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After catching, ths bacteris preaent in the fish causes
spoilage which procesds rapidly in the tempesreture renge of
10%. to 20°c. but the deteriorative effect ie progreesively
retarded ae the temperature ie reduced, and et -9°C, when
approximately 91% of the water present in the fish hee besn
turned to ica.

The speed et which the fish ia frozen determines the
eiza end diatribution of the ice cryatale both ineide and
outeide the individusl celle. It is well established that
cell demage ie minimieed whan the epeed of freezing ie
such that the ice cryatal eize formed ineide the individual
cella ia small, resulting in e small drip lose on thawing.
Slow Preezing producea larger ica crystale in the spaces between
the cells leading to call damegs, which in turn resulte in a
higher drip loss on thawing. Slow freezing aleo concentratee
the salta snd snzywmea in solution within the cells, caueing

the snzymes to become more active which producae undeairsble

chengee in flavour and taxture.




During freezing the detrimental effect of bacteriologicll,
chemical and phyeical changes are acute between the temperature
rangas of -1°C. to -s°c., the zone of maximum ice cryetallisation
(Figure 1) which coincides with the zone of maximum deterioration
and, therefore, it is desirable to Paes through this zone ae
quickly as possible, The freezing Precess ehould continue
further until the centre temperature is reduced to -20°C., at
this temperatury the eurface ie gensrally in the region of -38°C.

giving an average temperature throughout of approximately -29°C.

The generally accepted Cold Store temperature required for
long term storage is -29°C. and fish frozen to thia average
temperature wil) not impose additional heat load on the Cold
Store.  The absence of a difference in temperature between
the surface of the fiah and the air in the Cold Store will

minimise the deteriorative effect of dehydration.

In ordsr to introduce a quality standard The Ministry of
Food in Great Britain defined that the term "Quick Freezing"
should only be applied to operations in which the fieh is
reduced in temperature from 0°¢, to -SOC., <N not more than
two houre, the fish then being left in the freezer to be

further reduced i temperature to -2008.




Heat is removed, in the caee of conventional freezere,
by the use of refrigerated platee brought into direct
contact with the fieh or by blowing refrigerated air across

its exposed surface.

The freezing time will be governed by thicknass and
the temperature difference betwsen the centre of the fisan
and the refrigerating medium. When tranaferring heat by
convection with the use of air, the heat flow from the
fish must pass through a thin stagnant layer of air
eurrounding the surface, known se the "Boundary Layer",
The resistance of this layer is reduced by creating
effective eurface turbulence, but even so this resietance

is still eignificant in determining the freezing time.

When Plate Freezing the heat tranefer surface ie
brought into direct contact with the fish, and the heat
ie transferred by conduction, thersby eliminating the
effects of the "Boundary Leyer" and coneequently faster

freezing timee ere obteined (Figure 2)

The temperature et which the pletee or the eir ie
maintained ie governed by the eveporeting temperature of
the refrigerent end in the cese of most conventionsl
eyeteme the sconomic eveporeting tempereture ie in the

region of -37%. to -40%c. In eny particular freezer for
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& given thicknesa of fish the freezing time can be reduced
by the use of o lower evaporating tempereture, which in
turn will increses the out put from the Freezer,
Unfortunntoly the ues of o lower 8vaperating temperatyre
increasee the capital and running coete of the refrigerating
Plant, and thie increeee becomee dioproportionato compareg

to the benifite obtained,

A well deeigned conventional freezer ie cepable of
froozing well within the deecribed quality limite, for
oxample a Vertical Plate Freezer will fresze 107 .,
thiok whels fish blooks Prog +5%. to -20°C. in 170 minutes,
the time taeken to paee through the zone of maximum
oryetellisation hewsver 1e 65 minutes, Wwhen freezing
170 grem Pieh fillete in en officient Air Blest Tunnel
the time taken ie only 11 minutee,

BLATE FREEZERS:

Thie type of freezer is one of the moet commonly uged
in the Fiehing Induetry, 1t ie ueed fop Preezing rectanguler
blooke of whole or filleted fish, end for shell Pish in traye

or oartons. Blook thicknesess Normelly vary in the range
of 50 mm to 110 mm,
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Tha modern Plate Freezers use ported pletes, manufactured
from sluminium alloy (Figure 3). Liquid refrigerant on entry
to the plate passes through s small croas eectional area but
as the refrigerent abaorbee heat a proportion of the liquid
changes to a gas snd this change increasee the volume of the
refrigersnt flowing., The passes in the plate are therefore
expandad so that the cross sectional srea available to flow
ia increased. The effect of thie is to reduce the resistsnce
to flow, thareby reducing the pressure drop acrose the plate,
resulting in limiting the tempersture rise of the rafrigerant,
In order to obtein efficient heet trenafar the inside porta
muat be kept thoroughly wettad by enauring the prasenca of an
adaquata proportion of the liquid alwaye being availabla at
the insida aurfece of the porte. In order to obtein thia it ie
nacassary to ciroulate more liquid than would be theoraticelly
raquired to tranafer the heat from the fish. Tha retio of the

over faed is normally in the region of 8 - 1.

In the early days of Plate Freezer development steel
platss were used, and even today these platss ere otill
used. The stesl plets consiete nexmally of a refrigerated
odil, placed ineide e stesl box in which e vaouum ie pulled

in order to maintain centsot between the ineida surface ot

the plate and the outside surfece of the ceil.
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With this type of construction the ratio of the outsids
Plate eurface to the ineide refrigsrant swept eurface is amall,
Compared to the aluminium ported design and, therefore, it ie
not capable of absorbing the éame rate of heat flux. When
freezing fish blocks in the region of 50 - 70 mm, thick the
aluminium plate will reduce the overall freezing time

Compared with the steel plates by approximately 33%

Plate Freezers are capable of applying a hydraulic
Preesurs to the Plates in order to producs high density blocke
when freezing and, therefore, the dessign of ths Plates must be

capable of uithetending the streeses involved, The density

Horizontal Plate Freezere, 88 the nams 8uggests, consiste
of Horizontel Platee arrsnged in paire, each pair forming a
Station, Fieh is loaded into traye, the traye are then elid
between the etatione, The platee ars opened orp cloeed by the
use of a hydraulic cylinder aituated at the top of & maching
After all etatione have been filled 4 hydraulic Preesure of
8pproximately .S Kgrame per 8q. metre can pe 8pplied acroee

all surfaces, the Spplied preasyre ia then 4pproximately doubled

due to the initial expansion of the fieh when freezing,




(Figure 4) shows a 15 station Horizontal Plate Freezer
which can freeze 38 mm. thick fillete at the rate of 20-tons
per day. To obtain an operational cycle time it is neceesary
to add to the freezing time approximately 15 minutes for
loading and unloadi g the freezer, the handling time involved

can be minimised by the use of a fork lift truck.

(Figure 5) shows a Package Plate Freezer, which is
complete with its refrigeration unit, thie is ueed
extansivaly in areae where the cost of installing remote
refrigeration plants is high. Thie freezer will freeze
37 mm. thick fillets at the rate of 225 Kgrams per hour
and four of thess freszers, working in a bank, will fresze
YOO Kgrame. of fillste par hour, the units being entirely

ealf contained.

VERTICAL PLATE FRECICRS

The advantags in using this typs of Freezer (Figure 6)
is that it sliminates ths need to uss trays, the fish being
loadsd vertically bstwesn the plates. The standard size
block usually measuras 1070 mm. x 535 mm. and the thickness

of the blocks vary from 25 mm. to 130 mm.




A S0 mm, thick whole fieh block frozen with the heede
on will weigh Spproximately 23 Kgrama, If the heads era
removed bafore freezing the deneity of the block will
increesa by 10X and in the ceee of freazing fillete the

increass in deneity will pe *pproximately 20%,

In order to Temove tha blocks from the Freezar the
Plates era defroeted 9enerelly by uaing hot ges, Shoes,
which held the fish during freezing,are then lifted clear
of the fraezing Plente in order that the blocke can be

unloaded and Placed on tg ¢ pallet or a conveyor,

Vertical Plate Froazers ere Produced with stetione
ranging from 5 to 30, A 26 etetion fraezer will holgd
1.2 tons of fish Pillete 100 wm, thick, and wil) fraaze
thie load in 3 hours.  The circust diagrem (Figura ?7)
illustretes the Piping arrangement required for rofr.lgcnting

ond dofrooting ® number of Verticel Plata Fraezers,

AUTOPATIC PLATE FREEZERS

Thess fraezers fraaza figh which ¢ filled intg cartons
or into metal treye. Thie ie sseentially an 4, Ptocess 1ine

freszer, ocapable of fraszing up to 2-tone of 50 mm. thiok fish

per hour completely outouticnny.




Cartone or treys ere sutomaticelly loeded betwsen

stationes consisting of two freezer pletes, which ere held

in the open position during loading (Figurs §). Wwhsn ths
plste ies full ths etation is indsxed upwerds and closed,

ths next stetion is then ready fcor loading. This cperation
continues until ell ths stetions havs been fillsd. Ths
pletes then drop to ths bottom position end the cycls
recommences with ths sxcsption that as ths cartons are fed
into the loading station ths certons elready in the stetion,
which heve besn frozen, ars pushed off the plates on to a

discharge convsyor.

The use of thie Freszer saves the labour required to

operate Horizontel or Vertical Batch Plate Ersezers.

AIR BLAST JYSTCRS

Whan it ie necseesary to individually quick freeze
whole fish or fillstes en Air Blest Freezsr will havs en
adventags when comparsd with a Plete Freezing system,
beceuse the top plete in e Plate Freezsr will not maks
effective contact with ths unduleting surfecs of ths fish,

whereae eir cen ba blown svenly over all expossd surfacse.

Unfortunately eir hae the ebility to pick up moisture
from the surfacs of ths fish, e feature which does not sxist

in Plate Freszing.
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A badly designed Air Blast Syetem using air temperatures
in sxcess of -30°C. will result in producing weight losses
which will exceed 3. However, a well deaigned system weing

low air temperatures will restrict the weight loss to the

ragion of 1%,

In casaa where the hourly output required to be frozen
ia emall it ig poseible to place the fish individually in
traya and te freezs them in a Horizontal Plats Frsszer, tharsby

reducing waight loss to the absolute minimum,

Air Blesst aystems normally refrigarate asir by the usa of
a Pin coil block, which is known as tha evaporator, in which
tha rafrigersnt is evsporated at approximately -40°C. Alr
leavea ths coil at approximataly 3°C. highar than the
svaporeting tempsrature and sufficisnt volume is circulated
in ordar to reatrict the temparature rise acroas tha fish

to 5°C. Ths lower the air temperature is kapt the smallsr

becomea ite ability to pick up free watar and, thoroforo,

the lower becomea the dshydration sffect., In genarel,

economical heat transfer occurs whan tha valocity of ths

air is in the ragion of 4 m, per sacond.
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BATCH TYPE TROLLEY FRECZER

The Freezer (Figure 9) coneiste of sn insulated cabinet
in which rafrigerated air ie blown evenly ecroes the trolleye.
The trolleys ere manuelly loaded, prior to freezing, with fish
and they ere left in the cebinet for a predetermined period

after whioh they ars removed end the cycle recommences.

Providing thie Freeger hae been correctly deeigned
so that it ie suitabls for freezing fieh it is sxtremely

vereatile.

As previously mentioned, if too high an svaporating
temperature ie used within the coil, and the coil surfece
is too small, thie typs of freszer can besoome one of the

biggest oulprite in producing a high weight loes.

SPIRAL FRECZING SYSTERS
Sairel Tunnel

This type of tunnel uses s conveyor bel* which collapses
on its inner edge, snabling it to be wound sround e rotating
drum. This particulsr feature enablss s conveyor, in the
region of 600 m. long, to be ueed in a singls tunnel, and

the sdvantage of this system compared with a streight=line
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conveyor system are obvious, This is a very vsrsatils
freszer capable of freezing thin products having a freezing
time of approximately 10 minutee up to thicker producte
having a freezing time of 3 houre. In the particular eyetem
shown in (Figure 10) refrigerated air, at approximately

-3506. ie blown in a croes-flow acroes each laysr of the
spiral, enabling this system to obtain effective coverage

of the belt.

When freezing fish fillets it is necessary to
thoroughly clean the belt when it is in motion, A thres
stags washing eyetem is normally fitted which has pre-rinse,
detergent wash and final rinse eectione. High velocity air
is blown over the belt eurface at the exit of the washer unit,
in order to ensure that the belt is thoroughly dried before

the belt returns into the freezing zone.

LIQUID NITROGEN FREEZING

With thie method of frenzing, the fish is brought into
dirsct contact with the refrigerant and its use will depend
upon the cost and availability of potential eupplies of
liquid nitrogen. With this syetem it ie neceseary to install
e Liquid Nitrogen Storage Tank which eupplies the liquid
to the freezing tunnel, tne tank seing refilled by Road

Tankere at regular intervals, depending upon the usage.
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In opsretion the fish ie pleced on to a verieble
spsed steinless stesl conveyor bslt, and passss into an
jnsulated tunnel where it immediately comes into contact
with the countercurrent flow of the cold gaseous nitrogen,
the temperature of which progressively falls to -196°C.
dirsctly under the liquid sprey (Figurs 11). In the case
of thin fillets spproximately 50% of the product heat ie
extrected befors it rsaches ths liquid epray, leaving ths
higheet rete of heat trensfer to taks placs in ths smell
ares undst the spray where half the freezing potentiel

from ths liquid nitrogen is utilised,

The sdvantege of the use of this system is that amall
shell fish, and thin fish fillets can be frozen in e matter
of minutss, thsreby, ensuring that high quality ise

mainteined.

COPPARISON OF COSTS

(Figure 12) illustretes the relative operational coste
{nvolved between Horizontal Batoh Plete Freezers, an
Autometic Plets Freszer and e Spiral Air Blest Tunnel, when
freezing 1-ton of fish per hour. It has been essumed, in
the cass of ths Plets Freszers, that the fillets havs been
placed sither {nto cartons or trays having an overall thickness

of 25 mm., whereas the Spirel is individually freszing fillsts.
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COMPARISON OF COSTS _continyed

For comparison purposee, it has been essumed that no lebour
is involved in the operation of the Spiral Freezing Tunnel and
the Automatic Plate Freezer, but in the case of the Batch Plate
Freezer the labour coets involved in loading and unloading have
been ehown verying from £0.4 y £1.00 and £2.00 per hour,

The Batch Plate Freezer baee curve shouwe only coste aseociated
with Capital and Electricity and it can be eeen that in Countrige
where the cost of labour, plus overheade, is below £0,4 per hgur
that there is no financial advantage, in thia particular cese, of

ueing e continuous Plete Freezing process.

The running coets of e Liquid Nitrogen Tunnel is higher than
conventionel systeme end these Tunnels ere often used for freezing
expeneive products, where the additional running cost ie very small
compared with the eelling price. Beceuse of the low capitel coet
involved this method can be economic, depending upon the coet of the

nitrogen, when freezing lerge throughputs for ehort periode during

the year,

The running coet adventege which Plate Freezsrs heve over the
Air Blaet Freezer ie due to the efficiency with which the heat cen
be conducted 3treight to the refrigerant without the uee of eir,
In an Air Blest Syetem the heat equivelent of the fen horse power
can contribute epproximately en additional 25% to the heat load of

the fish. In order to maintein the same aurfece tempereture of the




COMPARISON OF COSTS continyed

fish whan freezing the Air Blast system muet svsporate 5°C. lower
than the refrigerant in the Plate Freezing System, which increase

the swept volume of the refrigeration plant required.

All the Freezers which hava been described are capable of
fraazing well within the prascribed quality limits, and the choice
of any particular fraszer will dapend upon whether tha fish is to
ba frozan in block form or individually, the hourly output
required, the availability and cost of suitable labour, together

with tha numbsr of operational hours per year.
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Figure 3
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Figure 12
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