
tration of the t tifroeze solution is maintained and thus 
allows maximum performtnee of the evaporator coil. It has 
certain disadvantages too, in the form of corrosion possibili. 
ties, replenishing the brine strength end maintenance difficul.. 
ties etc, 

It is a systen in which cn external source of heat 
viz. water is usod to melt the frost fron the metal surface. 
It consists of a water spray chaobor above the coils and the 
water is sprayed by the nozzles that are arranged on a 
header. Pig. 2.41(o) shows such a syster. hater fbr spraying 
is usually obtained from the supply line and the rate of f- of 
is to be r aintained at about 40 gallons of water per ton 
refrigeration capacity of the coil., for 10 T.D. ( 14)e The 
timo taken will be about 2 to 5 minutes for daily defrosting 
assuming an adectate c xentity of water not too to ► in for poraturee 
This shows that a large amount of water will flow during this 
period and therefore proper precautions need be taken to dry 
the water completely -lest It froezes in the spray chamber after 
the defrost period.. The asp ray-heador is pitched so that the 
water drains fran it at the end of the cycle; vents are provi. 
dock in the water line from the valve to the distribution hoador 
to allow complete draining of the remaining water after dofros. 
ting cycle, where otherwise it will freeze. 
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special three..wny valve is usod to control the 
flow of water, to drain the water Mm the water-line at the 
end of the cycle, ,end also to prevent building up of wator in 
the supply line in case the valve should look. An illustration 
on the rking of this valve is shown In fig. 2.41. (b). bhe 
the valve is In the normal position the water supply to cut 
offend the lines from the spray chamber and the drain pan arc 
connected to the drain. This ensures that any water that may 
have remained during previous cycle will drain off. During 
defrost poriod the valve would be turned to open the water 
supply to the spray chamber and the water will spray over the 
coils thus removing the frost from over them. The water from 
the drain pan below the coils will flow out through the sewer. 
igaino  when at the end of cycle the valve would be returned to 
normal operating conditions, the water will be quickly drained 
off from the water lines and the spray header. 

Tho three way valve that has been just described may 
be dispensed with and can be substituted by separate supply and 
drain valves. The arrangement shown in fig. 2.42 does not use 
it and boa been often used on large installations to food 
several coils at one time,. In some cases the drain valve has 
been substituted by a restrictor tube shown in figure 2.43 
so that It can drain the supply line reasonably fast after 
defrosting cycles  while at the some time it shall not waste 
water oxcessively during defrost. A inch OD copper tubing 
of suitable length has worked satisfactorily in most of the 
installations. Automatic control can be applied to the -dater 
defrost system with the help of a timer, fig, 2.44.  
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The advantages of water defrost systems are its 

quick operation, and tpplicability for all evtoretor tom. 
peraturos. The disadvantages are the limitation of its use. 
fulness only where eater is available at temperature above 
45P, difficulties with automati z.ation, and eon siderable plumb.. 
ing requirements* 

2.5  M 	 ST OFF R1tICID DEJRQS 
The earliest and most elementary method is the manual 

shutdon there the operator stops the compressor and allows the 
frost on the coils to melt. It is the simplest but time eon 
suming c's no heat is added other than from the ambient, jftor 
the removal of frost the compressor is switched on. 

It takes a long time, perhaps a few hours for the con- 
vection currents to melt the frost on the evaporator, wnd the 
torperature of refrigerated products would rise and its quality 
will suffer. It will also cruse the articles placed in the 
freezer to melt. It is of common knowledge that products like 
ice cream etc. cannot be kept undor such conditions and it fs 
advocated that frozen food stuff shall not bo thawed until 
they are ready to be eaten. ibr these applications and ,alit 

tho off period defrost is not suitable. This method can only 
be applied where medium operating temperatures are involved 

abovo B° ). In small refrigerators e.g. In house hold, in 

butehor 'loxes, Interruptions being permissible, sufficient time 
cm be allottod to remove tho frost by picking up heat partially 
across the cabinet and partly frock within the box itself. Ibua 
in t way, the host consumed in frost deposition will be routi- 
Used by cooling the box with it during the defrosting„ It Is 
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The advantages of water defrost systems arc its 

quick operation!  End applicability fbr all evr orator tem. 
peraturas. The disadvantages are the limitation of its use- 
ftilnoss only where water is available at terxpersture above 
4&F, difficulties with automsti&ation, and considerable plumb.• 
in.g requirements. 

The earliest and most elementary method is the manual 
shutdo n where the operator stops the compressor id allows the 
frost on the coils to melt. It Is the simplest but time con. 
cumin as no heat is added other then from the athient. ,ftor 
the removal of frost the compressor is switched on. 

It takes a long time,, perhaps a few hours for the con. 
vection currents to melt the frost on the evaporator,, and tho 
tonrn. orature of refrigerated products would rise cad its cpality 
will suffer. It will also cause the articles placed in the 
freezer to melt. It is of common knowledge that products like 
icc cream etc. cannot be kept under such conditions and it is 
advocated that frozen food stuff shall not be thawed until 
thoy arc ready to be eaten. Ibr these applications and cliko 

the off period defrost is not suitable. This method can only 
be applied where medium operating ternperatures are involved 
(above °i). In smell refrigerators e.g. in house hold, in 
butchor boxesf, interruptions being permissible, sufficient tine 
can be allowed to rowove tho frost by picking up heat partially 
across the cabinet and partly from within the box itself. Thus 
in a way, the heat con oumed in frost deposition will be reuti. 
lisod by cooling tho box with it during the dofrosting. It is 



cn advantage in this respect that the heat otheruiso lost in 
frost, en be partially recovered. 

This method of . manual shutdorA is also used £n largo 
p1tnts attended by competent operators, in general it is not 
satisfactory on present day commerci.eicommercial ec i pment comm my fund 
in food cnd beverage dispensing ec4ip.ment. 

Automatically regilated shutdoiin methods are preferable 
in my epplications. Man is not as dependable as an , tomatic 
control. Moreover the cost of performing the job manually or 
of failing to perform a fiction at a desirable time cen be 
more than that of automatisation. There are Pour ways to con» 
trol this method ; (1) Pressure control; (ii) Temperature con-
trol; (Ill) Time control and (iv) Time initiate and Pressure 
terminate cont role 

61 	r r QSTI 	TING 	JQ1L 	tJfls 
This method is used in dairy and vegetable refrigeror 

tors where the air is circulated through the evaporator by tens, 
rater fig. 2, 61. The compressor is switched off with the help 
of a pressure control cut out when the suction pressure falls 
below the eat-off point, and will be restored to normal operation 
when the pressure rises above the cut..in, point. A. cyclic 
operation will thus accrue, In the figure the low pressure cut 
out is shoun iti position and is located in the compressor sir. 
cuit0 

1lgo 2S2 shows the cyclic variation in suction pro. 
ssure with respect to the time (2). The portion 1) represents 
the refrigerotion period, while A,,B, and C represent off periods 
Ibiloiring the switching off of the compressor. A is the period 
when the icoq  the metal of the evaporator and the metal of 
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walls surrounding evcporator are rising to 3EPtt B is trio 
duration of the actual melting of lee at a constant temperaturo; 
and C represents the time during dhich the refrigerE.nt is rising 
above the to orsture of 3SPF. lndidentelly C in the period of 
maximum ixportnce as too long a period will increase the tem. 
perature undesirably while at the same time should be long 
enough to allow defrost water to drain clear from the fixture. 
With this defrost method largo amounts of frost will never accu . 
oulate on the coil as an off period occurs thenever pressuro 
falls corresponding to large frost accumulations. 

In this case even if the heat load be such that no off 
can be reached, the evaporator pressure will eventually drop to 
the pressure control cut-out point should the frost bo accumu. 
latter This will allow the off period defrost cycle* A draw.. 
back of this mithod is,, when it is used there remote condensing 
units are involved and an ambient at the condensing unit exists 

at a temperature lower thm the evaporator tec persture. it viii 
cause the suction pressure to linger at a value below the prow• 
sure control cut in point. This will keep the compressor off fbr 
a longer time and the temperature of the fixture will rise. A 
similar condition will arise if the refrigerant lines from the 
fixture to remote condensing units pass through trenches or 
conduits with other cold rofrigersnt suction lines. 

It should be noted that where tempt raturo nearly 35' F 
or bolou ore desired it is usually igpraeticcl to defrost every 
cycle by the low side pressure method. 

A thexcostot• is used to control the fixture teujeraturo 
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Fig. % 53 represents a line diagram of such a system, As 
conporod to the pressure defrost, a temperature control is cubs. 
tituted in place of low side pressure control. The cut In point 
is so adjusted that it corresponds to a defrosted evaporator. 
In some cases this method is preferable to the control by mama 
of low side pressure switch such as in cases where conditions exist 
so as to cause the suction pressure to linger below the pressure 
control cut-in point. 

A variation for normal temperature applications incon. 
porates the use of special control involving control through 
a two temperature switch as in fig. 254. One temperature bulb 
is clamped with the evaporator and the other is mounted to sense 
the air to ercture. The later bulb stops the compressor then 
the desired air temperature has been attained although it cam. 
not close the switch to restore the normal re fri ge rEtin g opera 
tion. This Is done by the bulb on the evaporator coil, which is 
so adjusted as to switch on the comp rossor at a temperature of 
the evaporator corresponding to defrosted condition* The bulb 
on the evaporator surface cennot open the switch. it has the 
edvcntago that the defrost period comes end the compressor 
cwitcheo off when the circulating air has reached a particular 
low temperature, and the system is switched on to normal ref. 
rigeration operation as soon as evaporator has been completely 
do fro stod, 
• Thin method again provides the defrosting action every 
cycle end has the limitation of becoming impractical there tern. 
peraturos of nearly 3507  or below are desired, 
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Time clods are utill eod to initiate end terminate the 
defrosting period* The timer clocks are wired so that the ci 
etuit to the condensing unit breaks for a prodeteroined time after 
fixed intervals* Pig. 255 carries a timer switch connected in 
the compressor circuit which will switch off the compressor 
after a fixed time period. After a p redeterinined time of off 

period to which the timer switch . htg been sot it will connect the 
circuit of the compressor end start it,. The frequency end duro+• 
tion of defrosting operations are selected and adjusted based 
upon the operational experience or under instructions from the 
tEnu ftictu re rs. 

If the shut down period is not long enough to allow 
complete rolting of the frost End its dripping off then ice md 
frost uili complicate the operation. On the other hEnd if this 
period is adjusted to maximum load crnditions, it will be too long 
under 1i-~t load conditions and the temperature of the fixture 
will increase thus exposing the products stored to the dengor of 
spoiling„ The setting of timer presents complications in that 
the shut•-dour period varies with numerous factors end one setting. 
will not be well suited under different conditions# C nerally 
the setting of timer is done seasonally. Js a rough guide the 
defrosting period in commercial refrigerators nay be som thing 
from 45 to go minutes for forcod air evsporetorc as used In 
dairy,, vegetable and meet fixturese h period of three hours or 
tore is rehired for gravity air flow refrigerators. (2~, 

2.54 LL J  

It is a definite varlttion of the previous method. A 
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timer switch starts the defrost by opening the compressor cir. 
cult but does not close it. This period is terminated by n 
pressure cut-in control, refer fig. 2..56. Most of theso systems 
h cve a safety time limit to oper'to and closo the circuit should 
the pro-set value of press~zre cut-in point not be reached, This 
safety time limit is generally adjustable. The frequency of 
defrost ci be regulated from hour to six times a day. 

A graph between evaporator pressure and time of opera• 
Lion in fig. 2.57 is a typical representative of meet display 
unit utilising two to four defrost,ings per d©y (2y. Vegetable 
and dairy display cases will have sill :r evaporator pressure 
charsctorstics end require approximately the same frequency of 
defrosts per day. It is clear from the pressure..time graph that 
as the frost is removed the low side pressure increases gradually, 
end ss soon as the lust bit of frost falls from the coil surface 
this pressure rises rapidly. then the pressure rises to tho 
pressuret-in point the syston is turned on to normal rofri-
geratine operation, The period of defrost is varied automatic. 
cally depending upon the evaporator conditions. 

In this case the uncertainty of adjusting the cut-its 
point to suit varying operating conditions, as involved in sisple 
time defrost,, is avoided„ Defrosting is done at regular Intervals 
while the normal operation • is restored by a definite factor role. 
tod to defrost vii. the evaporator pressure that corresponds to 
dofrosted evaporator. 'Theroforo9 although the system is shut far 
long enough to defrost but no longer than w :t is accessary. 
Con so cntielly in this typo the seasonal adjustments arc olini. 
noted and this system affbrds an obvious edv ►tago over control by 
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plc in timere, 

in this method warm air is used as the heat carrier 
for defrosting. To defrosts  the evaporator is first i oleted 
from the low temperature space by means of baffles. The high cad 
low pressure sides are disconnected from the unit. farm air is 
then passed over the coils till Vie frost has been removed. Host 
from an electric source or from outside the refrigerated sp acv 
i.e. the ambient, is utilised to supply a blest of -dorm air. 
After the frost has been removed, the system is restored to normal 
refriger, ting operction. r. few operators prefer to defrost the 
coils without di sc onnoctin it from the low side. In this case 
the time required will be more as compared to that requirod after 
isolating the evaporator. 

When the tonpersture of germ air is 740 P it takos about 
half on hour for defrosting end with lower tecperaturo of air,, 
say 450F, longer time to the tune of one hour may be roqzirod. 
Obviously the defrosting time will depend upon ambient temper roturo 
and its relative humidity. 

This method is in fact ; attachment to refrigerating 
systems end Is, therefore, preferred when • the same are to be 
traansportod 'oversees. Two sots of doors are used with the ova» 
porstor, one communicating with the warm space and other with the 
cold space. By opening the set to warmer space and closing that 
to the cold speed defrosting is accomplished, and during rof'rigo. 
rating, operation the doors to cold space are open while the set 
to warm sppce is closed. This system lends Itself to particular 
applications. Instead of adapting the refrigeration job to a, 



s tand.r rd +snit, air defrosting units are usually dooi jied to suit 
specific q,pliections vnd fit in the space available for the 
egiipmcnt. The air handling ec zipmsnt end the refrigerator are 
varied in design with the requirements of particular application. 

It is one of the safest methods whicJ does not disturb. 
the conditions in cooled space. The defrosting cost is low,$  end 
there i.s flexibility in location of defrost units. The dig. 
advantc ,es Include higher installation cost, special engineering 
end de.si# cost for each unit, and inapplicability in low tem. 
perature amblents. 

2,7 flOGj3DEFRO; 
P arado xi cal lly enough it is si old but current method of 

defrosting the coil. For the last many years this system has 
been used on a number of commercial units and large cold storage 
plants. This is one of the most economic methods although tho 
installation cost may be slightly higher than other systems. In 
this method all or a part of the hot gas from the coi pressor is 
used fbr defrosting the evaporator. Piguro 2,71 shows the basic 

erran gement. 
Men the defrosting of the evaporator coil is desired 

the bypass valve Is operated to•; disconnect the condenser etc. 
from the discharge line, and the bypass line is connected to dial 

charge. Than hot gases from compressor are led through the byw 

pass line and enter the evaporator. The refrigerrnt vapours 
condense in the evaporator and rojoct hest to the evaporator end 
through it to the frost deposited upon it, which thereby looacns, 

colts and drifts may from the evtporator coil. Ctution should 
be exerted that the valve is opened, slowly end not too wide,. 
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high proaauro refrigerant should be motored to pass through the 
hot gas line at a rate fact enough to prevent cny cpproeiablo 
pressure drop at the restriction l.c. bypass valvo or 'solenoid 
valve in the byp ass line but at the some time slow enough so that 
the rofrigerant condensed in the evaporator may be rem-oroporatod 
couplotoly bef'brs returning to the compressor, it is a very im. 
portent aspect of the defrosting by hot gases. 

In this type ' of defrosting the heat is supplied inter-
nally to the coil and some of the frost adjacent to tho ovapor 
tor coils may molt cn.d loosen the layer of frost above it' a part 
ofwhich may fall ofd' without melting. Adequate drain heaters 
shall, hoc~eror, be provided. The basic cycle had many drzn bocIos 

( a) The hot refrigerant vapours that condense in the 
evaporator may not r eeq)orato and liquid thus produced may 
either -run back or be dram back by the compressor cylinders. 
This may cause serious damage to them by liquid pumping. 

(b) 4hen defrosting, the coil is not ebtorbing hoot and 
the re-ev€poration may be too slow and in-ado quato. Some rot.. 
rigor n:t may remain in it after condensing. This may continue till 
eventually not enough quantity of refrigerant returns to the cow. 
pressor* In such a case sufficient hot gas will not be available 
fbr complete defrosting end the system will run out of heat* 

(e) It also depends upon high ambient temperatures end 
high uandonsor pressures. It the condensing pressures in the evo-
porator of the system during defrost (uhieh are fairly loser then 
normal condensing pressures) correspond to a temperature near 32PP, 
little or no host transf©r from the refrigerant v ,our to the frost 
on the evaporator will occur. The condensed liquid from tho 
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cvtporator is to be re-evaporated by ambient at the sacs pro.. 
nsuro aid enough heat transfer from ambient, in suction line, 
for re.'ovcport.tlon will occur only if the ambient tena raturo 
is high enough. Therefore this system is not dependable when the 
heat requirements for defrosting are large, particularly in 
winter, 

2.71 Ft ": fI R Z Vi 	k1~ 
Lith the help of the farogoing discussion it can be 

observed that in a practical hot gas defrosting system there are 
two bcsic require©cnts that must be fulfilled. 

(a) Liquid refrigerant must be prevented from slugging 
the compressor , and 

(b) Sufficient quantity of heat must be available to 
be supplied to the system to obtain a rapid, complete and un-
failing defrost. 

As already pointed out the basic system does not work 
well, nevertheless it will lend itself well with rmlti-eveporotor 
system. when more then one evcpor,stor is connected to the now 

rossor# one evaporator may be defrosted with the heat avail a 
bie from the other evaporator* Pig. 2.72 gives it and shows the 
valve operation se icnce too. This system also has certain limi-
tation in that during defrosting if there are tuo evaporators of 
app ro tinctoly the serer sl ne, the ticno token Is too largo. This 
fay because of the fact that it takes much more hest to remove 
frost than en equal si'o evaporator can pick up under normal  norizial 
rofrl go rating conditions, However, where there are core than t ► 
evaporators this .► thud is normally reliable aid rapid enough to 
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rexovo tho frost in roaconable time. The sago holds when to 
ovcporotors of largely dltlmrcnt sizes are used on a plant. Tho 
smaller ov poretor shall be defrosted first immediately followed 
by the lerger evaporator. 

.. Mg, 2.72 also reveals that in regenerative method a 
large number of valves is re aired. This is no handicap when 
the operation Is manual but Is an outright bottleneck In the way 
of automatization of this system with the help of standard valves 
end instruments on the market,. 

3!72  I:UR I -h.Xj 'QFt1.TQRs 	' 
The ambient air is used as the heat source to rc-ovaporatc 

the refri rant which has boon liquefied in the evaporator during 
defrost.. In fig. a73 is included a long suction line through. tho 
ambient, which may be en adequate heat source provided that the 
ten return of air is fairly above 3P E. But the rate of condon.. 
sation is so rapid that a p art of the 11 quid may not be rc..ov a-
rated nd may pass on to the cosprossor. To overcome this diffi-
cult y the flow rate of the refrigerant Is restricted with a hold 
back valve placed befhre the ,re.evaporntor. The valve is so sot 
that it remains wide open daring normal refriger-tting operation 
but as the suction pressure increases during defrost it starts 
modulating, thus checking inrush of liquid refrigerant. The modal 
Iating point of this hold back valve is set at a pressure higher 
than normal suction pressuro end sh all be at the some time lower 
than that corresponding • to the to erature of the airs At tho 
end of defrost there will be considerable liquid refrigerant be.. 
hind the hold-beck valve. To ensure that whole of it is evaporate 
before tho restoration of normal operation certain delay is allowo 
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between the hot gas line valve closing and the starting of the 
evaporator fans. 

The drawbacks of this type of re«.ovaporstor include 
its dependence on high ambient te..peratures0Hunting may be 
caused by two modulating valves viz, the expansion valve and 
the hold beck valve located in series on the same line. it will 
cause intermittent working of the refrigeration system and re. 
duce Its opacity. The modulcting valve end re-evaporator in 
the suction line cause a pressure loss to the extent of 	psi. 
,nd will reduce the capacity of compressor. However, with pro. 
per design this loss can bo effectively reduced to values between 
* to pCis 

t variation of the above system intended to overcome 
above oontxoned difficulties may Incorporate a bypass line across 
the ro.-evaporator, refer fig. 274. Daring normal operation the 
bypass is open thus cutting off the re-evaporator and the hold. 
bads valve. The pressure drop in them would be eliminated. 
During defrost the byp ass is closed. Since the re.-evaporator 
line is in operation during defrost only the modulating valve 
can be set fbr any pressure. Air temperatures of even 00F at 
the re-evaporator have produced satisfactory results. 

This thereto bank is essentially a heat oxthcnger and 
a host reserve or heat bank at tho some time, It is installed 
on the cocpressor discharge line end beforo the condenser. It 
contains a heat storing macs (usually an onti-froezesolution - 
or soaotimes water even). During normal operation the warn 
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discharge gases from the compressor heat up the heat reserving 

Cans, The het is w1thdra i from it .during the defrost period. 
I _ bypass to the heating coil of the discharge line is also md. 

stalled so that when the te:rporsture in the hest bank rises the 
coil may be cutoff from discharge line„ 

Fig. 2.75 shows the heat bank in details. There Is an 
outer talk that contains the heat staring medium end in t hit i 

is partially immersed en inner tank. The two are Insulated to 
rod'xce any loss of heat and the outer vessel is sealed hermetic&► 
fly thus avoiding the necessity of replcnishing the medium. 
During nromal refrigerating operation the compressor dischf.rge 
gases enter the outer tank of heat bank through coil 1, trans. 
for some heat to the resorvo, and leave through coil 2. All 
suction sages pass through the inner tank entering through coil 
3 and loc.ving by coil 4. Jlarost no pressure drop occurs In this 
coil although the temperature may rise by about 4o  to 6 F. (14) 
During defrost period the hot gas byp sss line is opened,, hot 
gases enter the evaporator, condense there End the liquid passes 
through the suction line till it reaches the thermobsnkd It 
cnters through coil 3 and drops don in the inner tank, picks 
up heat, evaporates end returns to compressor. There is a small 
hole to drain thcoil from inner tank to oil sump. The ciao of 
this hole should be small enough to ensure the escape of oil 
and at the same time it should allow no Ii quid rofri derzrnt to 
drain. In somo cases it may happen that the thermobank is not 
capable of supplying sufficiat hoot to remove the frost complot.. 
ly and the ligtuid refrigerant may slug the compressor, To 
overcome this difficulty, a hand operated throttling valve Ic 
Installed t ich will be normally wide open but In case the liquid 
slugs the compressor it will throttle them. This, howocry will 
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increase the defrostin ; time and will not be eutonrticelly 
operating. 

When water is used zs the heat storing moms it may 

be allowed to freeze in the heat bsnk. This will allow the 
refrigerat to pick up not only the sensible heat of the reserve 
but also the latent heat of fusion. iz hold-back valve will . be 

placed before the heat bank and that will maintain a low suction 
pressure in the re-evaporator (such that the water in the heat 
b, k may actually freeze). This will also hold the suction pre:. 
ssure below t excessive amount. 

This method offers automatic defrost with the exception 
of hand operated solenoid valve,, establishes quick defrosting, 
utilisos the waste heat of compression through the thermo..banIt, 
and the equipment czn be installed outside the refrigerated space. 
The d .sadvantsges are higher initial cost and greater care in 
selection end cppli cation.. 

2.74  h E!4AR HGMLJsQJJiiQs 
This method of defrosting has been used in a number of 

smell commercial units without making my special provisions 
for reeevrporation of the hot gases condensed. Uangor of ret. 
rigerant slugging the compressor, however]  exists. As a matter 
of Pact only a part of the re "rigerent within a system is cir-
culated during defrosting. The only part involved is that thick 
is trapped in the ovoporator and suction lino at the time the by.. 
pass volvo opens. Tho re!rige.rtnt i.s more or less pressure sealed 
in the ecoiver and liquid lines,. In a dry expansion system tho 

amount of refrigerant partaking in defrost is particularly vary 
snail, This reason helps to reduce the possibility of lizid 



slugging the compressor . 
To eliminate the liquid passing on to conpressor from 

other causes, following points should be considereds 
1 	The system should be designed preferably for dry ez 
p an sion so that during defrost the €ompressor di. schotge gases 

entering the evaporator have a minimum amount of unevs-p+orated 
liquid refrigerant to push.. 

2. 	The bypass line should be installed in such a way that 
It drains under gravity Into the evLporator end does not ac€u 
late liquid refrigerant during normal operation, that will have 
to be pushed by hot gases during defrost. 

30 	Traps on the suction line within the refrigerated space 
should be avoided as liquid may condense in them hi €h will have 

to be re-cvzpor€tad before It roaches the corrpressor* 

2.75  	s E CYCL  ; 
In this r ^ thod, the flow of refrigerant is reversed 

for defrosting. During this period evaporator acts as a con-
denser and the frost Is removed; the condenser acts as an 

evaporator. Although it utilises hot gases from compressor dia.-
charge to defrost, it can be classed as a system different 
from that* 

During normal operation the refrigerant flows from the 
compressor through a four.way valve to the condenser and through 

the checkvalvo built in the automatic ear en lion valve. The 

thock..valvo allows tree flow of the refrigorrit In this diroc• 
tion, The liquid refrigerant goes on to the receiver. At the 
evaporator the chock valve is closed and the liquid flows 



50 
through the exp sion valve thus setting up a lower pressure 
In the ovLporator where It furnishes cooling. Evaporated ref. 
rigerant passes through the four way valve bock to the compressor. 

As frost builds up on the evaporator coils the suction 
. pressure decreases. A reverse-acting low-pressure control is 

used to energise one of the solenoids in the four-way valve end 
will reverse the flow of refriger6nt. The refrigerant vapours 
flow fro .o compressor to the evaporator, which will now act as a 
condenser, and the vapours will condinset  pass through the chock 
valve that is open nd by-pass the expansion valve. The liquid 
refrigerant will collect in the receiver End mores on to conden- 
sor through the automr:tic expansion valve (with built incheck 
valve keeping closed). The refrigerant evaporates quickly in 
the condenser. which acts as en evaporator. As the defrosting 
continues the pressure of the refrigerant in the evaporator rises 
end it actuates the reverse-acting high-pressure control that 
energises the other solenoid In the fbur..wey valve End reverses 
the direction of flow to restore the system to normal operation. 

In diagram 278 the two cycles are clear. The four 
way solenoid valve will connect as shown by dotted line during 
normal operation end will be in position represented by solid 
line. Although the check valve after condenser is shown as a 
sap arato unit in actual operations  automatic ex an sion valve with 

Y 

a ball check built into it are used. 
This method provides an automatic arrangement. The 

evaporator is defrosted quite frequently and not im2ch frost is 
allowed to deposit on the coil. It will therefore operate under 
favorable conditions. Reversing the cycle establishes defrosting 
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quite rapidly and the condenser heat is utilised efficaciously. 
In this period the load on the compressor is low, 

A deliquescent sslt is pi&ced in perforated throughs 
which are placed above the evaporator coil, As the air passes 
through the salt, It forms brine by giving up part of its hunt.. 
dity. This brine drips over the coils washing oft the frost. 
In this method the refilling of the troughs is cosnbursomo and 
Is a disadvLntage. Moreover, certain quantity of the salt is 
also lost* 

2.81 	mother method involves the treatment of circulating 
air by curtain dehumidifying agent,, the .vapour pressure in the 
air would be reduced such that its dew point would be , depressed. 
below the surface temperature of the dehumidifying agent. The 
operation of such a system can be described with the help of 
ar air washer. If some dehumidifying agent like Lithium Chlo. 
ride be added to the solution its vapour pressure eo be lowered 
for the some to rperature of the solution. In a Lithium Chloride 
water solution  percent concentrations  the vapour pressure 
at 92°F corresponds to a pressure of water at 35°F. 	The air 
leaving such a washer will have a dry bulb temperature of about 

100°P and B dew point of 400P. 
It is obvious that this method will lend advtntageously 

to applications where relatively high dry bulb temperature end 
a relatively low dew point is required* We Imow that frost prob-
lerms are involved because air possessing a moderate dew point, 
that is above the temperature of evaporator coils$  passes over 
thorn at oib.froo ine temperatures. A system utilising the ebovo 
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principle may produce air at a deer point well bolo r its dry 
bulb temooreture t hich may itself be below 3?F. If the doer 
point is depressed to such cn extent that It is less than the 
temperature of the evaporator coil, no frost will ever fbrm and 
it will contribute towards the solution of the frost problem.  

Figure 2$1 shown Kathabar system of U. S. t. utilising 
the above principle. It uses a Xathene solution for dehumidi. . 
ficatlon treatment. Kathene is a trade name pplied-to certain 
Lithium Chloride solution with some other additions. The air 
that is to be cooled and dehumidified to a low dry bulb ton-
perature nd still lower dew point, is passed through over the 
cooling coils. The Kathene solution is sprayed over those coils 
rnd flows downwards under gravity to the sump. Either direct 
expansion in the tubes or chilled brine therein cm be used to 
cool the air stream. The Kathene solution during dehumiflcmtion 
of the air stream absorb:--s certain moisture from it. In order 
to maintain a particular strength of the solutions, it is removed 
to the rogcnerator. However, the concentrated solution leaving 
the regenerator will be hot and will result in a certain load 
on the cooling coil. Therefore only a small amount is delivered 
to the regenerator heater#  which it leaves in a very concontra.. 
ted state such that it may be sufficient to maintain the specific 
gravity of the main body of the solution, The resulting load 
from this courco is very small. It has been claimed (23) that 
the equipment can be dosi ne  such that the refrigeration load 
from the regenerator is 150 Btu/lb.. of water removed from the 
air, This compares well with refrigeration requirement of 144 
f3tu/jb, of ice lbrained. 
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kathcno solutions are reported to be capable of bing 

used at very low temperatures. it has been claimed that (23) 

that tetcperotures as low as -»11OoP have be obtained without 

the freezing of the solution and air has been successfully cooled 

to .5O°  dbt dry bulb to 	erature end .65oF dew point„ 
The advantages of the above system are that .the coil 

remains corpletely covered by the Kathene solution because of 
its viscosity and the frosting does not occur even at very lou 
tei perat'ires, therefore the operation is continuous regardless 
of the moisture load. Also air can be delivered at very low 
tei poratares.. 

The hest for defrost is obtained frori electric source. 

In most eases the heat Is applied externally although it can be 

applied intern ally too. Such systems, thr; reib re, take a longer 

time for defrosting than the hot as n2thods, usually ] times 

or more than that of hot gas itothods. 
The heating element used during defrost may be installed 

directly in contact with the evaporator, depending upon heat 

transfer by conduction; or may be located between evaporator 

fens and the evaporator#  depending upon convective heat transfer, 

or a conabi!.ttion of the two fbr defrost. In my case a tem-
perature limiting device should be used on or near the evapore 
tor to prevent excessive temperature rise. 

2.9i 	In figure 291 the heating -element is built into the 

evaporator. The heating eable is applied in correct lengths in 

direct contact with the evaporator surface, the bottom of the 
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drain pen, end the drain-line from the drain p cn loading to 
the outside of the cold room. This system is usually auto-
motically operated by a timer switch that, when the defrost 

period comas, will close a solenoid valve in the refrigerant 
food line*  stop motor and fens,, cnd will energise the heaters. 

To prevent overhecting of the evaporator coils, a thermostat is 

usually installed within the frame..work of the unit, and that 
is set to cut out the heaters as soon as the temperature Of the 
unit rises above 400?. Frequently the required heating load 
during defrost may, exceed the current carrying capacity of a, 
st dard timer equipment and s© relays may be necessary. 

Figure 2.92 shows the variation of temperature with 
time. Thero are three distinct periods first the temperature 
increases corresponding, to the period when the frost temperaus 
tore is increasing to a value of 320?,   and then the temperature erature 
remains constant till the frost melts, this is the second 
period; then again the temperature increases cad this period 
corresponds to the dripping away of water that has been formed 

because of melting of the frost in the preceding period. 
In case when the heaters are inserted into the evapora.. 

tor coil, manufacturing end field..servicing problems may be in. 

valved. Therefore, in long evaporators,, it is usually bast to 
utilise the flowing stream of air as the heat trcnsfer medium 
and the heEtin6 elements used to supply heat for dofrost may be 
located botwecn evaporator fens id the evaporator coil. Tests 
.hove demonstrated that since the flowing air provides a good 
heat oxchmiger vehicle,, the period of defrost Is about the some 
£.s that fb r other direct contact methods. (2). 
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bs shown in figure 2,93, a separate system containing 

the refrigerant is built into the evaporator. There is a con. 
teener of refrigerant that can be heated by electrical elements 
during the defrost period. The hot re fri. gerant gas passes 
through the tubes In the evaporator thereby providing necessary 
heat to the frost. Circulation of the gas is maintained by 
thermosiphonic action. airing defrost safety limit switches arc 
employed trd the operation is automatically controlled by timer. 
These controls stop the condensing unit and the blowers of the 

evaporator, 

2.93ELLCTT1JçL/IJPt  
Electric lcmps focussed on the coil are also used to 

defrost. Heating is by radiation. Infra -,red loops have been 
cpplied sty ecessfully only to belts In continuous food.- froezers. 
The woven rire..belts used in continuous food freezing become 
iced in a short time. In one Installation a belt 6 feet wider, 
travelling at a speed of approximately 1 'pm. was completely 
freed of all frost by twelve 500 votts infra-red lamps placed 
at a dlstcnce of 3 feet from the bolt und. outside the freezer 
space.. The only fault of this system lies in the high breakage 
of the imps caused by clown-up gang which took over at the 
Cnd of each day' s operation. (16). 



CHARTER 3 

ANALYSIS AND RECOMMENDATIONS 

performance from energy considerations is analysed. Different 

defrost methods are analysed and recommendations for handling 

frost problem are made. 
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E = Electric energy consumed 
h = Enthalpy- 
►s  = inthelpy of air at compressor suction 
kid = Ltnthtlpy of air at compressor disch rge 

14 	- ,teat trEsfer 

• i 	= As defined in Art. 3.54 

Total. refrigeration load 

q, 4e, 9,sr qr = As defined in ,.rt. 3. 2 
t 	Tevp er stu re 
T = Time 
o  = Time of refrigeration cycle (hours) 

Td = Time of defrost (hour) 
U = Overall heat transfer coefficient 
v - Specific volume 
W =- Specific humidity of air 
w = weight rote of flow 

Ic  =work of compressor per pound of refrigerant 

Subscripts  
to 	Bo .cvcporator 

c =- Compressor 
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3.1  j  r!crxoii: 

Pror the point of view of the operating economy and 
energy consumptionthe perf rmsnco of an evaporator is idoal 
when the ov iorr,tor roiaoins free of frost. But practical cppli.. 
eations collect frost, the performmmce deteriorates, and so need 
defrosting. if it mcy be desired to keep the evaporator frost 
free a l€rge nber of idle periods of defrost will have to bo 
utilise& It i ill regiire ' ..rger equipment to handle the load 
end my clso cause spoilage of the prod,jets. 

Lpert from the considerations of prod•.et spoiling, it 
ij to be noted that while seltictin„ eny particular defrost fro- 

gjency, following points sh ll be considereds 

(a) !or a given refrigeration plant„ what is the maximum. 
rcfrigor :tion rate that can be obtained with i differcr:t defrost 
frequencies? 
(b) that is the ninimum sveratjo energy e.)nsuuiption of com- 
pressor rotor that will handle the refri;gertion load? 

It is bite import nt to note that each system has en 
optimum interval Lnd duration of defrost. it may be just as 
uneconomic to defrost too oft c , as too seldom. The variables 
for optimum performance should, therefore, be carefully wise. 

t+d.. 
In this chapter the performance of a refrigeration syc-

tam is analysed in relation to frost deposit,, and different 

& frost cr thods adopted.. In reference to the later energy 
o cttons are developed fbr different systems and a basis i r 
comparison of defrosting cost is expedited. 

3#  G 	i' Ji 77a  s 	! 	 4# t r 
r"or any defrost method the quntIty of heat to be 
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Suppliod iaili be a egwposite :tertt içuction 3.21 is the expra. 
ssion for the total qu 	tity of hest supplied 	. 

Ad = . (i f "' G€e + qs 'P q ► 

 

(3. 21)  

trhere 	z total gentity of heat required during defrost. 
of = gxentity of heat necessary to melt the frost 

end remove it. 
a cueaitit y of heat that contributes towards the 

rise of to per t-.ire of the coil surface ind 
eb,e walls to n value of above *bout 340 F. 

q = quantity of heat lost to ambient air during c 
defrost, 

q ; = entity of heat lost to rofrigercnt that may, 
In some cases, be e~tre.9ped within the ovupore, 

for coil during defrost. 
Sono of these tens may be inoperative in certain cses. 

The €count of :teat required to melt end remove the frost# of 9, 
dopends upon the temperature end quantity of the frost deposited. 
It Is coesosgd of hez:t required for sensible heating of frost 
to its molting point, molting It and heating a bit further for 
easier rxrnval,and can be ?ouXply taken at 2)0 Btu per pound of 
frost rerovod under ordint,ry conditions. The exact weight of 
the frost deposited ern be measured in the laboretoryo . However, 
o rerienco my tell us the pro .meto amounts deposited for 
prrtic:lcr cppliectionso 

The mrgnitude of heat supplied to the evtporetor coals 
end shell 1.0. q~ will be detoarmincd by the weight of the well, 
its specific heat and the temperature range through which it is 
beeted, 
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'Obt lost to the a ibient air depends upon a number of 
fr-etors and msy very 1 .roly i ith different instbllations. 

areas it coy be negligible in case of a few systems$ it may 
be the 1€ rgost factor in a few others. The inf1aercing factors 
Ores the defrost period# the temperature difference between the 
air tt d the products, the type of separation between these t ' 
end the eztont of ci ; clulat ,on of air if en y. Since their over. 
all inf .ucnco cannot be simply determined, this term Is hard to 
be conputcd. }lowever, It cm be determined indirectly if necc » 
ssary, by itcosurin = 	end finding out the terms q,j I qs , and 
qr . Then from a etion 3. 21 the value of qs ctn be deterr ined. 

In addition to these q ntities of hoat$ in stag cases 
where ttc pro - rigorcnt omains entrapped In the evaporator coil, 
certain count may also be required to host up this portion of 
the 1ic aid. This term will be absent in case of hot gas and 
reverse cc  1e defrost (1.rt. 27). 

Gem .i~!orin. the a ression for the airount of heat 
required for defrost i.e. i In eq ation (3.21), it can be noted 
that whole of the heat required Is not for hooting up and nel«-
tin , the frost, On the other had, this requirement amounts to 
only c port of the total. The warming up of the evaporator coil 
and eehc may have giito a .large * share,, and In some cases vi4. 
in electric defrost methods air may take a Urge portion of host. 
Under similar operating conditions, the temperature of the coil 
not c}ern 1n g much, the mcgn itnde of % tilil not vary con sideru. 
bly with different quantities of frost to be removed. The see 
has been Ibund to be true with the factor q8. Thore#hro, with 
different amounts of frost accumulated the change in the heat 
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roqiirod during defrost will be relatively small end the defrost 
time vill remain more or less un a 'footed. 

Ec ction 3..21 also shows that smaller amounts of heat 
will be roquired for medium or re1at1ely high tes pereturo ova. 
porators, as they will defrost more rspidl.y. The mount of heat 
transferred to sir, wherever it is sianificant, is proportional 
to the defrost period. , A giicker defrost will result in snallor 
(entity of heat wasted in warming the Li?. 

3.3  pJ 	TIOT _C` C '.s 

The refri aer nt pressure enthalpy diagrar Is shown in 
fi t.ro 3q31. The cordcnser pressure is Pd crd the evaporator 
pressure is P. The cycle of operation will be sdeo. The heat 
is picked up in the evaporator at constant pressure Ps  during 
the process es. 

The Refrigerating Effect per pound of refriger+ nt ►o  . ho  , 
The azeunt of work rec;xirod by the compressor will depend upon 
the op a rctin g pressure run go, the re fri gc rant and the type of 
compression, If the compression were adiabatic, the work rem fired 
por pound of refrigerznt passing through the compressor = h, •. h5 . 
for n gcnoral noradiabst1c process 

hdgohg) 'c  

The liquid leaving the condenser Is assumed to bo saturated. 
thin the compressor does not operate the pressure throughout the 
systoc uIll ecaoliso at some ` Intermediate prossuro value P3 * 
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3.41 	,R!JtLPJL 0 PR 	lJ1s 
Lot us consider an .rbitrary cycle of operation and 

defrost., for ihidi 
Lverrigo r2te of cooling per hour for the cycle ~»•.-. 

uhich can be rewritten as 	 (3.41) 
1'- id / To 

In this expression it can be noted that the numerator is the 
t.versge rLto of cooling by the refrigerator when only normal 
operating time is considered as affecting.. 

If T , is small the totmt of frost on the coil will 
ci ca be call and it vi1l not Inhibit the rate of heat t rez: sfor 
CO that the hoot will bo removed by the evaporator at more or 
less unifbrt3 rate. Im edietely after defro3t, some additional 
load is ic'osod up on the plant rhic-h is, also to be handled by 
tie nvapor.ctor and the useful cooling offact is reduced. This 
fcctor, houovor, will be iiportant only in the starting hours of 
the plant cnd In the beginning the re frigercting affect will be 
oocl1. Once this load hcs been offset its influence on term 
r / To subsequently will be absent, In the initial stages of 
operation tzr / To will therefore$ increase slightly with incroo-
sine runn1n ; time. However, when the plant hasp run !"br some time 
the heat will be removed at Toro or less a uniform rate. In the 
dcnominotor occurs the term Td / To I the variation of Td has 
r1roady bean discussed, it . does not chaige much. with the quntity 
of frost accumulated (Lrt. 3. , particularly then the time of 
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operation T, is low,, the mount of frost on the Coil is small 
end tho value of of Is small ( E cpation 3.21). Therefore In the 
lower rcnge- of To  when frost accumulation is less, with increasing 
value, c f T, the denominator in the a cession for average rate 
of cooling during the cycle decreases while the numerator tends 
to increase. For a given punt the average rate of cooling shall 
consequently be effected to increase. 

As To 'increases further$, the numerator becomes constant 
tnd the variation of the denominator may also be small, duo to smefl 
magnitude of Td/  T, 0 If the stage when q. / To  is constant 
is rocs iod when the variation in the denomir otor is smalls  the 
magnitude of average rate of refrigeration will be mDro or less 
constant. 1owover, a general trend that the average rofrigera.► 
ting affect shall tend to become constant is indicated. 

flow when the term T. is largo, Td / To  in the denomino. 
tor becomes an i,nsigmifio, nt gicntlty ( for ga minutes defrost 
once a day Td is about 1.' pere nt of To  ) and this factor will 
not change materially with the change of To. ]Nonetheless,, with in 
creasing time of operation the frost cccumul&tion on the tail 
would hove increased which will require lover refrigerant to erg. 
turos In the evaporator to meet the load (9). It will result in 

a lowered coefficient of performance end qr  / E will decrease„ 
rb r a system in with the compressor continuously runs and where 
the energy is supplied at more or loss some rate by electric motors  
the refrigeration rLto Qr  / To will be reduced. Duo to this 
factor the average rata of cooling during the cycle will decrease. 

It lends to a conclusion that for a continuously 
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Winning rtcchine while defrostin,i; too often TO  will reduce the 

rage cooling rate between two defrosts, the same would btu 
true if the frequency of defrost is very small* Therefore, it 
indicztes the possibility that there exists an optimum defros. ting 'regiency at which the average refrigeratin , rate is maxi.. 
rum. 

t tore the refrigerstin , effect is produced at the same 
rate by hc.v. ng a controlled 	aperetion, during the period when 
the compressor cai cope with the load, the average refrigeration 
rate can be maintained, by the plant.. But it is expected to be 
accompanied by an Increase in percent runnin;; time of the com-
pressor, operating cost will go up. The defrost may not be im- 
portent, In such a cases  from the point of view of m 	m rate 
of refri rerr ting effect but will be important due to an increase 

in cost of operation. 

.4 2 	.. pQtiER BE 	FOP 	I 	Ids 

Next let us consider o refrigeration system operating 
under conditions such that it is automatically controlled for the 
tespereture of the refrigerated space by a thermostat. 

Average daily cooling load  
o d 

rote that 	Is the frequency of defrosting per day. 
TO d 

A,vorege electrical energy consumed per hour =  -- _ _. 
o d 

Tonnc,3o ccpacity of the plant  (To  + Td) x 129000 

Average energy consumed .KWH/(ton) (hr.)  
' 	 qr 

(3.43 
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mo4 consi•7orino, tho operct .ng time To  only 

	

l verz o 3ouor of the motor = 	ltW 
TO 

lvertao power of the motor KWton 

	

12,000 	 (3.43)  0 

lnolysia expression (3.43), it can be noted twat-,  it 
Is a prod-et of two variable terms Qr ̀ cnd C I ' Td / 
ttlth lncrcosinn; values of To}  obviously the term within parsnthe. 
t is decroa o while E/ qr I  as discussed earlier$  docronsos in 
the beginning while at a later stage has a tendency to increase. 

aiehever tray those tvo factors vary and their relative mar  ii. 
tudos govern the direction of the variation of average power 
roquired per ton. 

11an To  Is small, In magnitude of the same order as 
Td , the value of the bracketed term docre sos with incrar ,ing 
time of operation. E/Qr  is also decreasing during first hours 
cd so tho avorago power required per ton of refrigeration 
docroasos as the time of operation increases. It is a desirable 
feature. to the value of To  increases further*  its effect on 
t} e € xpression ( 1 + ' d / To  ) bo+om)s more and more insigo1— 
ficut. fowovor, EJst , passes through a period of constancy end 
will start lncrrasing and its effect may be more dominrnt. Thus 
if To Is large, average power per ton increases. his is un- 
dosirable.. Summing up Iry find that increasing the time of normal 
opt•ration i.e. reducing tho defrost frequency while first reduces 
tho ovcrcgo pot,.or recg2ircd per tong  at a later stage increases 
the sate. his shows , tendency that the average power require 
rats per ton will be minimum under certain optimum operating 
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conditions i.e. under a proper cotibirictian of T0  €nod T j o  

t1thougb it cc be predicted that there exists cr 
optimun defrost frequency on the basis of the above criterion 
.yet the ozciet nature of performmee near the optimum operating 
conditions Is not Iown, that the magnitude of deviation from 
opti m will be for a variation of to  from optimum Wppe.OrS to 
be dependant upon the operating conditions of the plant end Its 
dosI. , end zhell he studied as a case influenced by these too. 
tore for individual plants. 

The a itic ce of term overage power of the motor 
mood not be over ©.thasized end It shall be noted that a motor 
of just the cipacity found from equation 3.43., may not be enough 
to handle the load under more stringent conditions of frosting 
at a later stage even if continuously operating, and a ltrger 
rotor may be required to meet the demEmd. 

.:e will next consider and develop the energy equations 
Chet will cpply during the defrost period for different methods. 
Cray systems and chemical defrost methods will not be covered 
to they do not involve Independent defrost periods. 

3.81 	 k)FL2kUQDj 
The compressor is stopped and the heat from urroundiings 

Is al love :i to care Into the refrigerator and melt the frost. 
The total mount of heat required during this period will con 
tribute towards increosin ; the tepc rature of the frost to 3 F'  
to melt it,, to increase the temperature of the evaporator :hell 

d the refrigerant contained therein. Different types of heats 
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that will 'be involved during defrost (.Lrt. 3.2, equation 3, 21) 
ern be determined individually in the folio ing t ay, 

Sensible beet required to raise tho frost temperature to 301? 
WfZc!.x( 32.. ti') 

T atent heat rewired to melt the frost €. = r f Z h is 
heat required to teat the water c 3 =- wf x ( td 32 ) 

Therefore 	qi► = i1 1 q2 * % 	 (3.5) 

Rest racpirod to raise the for or ture of the evr orstor shell 
1- ray = ire (td - to) Ce (.5 

In order to find out the hoot re 	iced to raise the tem. 
pers.ture of refrigerant in the evaporator when defrost comes,, it 
is to be noted that the ratriger t undergoes a constant volume 
non... flow process. Olen the compressor is stopped First tho 
pressure equalises throughout the system at P1 and than tho heat... 
leg occurs at constant volume arid the pressure bill increase to 
some value P2 . This process is represented on prossure.enthalpy 
chart by process line 1..2 in fig. 3.51, It is represented superim.. 
posed on the P-h chart fbr conventional refrigeration cycle sdee 
of fig, 3.31. 

Heat picked up by the refrigercnt qr 

(h 	1)(:1? I V/J) (P2 - Pj) 
Total q«vntity of heat respired during defrost 

of''9r*` 	"~'ae 
Heat transferred tbrou ri the insulation = t 

A u $ (tout - tin 
Since this heat will be supplied to above four items 

(3.63) 

(3.54) 

0 
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In Case of domestic refrigerators qa  may bo small 
enough to be neglected. The equation (3. b4) clearly indicates 
that the operation will have to be interrupted for smaller 
defrost periods as tout exceeds tin. If the overall conductcn.. 
cc is more this period will again be less but this will entail 
greater losses during re fri go ration period and is undesirable. 

3.52  t LE D_Ek  z 

a:+ater is sprayed over the evaporator surface, the 
frost is waited and carried away with water, the evaporator 
surface will be heated up and so would be the refrigerant con.. 
tamed therein. The final temperature will depend upon tho 
rate of water circulation and its temperature, and the duration 
of defrost. 

Heat required to melt the frost can be found by the 
equation 3.51 in which td Is to be considered from actual 
conditions. The ciantity qs  can be determined by equation 
(3.52) in which the final temperature of the evaporator shell 
will hove to be considered. Hest supplied to the refrigerant 
will again be during a constant volume process from state 1 to 
another state I compared to point 2 on fig. 3.51. The pro. 
esure at ? will be determined by the temperature of water usod 

r defrost. This having been estimated, heat required to. 

wards this item can be found from equation 3.53. Since tho 

defrost Is very raid and also not much of beet trrnsfer is ©a. 
peeted to the air in-side the refrigerated rooms  qa  can be 
safely assumed negligible. thole of this heat required for 

74 
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defrost 1i being tr:sterred from the cireeileting water and if 
it Is q t' en for a circulation of water for T minutes 

qgpm 8.33 ( t 1terif - tjel 	g ) x (tin*) 	(3.55) 

The energy e, action, from equation (3. 21), will be 

"`qf * qr # qs 

in this case It is to be observed that the heat carrier 
Later also sets to remove the frost, to carry it away by mel 
tine, it Cnd then entraining It al©n vith itself, Since the tee 
per Lure of water is to be well above 32°F ,~ about &F or above 
(Art. 1.4) , the to peraturos of the evaporator shell and of ref.. 
rigerant will be higher in this as coz pored to the time defrost* 

The expression (3.65) clearly brings out the fact that 
greater is the rate of water circul .tion, the shorter will be 
the period for defrost end a nigher terrperature of cir lcting 
rater will produce a similar effect. 

3.53  

F5arzr air is hlovrn over the evppo rata r coils. The frost 
shall be hooted and melted by picking up the heat from the air. 
The air that is blo in over the evaporator is generally the 
outside air which will be usually existing at a der point higher 
than the tc eratur.e of the frost. 4s it comes in contact with 
frost, in addition to the sensible cooling of air humidity in 
air will precipitate td latent heat will be evolved. This low 
tent heat will be supplied to frost to heat and melt it. There.. 
fore, in order to account for the boat traisferred from the 
air, not only the sensible heat but also the latent hoot assn.. 



76 
dated with the precipitation of 1.:ut ldity hriI1 be ccnsidermd.. 

The n-r.a of voter vapours in the lcb ving air will not be the scr o 

oe In the cntcxing air. The water vapour precipitated will leave 

with tho drip from the eva,arator. 
r this cn o the energy equotlon cn be written by 

considering block chi;igram, 3.52. Lt section 1 the warn air is 

tearinC, tho cvEportor and titter warming the frost it is leaving,. 

at section 2. 
(c v) x (h1 h x `(ain.) = Q f  * q8 + qr  * 'c 

,hers 	= hoot in preclpitt.tod ucl or. The first three tare have 
been already derived tnd their values ca' be detemined from 

otuations 3.51, 3.62 tnd 3. 	3. tlotrover for qr 9  in c3nsidering 

the pracoon i-2 on fig. 3.61 the fin €1 pressure in the evaporator 

vu be cpprozi.wctely commanding to the doer point of. the warm 

air. Those pressures ere well within the working Malts of the 

evaporator coil. Only the tC:D hoot in precipitated gyrator is 

now rni this will be given by 
q = (U1  - t2) (cfcn/v) x h Y(tnin.,),  

111 other fect r$ remaining the same, the time period 

will di croc o with increasing rates of air ci rcu.lr-tion or whCD 

the value of h is high. Ofcourse this depds upon the dry bulb 
tccporzturo vnd humidity of air End will be smaller as the tci. 

porzituro or hu ;idity will increase. The term q will be small and 

ccn be ncrlocted without any effect. 

3. 	 .J 	STS 

A bypass lime is added betueen compressor .d evaporator 



rbort ci'cutting the cond,cn sor cnd o cn oton valve. 	en the 
b pco volvo is opened the gosos from tho coatpro sor, which ore 
undoubtedly hot. enter the oVCporotor. The hoed pressure will 
drop dove vithin o t4nute or co nd iitbin a fo minutes the head 
CM suction pressures will stabilizeut some intertdiete voluos.  
` hø vo1uoa of attbilizod proscurco will depond upon the cunt of 
rosistE1co In the bypocs line voives. It in ibr this ro trictton 
thtt a precouro difference oxicts. The ve itudos of those pro..  
ssuxos 	,l d.otor ine the rote of defrost, 

o prossurc.cnthrlpy diogron for this iiothod ter orc4 
to the or'.incry rofri ;orestion cycle is aivon In fit;* 3.63. ho 
cycle odee is the norniol cycle, while 1Z34 in that during dofmct. 
F mc000 4 rcproocnts hoot lasses In byp oos line. The hoot 
pressure P3 is lots Chris P$ uhilo. P2 is g o for than P0. The 
bold tnd suction pressures during defrost i.e. P3 cM P2 ro 
p ctivoly should by such thot the soturttion tcortur+ cerroc. 
ponding to the hod pressure should be grootor thcn 3?? cad 
tonporotiro crrosponding to suction pressure P2 =at So lass 
th the tctperoturo of the heat oureo. The cycle 134 cocuoco 
th+t the t?i orr t ontoria the ev or stor during dust to 
coplotoly +c ndc ood. In soo cosos only partial coridcai tictiau. 
+it1i occur cM the cycle, of operation util be s t tna like 
l'234. 

t kct picked up by the rofridoront during re ovrporz:tion 

corrprozcOr work : u,. I t3, AT 
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Bott loss in the compressor we  I ,e  
Lott in the evxpor&tar rogtirod for defrost  

With the help of the procedure laid down etrlier c 	cnd q5 con 
be mound:, the term heat rec cirod by aretrtgercnt does not have 

y si ificance in this case► since the defrost is gaite repid 
end the circicting fins,, if y,, are off during this period,, the 
qicntity q can be neglected, The e4lation Z« 21 will reduce to 

Qd=of ''s 
The energy oq- ction f r'this xtothod racy be rrtttcn as follows 

Lett oddod in the rc--ev .po rto r + t o rk supplied to tho corps• 
s sr r = 

 
fleet rejected in the ovppo rcto r cuing defrost r oct 

losc in the pipe line t Heat lass in the compressor. 
,ubstituting for oech torn on the shove expression we can got 

(he - h1) 'r Ile  /J .- (h3  h4) + (h4 - hi) * 	 (3.56) 
oreas for the coirpr osor 

from ih ch we con find tho host ocivl.lent of not energy trenc. 
tarred to the compressor %  

The bypcoc line losses are c oll and m. be left out. 1eglecting 
these the a qu ttion 3.56 can be rewritten as 

arc  (h4 	1> =wC (h2..b1) t( We/J Qc> -de 

Considering the term are  9  we know that this is the amount of host 
tronOforrod across the wells of the z ovoporator. 

ro Are Ur®  (to  - t1) T = vC  (b2.' h1) 	 (3.87) 
end 



yielding 
T = 	 (3.58) 

Are tire ( to t1 ) 

An examination, of the expression forTreveais that if 
the heat demand for defrost €d is fixed, the following points 
shall be fulfilled for minimum defrost period. 

'.i. Meat source temperature to shall be substantially higher 
than the temperature of th re.-evaporator t1. 

2. The area of the re..evWorstor shall be as large as may be 
partically feasible although this will mean an unnecessarily 
long suction line during normal refrigeration operation. A bypass 
line has been suggested as a possible solution. (Art. &72, 
fig. 74).. 

3. The heat of compression qc is increased by raising the cote. 
pression ratio P3 / P2 between head and suction pressure during 
defrost. 

4. Bypass losses are undesirable as they will tend to in-
crease the time of defrost. (equations 3.56 and 3.58).. 

Considering each of the above points separately, the 
temperature of heat source when It is the ambient cannot be va. 
ried at will and shell change according to natural, seasonal and 
daily variations. An artificial source can be added which shall 
b© capable of supplying the heat that may be re gaired of it, during 
defrost periods. 

To increase the ratio P3 / P2 , an orifice ci be in 
eluded in the line to the evaporator. The choice of the diameter 
of the orifice is quite important and critical. If it is too 
large it will build up no pressure difference, on the other hand 

I) G;~_ 
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if it is too small a throttling action will occur and the corn.. 

pressor discharge may be cooled to a temperature below 3P. 
Igo defrosting of the evtporator will be possible. 

3.55 	VflSE ccLE_--D1ROTh 

With the help of a four way valve or a combinations of 
valves, the cycle of performance is reversed. The pressure» 
enthalpy diagram for the reverse cycle and the corresponding nor.. 
ir.al refrigeration cycle both are given in figure .3:.54. The 
conventional refrigeration cycle is sdce, 	the beginning of 
the reverse cycle the head pressure will drop and during the re.- 

verse operation, the stabilized cycle will look like 1234 with 
a lower head pressure. The head *nd suction pressures will do.. 

peed upon the conditions during reverse operation. Process 12 of 
re-evaporation occurs in the usual condenser, 23 is compression, 
at 3 hot vapour enters the evaporator.. reject heat to the walls 
and through It to the frost which will melt,, loosen and drift 

sway. Process 41 is throttling. 
Energy analysis can be done on lines identical to the 

previous discussion. 
! 

2reglectin , all losses the energy balance for the system can be 
written as 

we  (h3 - h4) + We  x sic= r,c  (h2.. hi) + we  We  /J (3.59) 
and considering the performance of the compressor along 

we  (lie  /J - Qc) = tic  (h3 - h2)  

or 	r, (h3 -» h4) = vc  (h 2 - h 1) ' we (h3 - b 2) = qd 
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3. 55  !_CTRI C M ROcTi 
The electric motor is stopped and the heating is done 

electrically for sufficient time to allow the removal of frost* 
The maiys ,s is exactly Identical to that used for the off sys. 
tern with the difference that in this case heat is supplied in a 
different. way and at a more rapid rate. Like that It is a non.. 
flow constant volume precess for the reirigerent but the final 
temperature attained  at state 2 in fig. 3.51 will be more in this 
case as compared to the off system. The value qr  wills  therefore, 
change. The energy equation can be written as 

Qd = q' +9s 1  qua t Qr 

where c is electric energy in Btu to heaters. 
Obviously the time period will be small if the wattage of the 
heaters is increased. 

In case with electric heating, the air may take its 
share of heat as supplied from heaters, more so when the fans 

are not shut off during defrost and air Is used as the heat c D-
rrier, The heat taken by air cannot be neglected for the later 
case, rather may be an important factor far outweighing the other 
items. A thorough treatment can be made with the help of subject 
matter presented here, and in Art. 3.2 and 3.51 

3.6  

For each of the method described for defrosting certain 
expenditure is to be incurred with the exception of time defrost 

(tart. 3.2). The ope-ating cost for water system will be for the 
arrouriit of water consumed, fbr warm air defrost method will be for 
the power required to run the blower circulating air and If ems. 



ployed, for the electric heating of air. During hot gasp reverse 
cycle or electric defrost certain amount of electrical energy 
is consumed and this will constitute the operating cost. 	I 

In order to comp are the expenditure incurred in differ» 
rent methods, we will consider the amount of heat available to 
remove the frost for the same investment. Let us define sn 
arbitrary term "Operating Cost index"% which will be mathemsti.- 

ceily expressed as a ratio 
Heat required to remove the frost ~p+~ rtit9.n ~ Cost Index 	~ - 	- - - 	.......- .... ~--..r om 
Cost of defrost phenomenon 

obviously the greater will be this quantity the less will be the 
operating cost. 

All these expenditures will depend upon the local rates 

of energy (methods 259 27 and 2.9) and of water (method 24 ) 
It may be noted that the expenditures for water and warm air syss 
terns where ambient air Is available at fairly high terperature 
for defrost, will be very small. However,, with air systems that 
involve preheating, the expenditure will be increased as the heat 

for defrost is supplied by electric heaters; in addition the cir.• 
.leting air which oats as heat carrier needs large quantities of 

energy for its hech.ng. 
In electric defrost the energy cost will be more then 

that In case of hot gas or reverse cycle methods. This will be 
so because the total heat required in later two cases is only 
partially met by the electrical energy fed to the motor while in 
electric defrosts it is to be wholly supplied in the form of 
ele etrical. energy, 

However, it must be pointed out here that the expenditure 
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during defrost is generally a very small fraction of the e--
pendituro during normal operation and need not be over empha-
sized. The selection of a particular method is governed by the 
first and installation costs of the different methods brad other 

practical considerations. 

3.7  i O IM N,i T1ONS RR  flESI1Ns 

IL good design of s refrigeration system must take,into 
consideration the frost factor. The frost problem is more pro.. 
nounced in smaller units and display cases where respectively the 
space occupied by evaporator is quite a large proportion of the 
refrigerator space or where air circulation is utilised to dis. 
tribute the refrigerating effect properly. The importance of 
frost factor for display cases is so great that the design of 
every part of the cabinet is influenced largely by the considerc-
ti.ons of amounts of frost deposit. In larger plants such as cold 
storages there is a varying opinion and feeling towards defros-
ting.  The storage comers often request a plant that may not need 
defrosting but once in a storage season. These two classes offer 

certain basically different frost pr,blems. Special care must 
be exercised in case of more demanding applications as display 

cases. 

3.71 In any refrigeration system, following four points must 
bo borne in mind. These factors cro very important for display 
case design* 

1. An for as possible, moist air shall be kept out of the 

refrigerated space or cabinet case. 
2. The location of frost deposits and their amounts shell be 



controlled. 
3. Frost should be eliminated from objectionable places. 
4. Defrosting shall be properly done to completion. 

Obviously if the first factor could be controlled fully the 
other points will become unnecessary. However, in actual places 
they may often play an important role and need be considered. 

The problem becomes more complex due to a number of un-
predictable variables that influence the performance. In open 
top low temperature display cases the cooling is provided by 
means which are more or less exposed to existing seasonal humidi-
ty and would be affected by geographic location. A great loss to 
the refrigeration effect occurs owing to the sensible and latent 
cooling required to produce frost. Smaller shall be the top 
opening so that less fresh air may enter the case. This will how-
ever, result in. reduced display area. A possible solution will 
be to provide slant front glass which will provide greater display 
area yet a small opening. It is used widely. 

Air handling is quite important a factor and generally 
yields results to cut and try methods. Air must be evenly dis.. 
tributed along the fall length of the case avoiding zones of high 
cud low velocities. Distribution devices may include a high pre. 
satire plenum ahead of discharge grille and baffles ducting to 
the discharge. A more reliable tnd elaborate way is to use a 
number of fens spaced over the length of the cash and blowing 

against p spreader baffle. 
After the distribution of the proper amount of air trans. 

grossing the opening has been obtained, it is Important to ensure 
e. smooth flow of air across the top layers1 It can be achieved 



97 

by holding the upper air as a blanket while allowing to di ffi~so 
the lower portion of the air stream downwards onto the product. 
Air florin' in this manner will prevent tduch of air filtration 
because of the absence of the turbulence and in addition on the 
same account will keep the upper regions of the case free from 
frost. splitters and baffles or a perforated baffle may be lo ~. 
tiered from the top to allow the lower stream to di ff iso downwards 
while the upper strata flows along. 

The des1gn of the coil is an important factor mad will be 
discussed in section 3.7 ?1 The location of the coil • io ii portmnt. 
A coil shall be located either inside the refrigerated space or 
very near to the load. A minimum possible ducting shall be used. 
In display cases, it shall be located as close to the dischu.rgo 
grille as possible. In some cases the ducts may carry the cold 
air from the bottom of the case to the discharge at the top and it 
may Involve a rise in temperature of cold air to tho tune of loo p. 
It is a serious drawback since it is a loss in a region of tc 
peraturo which is most Importcnt. Care shall also be token that 
if return ducts are used they shall not remove too much of mob.. 
terra end get chocked. 

The defrosting must be done at regular intervals end a 
defrost ought to be complete md. rapid. The water of defrost 
must be rorrovod. from the cold areas as soon as possible so that 
no tutor nay freeze again to form Ice as soon as the rofri gere. 
tor is restarted* It may be pointed out amain that it is harder 
to roovo solid ice thtn frost, lbr cmeoth removal of this ovetor 
a gutter under a unit cooler or a drip troy under coils is used. 
Care must by taken in each case to ensure that the drain is sealed 



during regular operation to prevent warm air from penetrating 
into the room through it. 

3.72  EVA ORATOR 17J SIGNS 

As pointed out In section 3.7], evaporator is quite impor. 
tent to be considered since it Is the coldest component in refri. 
geration system and is the logical place to collect almost all of 
the frost. The function of the coil is to provide pdequate ref -
ri geratin g effect and that it shall be capable of holding the 
products in the cold space at a proper temperature for long periods 
of time vnd 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 evaporator surface may be allowed to 
balance for the loss in effectiveness of the system due to the 
frost accumulated on the coils. This requires large evaporator 
area. mother method consists of using two coils separated and 
arranged in such a way that one or both can be used in a recircula.. 

ting manner. In this design a certain percentage of air is passed 

through the coil a second time to dehydrate end cool it further. 
The major disadvantage of this system is the large surface area 

that will be involved. An earlier method, more suited to freezer 

units or display cases, utilises proper fin-spacing.. staging. It 
may also use one or more smaller coils of progressively closer fin 

spacing. Pins spaced wider apart are located at the entrance end 

end mainly dehydrate the return air. The wider spacing allow for 

greater frost collection without coil blockage. progressively 
closer fins are used in the following stages of the evaporator coil 



and they sensibly cool the air. It has the advantage of incor-
porating more effective use of fins and the coil blockage will 
,occur at larger intervals thereby reducing the number of defrosts 
required daily. The optimum combination for fin.-space-staging 
will depend upon a number of unpredictable factors and will 
vary under different operating conditions. 

The system shall neither be defrosted too soon nor too 
late. Determination of the optimum defrost frequency will have 
to be done on the field as the unpredictable and changing condi. 
tions of the field cannot be duplicated in laboratory testing.. 
Defrosting must be done when the temperature of the refrigerated 
space tends to rise beyond the desired value and the system is 
not capable of handling the load even with a continuously opera' 
ting compressor. Defrosting a bit too often is always on the 
safer side but it must not be too frequent to affect the perfor-
mice adversely rather than contributing to it. 
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Ilect trcnsfer under frosting conditions is studied with parti. 
culcr reference - to cylindricri surface. 
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I = trot 

Cp = pecifIc host at constant pressure 

D = Ditmeter of frosted cylinder 

Do -- Ditmxter of bare cylinder 
b 	- Fl.ltn heat transfer coefficient 
hm 	Moss trr- ster coefficient 
k = Thermal conductivity 
r 	Radius 
t = Terrpernature 
T = rime 
L z Latent heat of sublimation 

B = Velocity 
11 = Specific humidity 
!J° 	= Weight of sir 
i = Enthalpy of air 
h~ = As defined by Art. 4.22 

sass diff sivity 
µ = Coefficient of viscosity 

Density of air 
Nu = Nusselt Number 
9h = Sherwood Number 
Pr = Pr.dtl Number 
Sc = Schmidt Number 
Re = Reynolds Number 

91 



Surfvce 

0 	Free stream 
f = 	Frost 

x = 	means x direction 
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The phenomenon of heat and mass transfer from air In 
contact vith a r tn1 surface at a teniperature below the freezing 
point is very complex. The local heat transfer and overall heat 
tr sfer were studied end it was noted that in q1ozisteady state 
was reached after the initial transient period (25, 2i, 27). D ring 
the transient period, the problem of analysis is very much com- 

plicated since the host and mass transfer coefficients are not 
uniform over the whole surface end will undergo different modes 

of variation of conditions with time. An attempt has been made 
to consider this problem under certnin simplifications. During 
the inrn -steady state the problem is one of solving boundary 
layer a ations for heat and moss transfer, mnd the basic equations 
for heat transfer end d1f1 sion,, the solution for a cylindrical 
surface in cross flow of cir has been discu ssed by i essrs Chung 
& Alger (2S) 

4.P. r... I.RMA•R FRO4 fl1cAL 	x 1 	JING CO1IDUIQra 
The air in cor t&ct with a surface at sub freeing tempera 

Lure is cooled 'by convective heat transfer across the air film 
at the frost air interface. The total heat transfer flux will 
then be given by the equation 

cLP 

The heat and mass tr nsfers both contribute towards the total 

mount of heat transferred. Therefore, it will be influcneod 

by to ormture nd partial pressure differences both. The 
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results under frosting conditions may be most conveniently com-
pered by using the coefficient hi bisod upon enthalpy differences 
as the driving forces 

(4.2) 

where the entheipy I is given by 

1 =Ct wL xU 

If the Lewis ration 	h h x 	be assumed at unity 

we can write (See appendix 1) 

` "'Q _ A' ~ La. &: r., 	0 d 	 (4.23) 

The teperature at frost air interface t will be varying from time 
to time because of continuous build up of the frost on the metal 
surface., 	e to this reason equetion 4.23 cannot be integrated 
by ordinary methods. 

if it is assumed that the heat delivered to the frost air 
interface posses through the frost layer and that the heat stored 
in the frost is small, then 

i 

which on substitution for i = +Cpt + L., -v,11 9 cc be written as 

L r 0 lie ( ` 	) t 	"' 	✓5` .y' 1n: 

(4.25) 
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Farther,, it it is ssswned tout t' frost air interface 
Is snturotod end if the value of kf is 3oing  eq.r-tion 4. 
+cam be solved for cry value of frost tnicknoss x. once tho 
value of t ties been obtained the value of i cen be found cd 

the eq.zation 4.3 am be step.. Tiso integrated over the area. 

It may be iiorthwhUe to consider the vari ►tion off' the 
total heat transfer rite with time. 	For such cases a relation.. 
ship chould be .found for the variation of x with time To 	tssu... 
ming that the frost forms uniformly over the surface end keeps 

eylindrl crl sh pa, the variation of x with T ecin be given by 

J-W 

Once the value of x has been determined t ecn be found for 
ditforait T since the density of frost keeps on varying with 
ch ginr conditions of frost deposit and since tJ also is de. 
pendant upon frost thicknesn,, integration of eciation 4.26 bo.. 
comes virtually impossible unless a number of tiuiwarranted aaau t-

tuna arc mcdo. The average thickness i of frost accumulated 
over : ao trhole surface A, may be a rossed as 

 ( 	° 	T . 
°. ° j  

This ecaction will again present similar integration difficalw 
ties cnd becorios further complicated because 	is also u 
function of position along the length of the tuba obviously no 
general elution ccn be obtained from osc ations (4.) end (4.27), 



yet the heat flux c n be readily determined for two unique con.. 
ditions representing the limits of operation. 	Ono corresponds 
to the beginning of operation when no frost exists end t =- tq  . 
In the second case, if the dew point of air is above 32PF, a 
limit would be reached when t attains a value of 3tF. In each 
of the ebove situations i. can be determined I. Is constant, end 
the eq ,ation 4. 	cm be integrated. 

From ac1ation 4.31 and for the case when t equals 33° F a 
relation 4. can be developed 

32- 

&4_ 
 

3 3) (4. M) 

since the value of I at 32°F = 12.3 Btu per pound of dry air. 

rote that x, the frost thickness, depends upon the value of k.. 
then the frost surface attains a temperature of 32°F the Mater 
vepour will continue to condense nd will be soaked by the poro. 
city of frost rind will freeze gradually. The value of thormal 

conductivity shell increase during this period,, cpprosching the 
value of solid ice. As k f will increase, so will increase x 
(eqaation 4. !A) until k f becomes maxilmrn. Thus the frost thick.. 
news mny increase even though the surface terperature is 32?F. 
.'hen noximim x is reached dehuzmidi fi. cation will still continue 

with iIrald water draining off. Jn interesting situation will . 
arise when the air will possess a dew point below 320F. Dohumidi. 

fication will first occur as usual but will stop as the frost our. 
free temperature reaches the dew point. There will be-no latent 

heat load thon and heat transfer will be by sensible cooling elono 

to be given by expression (4. )) where tdis dew point of air. 



(4.31)  

C. 9 	. ( t o I t 

The results obtained by theory did not very ouch agree with 
0*periEacntel results (25). The authors asniWlod the deviation 
to the sscurVtion of Lewis number as unity. The data showed 
certain greomeut with coicalations based on the colbuxn 
inslogy for colculiating mass trcnsfor coefficients. 

4.3 1+ 	QN i F UT TIw : r_4TLTIut 4cY4iRçJ\L_u!Lch  
h difforcait r=thod ctn bo utilisod to tnulyco the hoot 

trensfor without using Lewis T3umbor. Two onsurtptions ' era mode 
that the frost forms unifornly over the surface end maintains its 
cylindrical shrpo, nd the therdlal conductivity of the froBt does 
not very with tiao,, Although both of the assumptions are not 
exact but they are valid to the extent as discussed by ;-sessrs 
Chung; rtd t1 ge ran (s) . 

Lot us consider the conditions otter coo front has 
deposited, the temporsturo of air frost interface is t cud the  

outer dice ter of frosted cylinder is D. Neglecting the heat 
ctorngo tti'thiin the frost layer end the ffoporhoat of the vvpour 
that to tr€nsforrod,, the rote of heat transfer iq cu be given 
by ovationn (4.31) 

which cca be rewritten as (4.32) by introducing dir cnsionlocs 
nut bers 
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By heat ud mass transfer Enniogy 

T u,x Ci x 	) 

while 	C 
	

R 

or 	. 

hero C3=CicC2 

Uriting 	ti = ( t o .. • t 7 ) M. (! 	w0) 

t© _ t 	(t© _ t8) 	('t „ .t5) 

t . to it gcnorally sriiefl 2nd uCI be zssumvd protivn&l to 
end if the constant of proportionc1ity is b 

t i t5 = b 	t1s) 

The gnstnt b depends upon the r tgo of tex perature,. t;Ji' h, 
thQ$ S b titutir~ns equation 4.32 will reduce to 

C 	4- %,
Cp 

„ . ~ ..x L 	L. 	
(4.33) 

c ~ 	Tl 	 Cp 

This a artfon crag givo the value of lJ ,. UC/'11y .. t $ as a function 
Of WDD for Inv an values of (to . t8) ! (L - t) i.e. for 
hsnomn Cotes of froo air streca rnd the surface ,onditiona of 
bore cylinder,. 



for the muss trtni ter procoso 

,,,,, s ;r 	Wo-W) c . cLT 

I .+ c a be o3.t ngod to ocstion 4.34 by eubstituing for ha  In 
terms of T and e 

(4.34) 

or 	) (%) : 	- W) 	 (4.35) 

fir. 
	 /  ( fi  

(4.33) 

L. 

t;o can substitute the value of V-' 1u  / Lia•.t1, in i4.36} 
from og4otlon 4.33 in terms of WI),,, and can got o relation bat.. 
uoc EVD and UoT/t. The integral In (4.35) zust bo oveluatod 
numorically bectuse the intogrand ( / ) is  cpito corplicntod. 
Rotations botueen F DO and '-UC'W, -VIq  p end l't, and U0/D,, 
huving bocn found out the roi ation botueen 	l t - t and U0X/ , 
can be obtofned. The values of U and hence t can be obtained 
of ditforaxt stages by this relation and expression (4.31) will 
detormino tho total hoot trmsfer. The, total mass transfer upto 
ray tiro ' em be obtoincd from the relation betuocn Q/ aid 

U0 T/ E  ° 
The integral, in expression 4.3b must be evaluated 
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numerically because the integrmd P (Wi)0) given by eipression 
4..36 is suite complicated. In certain applications, where the 
difference between teiperoture of free air stream to and that of 
bore crlindor t5 is smell, the Integration of t (WDO), for 
the duration of time when W L is nearly equal to 1, becomes 
rather simple., In order tc get value of W-Wa/W0-W5 from e qa-
tion (4.33), certain simplifications c be made since the 
difffrenco to is is bmc.l, it can be assumed that to -tsAWW9 

t 	tz't ,p 40W8 = b. substituting this value in expression (4.33) , 
we get 

_ W3. 	, 	P 	....0 b 

O 	¶_ 
ndif  

(4,37) 

from expression (4.36), ven get 

( 	 k 	-$' c 

(4.38) 

vhe 	~ ~, 

end 



'ow the value of f (Q/I ) from (4,38) can be substituted 
in expression (4.35) and integrated yielding equation (4,39) 

4.4 

The properties of frost on evaporator coil vary with time. 
The frost possesses a porous structure and a concentration gra-
dient for water vapour exists through it. The concentration 
gradient is created owing to a te~porature gradient thct exists 
in a frost layer, Because of the existence of concentration gre.. 
dient, it is thought that the water vapour in the air will diffuse 
through the frost layer and may change its density and thormel 
conductivity. 

fn enlarged view of the cross-section of porous frost 
l r,yer is shown in fig. 4.41. J►i r in the voids in frost can be 
considered to be saturated with water vapours at local tempera-
ture of the frost. Thus with the variation in temperature of 
frost from air frost Interface to coil surface, the concentration 
will also very. Consider the vapour to be di'ivi across the 
pl€fie at X, if all the area could be freely utilised for mass 

trgnsfer. 
The mount of mass diffused 	`' X '" 	C 	, 

But the frost lcyor does not provide a free surface for diffa-
Sion of uetor vapour as it coot pass through solid p i rticlos 
of the frost and has to go through the gaps. inbetween them. It ~~ 



Partial Pressure or 
Concentration Gradient 

0 	Temperature Gradient 

x 

Fig. 4e41 RBP RE: SEI: r4'.TION OF E~1LJ RGE D CROSS. SkCTION 
OF A POROUS FROST LAYER 

Time 

Fig. 4,42 VARIATION OF OVERALL CONDUCTIVITY WITH £IML 
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bo the density of front at section X id c represent the density 
of frost for which no free area Is available. 

2.  Act~~ al amount c~ f' mass di ffused M. T ~- ~ ~. ,..~, ~ ~ 	~ (4.41) 

where ~~ tnd C are functions of X and T. 
since the total heat transfer through the frost layer 

occurs by conduction and by virtue of diffusion of water vapours 
that condense as snow. 

The rate of total heat trensfor at Z at any given time T 

	

?y~ 	 (4.42) 

The tear turn t aid concentration are Interdependent tnd for 
the small range encountered with in the case they can be assumed 
to be linearly related I. e. t = arbC. 

Also the following relationship is very nearly true (29) 

	

k 	c 

where ko is a constant. Substituting the values of t and k 
in (4.42) we get 

[_s 0bi- 

The not difference in total heat transfer at I and X + dK 
Trill be stored by the frost and thus 

- 	 g L  

T 	 (4.44) 

Ino aression (4.44) the heat transfer due to the condense. 



tion of water vapour is small as conparod to the heat conduction. 
j l so that the weight of frost is small and therefore the heat 
stored in the frost is also small and c n be neglected. Ecie-

tion 4.44 will then reduce to 

' © 	
C 
	

:M 0 	(4.45) 

Similarly with the help of ecpation 4.41 the transient 
diffusion equation con be written as 

0 	 b ~Q   	- (4.46) 

The equations 4.44 and 4.46 or 4.45 ,tom d 4.46 ccn bo 
solved. simult n.eously by considering boundary conditions for 
as a t.~nction of C and T; end for k f as function of 	c;, and 
thereby of X and T boundary conditions can be determined from 
the considerations of actual condition. 

The variation of conductivity of the frost with time 
1s shown in FI,g. 4.42. it can be subdivided into three parts. 
During the first period the variation in the value of k is 
small. It is followed by period of rapid increase of conduct. 
tivity and finally k proaches a limiting value. These periods 
are rep resented by i,8 and C respectively upon the cu rvo. Simi. 
lar results hsvo been reported by Beatty, finch end schoenburn 

p 

It can, therefore, be summarised that during the earlier 
stages the conductivity of frost do's not change Eppreciably by 



the diffusion of the vapour thmos.h the frost. During this 
period the time dependence of the conductivity -nd density of 
frost moy be neglected. 

for a cylinder cgxations 4.47 and 4.48 can be derived 
preceding on similar lines, for heat arid mass tran.sters res. 
pectivoly 	 zL 

40b 	
5. 

L Sc 

 C ~ "' ~, ~ 
)L3 
	`{~ ~ ~ ,~ 

P 
	

• 

	 _~~ 	,_. 	-------..-- {4.48) 

Neglecting heat transfer due to the condensation of water vapour 
and t! a heat stored in frost, egaatiof 4.49 can be obtained from 
expression 4.47. 

X4.493 
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£JQ'hRIMENTtL S1 T UP 

Experimental set up is described. 



.1 	Y &II(au~TTC~T PL. iTs 
Tho evcporstor used as the object of study gyres that of 

C F.12 cold storage plant located in laboratory building. It 
was cold dithiser type in which a blower was used to suC3 air 
thd to ciTculate it through the refrigerated space, as is shown 
In fixre by ]1. The spacificctions of different Components were 
as follows. 

1 vaporotat 
Coil and finned type 
Coil di emeter 	3/4 in. 0 D3 

F umber of coils 	96 
.n spacing 	per in. 

Compressors 
Vertical reciprocating 2 cylinders 
Bore and stroke 	 in. x 3 in. 
R.. P. . 	 465 

Electric Motor Drives 
induction motor 	400/440 Yalta 
5 H.P.' 
3 Phase 
R.P.M. 

7.5 l'.mp 

Condensers 
Coil and finned type. 

In the ebcenco of en efficient air blower alternative err tzge.. 
merits wore mode to effectively cool the condensor by spraying 
water. teeter from supply mains was used for circulation through 
condenser. 

line di agrsm for the refrigeration plant is drawn in 
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fig. 5.12 Tsio suction.-liquid host exchangers were enployod 
in series to subcool the liquid refrigerant from the conden sor. 
The first heat exch<;nger was located outside the cold storage 
room Voile the other one was installed Inside the same. The 
expansion valve was placed outside the room. 

5.2  RI ff1 GER jTE 0 SP iCI iN P kOJD: 

The evaporator was located in the cold storage room of 
which the outside dimensions were 12` x 12 % 6' 1". all the 
walls, the coiling end the floor were insulated by 5 in. thick 
fibre wool C density 6 lb./ cu. ft.) supported betweon 3/8 in. 
thick copper-zinc alloy plates. Thermocouples had been mounted 
at six spots viz, at the middle of four corner panels of the 
side walls, and two at the centre of the side ceiling panels . 
Each panel was 4 ft. wide, thus all the thermocouples were well. 
about 2 ft• removed from the comers of the room. The load on 
the plant was that due to transmission through the insulation. 
Different additional lords by strip heaters and electric bulbs 
wore tried to give satisfactory operation to the plant. Ultime! 
toly an additional load of over 504 watts was provided by placing 
electric bulbs. This additional load could be measured by a I(1R 
metro. 

In order to impose a latent heat load on the plant water 
was filled in a container placed inside the cold storage, end 
was he rated by means of immersed electric posters. The water 
container was insulated with 1/2 inch asbestos coating on all 
sides and additional 4 In, cork on three sides. The electric 
power to the heater was fed through a variable tr .nsformsr so 
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wct t., zuacacte electric pover could bo supplied by ro. lctin 
tho trc 'ormore 'ho pouor bcinr supplied to the heater, could 
be noon?rod by a . wattmetor conr-cocted to the io orsion hector. 

ire record the te?:p•.rraturo of the cold storage walla on 
the inside, the thercacouplos, girt tiero mounted, wore connected 
to to automatic electronic potentiometer recàrder. Ibr recor-
ding the toreeraturo of the outside, automztic topporcturo 
rocor1ors taro plrcod outside tnd r.djaccnt to the cr ld.storago 
galls. 

5.3 	
iI1~FLi+~Lilr.~ ~~JM~II 	~r •DWI 

'?cter defrost as supplied with the system, is instellcd 
for the evaporator coils. Li h,ht no ,41os were used sp ccd at 
7 inch cllctrnce cpart cnd in double rocs to cover the tholo free 
area of tho evaporator, refer fig. 5.11. The tator for dofrost 
:.es obteir ed from crater supply main, aid scperato supply and 
drain valves t.4ro used, refer fir,. 2.42. The separate drain vtls(,. 
the ftvrretion of nich as to drain effectively the water re: cin. 
ing after defrost in the spray header cnd the pipe carrying vator 
to It, ice provided to ellou for the effective draining. ` ho 
horiton~al portion of the pipe connoctin ; it to the spray header 
eras kept o bit inclined touc.rd:: 	the exit to safe =surd against 
any cntwrpping of wator after defrost,, iich i ould otberuiso 
fraa,e within the connecting pipe during refrigeration cycle city 
tyould block tea ocssc,7o of vrter to the hcder during the follow r 
defrost¢ 1', drip trty tics located undorneat1i the coil and tho 
main drain eras connected to th ct. oasu re=nt of the rate of 
voter flouin!; could be done by collecting the disci rgo in any 
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vessel tr►d noting the time for water flow with v stop w8tch. 
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Rb8ULTS & DISCUSSION 

Results are dl. scussed., 
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6.1  

The object of study of the present experimentation was 
to -determine for a particular plen.t, under certain opertting con-

ditions v  the varirtion of rate of energy consumption and average 
power of the motor per ton of refrigeration with defrost Inter 
vel for uniform refrigeration load. The pi t was operated under 
similar load and surrounding conditions for different runs. 
Different defrost frequencies were chosen and the optimum was 
determined practically. The sensible heat load existed due to 
transmission gain through the cold storage walls, which was rein-

forced by electric .lamps placed inside the room. Energy supplied 

to the immersion heater in the water container was considered to• 
be latent heat load. The heat loss by conduction through the 
insulation was neglected. tihatsoever error it might involve in 
celculcting the latent heat toad,, it did not alter the total load, 

Althou ,h this will result in greater ratio of latent heat load 

to total heat load then actually on the plant, but the loading on 
the plant remained of a uniform nature. Therefore, a comparison 

of plant performance under such operating, conditions is fully 

Justified. 

6.2  U?ERIML.RJLT'As 

Runs were made for eight defrost intervals varying from 

four hourly to eleven hourly. 
Observations recorded during the tests have been included 

in tpp endi u 2 Tables 6. 21 end 6.22 show the results obtained 
from the test. 'Transmission and lamp loads, and thereby the 
sensible ha at load, and the latent heat load were computed as 
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indicated above. The values of rz to of energy consumption per 
ton cnd avert go power per ton (Art. 3.3 and 3.4) lbr difforont 
defrost intorvele ore eoutod. Curves were dream between the 
total energy consumed by the motor during ogarcti zg tine end 
defrost interval, fig. 6. 21, botwecn. rtba of energy consuniption. 
and defrost interval,, fig,. 6. 2, and between average potsar per 

ton € d defrost interval fig 6.Z. 

TABLE 

A 
Defrost I Defrost period I or-7y Rata I Average Power 
in vol Ii  n. 	 f A' i/ (Hi.) (Ton) it•yTon. 

4 	 15 	 6.01 	6.36 

6 16 4.11 4.98 

6 16 4.97 60.25 

7 iS 4.96 5.19 

2) 6.18 6.41 

9 22 5.2? 6.50  

10 22 6.35 5.55- 

U 	 25 	 5.40 	5.62 

6# 	 A.ir1 	I 	
SF 

Tho perfari cnca could not be studied in low defrost 

interval ,zone because array unpredietoblo fi etoro influonco it 

non..unifbrmly cnd ,say obsorvction In this region c not be 

gene TOil sod. 
F1r,. 6.21 reveals that the energy conswrption varies 
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4100 

40.5 

38. 0,  
36.5 
35*5 

37.5 

370 
36*5 

35.0 

35.0 
35.0 

35.0 

35.0 

35.5 

35.0 

38.0 

37.0 
38.5 
38.5 

t~lo 	CKwN 

12' 7°1 

12. 

TI 1M ThER10C0UPZJE POINTS 

flr. 	r'1toq 1 2 3 4 5 

00.00 44.0 43.5 43.0 41.5 

00030 43.0 44.0 43.0 48.0 

01000 43.0 44.0 42.0 42.0 

01.50 43, a 43.0 41.5 40.0 

02.00 4 20 43.0 4100 44.5 

02.30 42.0 43.0 41.5 48.0 

03.00 42.0 43.0 41s0 48.0 

03430 42.4 4310 40.5 48.0 

04.00 4105 42.0 39.5 40.5 

04.30 co 41.5 42.0  39.5 38,E 5 

05.00 42.0 42.0  39,, 5 35.5 

05.30 420 42.0 40.0 39.0 

06.00 °~ 42.0 43.0 40.0 40.5 

0€.30 42.0 43.0 40.5 , 410 

06.42 425 420 39.5 39,5 

05.45 42.0 43.0 40.5 420 

05.50 4&0 42.0 41.5 43.0 

06.55 43.0 43,0 -42.0 43.0 

07.00 43.0 43.0 42.0 43,5 

Gontd..... 
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proport...onol to time except near five hourly defrost. It this 

stage the curve has a loner gradient hith tends to increase in 
this zone End is more or less maintained beyond it. Referring 
to fig. 6..22 and table 6. 22, it c n be observed that the rate of 
energy consumption per. too Is minimum for the plant, under loading 
conditions of the expcthnent, . at . about five hourly defrost with 
sixteen minutes defrost period. ,On either side of it the voria 
tion is steep„ However as the time interval between two defrosts 
is increased from this 'optimum, there is a smeli-range where the 
variation is steep, while if Increased further the curve flattens. 
The increase In rate of energy consumption under most stringent 

conditions expedited, was .69 Kk i/(hr) (ton) more th an that fbr 
optimum i.e. an incre se of 14.6 percent above optimum. while 
for ibur hourly defrost the rate of energy consumption is 5.01 
IcWR/(hr) (ton) , it is 4.71 for five hourly defrost. Thus on 
decreasing the defrost Interval by 3ne hour below the optimum, 
the rate of energy consumption increases by 0.3 11il/(hr.)(ton) 
or about 6.4 percent over the optimum* Thus for a loweT defrost 
interval than the opt .a um the rote of energy consumption is sigF. 

nificently gretter than optimum, On increasing the defrost 
Intervt1, it can be observed that increasing the defrost interval 

from five hourly to eight 'hourly*  increases the rate of energy 

consumption from 4.?1 to €.18 i.e. by 0.47 Kt11/ (ton) (hr.) or m 

increase of about 9.9 percent. On the other hand increasing 
the defrost period from eight hourly to eleven .hourly, snot r 
increase of three hours in defrost interval, changes the rata 
of energy consumption from 5.18 to 5.40 i.e. by 0. 22 XMI/ (ton) 
(hr). As xiocns 1%irther percentage increase of about 4.?. 

Readings were not taken beyond eleven hourly defrost no 

u 



it chokod the coil excessively and increased the .defrost period 
cbruptly by a large amount* 

"ho increase. in the rate of energy consumption Is more 
rid near tho. zone of optimum porformcncoe In a region of 
greater interval between two successive defrosts$  defrosting is 
not very iu!porttt from the point of view of energy considerations, 

Under tho conditions of tests,.. from energy considerations, It wee 
desirable to defrost five hourly. It also indicated that if It 
is not dono at this Interval end the tine interval, is Increased, 
then after a certain tono other aspect viz. tl rosistenco to 
flow of. ri.r may jovorn the frequency. 

The natuio of the variation of overage power per ton with 
defrost interval is similar to. the previous curve, as is c1oti 
by fig* 6. 23. This may also be expected since the trio do not 
differ by a large amount. The optimum condition for the average 
power per ton occurs at more or loss the some time an that lbr 
rate of energy consumption.  

6.31 WL1 AJ.,  i  1 

tithough the performance of a particular plait was studied 
during the experin3nt but it verified the general behaviour of 
the variation of rtto of energy consumption and average power of 
the mot or l  as theoretically discussed In Chapter 3 (..rt. 3.3 'Cnd 
2,4). This, however, ccnnot be predicted as to what would be the 
exact ncturo of the variation of the two curves no ar the optimua 
fron energy considerations. In the case under study the variation 

was more pronounced at the optimum and it represented tho dosirn. 

bility to opereto at optimum, if the large frequency does not spoil 

the product. Under most stringent conditions of frost accuoui.e. 

0 



A 

tion expedited, when the frequency was reduced by more thin E9 

percent below optimum, the rote of energy consumption increased 
by 14.6 percent rand average power of the motor by 12.9 percent. 
In eny other case these quantities shall vary. Even for the same 
p1 .t under different load conditions, the perfbrmcnce may very 
under different load nd surrounding conditions. The latent heat 
load vas excessive on the pl t during the experiment under study. 
lTnder less demanding conditions the performtnce would very. Tho 
optimum defrost interval would change and so should the variation 
of rote of energy consumed and average power of the motor. 

In spite of the fact that performance of tny new plant 
cannot be predicted by tho present experiment, which expedited a 
particular plant rnd the variation in the magnitudes of its 
certain import€nt cher::}eterstics, it indicated that from energy 

considerations an optimum frequency exists. On radii cing the 
defrost interval below optimum there was a marked Influence on 

the energy terms. AS there Is not much of frost in this period 
end the number of defrosts will increase increasing the cost of 

defrosting#  no point will be gained by reducing the defrost inter-
val below optimum. Therefore, it is not desirable. 

Itonetheness, increasing the defrost interval above it shall 

not necessarily entail an increase in operating cost, because 

the smaller number of defrosts required will bring about a re. 
duction in the cost of defrosts required. Before deciding upon 
the freu:ency of defrost all such factors should be considered. 
In addition the factors pointed out in Chapter 1 should be looked 

into. 

r 
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Eq. ut1on 4. 3 is explained. 



I L JI 11c N  OF B WJTiONN .4:.M$ 

10  =  en th slp y of air/lb. dry air. 

I = enthalpy of saturated air at temperature of 
frost air interface. 

L 

+ 

and if whole of heat trtns.ferred is assumed to occur because 

of cooling of air, it will be equal to total enthalpy chtnge 
of air., thus 

C01S NT OJJ hi NITMIi.RICALLY E JJAL TO kM  x 

egiation (13) 

less transfer coefficient 1b./(hr) (sq. ft.) (H 1-Hf) 

where z is the thickness of frost layer 

an expression already obtained when x = 0 1,- = is  

Comparing the two 	hi 

Ej 
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Observations during the tests are recorded. 



TI14I TIibFMO00UPLE POINTS 

14r. MMts 1 2 3 4 5 6 
00.00 43.5 43.5 43.0 43.5 44.0 43.0 

00.30 35.0 39.5 40.0 42.0 43.0 41.5 

01.00 34.5 39.5 44.5 40.5 41.5 39.5 

02.30 33.5 39.5 45.5 41.0 42.0  39.. 0 

03.00 33.5 40.0 44.0 41.5 41.5 3.5 

02.30 33.0 39.5 43.5 41.5 41.5 38.0 

03.00 31.5 35.5 43.5 39.0 40.5 37.5 

03,.30 30.0 38.0 38.5 38.0 39.0 37.5 

03.45 30.0 38.0 38.5 38.0 38.5 37.5 

03.50 31.5 39.0 39.0 39.5 39.5 38.0 

03.55 33.0 39.5 39.0 40.0 40.0 39.5 

04.00 32.5  39* 5 39.5 40.0 40.0 39.5 

t omn torcperature for 
3 hrs. 30 min. = 40.10? 

next 15 min. = 35.80  

(Defrost Cyelo) ltst 15 min. = 3?.80  F 
Lctov spray period 	 = 6 nin# 

'hn-off parIod 	 = 10 mite, 
Hem outoido tor. ,orzture 	= 79.5°F. 
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TIM- 	 TiH E ?G.OUpLE WS  S 
Hro 1:Moo 1 2 3 4 6 
00.00 34,0 40.5 43.0 41.5 41.0 
00,30 35.0 41.0 43.0 42.0 42.0 
01.00  31,0 38.0 42.0 39. 5 40,5 
01.30 31.5  .0 38.0 38.5 40.5 
02.00 320 38:0 38.5 39.00 40.0 
0%30 33.0 3300 40*0 40.0 41.5 
03#00 33.5 39.0 41.5 41.0 41.0 
03.30 33.5 30.5 43.0 41.0 41.0 
04.00 33.5 39.5 45.0 40.0 4000 
04.30 32.5 37.5 38.0 38.0 39.5 
04.44 33.0 39.0 44.6 39.5 39.6 
04.49 33.5 40.0 44.0 41.0 41.0 
04.5 35.0 41.5 - 48,0 42.0 420 
0&00 350 4300 48.0 ' 42.0 ' 42.0 

6 
41.0 
40.0 
38.0 
385  

Mtoc (KYNH) 

385 
38.5 

88.8 

385 

38.0 

38.0 

3?:5 

38.0 

39.0 
39:0 

t:on tot OrixtU?O tbrs 

4 hrs. 30 rin. = 38.40 F 
next 14 mm. = 37,9© P 

(to fro ct Cycle) last 1- min. =• 3?.8~ F 
Uctor moray period 	 = 6 	►,, 
'in-off period 	 i0 fin. 
'orn . outside terporaturo 	= 79,70 I. 
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2i ° - :1 RE -° 	D 	fltPQ1NTS J1JjU THIJO014  

TIt'4 Th:RMM0G0UPLE POINTS 

Hr. tits, 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 40.0 410 42.0  40. 5 

01.00 32.0" 39.0 39.0 40.5 41.0  39.0 

01.30 32.0  38.5 38.0 38,5 40.5 38.5 

02.00 31.. 5 38.0 38.0 39.0 40.00 38.5 

03.30 31.5 38.0 38.5 39.0 40.0 37.5 

03.00 31*0 38.0 39.0 39.0 40,.0 38.0 

03.30 32.5  33.5 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 

05.00 . 32.0 , 33.0 . 40.0 39.5 40.0 • 37.5 

05,30 .32.5 .39.0 42.0 .40.0 40.5 • 38.0 

Of3r44 .32r0 .38.0 .40.0 •39.5 •40.0 •37.5 

05.49 .33.5 .40.5 4300 .41.5 .41.0 •38.0 

05.54 .36.0 42.0 .44.0 43.0 42.0 0 39.5 

06.00 .37.0 43.0 -44.5 .43.0 .43.0 41.5 

Lie cn . temperature lb r; 
5 brs. 30 dn.  

next 14 mint. = 38.3 P 

(Defrost Cycle) last 16 mini ."" 39.7° 

Water spray period = 6 mm, 
Run-off period . -= 10 min. 

t•!orn outside for perature = 8o,OQ I". 

Moo (►twH) 
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aDCERV ltTIori sHU1 130.4 ( contd% ) w~r.~rr.w+r~~.~rr~.r~~rr~rrr ~wrrr 

Mean tempori:ture fort 
6 hro. 30 tea. = 39.60F 
next 12 mm. 38.8P 

(Defrost Cycle) last 18 min. = 39.9°? 
Water spray period 	 = 7 mm. 
Mm-o tf period 	 = 1U min. 
Haan outside to pax .ture 	= 81.5°?. . 
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T1140 Mi Rf 0C0UPLE POINTS 

Hr. t}ts« 1. 3 4 5 6 

00.00 43.0 43. 43.0 44.0 44.0 43.0 

00.30 35.0 39.5 39.5 41.5 4 2.0 41.5 

01.00 33.5 - 39.0 44.5 40.5 410 39.5 

01. 30 34.0 40.0 46.0 41..5 41.5 39.0 
M4.- CkWH) 

02.00 34.0 40.0 44.0 41.0 41.5 38.5 	_ 1 ,•35 

08.30 33.0 39.5 43.5 41.0 41.5 33.0 

03.00 31.5 38.0 44.0 39.5 40.0 37.5 

03.30 30.0 33,.5 38.0 38.0 39.5 37,5 

04,00 30.5 37.5 38.5 38.5 39.5. 37,5 

04.30 32.0 38.0 40.0 39.5 40.0 37.5 

05.00 34.0 39.0 44.5 41.0 41.0 38.o 

05.30 32.0 39.0 40.5 40.0 40.5 37.5 

06.00 29.5 37.0 37.5 37.5 38.5 37.0 

0é.30 32.0 38.0 39.5 39.0 40.0 37.5 

07.00 34.0 39.5 369  5 40.5 40.5 38.5 

07.30 315 37.5 39.0 39.0 39.5 37.5 

07.42 31.0 37.5 37.0 38.0 ' 39.0 ' 37.0 

07.47 33.5 39.0 39.5 39.5 40.5 39.5 

07.5? 35.5 40.5 40.5 40.5 4 2. 0 40.5 

08000 37.5 42.0 43.0 42.0 620 420 

Contd... 
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T-geen temperature for: 
7 hra. 30 min. =- 38.7 
next 12 min. = 36.8 

(D frost Cycle) lost 18 cain. = 39.1 
Water spray period 	= 7 min. 
R=-oft period 	 = 11 min. 
clean outside te'cperetnre  
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T11LflOCOUPL1 POINTS 

Fir.. 	tits, -1 2 3 4 5. ., 	5 

00.00 3510 41.5 41.0 410 ` 40.4 
00,30 34.5 43.0 41.0 410 41.5 

01.00 24.5 49.0 41.5 43.0 40,5 

01.30 340 46.5 41.5 43.0 40.0 	e.111 
• Mom (Vt+) 

MOO 32,0 to 43.0 41.5 41.5 39.0 	= is 	s . 

02.30 20.6 42.0 40.5 41.5 39,.0 
II 

03.00 30,0 42.0 40.5 41.5 39.5 

0.30 22.0 420 41.0 41.5 38.0 

04.00 .0 40.3 39.5 40.5 313.0 

04..20 O o 45.0 39.5 40.5 37.5 

05.00 32.0 45.0 41.0 41.0 3890 

05030 Z.5 46.0 40.5 40.5 38.0 

06.00 3.5 39.0 39.0 39.5 37•.8 

06.30 32.0 40.0 38.0 39.5 

07,00 35*0 43.0 42.0 420 40.5 

07.30 33*0 35.5 43.0 40.8 4L 5 40.0 

03.07 31.5 37.5 38.0 38,5 39.6 38.5 

013030 32.5 38.5 39.5 39.0 40.0 33.0 
Q# o3a 30,.0 37.5 41.6 37..5 29.0 37;0 

2o.5 37.5 pfd.43 

 
42.0  38.0 38.5 37.o 

03,48 33.5 40.0 4&5 4000 40*0 33.01 

Con td..,.. 
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f'al°'s 	V #i se 1 2 3 4 5 6 
08.53 35.0 41.5 43.0 41.5 41.5  39.5 
08.58 37.0 43.0 43.5 43.0 42.0 41.0 
09.00 37.5 43.0 43.5 43.0 43'.0 41.5 

! etn te• percture for 
8 hrs. 33 cii,r = 39.55°? 
next 8 min.. v= 3?.4O'0 F 

()efrot Cycle) 1 t 2 min. 39. ID0 ' 
otor spray period 	 •=~ 10 min. 

Thrn.►© f"f period 	 = 12 mim 
t:oa outside temperature 	= 79.50F. 



►fit 	A, 	I~~s 

TIM HEM40C0uPi POINTO- 

Hr. Mt s. 3. 2 3 4 5 6 

00.00 43.5 44.0 43.0 44.5 39.5 

00,30 43.0 43.0 41.0 39.5 36.0 

011.00 43.0 43.5 41.0 41.5 36.0 

4134 43.0 43.5 41.5 42.0 36.0 	£- 

M4 	CKWH) 

022.00 43.0 43.5 42.0 , 45.0' 36.5 	: 2o67 

02.30 42.0 43.0 39.5 44.0 35.0 
n? 

03.00 m 42.0 43.0 39.5 39.5 34.5 

03,.33 42.0  43.0 40.0 41.5 35.0 

04.00 43.0 43.5 41.0 43.0 360 

04.30 42.0 43.0 39.5 45.4 35.0 

05.40 42.0 43„0 39.5 40.0 34.5 

05,30 43.0 43.5 41.0 420 36.0  

06.00 '4 43.4 43.0 39.5 39.5 34.0 

06.30 43.4 43.5 40.5 41.0 35.0 

07.00 420 43.0 39.5 40.0 34.0 

07.0 2.0 44.0 40.5 3.0 3b.0 

08.04 `" 4,3.0 43.5 39.5 415 34.5 

08034 r 41.5 43.5 39.5 420 3400 

49000 41.5 43*0 39.5 420 34.0 

09,,30 41.5 43.5 39.5 42.0  34.0 

Contd, ... 0 . 



TIM TMFCO DUP i'OII4T5 

?r. 	t1:tso 	A 2 3 4 5 6 

09.38 41.5 43.5 39.5 42.0 34.0 

09.43 42.0 43.5 39.5 43.0 34.5 

09.48 43.0 44.0 41.4 43.0 35.0 

09.53 43.0 44.5 41.5 44.0 35.0 

44.0 455.0 420 44.0 36.0 

New teC porfuture Ibr4 
9 hrs. 30 min. = 39.2°F 

next 8 min. = 36.30 F 
(Defrost Cycle) 1 ast 2? miry. = 39.9°  

Water spray period 	= 10 tin. 

Run.oft period, 	 = 12 min. 
Mean outside temperature 	= 80.5°F 



OBsE i4J Ors r a t 

~tts 4 Li_ { 1134 	 6 `l S H 3 	, ilk 	0 

TIlE rimerM4000UPL1 POINTS 

Hz's. 	tits. 1 2 3 4 5 6 

00.00 43.5 43.0 43.0 43.0 44.0 43.5 

00.30 35.0 40.0 39..0 42.0 41.0 41.0 

01il 00 34.0 45.0 45.0 41.0 410 39.5 

01.30 34.0 45.0 45.5 41..5 41.5 39.5  
M oFcrr C k W H) 

02.00 34.0 45.0 44.0 41.0 41.5 38.0 

1, 30 32.5 43.0 44.0 41.0 .41. 5 335 

03.00 3 ?.0 43.5 44.0 40.5 41.0 37.0 

03.30 30.0 33.0 38.0 38.5 39.5 37.5 

04.00 30.5 38.5 38,5 38.5 39.5 37,5 

04.30 31.5 40.0 39.5 40.0 41.0 37.5 

05.00 33.5 44.5 45.0 41.0 40.0 37.5 

05,.30 33.0 - 37.5 40.5 40.0 40.0 37.5 

05.00 30.0 40.5 37.5 37.5 39#0 37.5 

06.30 31.5 39.5 39..5 39.5 40.5 38.5 

07.00 34.0 . 36,5 36..5 .40.0 40.0 37.5 

07.30 31.5 39.0 39.0 39.0 39.5 37.5 

08.00 30.5 36.5 38.0 33.0 39.0 37.0 

08.30 30.5 38..5 39.0 37,5 39.0 35.5 

09.00 30.5 36.5 39.0 38.5 39.5 36.0 

09.,30 30.5 36.5 39.0 37,5 39..0 36,5 

Contd.... 
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rr a it 	i s7 	1: l! F L?JT pQ i 	i !R ThE BOOM 

'III+ THERMOCOUPLE POINTS 

Hr. Its, 1 2 3 4 5 6 

20.00 31.0 37.5 41 5 38.5 40.0 36.5 

20.30 32.0 38.5 43,0 39.5 41.0 36.5 

14«34 32.0 38.5 43.4 39.5 41.0 37.4 

10,39 33.5 39.5 43.0 40.5 42.0  38.5 

10.44 34.0 39.5 43.5 41.4 42.0 40.0 

10.49 35.0 40.4 43.5 42.0 42.0 40.5 

10.54 35.5 40.0 43.5 42;:0 42.0 41.0 

11.00 36.5 44.5 43.5 42.0  42.0 41.0 

mean temperature fors 

ID hrs. 30 min. = 38,7°F 
next 4 nun. = 33.5o F 

(Defrost Cycle) last 36 min. = 39.80  F 

Water spray period 	 = 12 mina 
Run-off period 	 -» 14 min. 
Mem outside temperature 	= 73°F. 
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