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EXPLANATORY XOTES

DFRK - Democratic Peoplet's Republic of Korea

PMPP - Pyongyang (Ryongsong) Meat Processing Plant

CLIC - Chemical and Light Industry Committee of the DFBK
PFIA -~ Pyong yang Pood Industry dssociation of tUhe CLIC
?w - mass fraction of water in product

Z £ - macs fraction of fat in product

W) - fractiox of frozen out water in product

The value of ome won (local currency) was equal to $§ 0,4587
during the period of the mission.
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ABSTRACT

Modernization of food storage through freeze-drying technology

S1/DBX/86/881/11-01/ J 13103

FOOD, REFRIGERATION, STORAGE, FREEZE-DRYING, KOREA.

Immediate objective:

- To improve the techmnological processes used in the Pyongyang
food processing plant through strengthening the facilities of
the laboratory food processing and testing units, including
installation of experimental freeze-drying machinery.

- 'fo train national specialists in modern meat and fish
storage technologies. '

Development objective - to increase of the food industry output
and to produce high quality foodstuffs which can easily be stored
and distributed., Duration of the activity is equal to 2.5 man-
months.

A refrigeration equipment of Pyongysng Meat Processing
plant is the long used one. It does not provide the proper refri-
gerating capacity and the temperature level. Therefore food loses
its quality during the cold storage., There are specialists of
high quzlification at the Pyongyang Heat Processing Plant. The
food storage should be modernized. The modernization is prefor-
able through both industrial vacuum freeze-drying technology,

and industrial atmospheric freeze;drying technoiogy.




INTRODUCTION

UXIDO expert attived in Pyonzyang of the DPRK in July 6,1987.
PMPP of the CLIC was the main duty station of the expert. The work
was carried out in the close contact and the cooperation with the
senjor counterpart staff of the DPRK (Annex 1) and the UJDP
office in Pyongyang. The expert works in correspondence with the
approved work plan (Annex 2). The expert mission duration weas
equal to 2.5 months including the briefing and debriefing time.
Original immeadiate obJjective:

- To improve the technological processes used in the PAFP
through strengthening the facilities of the laboritory food pro-
cessing and testing units, including installation ol experimental
freeze-drying machinery.

- To .rain national specialists in modern meat and fish
storaze technologies,

Original development objective:

~ To improve the performance of the food industry in order
to increase its output and to produce high quality foodstuffs
which can easily be stored and distributed.

Experimental laboratory freeze-~drying installation was
recommended in sheduled time but w~as not delivered during the
expert zission. Tae original immediate objective was completely
attzined.

Latoratory equipment, purchased by UWIDO, and nuticnal
specizlists, trained in the DPRK apnd in Denmark, «llow to 2ccele-~
rate the development of the industrizl freeze-drying of food and
attainement of the develcopment objective, )




RECOMMRYDATYONS

1. By means of the UNIDO Chemical and Light Industry Committee
of DPRK ought to acquire an industrial vaocuum freeze-drying
installation for the initial modernization of the national
food storage at the PMPP through utilization of the inqustrial
freeze-drying technology.

2. Chemical and Light Industry Committee of DFBK ought to equip
the Pyongyang meat processing plant with the modern refrigera-—
ting installations for frezzing of food before freeze-drying
and for the enlargement of the cold utilization during the

. technological processes.

3, Management of the Pyongyang meat processing plant is to include
the development of the freeze-drying food assortment and the
freeze-drying technology of it with the usage of experimental

 vacuum, freeze-drying installation into & work plan o the
. plant.

A, Por improvement of the national freeze-drying of fish with
respect to the increasing of the output of dry fish and to the
rising of dry fish quality administration of the PFIA is to
include designing and the manufacturing of the atmospheric
freeze-drying installations with am open air ciroulation system -
and a closed air circulation system into a work plan of the
association,

5. The Pyongyang meat processing plant management is to authorize
specialists, traired in Denmark, to teach a staff for service
of the irndustrial vacuum freeze-drying installation and of the
exverimental atmospheric freeze—drying installations.

6, The Pyongyaaz meat processing plant management ought to
equip the ammonia refrigerationg machires with the monometers
and the thormometers of proper accuracy for the support of the
work regims.

7. The erginsers - technologists ought ot <o over the more low
cemper.ture level in ordsr to pressrve the food quality and

! . to intensify the rofrizer.ting treatment.

8. The sngineers-.schnologicts ought to stow the food inside

‘ the storage chambers with the creation of channals for cold

‘ air circulation ani the best preservation or the food quality.

‘ 9. For the savirg of energy the food enterprises of light

‘ industry ought tv utili-e the neat, produced thz refrigerzting

nachines, solar ensray anil surrounding cold air on the largest

®




10.

.,11 .

12.

13.

scale.

Engineers for the nev machinery ought to install the refri-
gerating air dryers in the technolcgical corridors of the
mold stores for the prevention of the moisture condensation
on the walls and the floor.

The Pyongyang meat processing plant‘management ought to
introduce the electrostimulation o czrcasses before its
freezing in order to preserve the gquality of meat,

Por saving of energy the management of meat and fish pro-
cessing blants should utilize the heat pumps, especially fLor
atmospheric freeze-dryir .

Administracion of food processing plants should introduce
the utilization of ice shields for lowering of mass losses

. during the refrigsrating storage.

14,

15.

16.

17.

18.

Chemical and Light Industry Committee ought to organize the
periodical training and refresher courses for engineers and
technologists to acquaint them with the achievements in
engineering, the refrigerating systems, the refrigerating
and freeze-drying techmology, the effective methods of work.
Administration of the Pyongyang meat processing plant should
equip the plant witbh the freezer chesi (temperaturs from
=60 to ?80°C, volume not less 250 litres) for freezing amnd
storage of raw endocrine materials,

Management of food processing olants ought to enlarge the
utilization of the lizght proof and moisture proof pccicing
for freesze-dryed food.

Pyongyang meat processing plant administration aiould bezin
a restoration of insulating properties of refrigerzting
store walls without interruption of the functioning of the
refrizerzting store.

U3IDO is expected to assist in purchasirz the eguipment for
the vacuum packing of the freeze~dryed prodaucts and for
laboratory invescigating of the full runge of dziry prodlucts
(e.z. iliko-3can, Poss 3lzctric, Denmark) for the Pyonzyang
meat proces:ing plant as further zction waich mizht be teken,
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1. ACTIVITIES AND OUTPUT

AMz2ir duties

In close collaboration with the CLIC of the DPRK with the
management of the PYFP, with senior counterpart staff and with tThe
UNDP office in Pyongyang the expert carries out the following duties:

~ Study and analyze the food processing capacities and the
aprlied technclogy and introduce freeze—drying processing of meat,
fish and other foodstufis;

- Assist in setting up plant laboratory with the testing and
demornstration freeze-drying equipment; surervise its installation
ani put it into operation;

- Jork out a training prograame for Xorean engineers (study
tour to Denmark) and for the local technicians to be trained on
the spot;

- Assess tue complete organization and management sysiem,
qualification of staff, their functions and responsicility;

- Prepare a final report with detailed recommendations for
toe Government of tae DFPRK.

ULIDO short term consultant siould work out a programae for
the modernization of food processing and Juality control of tae
factory.

B.Cojectives of t.ie activity

, Development objsctive - to improve the performance of tae
food industry in order to increase its output and to produce high
quality focdstuffs which can easily be stored and distributed.

Immediate objective - to improve the technological processes used
in tphe PMPP through strengtinening toe facilities of the laboratoery
food processing and testing units, including installation of expe-
rimental freeze-drying macninery;

-~ to train naticnal special.sts in modern meat and fish
storage tachnology.’

C.Substance of the tecunical activity

The develogment of the food industry of tne DFRK ranks as a
major priority in tie national econouy since it is tae main compo-
nent in tae improvement of t.ue livirg standard ol the population.
The food industry in the DPRK i3 one of the most important branchnes
of toe naticnal economy. The DFRK is increasing tae production of
food pr~ducts for local consumption and for overseas markets in
general and of fish aund meat products in particular.
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The 3rdseven-year plan of tane cdevelopment of tiae nationmal
economy of thne TPRK during 1387 through 1593 outlines the rise of
the industiial production output as much as 1,9 times, and tae
use of tne azricultural production output as much as 1.+ times.

Food storage technology plays a major role in the country's
food industry as the harvesting, the slaughter, the fisneries are
seasonai. Thus the main part of fruit and vagetaoles is collected
in July througn Cctoover, the most intensive slaughter are in Sep-
tembter through Dec2mber, the fisheries are in December tarough
Pebruary.

Practically all kzinds of food should store the lasting term,
during which the food lcses its mass and deteriorates. The guantity
and quality losses of products depend upon the perfection of the
utilized storage technology.

The reirigerating storage of fruit, vegetables, fish and meat
is practiced in the DPRK. The storage of dryed meat, fish, spices
and fruit is used also. The meat is dryed under natural conditions
or in general heat installations. The drying of fish is based on
the national «xind of freeze-drying technology in wirnter, The plants
are dryed with a heat drying as a rule. The freshness of the pro-
cessed product is not fully kept because of tiae lack of storage
facilities and technologies.

Presently tues sioraze facilities are not adequate from the
technical and technological point of view anG due to this reasoxn
cpproximately up to 15% of these products are veing lost during
transportation and storage.

The special attention is being paid to tae preservation of
the ptoduct quality and in particular tce flavour, colour, saoape,
texture and contents of vitamins, fats ard proteins.

It demands the introduction of new progressive tecnnologieal
processes and tue improvement of the traditional ones.

The FFP has 3 buildings with the storage chamoers capacity,
equals 50 - ’IO6 kg of products. The obuildings were put in tne ex-
clcitation in the period from 195> to 1969. The consideracle mo-
dernjzation of the buildings, tie refrigerating amd technological
equipment has not been done up to tue present time.

The PMPP processes up to 30. 10° kg of beef and porlk, up to
10 - 1Q° %z of poulsry, up to 10 10° zg of daigy sroducts, uu to
3.10° kg of fruit and vegetaoles, up to 3 + 10° kg of Zish year
in year out. Up to 143 : 10° kg of fruit, up to 0,5 - 10° kg of




vegetables, up to 1 a106 kg of mcat and up to 0,9 - 10b kg of fish
are in a lasting term storage year in, jyear out.

Refrizerating ecuipment and technolegy

There arz the ammonia reciprocating piston compressors, the
heat exchange battery, cooled with tne brin2 or with the liguii
cmmonia, boiled inside the tubes at the P.MPP., The FMPP has 3 com-
pressor compartments and tas several dacentralized r:frigerziing
units,

First compressor compartment. The total refrizerating capa-
city is up to 1073 k¥t. There are the two stage refrigerating
units, proved the boiling temperature of smmonia inside tubes s¢

the level of ~33 + -28°C and the one-stsge rafrizerating units
with the boiling temperature of ammonia at thne level -20°C and
with the brine cooling batteries inside tae refrigsratirg chambers,

Second compressor compartment, The total refrigerating capa-
city is up to 87 k¥t. The refrigerating units can work with the
one or two-stage compression. The batteries are cooled with amﬁonia,
boiled inside the tubes at temperatures -18°C and -12°C,

Third compressor compartment. The total refrigerating capa-
city is up to 174 k¥t. The re zre the one-stage and twe istage
refrigerating units. The baiteries are cooled with ammzonia which
is boiling inside the tubes at temperatures -23°C, -15°C, =13°C,
=12°C.

The milk processing snop nas the ra2frizercting units with
total capacity up to 31:Wt and thc brina coolinz cpparatuses.

The bone processing shop has tne refrigerated air dryer with
the capacity of refrizerating urit up to 2,3 it.

Thers is the two-stage hulocarbon refrigerant refrigerating
unit with tha capacity up to 25,5 <t and 7ith boiling temperaturs
up to -45°C at the F.PP,

Ir a result of the invastizution of tas compressor compart-
ments, of the conversation with tns menuzement and with the
attendants #7e can 4draw 2 conclusion, that toe rafrizerating units
are lonz used omes and 30 not correspond the up to Jdate lemandis,
There are no thermometers Ior the measur:mont at important places.
Tae accuracy of many manometer iz worss toea 2,5% (111 (4innex 3),

The atteni.nts are aigh qualify~23 itz an extensive practical
experiencse, This allows tnem to support tne long used relri:era-
ting equipment in tie operuticz stute. The ensinsers and tacani-




cians of the PMPP are 2ble to exploit the moderm ammonia refrige-
rating equipment with the screw compressors and tne rafrigerating
vnits of the freeze-drying installations.

The refrizerated stores of the PMPP are multistorey =ith
the low rise chambers. The bare pipe batteries ars mounted oa walls,
sometimes they are umounted in the middle of the chamber as a sepa-—
rating wall. 411 the batteries are the gravity air flcz cooling
heat axchanzers. The defrosting of tze batteries is manu:l off-
cycle by means oi the cazmber air,

The meazurement of temperatures in tne cold chambers is centra-
lized in the comprassor compartment. The temperature values are
daily sizned in the registration book. There ars the instruments
for the measurement of tiae air relative humidity inside some cold
chambers,

In the freezinz cnambers the air temperaturs is supported at
the levsl -12°C + -18°C, in the storage chambers - a2t the level
-6°C 3 ~-8°C for meat and fish, and at the lavel +7°C + +10°C for
fruit,

The difference of tae factual values of air temperature and
the designed values of air temperature inside thne storage chambers
can be explained both the refrigerating capacity decreasing of
the compressors, the heat exchange apparatuses and the increasing
tnre neat conductivity of the thermal insulation., The moisture
stains on the outsid: walls of the fruit and fish refrigerating
stors buildinz proves the fact of a change for the worse of tae
waterproof thermal wall insulatiom.

There are the condensation of sater vapour on the walls and
the floor of the tachnological corridors of this rafrigeruting
store in July-August. The exess moisture dsstroys both the insu~
lating mat:rials and tne construction.

There arz tog bulx freszinz and storaze of vers2tablas znd
fruit at thz PMPP. Pzcxad poultry 15 freezed in ctn2 coutiizers,
installsd w7itnh zaps oetseen taem,

Toe ‘uration of frzezinz is the most lusting whica do2s aot
prove tu2 best preservation of tae proiuct quality.

There i3 a lov loss storzze at the FPUPP 25 a result of tne
utilizution of the natural comvection cooling. For exampls, tie
mass losses of beef during freezing and storago dces not exaeeed
3%

At tne P.[PP tze manual handling is‘practiced. It takes lasting




time, durinsg whicn the product becomes warm and loses its guality.
Besides it iemands zn zd3iitional expences of cold iurineg ctne refri-
gerating storagse. '

On tae whola the RIPP has snough of the reiri-erating chambers
 for the cold storage., Yet, in the time of harvesting (July-October),
the intensive fisnery (Decembsr-February) taere is a lack of the
refricerating chamber capacity.

The appsratus for procduction of meat dumplings was axaminsd.
Its capzcity is equal to 300 kg of meat dumplings in = saift.

This apparatus does no: operate in summer. because there is a lack
of the law temperature commercial refricsrating facilities zand of
the refrigerated vehicles,

Tharmal eguipment and technolocy

The equipment of the milk processing shop, of the canning
shop, of the bone processir ; shop, of the fish processing shop,
of the poultry processing shop was erxamined at the FMPP, The milk
at ambiant temperature, received from farms is collected in tunks,
where it is cooled by means of refrizerating units and stored
until the processing. The milk processing shop produces sterilized
milk, cow butter, jogurt, concenwrated milk, dry milk. There are the
vacuum vaporiz<tion apparatuses and the spray dryers at the milk
proces3zing shop. Tha capacity of these apparatuses is rataner small,

At the bone processing shop the bone boullion is comncentrated
in the vacuum-vaporization apparatuses and is dryed in tne spray-
dryers up to a powder, The pure powder or its mixturs with othser
powdsr comporents (for example, pepper, salt, spices) is packed
in water wvapour proof package. In order to exclude the humidiza-
tion of the powdar the refrigerating air dryer are inastalled in
the packing room., The process cooling iz not practiced at the
poultry processing shop, and at the fish processing shop. 4 free-
zing i3 used for ths packed product at the end of t_.e process.
There are cunned pork, fruit, berries (water mslon), vegetables
(salted cucumber) at the cunnicg shop.

The high air temperature und the nigh relative air bumidity
are typical for many processing snops in July~iugust,

Atmospheric driing of products
Atmosphsric drying of products iz not utilized at the PP,

Howevser, atmospheric winter freeze-drying of fish are in a large
scale usage on the coast, Up to 6,5% of "lintaj" catch is proces:ed

i
|

!
!
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by means of tihe atmospneric fresze-Arying. The cutput of dry
fish is equal up to 20. 10° kg. Horeover, the people used
as food other dry products, for example, peprer, onions, mash-
rooas, garlic.

The atmospheric drying depends upon weather and upon its
change. Therefore the drying process is a lasting one, but the
product quality is not always high.

The present Cryed fish output capacity is considerably
lower then the people's demand for it both in tne DPRK and
abroad.

Setting up the PMPP laboratory with the testing
and demonstration freeze-dryving equipment

The UNIDO expert together with the senior counterpart
specialists prepared "List of the testing and demonstration
freeze-drying equipment for D.P.R. of Korea™ (Arnex 4). The
numbers of the items are in a descending order of the priocrity.

The list includes tae expendable and noan-expendable equip-
ment, which is necessary both for research works, and for the
training of specialists of freeze-drying technology. Estimated
grand cost was $14,814 without the delivary cost.

UNIDO input in accordance with points 41,00 and 42.00 of
the project are equal to §15,000. Therefore it was decided to
recommend for the headquarters purchase order a minimum of
equipment which else allows to put in operation a vacuum
freeze-drying unit,

Such equipment is (Ancex 4, p.1): 1) laboratory freeze-
dryer 8, 2) vac~stop tray dryer, 3) vacuum pump for freeze-
dryer 8. An estimated cost of this equipment is equal to
$13,063 excluding the delivery cost.

The recommendations for tne purchase order, approved by
the senior counterpart staff, were capbled to UwIDO, Vienna
(misc 955, innex 5).

The delivery of tine experimental vacuum freeze-drying in-
stallation is expected in October 19387.

Food processinz and quality control

There is a lavoratory at the FMPP which analyses the raw
materials and foodstuffs witn respect to their gquality proper~
ties, such as: macs traction of proteinr, of fat, of water in the
products and the bacteria content [Bact. coli, Bact(Froteus)
vulgare] in chem.
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There are tne out of date measurement devices at the PMFPP
laboratory. iMessursments of the guality properties taze too much
time. Therefore taey do not provide a proper statistical cortrol
of output production quality.

Assessaent of tre compiete orzanization and manag3ment
system, gqualification of staff, itreir functions and
responsibility

The CLIC of the DPRK is a counterpart committee. The PFIA
is » specialized agency of tne CLIC, PMFP is ac industrial enter-
pfiso of the P*I) and the main duty station of the ULIDO expert.

Chief tachnologist of the PMFP ir.Li Sa Ho is a senior
counterpart officer of the PYPP, He is also an interpreter from
Russian into Koreamn languz2ze. List of the senior counterpart
officers is in Anrex 1.

The PMPP receives the agricultural production and ths frozen
fish, stores it in a cooled or frozem state in the rafrigerating
chambers, processaes the raw materials for ready or'semiready for
eat foods. Only a part of the raw materials should be stored a
laosting period.

The PMPP is headed by the general dirsctor. There are the
posts of chief enzineer, cihisf techmologist, chief of the new
machinery, head of a shop, foreman, snzineer, technolizist, toam
leader, tecanician. They guide the workers of diffe2rent speciali-
ties,

The duties and respcnsibility of each staff member is Zefined
with the title instruction., A1l recommendations of the title
instruction ar: punctually fulfilled.

Az a result of convers.tions with the enzinsers ard techni-
cians concerned the machinery and technology of refrizeration
znd rsfrizerating storage, it is establizhel that tney are spe-
cialists of a high qualificution and as z rule vith lu.rge 2xpe-
rience of pructical work.

Installed eguirment is supported in u worxing stute.

Trainins oprogramme uné its sttainment

The training prozramme is bused on tae 2use.sm:at of tze
backzround and experience of the FLPP staff, It incluies tihree
interdependent parts: tne refrizerating engin:2ring tecanolczy,
the frseze-drying machinery and tz2canology (Anmex 8).
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Attention is paid to physics of zroccesses, problems of
energy saving, problems of mass losses of products, problems of
qualit of product preservation.

The main objective of the training programme is to rise the
gualification of specialists in order tc accelerate tie moderni-
zxticn of mational food storazs through freeze-irying tecanolosy.

The lecturaslgggun in the Psople's Culture Housa and were
finished in the Grand People's Study House. The classrooms were
well-equipped. Illustration (tables, formulars, charts, scaemes)
were preparsd by the axpert beforchand. The consultations tock
place both after lectures ani individually. dnswers to the gues-
tions were given after each lecture, and even during thae lectura.
45 listeners from 17 organizations attended the lecturss (innex?).

The training programme is also suitable for & specialists to
be trained in the operation of the freeze-drying equipment and in
. the processing methods in Demnmark for approximately one month
(inrex 8). i

An additional training course was attained fcr & participants
of study tour, This course concerns the particular questions of
work of the industrial freeze-drying installations. The methods
of calculation of the watsr fraction after sublimation and after
tne wnole cycle of drying were discussed in detail. The recommen-
jctions for utilizaticn of tnermobhysical property data in the
table and chart forms weres given to Ilisteners.

The metnodicel mxtarials, instruccions, racommendations,
transactions ccncerned the training programme were nanded to the
counterpart officer from tne FiMPP [1 4+ 6] (in.sx 3). The listen2rs
were informed about the other published materials, used in lec-
tures (7 + 11] (Annex 3). The training programme was succassfully
complkated.

43 for the study tour abroad it is expected tnat the p=rti-
cipants will travel sometime in October 1587,

Account of activities

Studiezs and analyses of tasz food processing capacities at
the PMPP show, that ti2 main refriteratirg ecuipment is a long
usedl one and does not prove the proper food cuality prasarvation.
The r2fri~eriting equipment of tihe P.[PP should be modarnizad, Tae
utilization of the »rocess cooling shoul? be snlarged during
tae treatment of milk,cnickers ardi fish, The freceze-drying
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tecanolosy and machinery give a possibility to rise the product
quality and increase the equipment capacity in tae shortest period
of time ¥ith the comparatevely low axpense.

4n experimental vacuum laboratory freezs-dryiaz installation
was selected for the PAMPP., Its techmical data and estimatsdi cost
were cablei to U4IDO for the purchase ordsr, The training prozramnzie
was worked out in accordance with the work plan. It was approvad
by the counterpart corzittee. 45 Korean engineers rose tneir
gualification. A Xorean specialists to be trained in Denmark or
FRG were drilled additiomnally.

The 4draft final report with the recommeadations for tae DPFRK
Government and with findings was prepared in scheduled time and was
discussea .n detail with the senior counterpart officers and with
WIDO substantive officer,

D. Pin 5

1. Government of the DPRK is interssted in the lowering of the
food mass losses during trsatment and storage of food and in the
enlarging of the production of high quality food.

It is planned for the PMPP to increase the production
output in 1990 in coaparison with 1986:

pilk - 33%
besf and porx - 50%
coultry - 150%
fish - 200%
fruit - 67%

vezetanlss - 100%

Investigation of toe food prccessing capacities andi the aproli-
el tzchnology of th2 food storage and the refrizzrating treatment
at PMPP shows, that the refrizerating installations, air coolers,
aquipment of the milx processing shop, of the Toultry proczs5s5ing
shop, of the fish processing shop saould be modernized.,

Consum2r saould de supplied with the aizh quality foodstaffs.
Ic 1em:-nds a modernization the whole refrigsarating chzin including
the agriculture, tiz food processing plants, thi refri.erating
transport, the trade raxfriraruting storagse and the consumer refri-
~zerator, Taiz woll-mown m3tzod of solvinz the nutrition problams
takes muck tim2 and 2xpenses.

The solving of the discussed problem may bo aceslerated
throuru the utilization of the industrial freezs-irying ‘zchnolozy




and equipment. The fresze-dryed products can be stored for a long
period of time at positive temperatures without the deterioration.
The abcve mentioned eliminates the expensss for the ri:frigerating
storage, the reirigsrating transport, the home refrigerator.

Preeze-drying tachnology decresases the mass losses of food-
stuffs, provides the high quality of tie food aiter prolcnged
storage period.

The freeze-drying technology provides the other following
product advant--e* and market benefits througn:

- retaining the original form, flavour, shape, colcur
and structure;

- retaining the proteins and vitamins;

- quick and complste reconstruction.

Therefore, the solution of the problem, defined by the
Government of the DPRK is preferable through the utilization of
the industrial freeze-drying technology and equipment.

2. A winter fish drying is used in a large scals in the
DPRX. This drying is not enough intensive variant of the atmosphe-
ric freeze-drying. The drying process is very lasting, It is infiu-
enced by the temperature and relative humidity oscillations., Thus,
the quality of fish after the freeze-drying is not always good,

The traditional winter freeze-drying may be intensifyed by
the atmospheric freeze-drying installations., The latter are less
expensive in comparison with the vacuum freeze-drying installa-
tions, ‘The atmospheric freeze-drying installations can be made
in tne DPRK with the national means.

The average air temperature and average relative humidity
of air for Pyongyang are shown in the table,

Table 1

Yonth 1 2 3 4 5 () 7 8 9 10 1 12

BomDeTET <706 —4y3 1,9 9,3 16 20,7 28,2 24,3 16,8 11,8 3,7 b,

elative 22 70 66 63 65 7 79 81 76 73 73 73

A mass fraction of water in a2 liquidrhase is shown in Table 2
in dependence from the tempsrature of product (bzef, i w = 0,741,
¥£ =0,038) (4] (Annex 3),




1?
Table 2

Tempera- -1 2 =3 <4 =5 10 =20 =30 =40
ture, °C

#dass frac-

tion of

water in a 87 43 31 25 22 14 8
liquid pha-

se, (1’w)v%

(]
\n

Table 2 confirms, that the mass fraction of frozen out water
is equal to 69%. The water in solid phase can be sublimed at -3°C.

In accordance with Table 1, air temperatures at level -3°C
nay be in Pyongyang from December to February. The atmospheric
freeze-drying is possible in this period of year.

The water fraction in beef will be after freseze-drying at
-3°C.

= = 0,47
¥w°0.§1 + (1= ?'I)

If the water fraction in beef after freeze-drying is e_ -al to
0,15, taen mass fraction of water in a liquid phase will be:

Fw (1=Fw) 0,15 (1-0,741)
Fw (- 3wm) 0,781 (1= 0,15)

By means of table 2 we find, that the freeze-’'rying tempera-
ture is equal to -30°C.

From these examples we can draw a conclusion, that up to 30%
of ice can be sublimed a:v temperature of surrounding air in winter.
The rest of water in the solid phase may be sublimed with a low
temperature air, cooled with a refrigerator.

Thus the two variants of atmospneric freeze-drying installa-
tions snould be utilized in tke DFRK:

- with an open circulation system of surrounding air;

- witnh a close air circulation system and with an artificial
refrigeration of air. -

The Jjescription of tne atmospneric freeze-drying installations
is in Annex 6.

3. Atmospheric freezing of product up to temperature -3°C
allows to frezeze out &9% of product water (see Table Z). Thus,
it saves the energy needs for complete freezing and increases toe
capacity of the low temperature air blast tunnels,operated as the
second step freezers.A description of contact freezer for the pre-
liminary freezing is in Annex 10.

w' 9 31
Far = e

1-w) =

0,06
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&4, The Pyongyang meat processing plant rnfrigor;ting systems
should be modernized both for the lowsring of cooling and freezing
temperatures and for the enlargement of the utilization of cold
for freezing before freeze-drying, for the tschnological processes
of treatment of milkx, fish, poultry and for the shop technological
air conditioning in summer.

E. %tput_of the activities

The experimental laboratory vacuum freeze-drying was offered
for the UNIDO purchase ordsr. Aiter the delivery the vacuum freeze-
dryer will be put into operation at the FPMFP.

After the nomination the four Korean specizlists in the food
technology and the food machinery were trained in the field of the
fresze-drying %echnology and machinery before their study tour to
Denmark,

A training programme for Xorean sngineers of the CLIC in the
field of the refrigerating enginesring, the refrigerating food
storage technology, the freeze-drying technology and machinery
was worked out and realized, The lectures took place in the People's
Culture House and in the Grand People's Study House of Pyongyang.
The recommendations for the national modernization of the food
storage technology through the freeze-drying technology and the
food processing quality control were proposed to the Government
of the DFPRK,




II. UTILIZATIOE OF THZ OUTPUFT OF [IE ACTIVITIES

The knovledge acguired at tie {raining course is used by
the enginsers of tne DPBK for the modernization of the refiige-
rating systems and tne refrig:rating technology of the creatment
and the storage of foods, for the enlargement of tne utilization
of cold in tne food branch of tne lizht industry of the DPBK.

The xnoweladge acquired by taoe specialists of the DFRK,
awarded tine study tour to Denmark, will help tuem to master tne
industrial vacuum freeze-drying tecunology and the equipment.

The utilization of the laboratory vacuum freeze—drying
installation will be useful for the preparation of the frzeze-
dryed national product zssortment, for the development of the
industrial freeze-drying tachnology of ths national products,
for ths training of the sngineers and tachnicians staff.

The management of the PMPP plans the manufacture of expsri-
mental atmospheric freeze-drying installations with the opsn and
close air circulation systems for the int:nsification of the
national freeze-drying of fish and for the rise of gquality of
the dryed fish.

To improve the usags of the activities results it is
desirable, that tne organization of tre indusirial fresze-drying
technology and macninery should be included in tne plans of the
food branches of the light industry of the DPBRK in 1988. For the
ressarch investigation the base from the experimental equipment
and tne trained sngineers staff has alrzady bezn found.
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CQECLUSIONS

The third seven-year plan of the development of the national
econony of tae DPRK in the period from 1987 to 1993 shedules

the growth of the output of industrial production in 1,9 times,
and agricultural production in 1,4 times.

Howevar, the acting equipment of the PMPP is the long used
one, It does not provide tne temperature regimes for long term
storage of meat, fish, poultry, vegetables and fruit with their
pinimal deterioration and for their refrigerating treatment
(cooling, freezing) under the growth of the agricultural produc-
tion.

The installed refrigerating equipment should be modernized
in order to increase the total compressor capacity, lower the
temperature level cf produced cold, to automate the refrigerating
installations and to get batter of the energy efficiency of the
latter.

The used technology of the storage and food production
can be improved through the enlargement of the utilization of the
quick ccoling of food after the heat treatment. First of all it
concerns the production technology of dairy products, fish and
poultry products.

The technology of freeze-drying is the most preferable means
of improvement of the storage znd treatment of food,

Zxperimental laboratiry vacuum fresze-drying installation
and national staff, trained botL in the DPRK and in Denmark,
are the base of DPRK for the developmsnt of the naticnal Iresze-
drying industry.

The commercial tecamology of vacuum freeze-drying of the
national raw materials can ve developed and approbate om this
base. ’

It is desirabls in tre future to mount the industrial vacuum
freeze-drying installations at ‘' he PMFP.

There is a staff of attendants of hign qualification. The
national tscihnology of winter freeze~drying of fish can be im-
proved and tne quality of dryed fish can be increased through
the utilization of the installations and the tecinnology of tiae
atmospheric f;oazo-drying.

!
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It is desirabls to make the experimental atmospheric
freeze-drying installaticns with tae means of the rMPP fer the
acceleration of the mastsring of tane atmospheric frasze-drying
teachnology. The FPMFP has all techrical means for this.

Success of the improvement of ths food stcrage through the
refrigsrating technology and the freezs-drying technology can be
attained only after the inclusion of the above mencioned works
in the national dsvelopment plans, beginning with 1988.

3y means of the UKIDO the CLIC is expected to improve the
quality of dairy products through purchasing the modern instru-
ments for processing quality control.




AIIEX 1

LIST OF THE SEITOR COUHTERPART STAFF
PROJECT SI/DRK/86/881

1. Zu Jang Ryel - chief of the section of the tacanical
Department of the Chemical-Light In-
dustry Committee of D.P.R. of Xorea

2. Eim Du Nam - instructor of tne tecnnical Department
of tne Chemical-Light Industry Committee
of D.P.R. of Zorea

3. Li Sa Ho ~ chief technologist of the Pyongyang
Meat Processing Plant
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ASYEX 2

Approved by:Zu Jeng Ryel

WORK PLARX OF U<IDO EXPERT, PROJECT SI/DRK/86/881,
MODERXIZATION OF FOOD STORAGE THROUGH FREIZE-DRYIIG

TECHIOLOGY
Activities Sheduled Counterpart
completion persons

2 3 A
Arrive in Pyongyang, (6-8)7.87 Kim Du &Xam
solve the organization Li Sa Ho
questions
Worx out list of labo- (9-10)7.87 Li Sa Ho
ratory equipment of
freeze-drying techno-
logy suitable for the
D.P.R.of Korea
Approve the list of (11-14)7.87 Kim Du Nam
laboratory equipment
and cable to UWIDO, of
10/T/ AGRO
Develop the project of (15-19)7.37 Li Sa Zo

work plan of UZIDO expert

Approve the work plan of (20-22)7.87
UsIDO expert

Study the food proces- (23-31)7.87
sing capacitiss and

the applied tecano-

logy of food storage

and refrizsrating

treatment(cooling ard

freazing)

Kim Du sam

Li Sa do
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2

7.

8.

9.

10.

1.

124

13,

1%,

Analyze the results of
investigation and intro-
duce freeze-drying pro-
ces:ing of meat,fish and
othsr foodstuffs

Assess tzne complets or-
ganization and manage-
ment system, qualifica-
tion of starf, their
functions and rasponsi-
bilitcyr

Deteraine training re-
quirzments and prepare
a8 training programme,
assist in training pla-
ces and conduct on-the-
spot training

Assist in training of &
Lorsan sngineers for the
study tour

Assist in s:tting up the
plant laboratory with the
experimental freeze-drying
installation and put it
into operation(if it is
procured by August 1987)

Prepars tne draft final
report

Approve tne draft final
report

Zinisn the formality,
departure to Vienna via
Moscow

UsIDO sxpert

filud

(19-12)8.87

(13-17)8.87

(18-20)8.87

(21-30)8.87

(31 08-609)87

V.P.Latishev

Xim Du Jam

Kim Du Iam

Li Sa Ho

Li Sa Ho

Xin Du idam
Ii Sa iHo

Kim Du iam
Li Sa Ho

7587

8¢5.87 Kim Du Jam

Counterpart specialists
Kim Du sam
Li Sa :do




1.

2.

3.

4,

6.

7.
8.

9.

10,

11,

ASNEX 3

LIST O Rs¥ERIXCIES

deroprijatija po snijeniju raskhoda elektroenergii na
virabotxu <holoda pri ekspluatazii ammiachnikh kholodil-
nikh ustanovok. oskva, ViIKTIkholodprom,1982, 22p.
(Russian). '

Rexomandazii po proextirovaniju i sxspluatazii sistemi
maslootdelenija, regenerazii otrabotavshego masla i maslo-
snabjenija xompressorov ammiachnikh kholodilhikxh ustanovok.
Moskva, YiIKHI, 1980, 20p. (Russian).

Tipovie tekhnicheskie reshenija po kapitalnosvasstanovitel-
nomu remontu izoljazionnikh konstruxzij kholodilnikov bez
vyvoda ikh iz ekspluatazii. Moskva, ViiIKTIxholodprom,
1982, 14p. (Russian).

Rexomendazii po raschetam teplophizichesiikh svoistv pi-
schevikh produktov. Moskva, VIIKTIxholodprom, 1983,106p.
(Russian).

Rexomenduemie metodiki opredelenija svoistv pischevikh
produktov, Moskva, VAIKTIkxholodprom, 1986, 6kp. (Russian).
Texhnologija xholodilnoi obrabotki i khranenija pischevikh
produktov, Sbornik nauchnikh trudov. Hoskva, VIIXTIkho-
lodprom, 1986, 115p. (Russian).

Kholodilnaja tekhnika, 1937, K°5, 64p. (Russian).
Phisiko-tekhnicheskie csnovy kholcdilnoi obrabotkxi
pischevikh produktov., Uchebnoe posobie dlja vuzov,Mosxkva,
Agropromizdat, 1985, 256p. (Russian).

Guigo B.I,, Juravsxaja ¥.K., Kauxhcheshvili E.I. Subli-
mazionnaja sushka pischevikh produktov. doskva,Pischevaja
promysalennost, 1966, 353p. (Russian).

Ts.Psvetkov, Vacuumni sublimazionni installazii., Tekhni-
ka. Sofia, Derdzavno [~-datelstvo "Texhnixa", 1977,

213p. (Bulgarian),

Pravila ustroistva i bezopasnoi eispluatazii ammiachnixh
kholodilnikh ustanovok, Mosikva, V.iIXTIiholodprom,19c61,
160p. (Russian).
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ATEEX &
Approved by:Zu Jsng Ryel

LIST OF Ti% TESTLIG AxD DEMOZSTRATIOS FREEZE-DRYISG
EQUIPMEST #CR D.P.R, OF XOREA PROJECT SI/DBK/86/881

e Goods Quan- Unit Unit dmount
tity price
1. Laboratory freeze- 1 ea UsS-$§ 4,755
Dryer, 8, 220V, S082,

spec.23(same as

?isher10-269-9a)

Vac-stop Tray Dryer,

220V, 50HZ, Spec23

(same as PFisher 10— .

269=7) 1 ea 6,665
Vacuum Pump,220V,

50HZ,Spec.23(same as

Pisher 1-130) 1 ea 1,645
2. Crimper,Pishsr 10=-319-
490 1 1.1 115.45

4, PFreeze-Drying Flask
Volume 40 ml,PFisher

1-0269-50 16 ea 45.30 732 .80
80 ml 10-269-51 1 ea £7.05
600 ml 1G=-269-54 1 ea 75.25

&, Dew Point Meter,Spec.

23(same as Fisher 11-

662-50) 1 Qa 768475

Lithium chloride solu-~

tion 120 ml 11.57
Grand total 1i4813.87

Item Jumber is in descending order of priority.

JiWIDO expert: V.Latishev Counterpart specialist: Li Sa Hdo

o
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URIDO

10 July 1987
DBK/86/881

ZCZC POYOAS

DD VIP

PYONGYAEG (UsDP/UZIDO) 10/7 1135

MISC995 VASSILIEV POR GALAT RE SI/DRK/86/881 FOCD STORAGS
FROM LATISHEV. AS AGREZD Isi MOSCO¥ CONFIRM IMCLUSIOK
FOLLOWIHAG EQUIPMENT Li PO (1) LASORATORY FREEZE DRYER 8
(2) VAS-STOP TRAY DRYER (3) VACUUM PUMP. FREZZE DRYLNG
LAB ILESTALLATION CAWKOT BE PUT I&4TO ACTION WITHOUT
VACUUM PUMP.

(WIBERG)
COL 955 86/881 (1) 8 (2) (3)
} EVY §
Carl-Brik-wiberg
Res=.Rep.
Mr.Latishev Latishev/SVi/1ms
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TRALILIG PROGRAEIE POR SPECIALISTS GF DEMOCIATIC

PECFLE'S RSPUBLIC OF KOIEA I TJE FISLD OF FRE2ZE~

DRYLiG ENGLIiZZRING A3D STORAGE OF 200D (lLEAT ASD
FISH) PROJECT SI/DBK/86/881

1 . Imntroduction.
2. Ammonia refrigerating equipment and systems.

2.1.
2,2.

2a3.
2.4,

2450
2.6,

Up-to- date’¥i"Aevelopment.

Energy efficisncy, utilization of heat, worked out
with refrigsrating machines,

Utilization of surrounding cold for cooling, freazing,
storage and drying of food.

Utilization of solar energy for production of cold.
Screw compressors,

Separation of o0il and air from refrigerating system.

3.Coo0ling, freezing and storage of food.

31,

Jele

Jp-to-date state and development. Normalization of cold
consumption and of mass losses, contact apparatus for
cooling and freezing, electric stimulation (tenderiza-
tion) of meat before freszing.

Pundamentals of heat and mass transfer during cooling
and freezing of food, influential Zactors of mass lossas,
mathematical mass losses modsl.

3.2.1, Lowering of heat flow into storage caambers,
3.,2.2, Lowering of storage tempsratures (air temperature

inside of storage chambers).

3,2.3, Utilization of (vacuum) pac<inge.
5.2.4, Jtilization of ice snields (covers) for food irn

storage cnambers.

3.,2¢5. Velocity of air movemsnt and area of neat transfer

surface of air coolers, Its influence on mass losses,

3,260 Alr and moisture excaange with surroundings, 1ts

2lusnce on mass losues,.
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3.3. Parameters to be meintained during food storage.
3.3.1. Tempsrature. Proper arrangament of food inside the
storage caambers,
3.5.2. Relative 2ir numidity inside a storage chnamosr.
A, Vacuum freeze-drying of food.
&,1, Up-to-date state and developament.
4,2, Physical pases of freeze-drying. Moving force of
drying. Pood protection during fresze-drying.
4,3, Vacuum freeze-drying.
3,3,1. Scheme of periodical operation of vacuum frseeze-irying
installation,
£,3%.,2, Sublimator and its action.
2,3.3, Desublimator and its zction,
i,3.4, Mechanical vacuum pump and its action.
4.3.5. Cold supply system and its action.
4,3,6, Heat supply systems ard tneir actionm.
4,%3,7. Control devices, measurement instruments.
#.3,8, Typical vacuum fresze-drying technology of food.
4.,3.9, Packing and storage of freeze-dryed food, defini-~
tion of sorption and desorption.
4.4, Atmospheric freeze-drying.
4,4,1, Scheme of atmospheric freeze-drying installation
for (action) oparation during cold season.
4,4,2, Sublimator and its action.
4.,%.3, Air filter, ultraviolet iamp and their action.
A ik, iigat supply system.
4,4,5, Air circulation systzm 2nd its action.
&,4,6, Poscsible atmospneric frseze-drying technology of food.
4,%,7, Packing and storage of atmosphsric fresze~dryed food.
4,4,38, Scheme of atmospheric freeze-drying installation for
operation in summer,
4.,4,3,1, Additional equipment Ffor operation in summer (air
cooler, closed air circulation system,derrosting
system).
b,4,3.2, Utilization of the installation both for frseze-
drying and ror freczing.
5. Consultations,
6. Conclusion.

U.4IDO expert: V.P.Latishev Counterpart specialists:
v“‘* Kim Du Jam Li Sa .io
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ASNEX 7
Approved by: Zu Jeng Ryel

LIST

OF THS LISTEX:ZRS OF THE TRALILiG PROGRAHME
Li T43 PISLD OP FRESZE-DRYING IZEaGISEZRING
A¥D STCRAGE OF FOOD PROJECT SI/DBK/865/881

= Pyongyang food association
So Hen Chel - deputy chief engineer
= Pyongyang meat processing plant
1. Pak Son In - chief of a new machinery
2. Rjun Gun Won - team leader of refrigerating shop #°1
3. Xim Don Chel - chaief of a designer section
&, Li 3eng Ho - engineer-technologist
5. Go Ok Sun - engineer-tachnologist
6. Kim Goan ien - chief of vegetables and fruit
processing shop
7. Ri Bong Su - team leader of refrigerating shop ii°3
8. Zan Tae Sun - chief ¢f fish processing shop
9, Rim Yeng Suk - head of meat processing technology
10, Kim MHung Yhoa - head of milx processing technology
11, Zen iyng Ung - chief engineer
12, Li Sa do ~ chief of techmnologist
13, So Chun Ryen - chief of bone proces=ing shop
% Children's nutrition research institute
1. ¥un Zeéen In - research worker
2. Xim Sung Gon - designer
5. Tae Ron Zoan - designer
o Jban Un - candidate of technical scignces,
chief of section
®# Local managsment design bureau
1, Choi i Zu - Mmanager
2. Zang Xong Jon - designer
3. Xim llan o - desigzner
% Pyongyang flour processing plant
1. Kim Song 31 - chief of a new macaindry




2., Zu dong Ren - chief of a designer section
3¢ Kim Zen #an - designer
# Pyongyang starch-corn sugar plant
1, Zeng Jun ion - reésearch worker
2., Kim ¥un 7han - deputy chief of a =hop
3. Jun Zun Ho - chief of a shop
% Pyongyang plant of children's food
1. Kim Rye Chun -~ research worker
2. Pak Gi Won - designer
% Pyongyang glutamate plant
1 Xim Yeng Hi - research worker
2. Gon Bun Goang - research worker
% faedonggang chemical and food plant
1. Pak Zeng “hoan- chemist-engineer
1. Kim Ryng Ryen - chemist-engineer
% Pyongyang bear plant
1. Kim Tae Un - research worker
2. Kim Sun Gon - cnief of a new machinery
# Samsok processing plant
1. Kim Gen Nam -~ research worker
2 Ju Gun Ok - research worker
® ryongyang resscarch institute of children's nutrition
1. Xim Zeng Su - chief of a section
% Pyongyang vegetables processing plant
1« Go Zang Su -~ research worxer
® Sang gyo food plant
1. Choi Sin uk - chiaf of a new machinery
= Permentation research institute
1. Kim Yeng Su =~ research worker
=% Maize research institute
1 Xim Sang Zun - chief of a section
® 2Research institute of food industry
1¢ Li Zu =Zn - candidate of teconical sciences,
research worksr
2e O Goan Zeng ~ rassarcn worker
3. dong Go Yeng ~ researci worxer

UuIDO expert Counterpart specialists
V.Latisnev Xim Du Lam
‘."{‘m Li Sa Ho
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ASKEX 8

LIST CF TYS PARLICIPASTS JF THE STUDY TOUR

PROJZCT SI/DRK/86/881

Aame PTitle

Speciality

1. Zu Zong Ryel Senior of the techni-
cal department of the
Commission of the
Chemical and Light
Industry of the DPEK

2, Li Sa Ho Head of the laborato-
ry of the Pyongyang
meat processing plant

3. Kim Yong Lo Foreman of the Pyong-
yang meat processing
plant

A, Choi In Guen Programme officer cf
interpreter the Pyongyang UXDP
orfice

Pood engineering

Pood engineering

Engineering of
food machine

Chemical

engineering

Duration of the study is egual to a month.
Dennark and FRG are the possible places of study.

Ui IDO expert: Vliadimir P.Latisnev

i




AJIEX 9
DESCITPTION OF TiE ATUOSPESRIC FRSZZE-DRYIEG
LiSTALLAT1 0SS

Project SI/DBK/86/881

Installation with the open air circulation

The installation can work when the surrounding air ten-
perature is lower than -3°C (the lower the temperature the
better). It can work both as an air blast freezer and as atmos-
pheric freeze-drying installation. A scheme of the installa-
tion is shown on Figure 1. It consists of an air filter 1, a
fan 2, a filter-equalizer of air velocity 3, heating shelves &,
a body 5, raw material 6, a heat air exhaust 8, an instrument for the
measurement T and a relative air humidity'w .

A body 5 should be covered with an outside heat insulation.
A system 7 can work from a different sources of heat: heat of
condensation of refrigerating instsllations, solar heat, slect-
rical heat, any low potential heat.

Entrance of cold air should be located rather far from
the oxit of heat air in order to avoid taeirs mixtion.

Method of operation

Raw matsrial 6 is located on shelves &4, Then a fan 2 is
switcned on. 4 cooled air flow freezes the raw matarial up to
a sheduled temperature. After this a heat supply system 7 begins
to work so, tnat to support raw material temperature at the
sheduled level. It is quite excluded the derfrostation of the
raw material.
4 duration of the drying and tae water fraction of dryed
. matsrial are as a rule founded experimentally.
It needs a sanitary treatment of a body 5, an air filters
. 1, 3, the shelves & and a channel 3 after a definite period
of work.,

Instaliation with the close air circulation

The scheme of an installation is zho'm on Figure 2. An







€
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ordinary air blast freezer is a base of an installation for
the atmospheric freeze-drying.

Such constituents as raw material 2, a body 3 , a fan 5,
an air cooler 6, a defrost drain 7 and devices for toe measure-
ment of temperature T and relative air numidity ¥ are the same
both for a freezer and for freeze-drying installation of tais
xind.

The heating shelves 1 and a heat supply system 4 are tae
rew additional elements of an atmospneric fresze—drying instal-
lation. The heating shelves 1 and the aeat suprly system 4 may
be designed as a removed complex. Then tne same installation
can operate both as freezer and as freeze-dryer.

In this case the heat supply system 4 can use heat of con-
densation of refrigerating machine, which cools the air cooler
6.

The atmospneric frzeze-drying installation can be in the
exploitation tce all year.

Method of operation

The raw material is arranged on the shelves 1. A body 3
is hermetized. The refrigerating system with an air cooler 6
2ad a fan 5 is switched on. The cool air freezes the raw ma-
terial up to sheduled temperature., Then tie heat supply system
begins to operate. It compensates heat needed for the sublima-
tion of ice in the material. The defrosting of tae raw material
is not desirable,

The duration of freeze-drying process, including the heat
drying at the end of the process, and the water fraction in a
dryed material, are as a rule defined experimentally.

After the drying process the air cooler 6 should be de-
frosted. The body 3, the shelves 1 must be sanitarilly trsated.

The traditional freeze-~drying of fish can be intemsified
by means of atmospneric freeze-drying installaticns.

In winter botn xinds of irnstallations are joint used. The
installations with open air circulation operate on the first
stage of the freeze~drying process with toe utilization of a
cold surrounding air. The process of freeze~drying is more
intensive.
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The installations with close .. circulation operate on
the final stage of the freeze-drying process if the temperature
of cold surrounding air is not enough low.

The series utilization of the both installations allows
to decrease the energy consumption, to increase guality of
the dryed material and capacity of freeze-drying in comparison
with the traditional national freeze-drying.

The atmospheric freeze-drying installation with close
air circulation can also operate independently in summer,
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AR3IEX 10

DESCRIPTIOx 2 THE CORTACT FRIZZER FOR
PRELIMTEARY FREZZISG

Project SI/DRK/86/881

A scheme of installation is shown on Figure 3. It consists
of an air condenser 1, a fan 2, a tube for a liquid ammonia 3,
a building &, raw matasrial 5, a contact freszer 6, a coil eva-
porator 7 in tk: body of the contact freezer 6, a valve 8 of
the liquid ammonia of a thermal siphon, a valve 9 of a liguid
ammonia of a refrigerating installation, a valve 10 of a vapour
amnonia of a r:frigerating installation, a valve 11 of vapour
ammonia of a thermal siphon.

A thermal siphon consists of a condenser 1, a tube 3, a
valve 8, a coil 7, a valve 11, a tube 12.

A refrigerating installation is not shown on Figure 3.

Tha upper level of liquid ammonia in a coil 7 should be
low the valve 10, as it is in the usual rsgime of the evapora-
tor operation.

The valve 9 and 1C are closed at tne end of a low tempe~
rature frsezing process. Then tue valves 38 and 11 are cpensd.
The propsr level of a liquid ammonia inside a coil 7 is provi-
ded automatically.

The frozen matsrial is removed from the freszer 6. The raw
material is loaded inside the frsszer 6. A fan is switched on.
Surrounding air cools the heat exchange surrace of tne conden-
ser 1, Vapour of ammonia condenses inside the tube. Liquid
amnmonia boiles inside the coil 7 from neat of raw matvsrial 5.
Annonia vapour moves into ths condenser under tae influence of
the partial pressure difference inside coils 7 and 1.

Thus thse circulating ammonia transrers neat from warm
product to cool outside air.

Such 2 freezing system is suitable for tas preliminary
freezing up to product tempsrature bslow ~2°C, at which zors
taan 56% of tae total quantity of tae product water is frozen
out,

Then the valves 8 and 11 ars closed, but tus valves 9 and
11 ars opsn. In this case tih> contact freezer 6 is cooled witn
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the refrigerating installation. The product is frogen up to
storage temperature. The consumption of energy during the
second stage of freezing is less as much as twice or more,

The every refrigerating installation should be connected
with the several independent contact freezers or with the
several groups of the contact freezers in order to increase
the freezing capacity.




