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SUMMARY

The twe leading Israeli companies nngaged in the export of perishable produce
were analyzed to pinpoint their problem areas, determine possible causes of the
problems and recommend ways to arrive at solutions or prevent future problems.
The companles examined were AGREXTO and THE CITRUS MARKETING BOARD. Attention

was given to the problems of precooling, refrigerated storage and transportation.

Agrexco deals with all export commodities except citrus fruit. All their peri-
shables are transported by refrigerated ships except strawberries, small melons
and sometimes grapes. These are transported by air cargo. The Citrus Marketing
Board dealis only with citrus which is transported on non-refrigeruted, ventilated
ships. Each has rommon problems that are focused mainly on difficulty in achiev-

ing and maintaining product temverature.

Prevention of weste and spoilage and preservation of product quality during post-
sarvest handling and itrancport depends cthiefiy upsn preper temperature management.
Yet, investigaticns of preccoling and transport systems revealed that primary
consideration is given to0 packaging metnods and handling procedures at the expense
~f effective zooling and temperature managemen-., F:breboard cartons are not venti-
tated sufficientiy to allzw for free passage of air through tre containers; pallet-
.2zed unit loads are not stacked to provide for free alr movement through the stack;
some paliets are overwrapped with maater ccntainers that completely block air flow
through the stack and :ontainersa. and ccc.ed products are subjezted to ambient air !
temperatures and sclar radiation, ~ftern for pericds that completely nullify whatever
value might have been obtained by the precocler. These practices constitute the

primary problem areas.

Secondari.y, but equally important. is the inability of the preccolers to satisfact-
orily achieve their specified des:gn product temperature reduction. This is partly
attributable tc poor y ventilated cartons but alsn to poor system design. In two of
the precoolers;, n¢ provision is made to circulate air thrcugh the cartons, ihus, even
if the cartons were amply ventilated, satisfactory cooling would not be accomplished.
The precooler for air transport is designed to circulate air through the cartons to
accompiish cooling in two hcurs. This is possible with the existing system if the
cartons were ventilated and stacked properly. However, the precooler is highly
inefficient because of poor design in the air handling and refrigeration system, and

heat gain to the precoonier from ambient atmosphere.
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The two main problems, therefore, are insufficient ccoling and heat gain to the
cooled product resulting from poor handling practics. Correction of the problems
would require substantial modifications, most of which the industry cannot
economically justify. Research on these problems will provide solutions and
design information that can be incorporated into future designs for more effic-

iert and effective precooling and handling systeams.

INTRODUCTION

BACKGROUND

Through its expanding export market, Isrecl 1s improving its balance of trade

with other nations of the world.. Special emphasis is placcd upon expansion of

its agricultural products. Its geogrephic and climatic conditions enable Israel

to grow a wide variety of agricultural products in abundance  Among these are

fruits and vegetables of high gquality which enjcy a gocd market as fresh produce i

'n Burope and Japan, and to some extent in the United States.

Because of the highly perishable nature of mcst fresh fruits and vegetables, it

is imrerative to provide a closely controlled program of temperature management,
based on product requirements, throughout the postharvest marketing period.
Perishable produce that is not cooled as sacn as possible after harve-t, and kept
at the proper temperature during posthervest handling, transport and distribution,
will either decay ~r detericrate from excess repening. or both., Adequate temparat-
ure management, nn the other hand, will insure maintenance of the high harvest

quality and prevent waste from spoilage or deterioration during marketing.

Tc accomplish this the two chief commercial firms engaged in the export of perisha-
bles have constructed ceniraiized precooling and refregerated storage facilities
near the transport loading docks. The two firms are AGREXCO (abbreviation for
Agricultural Export Company) and THE CITRUS MARKETING BOARD. Their business is

selling fresh fruits and vegetable to foreign markets.

Agrexco deals with avocados; sweet peppers (capsicum), eggplant, grapes, celery,
melons, strawberries and stone fruits. The strawberries; srmall melons and grapes

are transported by non-refrigerated air cargo, the others by refrigerated ships,
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To prepare commodities for air transport, Agrexcc has a large, modern and

B DR =) VY mAlrivme €T3 s D
ILPIressive (UIOKiNg 1 ity located on t

ises of the LOD Airport near
Tel-Aviv. The package prcduct is received here, loaded onto special air cargo
pallets, precocled, then placed in refrigerated storage awaiting shipment.

In compliance with an Internaticnal Air Carriers regulation, the entire cargo
must be aszembied at plane side for inspection by the captain before it can be

:oaded on brcara. Thii normally requires from 30 minutes to one hour.

Perishabies are never held ionger thar Z4 hours at the facility.

For sea transpcrt, Agrex:o has refrigerated holding rooms and sheltered area for
receiving and lcading cut 1in the vicinity of the seaport at ASHDOD. Here the
pactkaged produst :3 re:eivzd on d:sponsable pallets and placed in a refrigerated
reem at a temperature commensurate with ttie prcdu~t requirement. The product
1s usually held in the refrigerated rcom overnight for ccoling and transferred f
to the shippins dock *he next day for loading on beard. The pallet Lfoad is
2moved from the dock «d placed in the ships compartment by crane. As & rule,
curing this cperation the product is withou' refrigeratien for 3 hours or mcre,
often i1 a hot environment. In tnls time much heat 1s gained, thus negating
much of the refrigerating value obtaired the previous night. This facility is
rnet eaqulppes 1or fast precooling. In adoition, the carton design and stacking
patterns, <fiso with pa.ietizea containers o faci:itate handling, virtually

preclude cooling even under the most i1dea: :cadit:ionse.

A.though desisgned for rransporting perishsbies, menr of the ships are old vessels
employing mav.elly cenatrcl.ed refrrgeration and air distribution systems that do
not have -apability to accomp.ish ary signifi-ant cooiing in *ransit. The product

should therefcre be thrr-ugh - rzc.ed befrre 1t is !lcaded onto these vessels.

The 71trus Marke~ir - Boavrd deals with citrus producrts only. As a rule, citrus
products are not as psricnntle as stone fruits and many vegetzble products, but
they do have a temperature sensitive metabolism and are also subject tc decay
which ~an be controlled by temperature mansgement. Therefore 1t is always practi-
~al and sometimes necessary tc remove the essential heat as soon as possitle and
keep the fruic cold throughout marketinge 5 = ~< rus par-..: arly grapefruit, do

not peed ‘he . W ‘emperatures required ‘v sther rer shab.es.
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The Citrus Murketing Board has a centralized precooling and refrigerated storage

facilit
v m———

iorated nearby the shipping dock at ASHDOD. Fruit 's received from the
packinghouse in fibreboard cartons that are stacked on a special palliet rack
which is an integral part of a unique handling system at the precooling rplant.
As the fruit arrives at the plant, the entire load is drawn verticelly upward
throcugh an overhead door and placed on rails where it is mechanically positioned
for precooling and holding. From the standpoint of materials handling this is

a highly efficient system. Alss the structural snd equipment aspects of the
facility are excellent. However, from the standpcint of product cooling, the
facility is inadequate. Because cf the poor air distribution system design,
tight stacking of cartons; inadequate carton ventilation and failure to schedule
cooling in relation to product temperature, the abundance of refrigerating capa-
city available is not used effectively and efficiently. Thus the cost is high

and many boxes of fruit cre never cooled to the proper temperature.

‘ne procedures used for transferring the fruit to tne loading dock and lcading
onto shipboard are similar to those used for other perishables. Thus the same

problems of heat gain apply.

Citrus fruit i1s transported on non-refrigerated ships. The ships are equipped
with manuaily zontrdlled ventilation systems, that could be more harmful than

beneficial uniess extreme cauticn is exercised in their operation.

In the ~asze of citrus as well as other perishables, considerstion is given to
packaging and handling ease at the erpense of adequate temperature management.

This is the snurce of the majority of the problems encountered.

—

: There is nc exprrt market for apples be:zause production does not exceed local
demard. Their lccali marketing period 1s extended for nire months, or longer, by
means of controlled atmosphere s‘orages. These storages are efficiently operated
employing the best available technology, construction features and equipment.

Thus there are no refrigeration problems in the postharvest handling and condition-~

ing of apples.




When the market is o0od, bananas are exported to Europe. However the refrigera-

tion problems are not significant because they do not need the low temrvcratures
required by most other perichables. Green bananas are held at about 580F until
ready for ripening. They are usually transported on refrigerated vessels that
have facilities for maintaining this temperature. The primary problems with

bananas are in handling from the field to the packinghouse and in packaging.

At present, lettuce is a minor export commodity but is expected to increase ten-
fold within the next few years. Some sweet corn is also exported but not in
iarge quantities. Both of these commodities are highly perishable and absolutely
must be precooled rapidly and kept cold throughout marketing to preserve their

quality and prevent spoilage.

Potatoes are grown but not in sufficient quantity to permit export. Their market-
ing period can be extended up to 6 months, or lcnger by refrigerated storage.
Prwever, the technology, as applied to conditions in Israel, has not been fully

developed and thus needs some research attention.

OBJECTIVES

This report presents observatioans and analyses on those commercial firms dealing in
export commodities and on research needs and approaches leading to solutions to
their problems in heat transfer and refrigeration. The information presented was
gathered as part of = project presently being carried out by the Division of Envi-
ronmental Engineering, Agricultural Engineering Institute, A R O, Israeli Ministry

of Agriculture in cooperation with UNIDO.

Immediate and long range objectives are listed in the Project Document. These
objectives vecognize the need to provide industry with solutions to their more
pressing problems in the handling, precooling and transport of perishables for
export as well a3 to develop new techniques, methods or systems that will do an
effective job more efficiently. This study is geared toward that end with special
attention given to the evaluation of commercial operations and the development of

plans for future research based on these finaings.




FINDINGS

Postharvest handling, precooling, packing, storaging and transporting of most
fruit and vegetable products grown in Israel were observed. The problem areas
were found to be chiefly with the firms engaged in export. The following are

analyses and evaluation of their operations,

AGREXCO

Facility:

Centralized precooling and refrigerated storage for terminal warchousing of
strawberries, small melons and grapes in preparsation for transport.
Non-refrigerated air carge.

Handling:

Products are received in fibreboard cartons, stacked on pallets for fork truck
sandling. As they are received they are stacked on special air-cargo pallets,
precooiaed, then palced in the refrigerated storage awaiting lcad out.
Precooling:

The fo.lowing is a general analysis of the approximate refrigeration heat load
and cooling capability of the precooling system.

The existing system has two ccmpartments with a capacity for 10 tons of strawbe-
rries each, Twe 33 horse power (hp) eleciric motcrs in each compartment drive
serorifugal fans designed to deliver 22,000 cubi- feet per minute (¢ f m) each,
against a atatic pressure head of 5 inches water gauge.

Assume 20 tons of strawberries are to be cooled by a temperature reduction of
SOGF in ¢ hours. Refrigeraticn heet load on tne existing system, in British

thermal units per hour (btu/hr), is:

Product heat (in:iuding carteng) - = = - ~ = = - - 1,000,000  btu/hr
Heat from tans and motors = = = = = =~ = = = = = = = 400,000 "
Transmission and infiltration heat - - - = = = = = 25,000 "

Total - 1,425,000 btu/hr
This is approximately equivalent to 120 tons refrigeration.
Because of the inadequately ventilated cartons and poor air distribution system,
the desired cooling rate is not accompiished. Thus the refrigerating capability
is not efficiently utilized. This is further compounded by the unnecessarily high
resistance %9 airflow which adds an additional unwarranted heat lcad to the refri-

gera*ion system.
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The relationship between the volume rate of airflow and the system resistance to
airflow should be such that the fan pressure does not exceed 2 inches water gauge.
A properly sized fan will deliver 22,000 ¢ f m against 2 inches water gauge at
one-third the energy required for the existing fans. The heat ioad produced by
the fans would thus be reduced to about 132,000 btu/hr and the total heat load
would then be reduced to 1,157,000 btu/hu. This is approximately equivalent to
99 tons of refrigeration.

In a refrigeration system with a good coefficient of peformance, the evaporator
co0il (s) capacity is balanced with the capacity of the compressor. With the above
total heat load and specified airflow rate; the reduction in asir t=mperature
across the coil would be lloF. Thus the coil face area, depth and refrigeraat
temperature should be sufficient to provide this air temperature drop.

Adequately ventilated cartons combined with proper stacking arrangements would
permit the air to flow through the cartons and over individual product surfaces.
Thus, with the specified air quantity, strawberries can be cooled in 2 hours and
cantaloupes in 3 hours, provided the refrigerating capacit; is available.

Refrigerated Storage:

Assuming that the product is thoroughly precooled before going into the refrigera-
ted storage, the heat load to the refrigeration system would be (1) heat of respi-
ration, (2) hea* gain by conduction through walls, floor and roof, (3) heat pro-
duced by lights, prople, motors, etc. in the refrigerated aerea and (4) heat gain
by infiltration through doors and other openings. The heat load of a well built
storage should be substaavially less than the precooling heat load for a comparable
amount of product handled. »

The existing storage is 86 feet in width and length and 14 feet in height. Based
on the storage specifications for size, capacity, equipment in the refrigerated

area and operations, the calculated refrigeration heat losd would be as follows:

Respiration heat - = = = = = = = = = = = - = - =« =« = = = =~ 4,000 btu/hr
Conduction through walls, floor and ceiling - - - - - - - 70,000 "
Infiltration (% air change per hour) - - = = = = - . - - - 62,000 "
Forktrucks (2at 3,500 each) = = = = = = = = = = = = = = = 7,000 "
Pans and motors (3 = 1.5 p) = = = = = = = = = = = = = = = 36,000 "
el b - - - 17,050 "

193,900 staShe
R Smmm o BUSTIN

Total ========-« 217,300 btu/hr




This is approximately equivalent to 18 tons of refrigeration. Infiltration heat
icad could vary substantially, depending upon number of open doors and frequency
of movement through them,

Refrigeration Equipment:

The entire facility, including air conditioning for flower storage and offices,

is served by four;,; R=22, 140 hp compressors to produce 90 tons of refrigeration
each at a suction temperature of 14°F. The compressors pump R-22 through heat
ezchangers to cool giyi~-l, which is usel as a secondary refrigerant throughout

the facility. Two air handlers, each equipped with fans to deliver 22,000 cfm
against 5 inches static pressure water gauge driven by 33 hp electric motors,

are provided for each of the two precooling rooms. Calculations sh~w that the
four ccoling coils have a total capacity of 1,200,000 btu/hr when operating at
design cond. tions. The refrigerated sto~age is equipped with 8, 3 hp air coolers.

General Observations and Conclusions:

‘ne facility is cerstructed of high quality material and first class workmanship.
It has exnellent design and layout oriteria from the standpoint of materials
handling. However, ‘%.are are problems resulting from peor design . the precooling
p.ant and refrigeration system. In summary, many of the problem areas can be
correzted or substantiaily improved by: (i) providing cartons and stacking arrange-
ments to mininize resistance to air flow through the stacks; (2) reduce pressure
drop in the air distribution system to not mere than two inches water gauge; (3)
g:ze fars to give needed volume rate of airflow at nc mae than 12 hp per fan;

(4) providing fiower storage and office air -onditioning refrigeration systems
separate from pre.ocling and refr.gerated storage systems; (5) consider enclosed
receiving dotk and refrigerated shipping do<k; and {6) consider transfer contain-

ers from refrigerated storage to plane-side to mirimize heat gain at load out.

AGREXCO

Facility:

Centralize; precooling plant and refrigerated storage for terminal warehousing and
pregaration for shipping of avocados, sweet pappers (capsicun), watermelons, egg-
plant, tomatres, grapes celery and stone fruits.

Transport:

Most of the above listed commodities are transported in refrigerated ships to the
Buropean common market countries. Generally, the ships are old vessels, eauipped
to haul perishables, but net designed te efficiently accomodate transport ef pallet

iloads.




A typical ship is equipped with three 150 hp, R-22 compressors. A secondary
brine refrigerant is pumped through :rnoling coils lccated in each of 14 compart-
ments. A total of 86 vane axial fans circulate tne air over the coils, through
sub-floor ducts, up through the load and overhead back to the coils. The fans
can deliver erproximately 3,500 cfm each against a static pressure of 0.8 inches
watergauge. A typical ship has a total carge space capacity of approximately
254,000 cubic feet. The total air distribution capability for this space is
approximately 300,000 cfu. This is slightly mere than one air change per minute,
or about C.1 cubic feet of air per pound of product. This is more than adequate
for ventilating a cold storage room but not enough e affect any avpreciable
cooling.

The total refrigerating capacity is approximately 4,500,000 btu/hr. On the basis
of a load dersity of approximately 12 peunds per cubic foot, the total product
load is approximately 3,000,000 pounds. Assuming that all the refrigerating capa-
city is available for cooling, the cooling rate would be roughly 1.5°F per hour.
However, a refrigerating capacity of approximately 1,000,000 btu/hr is reeded to
overcome the heat gain by respiration, fans and metors and from conduction and
infiltration inte the refrigerated space, leaving sufficient cooling capacity for
about one .F per hour.

Handling:

Products are reteived &* the refrigerated warehouse packed in cartons and stacked
in pallets for forktruck handiing. All handling, including icading on beard the
ship, is completely palletized. Upen receipt of the product, it is placed into a
refrigerated room where it remsnins until it is srheduled for lead out.

The length oi time the preduct remains in the refrigerated room, hence the poten-
tial for coeling, depends upen receiving end leading out schedules.

Tightly stacked, peorly ventilated cartens, over-wrapped with a master pallet
centainer, could take several days for adequate ceoling. At lead out, the preduct
is removed from the refrigerated room and transferred to the shipping deck fer
leading. The preduct is nermaily without refrigeration, sometimes subjected te
high ambient temperature and selar radiatien, fer several hours during this

transfer.

o~
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Preceoling:

Except for a vacuum ceeler, which is ot often used, the facility is not equipped

with specialized precooling equipment. Cooling 1is accemplished in the refrigera-
+2~d sterages. This is acceptable for preducts that de not need fast cooling, and
pessibly for preducts that are subject te ~h:.l1 injury at lewer temperatures, but
fast preceoling is impertant fer the highly perishables. Products handled by
AGREXCO that weuld :all inte that categery are grapes, celerv and stene fruits.

A recent development in palletized hamiling empleys & pallet size, master centainer,
which eve-wraps all the cartons on & pailex. This type of container is ideal fer
protecting the produst from heat gain during lead eut, but is net cempatable with
ceoling in palletized stackse

Cenventienal "reesm ceeling” nermally takes frem 24 te A8 hours, er pessibly lenger
depending upen the commedity. centainers, etc., previded adeguate refrigerating
capacity is available.

Refrigerated Sterage:

Tne refrigerated e:«rage3 are separated i1nte an eid ar.d new se~tien, spanned by a
sheltered, nen-enclesed leading deck. The eid sectien ~ansists ef three sterage
roems. Twe are 40 feet leng, 50 feet wide and 23 feet high. The third is about
10 larger. The new sectien consists or three aterage reems having a cembined
tetal of reughly 59,500 cubic feet of sterage spa~e.

Refrigeratien requirements fer each sectien are calculated en the basis of the
existing sizes, hand.ing requirements, sterage capacify using a l1ead desdity ef
12 peunds per cubic festl. The calculatiens --: xe that the preduct is thersughly
preceeled befere it is placed in the refrigerated sterage. Respiration heat

lead is based orn avecades gtered at Sb.P. The nea: j®sads are:

Respiratien - - = = — =~ == T = eS0T 4C,000  btu/hr
Cenductien threughiy walls, fleer, and ceiling - -~ - - - 90,000 "
Infiltratien (ene air change per heur) - - - - - = = =~ 166,000 "
Ferktrucks (2 at 3,500 bru/hr each) « = = == = =~ = - 7,000 "
Fans and moters {12 at 1.5 hp each) =- - - - = ~- <~ 54,000 "
Lights (7,500 watts) =~ = = == - = - =~=-=====< 25,000 "
Pesple (2 o> 1,000 each) = = = = = == v === =T ___2,000_ "

584,000 btu/hr
Add 107 = = = = = = = - _ 38,400 "

T o258l ==2c====-= 642,400 btu/hr




Tris is approximately equivalent te 54 tens of refrigeratien. Infiltratien heat

lead might be mere er less depending upen number ef epened deers and freguency
of mevement inte and eut ef sterage.

Calculated refrigeratien heat loads fer the new sectien are:

Respiration = - = = = = = = = = = = = = = = «w = = = = = ~ 300,000 btu/hr
Conduction = = = = = = = = & &6 0 m - =2 = = =~ - - - - = 86,000 "
Infiltration = = = = = = = = = = = = =« = = = = = = = = = =~ 180,000 "
Ferk trucks ( 2 at 7,500 each) = - = = ~ = - ~ - S 7,000
Fans and meters (12 at 1.5 hp) ~ = = = = = = = = = = = = = 54,000 "
Lights (7,500 watts) = = = = = = = = = = = = = ~ = = ~ = = 25,000 "
Peeple (2 at 1,000 each) = = = = ~ = = = = = = =~ ~ =~ =~ = 2,000 "

654,000 btu/hr
Add 10F = = = = = = = =~ - - 65,400 "

Toetal -~=~=====-- 719,400 btu/hr

This 1s appreximately equivalent te 60 tens ef refrigeratien. The tetal cembined
refrigeratien requirement for the twe sectiens is thus 114 tens. Preceeling er
reem ceeling weuld require extra refrigeration. The ameunt would depend upen
coeling time and gquantity ef preduct te be zeeled. Ceeling 40,000 peunds ef a
preduct, 60°F in twe heurs weuld require appreximately 100 tens ef refrigeratien.
Ceeling the same predu.t in 24 heurs takes en.y 10 tons eof refrigeratien.

Refrigeratisn Equipment:

Beth the eld and the new sectiens are presently served by three ammenia cempressers
with capacity fer 60 tens refrigeratien ea:L at a suctien temperature of 14’?.

A feurth cempresser, with about ene-third mere capacity than the existing enes, is
presently being installed. Air coelers in each sterage reem are fed by a sentral
ammenis surge system.

General Observatiens and Cenclusiens:

This is a well built facility with an adequate but net surpius refrigerating capacity.
The available refrigeration system has the capacity to held all existing roems full

of coeled preduct with extra capacity te reduce the temperature of 800,000 pounds ef
product, 60'?, in a 24 heur peried.

The primary preblem is that, net being equipped with specialized preceeling facilities,
semetimes the preduct is net preperly ceeled befere leading eut. The chief reasen is
that the cartens are net adequatly ventilated. The absence ef precoeling facilities

adds te the prebl-m.
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Anether prebler is attributable te horli iy pra:-i7es. AS previeusly noted,

sh:rboard refrigerarien and ceoling eruipmen® 1is nel adequate to de significant
cooling. Therefere the preduct shou.d be cooled tefere leadinz en beard.
During leading, the preduct is eften held fer several heurs witheut refrigera-
+ien. Hea* gained during this time negates much ef the vaiue of coeling that
may have peen accerrlished previeusly. Partial cerrection of these preblems
can be - e -lished by: (1) Provide special preceeling farility te be incerpe-
rated as an 1rtegrai cempenesn: ef the refrigerated stsrages; {2) provade ade-
quate vent:iatien in .rtems and througn the s'a'x fer effestive ceoling; (3)
aveid use of master centainer everwrap un*il predu-* -as been ceeled; (4) ©. -
vide, as much as prastical, pretectien of the predu-t frem heat gain during lead
eus: (5) censider refrigerated leading deck fer leading eut ef sterage; and (6)

rensider sem.-cn:iesure fer leading de<k.

“TTRUS MARKETING bUARD

Facility:-

Centralized preccol ng piant and refrigerared storage fer preparatien fer ship-
ment and terming! wareheusing ef resh <i*rus irult.

Transper*:

C:*rus 1s *ransperted to the . rosean Tommon Fiovet  fngan and the United State

by nen refr:gsrated, ventiiated ships.  Veariiatler 1s manua..y centroiled.
deopending upen amblen® temperature. Some, Sut Lal &l ef the fruit 13 preroel-
24 nefere leadin~ o shipteard. Traszaper* -Ir = Tyrepe rarges trem 8 te 14
AHY S e

Handl 1ng:

Fruit packed :n 44 peund ficreceard :entainers .s r--eived ai *ne ~entralized
precooiing tavi;.ty, 3tackel ou pa.i=i122d Tral s fartiitate handling inte and
out of the prezco.er, The twroming t:ame, centaiming € palizts of 43 cartons
sach, 18 drauwh ,nte he cocier tnrousr an eserhead door and mounted ente a trazk
where 1% 13 pesiclone: ter coe'ing. 1The szme method 1s used fer lead out, thus
the entire eperatisn is mechanized.

After <eeling, paliet leads of fruit are ieaded ento a flat bed truck fer trans.
fer to the shipping dezk. A% the shipping deck, the fruit is either held on the
frlat ped trock, #r it i3 get off entc the greund, ava. 1ng ieading snte shipbeard.
Under this pre-edure, fruit is exposed to amb.ent temperatur<s and se ' ar radiation

fer as much as an heur er mere befor~ lead ng.
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it is then leaded inte nen-refrigerated ships helds where further warm-up eccurs.

After several heurs under these cenditiens, any value gained frem preceeling is
nullified.

Precooling and Refrigerated Sterage:

The facility is designed te cembine precoeling with refrigerated sterage. Air,

at an initial velecity ef 4,300 feet per minute, discharges dewnward frem ceiling
jets ento the tep of the stacked cartens. This initial ferce i suppese to cause
air te be circulated threugh the stacks and the cartens fer reasenably fast pre-
coeling. The precoeler has a tetsl capacity ef 181 tens of packed fruit. It is
designed te coel this ameunt of fruit frem 77°F te 41°F in 24 hours with a velume
rate of airflew ef appreximately 2.5 cfm per peund.

The refrigeratien heat lead en this facility is calculated as follews:

Product (362,000 1bs., 36°P T.R.) - --===-=- =~ - 543,000 btu/hr
Respiratien (181 tems at 4,000 btu/ten - Z4 heurs) - - - - 30,200 "
Transmission (40,200 sq. ft. at 3.6 btu/sq.ft) - - - - - - 145,000 "
Infiltratien (382,500 cu.ft. at ene air change/24 heurs) - 231,000 "
Pans and meters (16-20 hp. 3,000 btu/hr each) - - - - - 960,000 "
Miscellanesus (equipment, werkers, etc.) - = - = = = = - - 50,000
Tetal --- 1,959,000 btu/hr

This heat lead is equivalent te appreximately 164 tens ef refrigeratien.
Refrigeratien Equipment:

Twe R-22 screw cerpressers, having a cembined total of 550 tens ef refrigerating
capacity at design conditiens, serve 8 direct expansien evaperater coils. Bach
ceil has twe 60 inch diameter vane axial fans with design capacity te deliver
53,000 cfm against a static pressure of 1.5 inches water gauge. The fans are
driven by 20 hp motors. The evaporater ceils eperate at suctien temperatures
from 21 te 25 ®F. Air leaves the ceils at appreximately 30°F.

General Observatiens and Cenclusiens:

The Citrus marketing Beard Preceoling Plant is a medern facility with highly
efficient handling and structural design featnes. The refrigeratien plant is
mere than adequate te satisfy the design requirements, yet cannet achieve the
design coeling rate because ef poer air distributien beth among and threugh the
cartens. This attributable beth te impreper air system design and inadequately

ventilated cartons.
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A thereugh and cemprehensive research study en the cooling effectiveness ef this
facility, shewed a significant variatien in air velocity, ard hence preduct
temperature, ameng the varieus containers. In early tests, coeling time ranged
frem 56 te 260 heurs. After seme medificatien coeling times was reduced te 35

te 232 heurs. The researchers ebserved that the preceeling plant sxceeded, "by

a facter ef 2", the specified requirement fer reducing preduct iemperature.
figures in this repert shew this te be an accurate, if net semewhat medest, ebser-
vatien. Fer example; airflew at 0.5 cfm per peund ceuld accemplish the required
preduct temperature reductien in 24 heurs if 1t were distributed threugh adequate-

ly ventilated cartons. Energy needed te meve the air weuld be much less.

RESEARCH NEEDS AND APPROACHES

The research preblems, and thus areas ef appreach, can be breken dewn inte three
main categeries, namely: (1) Preceooling, (2) Handiling, and (3) Transpert. Many ef
+he preblems are similar acress commedity lines. Background research can therefere
effectively deal with the problem area rather than the cemmedity in relatien te its
particular handling precedure. This particularly applies te precoeling. In seme
cases, hewever, backgreund research needs te be dealt with en a cemmedity basis.
The Division ef Envirenmental Engineering ef the Agricultural Engineering Institute
has a staff ef well trained, cempetent researchers werking in all ef these preblem
areas. Under its Central Refrigeratien Research Laberatery preject, and in werk
plans growing eut ef this preject, many ef the preblems have been delineated.
Selutions to seme have been achieved. Results leading teward selutiens have been
ebtained for ethers. The current research pregram is en target and is making good
pregress. (bvieusly pregress would be better with a larger staff. Mere suppert
persennel (technicians, aids, etc.) are especially needed. On ef the chrenic
difficulties is that the wide diversity ef agricultural enterprises creates preb-
lems in practically the entire spectrun ef agricultural activities. Yet, because
of the small scale, cencentrated research efferts cannet be justified in any ene
area. Censequently, research persennel are "spread thin" and eften, =fferts are
frustrated because ef pressing preblems needing immediate selutiens taking prier-

ity ever the recegnized need fer mere backgreund, er basic, research.

Research needs and appreaches eutlined in the fellewing envisien a leng range,
stepwise research pregram carried eut by three er feur prefessienals and several
support personnel. Seme that are cited are currently underway. Breakdewn is by

main preblem area.

14




PRECOOLING

Carton Effects:

Conduct a series of tests to evaluate cooling rate in relation to airflow, air
distribution and pressure drop through individual cartons employing existing
cartons, modifications of existing cartons und new cartons with completely new
design criteria. A strong research effor:, already underway on this problem,

has yielded substantial background information and has produced a number of effec-
tive appraches for the solution of specific problems regarding size, number, shape
and location of vent holes to provde maximum cooling rate possible with the avail-
able system. This research should be continued in the direction it is going with
a strong emphasis placed on development of new criteria for carton design

with respect to cooling requirements.

Stacking Patterns:

Conduct tests to evaluate cooling rate in relation to quantity and directicn of

& ~flow and pressure drop through stacks of fruit in cartoms involving various
stacking patterns and carton designs. Carton design criteria derived from individ-
ual tests would be employed. The primary objective of this research would be to
obtain mar:rum cooling effectiveness with the least air movement possible.

This research would be most effectively carried out in specially equipped facili-
ties of the Agricultural Engineering Institute. Pollow-up tests with select stack-
ing patterns, vent hole alignments, etc. wcuid be carried out in commercial facili~
ties.

Methods or Techniques:

(1) Conduct a feasibility study to determine the value of packinghouse precooling
as compared to centralized precooling at the terminal warehouse.

(2) Investigate new methods for precooling, either at the packinghouse or at the
centra.:zed precooler with a view towards ut:iliz.ng masximum refrigerating effective-
ness in relation to product requirements.

(3) conduct analysis on the cost of facilities, refrigeration and handling where
precooling is carried out as a seperate operation from the refrigerated storage
compared to precooling as a function of the storage system.

Results from these studies would provide factual information for industry to use in
making management decisions regarding effective but economical methods and for
design eng-neers in making design recommendations. This kind of information is not
normally available and is often helpiul in designing a new plant or modifying an

existing one,
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Systens:

(1) Fvaluate existing systems to determine (a) cooling rate in relation to

system design criteria; (b) cooling capability in relation to product needs;
(¢) performance, in tarms of the ratio of product heat removed per unit of
time to refrigerating capacity; and () performance in terms of the ability
of the system to provide design air temperatures. Some valuable research
resuits have already been obtained in this area.

(2) Develop enzineering design criteria for potential commercial systems, utili-
zing results of small scale tests. Where plans; specifications or recommen-
dations are adopted b, industry, conduct follow-up tests to evaluate the
system as it is applied on a commercial scale.

Product Quality:

All of this work should be carried out in close collaboration with the Division
of Pruit and Vegetable Storage of the Institute of Food Technology and Storage,
A.R.0., to evaluate effects of the various treatments on product quality.
Research on quality effects of precooled ¥s. non-precooled citrus during simula-
ted transport has aiready produced valuable informatic.i. This work whould be
continued, jointly with the engineering studies, in both simulated and actual
transport investigations. Findings to date point out problem areas that need to

be pursued.

Existing Methods:

Conduct a formal study to document specific handling procedures that are detrimen-
tat from the standpoint of temperature management, Research data collected would
include: (1) magnitude and distribution of temperature rise during transfer from
cold storage to ships hold; (2) temperature distribution and rise within cargo
after loac2d on board; (3) incidence of decay, deterioration or other physiological
and pathoiogical responses as a result of inadequate temperature management.

This would entail monitoring select loads of product from the precooler, throughout

the handling and transport, to arrival at destination.
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Transfer From Preccoler To Ship:

One of the pri mary problems is heat gain to the product during transfer from
precooler to ships hold, and even within the non-refrigerated hold. Rocsearch
is needed to develop procedures and designs for a practial handling system that
will enable maintenance of product temperature during transfer. Research would
entail studies to investigate the feasibility Jf refrigerated loading docks,
sealed; or protected, transport vehicles, and proceu.-es to minimize exposure
time from transfer vehicles to ships hold. Where necessary, entirely new
concepts is product handling might be investigated.

Containerized Handling:

Investigate the application and utilization of various types of shipping and
transport containers for both air and sea transport that will protect the product
from the precooler to arrival at destination. Various types of containers ranging
from low cost disposable to expensive refrigerated ~ontainers might be investigat-
ed. Research would entei. cost analyses, compatability with hendling and tirans-
port proceduresand vehicles, adaptability to existing systems and effectiveness

in maintain: ng product temperature and hence product juality.

TRANSPOPRT

Existing Methods:

Conduct detailed shipboard study of environmental conditions during transit to
include: (1) observations on distribution and history of fruit and air temperature
during transit for both refrigerated and non-refrigerated vessels; (2) air tempera-
ture in ships hold when not ventilating and during ventilating; (3) ventilating
schedules and procedures; (4) operation of refrigeration equipment in refrigeratec
vessels: and (5) observations on product condition at terminal point in relation
to transit environment.

Ventilating Techniques For Non-Rfrigerated Ships:

Research 1s needed to establish design and operating criteria for ventilating and
non-refrigerated ships. The following is suggested: (1) conduct studies to deter-
mine the ninimum quantity of air needed, in relation to air and fruit temperature,
to provide required product environment during transport; (2) Evaluate the effec-
tiveness of various ventilating techniques employing automatically controlled
dampers and fans to regulate quantity and temperature of ventilating air and to
control periods and duration of ventilation; ard (3) Develop design criteria for

aneh gystens.,
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Air Distribution In Refrigerated Ships:

Research is needed to estaolish design criteria for air ducts, fans and stacking
patterns in refrigerated ships. The following is suggested: (1) Determine the
pressure drop across the stacks and the fans in ships compartments as affected
by stacking patterns, carton design, duct design and quantity of air flow; (2)
Evaluate effectiveness of various rates of airfiow to determine optimum rate with
respect to product requirements; and (3) pevelop criteria for fan selectiom, air
temperature and rate of flow, air duct design, stacking patterns and operation of

refrigeration system.

RECOMMENDATIONS

Examination and analysis of the facilities, equipment and handling methods and
procedures used by industrial companies dealing with precooling, storing and
transporting of perishables for exnort show that every effort is made to provide

th~ system needed to do the job. Often, this is done at the expense of overdesign.
Some aspects of the total operation of preparing the product for transport are highly
efficient. Attention is given to packaging and handling at the expense cf precooling,
with the result that precooling is either not accomplished effectively, is grossly
inefficient or is wasted.

Reszarchers are engaged in studies that will provide sclutions to some of the problems
thus generated. But the task 1s large for a small staff. A program whereby research
personnel, consul*ing and design engineers and irndustry personnel could learn from the
experience of others with similiar problems in mora developed countries should be of
substantial benefit. Also the diversity of enterprises makes it impossible for the
small research staff to adequstely address itself to all the problems. The following

recommendaticns are thus aimed a*t illeviating these difficuities.

1. PFellowships For Travel and Training

The research personnel in the Division of Environmental Engineering of the Agricultural
Engineering Institute have had excelient training in their respective fields and are
academically equipped to conduct high level research. However, limitations stemming
primarity from the physical size of the various operations, and hence financial support,
preclude their gaining broad experience by contact with others engaged in similar
activity. Pellowships for travel and training, both to observe commercial facilities

and work with research personnel in countries with similar problems would be helpful.
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2. Short Courses

One of the chief weakness in the field of postharvest handling of perishables is
lack of experience. In this field, industry and research has accomplished much
in a short time. However, in doing so, mistakes are made that can be prevented.
A program of short courses carried out under the auspices of the Division of
Environmental BEngineering, Agric. Engi. Institute, would provide industry perso-
nnel and design engineers with information that should be of substantial value
in decision making. The short courses should be balanced so as to get a well

rounded, crcss-section of experts from various countries over the world.

3. Research Equipment and Instrumentation

Equipment and instrumentation is needed to implement research programs proposed.
Examples are laboratory equipment for heat and mass transfer stuaies in the labo-
ratory, portable equipment for field studies, date acgquisition end computer systems

and small laboratory instruments for laboratory or field.

4., Technicians

Because of the broad program of research, a large staff of support personnel would
greatly improve the efficiency of the professionals and therby enhance the broad
effort.

5. Fellowships For Consulting Engineers

Consulting or design engineer: often create problems, because of their lack of
experience, that eventually fall upon the research personnel to correct. Some
times the mistakes cannot be corrected. Always, .t is better to prevent the
mistake before it ‘s made. Fellowships that would enable design engineers to
observe, first hand, facilities that are successfully operating, and have contact

with the engineers who designed them, would be of considerable value in illeviat-

_—

ing the problem.
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APPENDIX

I. Job Description
DP/ISR/73/014/11-01/06
Post title: Agricultural Engineer
Duration: Two and a half months
Date Required: November 1974

Duty Station: Institute of Agricultural Engineering, Agricultural Research
Organization. The Volcani Center, Bet-Dagan.

Purpose of To assist in improving refrigerated storage and transport of

Project: perishable products through applied research and introduction

of modern equipment and methods.

Tuties: The expert, working within the Division of Environmental
Engineering of the Institute and in co-operation with the
Division of Fruit and Vegetable Storage of the Institute of
Technology .and Storage of Agricultural Products, will be
expected to:

1. lead lccal research staff in establishing engineering
methods of work at the laboratory;

2. evaluate adaptability of new e.gineering practices in the
field of refrigeration for local use in research and
industry;

3, advise and assist lncal research and commercial organizations

in improving reirigeration equipment, cold storxage

o~

operations and refrigerated transport of perishables. )

Qualifications: Highly qualified agricultural engineer with extensive practical
experience in refrigeration and transport of agricultural products,
heat and mass transfer, measurement and control methods and

equipment.
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II. Project Counterparts

Mr. G. Felsenstein

Deputy Director, Institute of Agricultural Engineering

Dr, ©do Chalutz

Cooperating Physiologist, Institute of Food Technology and

Fruit and Vegetable Storage

Mrs. Elisa Haas

Research Engineer, Institute of Agricultural Engineering

Mr. 0. Yekutieli,

Head, Environmental Engineering Research Group, Institute of

Agricultural Engineering

“*I. Fellowships

Mr. G. Felsenstein and Dr. Edo Chalutz to become familiar with cold storage
and refrigerated transport of perishables. Australia and Japean. April 25

through June 1, 1974.

IV. Equipment
1. Van type jewel mounted Anemometer
2. Miniature portable recording Thermograph
3+« Pruit-spearing Thermomster
4. Standard mercury-in-glass “ermometer
5. Hygrothermograph
6. Tong-test Amperometer
7. Multipoint temperature recorder
8. Polaroid 35D Land Camera and accessories
9. Metric Inflo Air Meter
10. N.I.A.E, Pattern Airflow Meter
11. Refrigeration truck

V. Seminars Conducted

1.

Technion, Faculty and students of Departments of Agricultural and
Mechanical Engineering, 35 participanta, Janurary 3, 1975.
Designing Precooling and Cold Storage Systems for Perishable
Produce to Provide Maximum Effectiveness in Relation to Energy

Use.




2. Institute of Food Technology and Pruit and Vegetable Storage, The Vclcam
Center. 25 participants, January 6, 1975. An Overview of Precooling
Handling and Refrigerated Storage Systems for Perishable Produce in the
United State.
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