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GENERAL ENERGY BALANCE OF COLD STORE BUILDINGS FOR FOOD PRODUCTS

Summary

The paper discusses the general energy and maasdmbf refrigeration systems of food storage dbjeto obtain the
universality of the description allowing the usetloé balance for different kinds of cold store Bunfys the variability of
energy flux as a function of time was taken intocant. The presented balance takes into accounpaissibility of main-
taining of the set temperature and air humiditycald store buildings at variable ambient temperatutwith a daily or an-

nual resolution).
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UOGOLNIONY BILANS ENERGII CHLODNI DO PRZECHOWYWANIA  ZYWNOSCI

Streszczenie

W pracy przedstawiono podstawowy bilans energiasynopisujcy system chitodzenia dowolnego obiektu do przechowy
wania zywnaici. W celu uzyskania uniwersakiod opisu umeliwiajgcego jego adaptacje do 2dych obiektéw w bilansie
uwzgkdniono meliwosé zmienngci strumieni energii w funkcji czasu. Przedstawitniigns uwzgidnia maliwosé utrzy-
mania zatgonych temperatur i wilgotrsai powietrza w obiektach chtodniczych przy zmiehrtgenperaturach otoczenia w

okresie dziennym lub rocznym.

Stowa kluczowezywna¢; przechowalnictwo; chtodnia; temperatura; wilgoti@pwiasciwasci fizyczne; bilans energii

1. Introduction

Proper food storage is an important element inhire
man food chain and is a priority in world econoriyon-
compliance of the temperature conditions in theigefa-
tion systems when storing food during transportaticay
lead to significant losses. Another aspect of ttablem is
the minimization of the energy consumption necessar
obtain the required temperature parameters. Tdl fthfs
condition we need to develop an effective energyated
balance to generate cold and an efficient congrstiesn due
to a very high ambient temperature variability dnel pos-
sibility of technical realization of the refrigei@t system.

The performed analysis takes into account varjmss
sibilities of maintaining of the food storage temgiares in
multi room buildings after supplementing with adluliial
refrigerating modules.

The balance also takes into account the inteimaices
of heat as the effect of generating thermal endrgyhe
stored food items and installations in the analygpdce.
The balance allows a development of simulationveafe
of the operation of a system that provides the ipditg of
minimizing of the energy consumption with the ugean
effective control system of the object.

The presented analysis is related to the globknba
described with the average values of the temperadad
does not include the three dimensional differeintabf the
temperature field in the cold store.

2. Literature overview

The possibility of storing food items is one oétmost
important social economic issues. Yet, due to aewahge
of stored products and their temperature and hiynig+
quirements during storage [1] the climate contystems
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need to be flexibly adjustable to the given requiat.

Due to a high variability of the ambient conditsoali-
mate systems need automatic control systems. Ampgea
of such a system has been presented in [2].

The aim of this work is to supplement the literatdata
[3, 4] by proposing a general balance of the cdtutes
building that would constitute a basis for the depeent
of the simulation software of a climate controltsys under
different conditions.

3. Cold store building energy balance

A general balance of the cold store building food
storage pertains to an object shown in figure le Bhsic
assumption in the balance is that inside the ctidesthe
maintained temperature will be above zero and ¢heired
humidity will remain irrespective of the ambientnclitions.

Hence, the climate system of the object must enthe
possibility of heating in the winter and coolingthre sum-
mer. The proposed analysis does not include objelcese
products are deep-frozen when the there is no foedwbat-
ing up the cold store.

The presented schematic includes the elementteof t
cooling system needed to maintain proper air teatpess
in the object the balance refers to. When realizmtjvid-
ual objects certain modules can be removed thusirobg
simplified systems of lower climate capacities.

Assuming a constant temperature inside the calde st
and a steady humidity level resulting from the teathgical
data as presented in [1] the equation of the glebalrgy
balance can be expressed in the following form:

Qout+H| +Qw+Qh+Hout+Hin +Hw+Qh1+
Qu*+Q +2 N, +4Q=0

1)
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where:

Q,, - collective heat flux passing through the coldrst

walls,
H, - rate of enthalpy flowing through the leaks in tialls,

Q, - collective internal heat flux (stored items, smnel,

lighting, ventilation),
H,, - rate of air enthalpy flowing out of the system,
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H, - rate of air enthalpy flowing into the system, - rate

of water enthalpy humidifying the air,
g, - heat flux of the primary heater,

Q,, - heat flux of the secondary heater,
Q - flux of heat (cold) in the cooler,
YN, - the sum of the power outputs of the blower eiect

motors and regenerative exchanger,
AQ - thermal capacity of the building and stored micid.

Ql’ Qh 2 N

(R A A

ﬂ\ out
N

Fig. 1. Schematics of the climate control of thiel gtore building for food

The schematics of the climate control installatfe-
sented in figure 1 ensure realization of the tebigioal
assumptions for the stored products. The systenbbar
composed of modules that chill down the air if #mbient
temperature (including sun intensity) is highemttiaat re-
quired inside the cold store. Under extreme wimigndi-
tions when the ambient temperature is lower théegy®n-
ables heating up the air inside the cold store. rEdection
of the energy consumption of the system is enshyethe
regenerative heat exchanger operating when thexeneed
of cooling of the air inside the cold store.

Other elements of the system are dampers andsfilte

fitted in the intake and outlet ducts.

The selection of the active elements of the systescribed
for example in [4, 5] is a consequence of calcataidone
based on balance (1) taking into account the @etaihlcu-
lation procedures of the individual elements ofthgua-
tion.

The heat flux going through the building wallsaigunc-
tion of the conditions of heat transfer throughsthevalls,
thermal bridges and the daily and annual ambienpéza-
ture variability range. In the balance we also ne&edn-
clude the variable rate of energy of solar radiaimd the
location of the walls in relation to the geophysidaec-
tions.

As a consequence the heat flux can be expressed as

Qout = Qk + Qr (2)

where:

Q, - heat flux transferred through the walls
Q, - radiation heat flux

These quantities can be calculated using the ledilcn
procedures provided in literature [3].
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The energy balance (1) also includes the podgilnli
transfer of external air through leaks and gatemgyroduct
handling in the cold store - marked as a rate thfadoy H .

Important components of the energy balance are the
sources of heat generated inside the cold stoey &te dif-
ficult to assess. The basic element is the heagrg®d by
the stored products (variable in time) and the heatrated
by the personnel and lighting. The balance must ialdude
the possible power output of the blowers insidectim@mber
whose task is to ensure even temperature distituti

This gives the following relation:

QW :Qf +Qp +q +Niw

where:
Q, - heat flux generated by the stored products,

®3)

Q,- heat flux generated by personnel,

Q - heat flux generated by lighting, UV lamps etc.,

N,, - power of the blowers ensuring even temperaiete f
inside the chamber.

The heat generated by the stored food should ke-ca
lated according to the data obtained from the ditae
dedicated to a given product. Example data hava pes
sented in [1].

Ensuring proper hygiene and environment protection
requires an installation of filters at the air k#aand outlet.
The consequence of their installation is increaaiefiow
resistance, which translates into an increased palee
mand of the blowers. The final effect of the infige of the
filters is an elevated temperature of the flowiing a

An important module that improves the efficiendyhe
system operation is the use of a regenerative exggra
When the system operates in the cooling mode, thamk
the regenerative exchanger we can limit the powahe
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cooling system (compressor o absorption) neceseantill
the air at the intake to the cold store.
In the winter conditions it could be used for pratiey of
the fed air thus reducing the heating power demand.

In the winter at the air parameter of °C8and the need

to maintain the temperature of “&inside the cold store

we need to heat up the fresh air. The intake girasessed
in the primary heater and then reaches the expeeted
perature in the secondary heater. Then the humildir is
fed to the cold store. In the summer the heatey#rand
the temperature is adjusted through fresh air desnged
radiators. The regenerative exchanger in the sysefor

heating up the air in the winter or chilling the @ the

summer thanks to which the electrical energy conpdiom

needed to reach the set temperature is reducederbatil-

ity of the available devices allows chilling of ther

through chillers or CFC-based system and the hgatiay
be realized with the use of electrical energy, ingaivater
or heat pump.

where:
m, - rate of water mass at the inlet

rh, - rate of water mass fed to the humidifier (conéens
m, - rate of water mass exuded from the stored ptoduc
m,, - rate of water mass at the outlet

In equation (4) the humidity generated by the pens|
present in the chamber has been omitted.

4. Conclusions

General energy and water mass balances may cdestit

a basis for the calculations simulating the operabf a
cold store installation under variable conditiorfierathe
detailed equations have been used that determenédh
ances of the individual modules depending on tke sff
the system. As a result of the calculations we salect
types and sizes of the system components for aggssing

Maintaining a given climate in the area where foodn order to obtain the assumed temperature and ditymi

products are stored requires not only appropriatepera-
ture but also humidity. This depends on the typprotiucts
and needs to be determined by the technologicalitons
of storage.

values at variable ambient conditions.
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