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Krmiljenje hladilnih sistemov

Control in Refrigeration Systems

Janez Primozi¢ - Rajko Svecko

Prispevek predstavija krmiljenje hladilnih sistemov. Namen raziskave je pomoc pri projektiranju
hladilnih sistemov oziroma pri dolocevanju optimalnih parametrov, ki vplivajo na delovanje hladilnih sistemov.
Za obravnavo je bila potrebna analiza trenutnega stanja ponudnikov oziroma izdelovalcev opreme za
krmiljenje hladilnih sistemov. Opremo lahko delimo na dva dela. Obstaja oprema za krmiljenje preprostih
hladilnih sistemov, ki se najveckrat sestoji iz elektronskih termostatov za krmiljenje elementov v hladilnih
komorah ali miniaturnih mikroprocesorskih naprav za krmiljenje manjsih kompresorskih agregatov. Uporaba
nastete opreme je postala ze Sirokoporabna, tako da sta njena prednost nizka cena in preprosta uporaba.
Slabe lastnosti omenjene opreme pa so predvsem neuporabnost za zahtevnejse hladilne sisteme ter nezmoznost
optimizacije hladilnih sistemov v smislu povecevanja hladilnega stevila in varcevanja z elektricno energijo.

Poudarek prispevka je zaradi nastetih dejstev predvsem v krmiljenju zahtevnejsih hladilnih sistemov
z uporabo prostoprogramljivih mikroprocesorjev in sistema SCADA.
© 2004 Strojniski vestnik. Vse pravice pridrzane.

(Kljuéne besede: sistemi hladilni, sistemi krmilni, naprave krmilne, sistemi SCADA)

This paper describes the control of refrigeration systems. The goal of the research is to support the
design of refrigeration systems and to define the optimum parameters that influence refrigerating systems.

systems and the producers. The equipment can be divided into two segments: equipment for the control of
simple refrigeration systems, which consists of electronic thermostats for controlling the elements of the
refrigeration rooms; and miniature microprocessor-based equipment used for controlling the smallest
compressor aggregates. The advantages of this equipment are its his wide consumption, low cost and simple
usage. Its drawbacks are inappropriateness for complex refrigeration systems in the sense of increasing the
coefficient of performance (COP) and the consumption of electrical energy.

The main emphasis of the paper is on the control of complex refrigeration systems based on
programmable microprocessors and SCADA (supervisory control and data acquisition) systems.
© 2004 Journal of Mechanical Engineering. All rights reserved.
(Keywords: refrigeration systems, control systems, control equipment, SCADA systems)
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Hladilni sistemi, ki jih prispevek
obravnava, so parni krozni postopki na podlagi
Cornotovega hladilnega kroznega postopka ([ 1] do
[3]). Tehnologije izdelave hladilnih strojev so na
podroéju strojnistva dobro znane, ker pa je
krmiljenje moc¢no povezano s podroc¢jem
avtomatike, se pojavlja potreba po poglobljenem
razumevanju delovanja krmilnih sistemov hladilnih
naprav. Z vidika strojni§tva pomeni razumevanje
avtomatike izraba vseh prednosti, s katerimi lahko
izboljsamo delovanje hladilnih sistemov. Z vidika
avtomatike je razumevanje fizikalnega ozadja
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1 A second aim of the investigation was an analysis of currently available control equipment for refrigeration
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O0INTRODUCTION

The refrigeration systems dealt with in this
article employ vapour-cycle processes based on the
Carnot refrigeration cycle ([1] to [3]). In mechanical
engineering, the technology of producing refrigeration
machines is well known, however, their control is closely
connected to automation. Therefore, it is vital to go into
further details on the working process of the control
system of refrigeration machines. To really understand
automation, from the point of view of mechanical
engineering, means to make good use of the advantages
by which the work of refrigeration systems can be
improved. From the automation point of view, for



Primozi¢ J., Svecko R.: Krmiljienje hladilnih sistemov - Control in Refrigeration Systems

delovanja hladilnih sistemov pogoj za kakovostno
izdelano krmilje.

Prispevek opisuje nacine krmiljenja
neposrednih in posrednih hladilnih sistemov. Izdelana
je primerjava med krmiljenjem z uporabo namenskih
elektronskih termostatov in prostoprogramljivih
mikropostopkorskih krmilnikov. Glavni del obravnave
jenamenjen predstavitvi krmiljenja hladilnih sistemov
s prostoprogramljivimi mikroprocesorskimi krmilniki
[8]. Rezultat obravnave so algoritmi, ki omogocajo
optimalno krmiljenje zahtevnih hladilnih sistemov,
tako na ravni kompresorskega agregata kakor tudi
elementov v samem prostoru, ki ga hladimo.

1 HLADILNI SISTEMI

Hladilne sisteme lahko glede na nacin
prenosa toplote delimo na neposredne in posredne.
Razlog navedbe teh dveh tipov hladilnih sistemov je
v tem prispevku prav ta, da se krmiljenje enega in
drugega nacina razlikuje.

Neposredni hladilni sistem sestavljajo
glavni S$tirje elementi: kompresor ali sklop
kompresorjev, kondenzator, ekspanzijski ventil in
uparjalnik oziroma sklop uparjalnikov. Celoten sistem
je napolnjen z enim hladivom. Krmiljenje takSnega
sistema bo opisano v naslednjih poglavjih.

qualitative control, it is vitally important to understand
the physical background to refrigeration systems.

The article describes methods of control
for direct and indirect refrigeration systems. A
comparison has been made between control using
electronic thermostats and control using
programmable controllers. The main part of the
discussion is the presentation of control using
programmable microprocessor controllers [8]. This
results in algorithms that enable optimum control of
complex refrigeration systems at the level of
compressor aggregates as well as the elements in
the cooled room.

1 REFRIGERATION SYSTEMS

Depending on the way the heat is
transmitted, refrigeration systems can be put into two
categories: direct and indirect. The reason for
discussing these two is the fact that the control of
the first differs from the control of the second.

The direct refrigeration system consists
of four elements: a compressor (or a set of
compressors), a condenser, an expansion valve and
an evaporator (or a set of evaporators). The entire
system is filled with a single refrigerant. The controll
of this kind of system is described later.

KONDENZATOR
EKSPANZDSKI CONDENSER [
VENTILL KOMPRESOR
EXPANSION COMPRESSOR
VALVE UPARJALNIK I
EVAPORATOR
HL. KOMORA
COOL.CHAMBER

Sl. 1. Neposredni hladilni sistem
Fig. 1. The direct refrigeration system

Posredni hladilni sistem je sistem sestavljen iz
dveh delov. Primarni del je zelo podoben neposrednemu
sistemu, le da uparjalnik namesto zraka hladi sekundarno
hladivo, to je hladilna meSanica vode in propilen glikola
ali etilen glikola [4]. V sekundarnem delu pa v hladilniku
zraka s krozenjem hladnega sekundarnega hladiva,
hladimo zrak v hlajenem prostoru (hladilni komori).

Postopek, ki pri neposrednem hladilnem
sistemu za hlajenje zraka poteka v hlajenem prostoru,
pri posrednem sistemu poteka v uparjalniku za hlajenje
sekundarnega hladiva. Hladivo torej v primarnem delu
uparjalnika prehaja v plinasto fazo in pri tem odvzema
toploto sekundarnemu hladivu v sekundarnem delu
uparjalnika. Sekundar uparjalnika tako hladi hladilno
mesanico, ki jo imamo na Zelenem temperaturnem rezimu
stalno pripravljeno v zbiralniku hladilne mesanice.

The indirect refrigeration system consists
of two parts. The first part resembles the direct
system, it is different only in that the evaporator cools
a secondary medium instead of air. The secondary
medium is a cooling mixture of water and propylene
glycol or ethylene glycol [4].

The phenomenon which occurs in the
evaporator (in the cold store) in the direct system,
takes place in the cooling-mixture evaporator in the
indirect system. The transition of the refrigerant into
a gas takes place in the cooling-mixture evaporator
where it decreases the heat of the cooling mixture
that is going through the exchanger. The secondary
circuit of the heat exchanger cools the cooling mixture,
which is maintained at the desired temperature in the
IeServoir.

STECJINISKI L
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Naravni hladilne komore imamo hladilnik, ki
je po obliki podobno uparjalniku. Ne moremo ga
imenovati uparjalnik, saj se v njem ne opravlja
uparjanje. Hladilna meSanica potuje skozi hladilnik in
na ta naéin odvzema toploto hlajenemu prostoru —
komori. V blizini hladiva, najpogosteje pa kar zunaj
komore, imamo naslednje elemente za krmiljenje
temperature v komori:

- érpalko hladilne mesanice C,

- tripotni ventil hladilne meSanice T,

- temperaturno zaznavalo hladilne mesanice TIC,

- boljer z grelcem za odtaljevanje hladilnika z zas¢itnim
termostatom B.

Krmiljenje elementov na primarni strani
prenosnika toplote poteka enako kakor pri
neposrednem sistemu, medtem ko ima krmiljenje
seckundarnega dela svoje posebnosti, ki bodo
predstavljene v nadaljevanju.

In the cold store there is a cooler, which is a
similar shape to the evaporator. However, it cannot
be called an evaporator, because there is no
evaporation occuring inside it. The cooling mixture
flows through the cooler and, in this way, decreases
the temperature of the chamber that is being cooled.
Near the cooler or, frequently, outside the chamber,
there are the following elements for controlling the
temperature of the chamber:

- a pump for the cooling mixture P,

- a three-way valve for the cooling mixture V,

- a temperature probe for the cooling mixture TIC,

- a boiler with a heater for defrosting the cooler (with
a protection thermostat H).

The element control on the primary circuit
of the heat exchanger works the same as in the direct
system, while the secondary-circuit control has its
specific features, dealt with later on in the article.

KONDENZATOR

EKSPANZDSKI CONDENSER 7|

VENTIL KOMPRESOR

EXPANSION CIOMPRESSOR T &P BH

VALVE 1 | HLADILNIK
UPARJALNK H——{ ZBRALNK COOLER
EVAPORATOR RESERVOR HL. KOMORA

COOL. CHAMBER

Sl. 2. Posredni hladilni sistem
Fig. 2. The indirect refrigeration system

2 KRMILJENJE HLADILNIH SISTEMOV
2.1 Krmiljenje preprostega hladilnega sistema

Preprosti hladilni sistem, delujo¢ po nacelu
uparjanja in kompresije hladiva, je sestavljen iz
kompresorja, kondenzatorja, uparjalnika in
ekspanzijskega ventila.

Krmiljenje opisanega preprostega
hladilnega sistema je v praksi vecinoma izvedeno z
elektronskimi termostati. Elektronski termostat s
temperaturnim tipalom dobiva podatek o
temperaturi v hladilni komori. Glede na izmerjeno
temperaturo in v samem elektronskem termostatu
nastavljeno zeleno temperaturo vkljucuje elemente
hladilnega sistema. Ce se temperatura v komori zvisa
nad zeleno temperaturo s pozitivno razliko, se
vklju¢i hlajenje. To pomeni, da elektronski termostat
vklopi kompresor, ventilatorje kondenzatorja,
polnilni ventil ter ventilatorje uparjalnika. Po
dosezeni zeleni temperaturi v komori se nasteti
elementi hkrati izklopijo, dokler ni ponovne potrebe
po hlajenju.

stran 170

2 CONTROL IN REFRIGERATION SYSTEMS
2.1 Simple refrigeration system control

The simple refrigeration system, which
works by the evaporation and refrigerant compression
principle, consists of the compressor, the condenser,
the evaporator and the expansion valve.

In practice, the described simple refrigeration
system is executed with the help of electronic thermostats.
The electronic thermostat obtains the information on
temperature in the cold store with the help of the
temperature probe. It switches on elements of the cooling
system in accordance with the measured temperature
and the set temperature in the electronic thermostat. As
the temperature in the chamber rises above the desired
temperature plus the difference, the cooling is switched
on. In other words, the electronic thermostat switches on
the compressor, the fans of the condenser, the expansion
valve, and the fans of the evaporator. As the desired
temperature in the chamber is reached, these elements
are switched off simultaneously, and stay off until the
next cooling situation.
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Kakor je bilo omenjeno ze v prejsnjih
poglavjih, je treba uparjalnik redno odtaljevati. V ta
namen ima elektronski termostat moznost nastavitve
parametrov odtaljevanja. Tako lahko izbiramo med
naslednjimi nastavitvami:

- Casom med odtaljevanji (ta Cas je lahko dejanski
Cas ali ¢as delovanja hlajenja in zna$a od §tiri do
osem ur, kar je odvisno od skladis¢enega blaga
oziroma odprtosti vrat hladilne komore);

- najdaljse trajanje odtaljevanja;

- temperaturo na lamelah uparjalnika, ki izklopi
odtaljevanje;

- Cas odcejanja po odtaljevanju (to je Cas, ko
elektri¢ni grelniki ne delujejo veé in se kapljice le Se
odcedijo iz uparjalnika);

- zakasnitev ventilatorjev po odcejanju (kapljice vode,
ki so se zaradi odtaljevanja pojavile na uparjalniku,
bi z vklopom ventilatorjev razprsilo po prostoru in
blagu, ki ga hladimo. Navzlic temu najprej za kratek
¢as vklopimo hlajenje brez ventilatorjev uparjalnika
in tako dosezemo, da kapljice na uparjalniku
zamrznejo in se ne razprsijo po prostoru.).

Pri navedenem krmiljenju hladilnega sistema
ne moremo govoriti o kakr$nikoli optimizaciji sistema
v pomenu povecevanja hladilnega Stevila oziroma
poveéevanju energijske ucinkovitosti.

The evaporator must be defrosted regularly.
For this reason, it is possible to set the defrosting
parameters on the electronic thermostat.

We can choose among the following settings:

- the time period between the defrosting acts (the
actual time or the cooling period time; that is
somewhere between four and eight hours,
depending on the stored goods or the period of
time the doors of the cold store are open)

- the maximum duration of the defrosting process

- the temperature on the evaporator fins, which
switches off the defrosting process

- the dripping time after the defrosting act (the time
when the electric heaters have stopped working
and the drops are dripping out of the evaporator)

- the fan delay after dripping time (the drops of water
which appear on the evaporator would be sprayed
about the cold store and across the goods by
switching on the fans. Instead, we switch on the
cooling without the fans of the evaporator first,
and ensure that the drops freeze on the evaporator
and are not sprayed about.)

With this kind of refrigeration system
control, we cannot speak about optimizing the system
in the sense of increasing the COP or the energy
efficiency.

ELEKTRONSKI TERMOSTAT
ELECTRONIC THERMOSTAT
_ [KONDENZATOR ' ' ' :
" CONDENSER : |
A | -
. [KOMPRESOR PN |
COMPRESSOR UPARJALNIK
5 EVAPORATOR @
\ 4 HL. KOMORA

VAROVALNI ELEMENTI
(PRESOSTATI, TERMOSTIK ITD.)
VEZANI V VAROVALNO VERIGO

ELEMENTS OF PROTECTION

COOL. CHAMBER

(PRESSURE SWITCHES, THERMAL PROTECTION, ECT.)
ARE BEING TIED INTO PROTECTION CHAIN

Sl. 3. Shema enostavnega hladilnega sistema s pripadajocim krmiljenjem
Fig. 3. A scheme of the simple refrigeration system and its control

2.2 Krmiljenje zapletenega neposrednega hladilnega
sistema

Zapleteni hladilni sistem se v primerjavi s
preprostim hladilnim sistemom razlikuje v naslednjem:
- sestavlja ga vecje Stevilo hladilnih komor oziroma
uparjalnikov,

- sestavlja ga ve¢je Stevilo kompresorjev,

- zracni kondenzator je vecji (tudi vecje Stevilo
ventilatorjev) in deluje stopenjsko.

Pri taksnih hladilnih sistemih je smiselna uporaba
mikroprocesorskih krmilnikov, pri katerih lahko v vsakem

2.2 Complex refrigeration system control

The complex refrigeration system differs from
the simple refrigeration system in the following ways:
- it consists of more cooling chambers or evaporators
- it consists of more compressors
- the air condenser is bigger (and has more fans); it

works in stages.

It is reasonable to use microprocessor
control in this kind of refrigeration system, for we
can take into consideration all states of the system

STECJINISKI L
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zadostna koli¢ina hladiva v tekoCem stanju

AGREGAT the sufficient quantity of the coolant in liquid form UPARJALNIKI
OZIROMA V KOMORAH
STROJNICA AIR COOLERS
AGREGATE OR stalen tlak na sesalni strani IN CHAMBERS
ENGINE ROOM constant pressure on the suction side

Sl. 4. Nacelna shema zapletenega neposrednega hladilnega sistema
Fig. 4. The principle of the complex refrigeration system
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Fig. 5. Parallel binding of the three compressors
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trenutku upostevamo vsa stanja sistema in s tem na sistem and so manipulate the system in a way that makes it
vplivamo tako, da je ucinek sistema najvecji [6]. most efficient [6].

Prvi del zapletenega hladilnega sistema je The first part of the complex cooling system
kompresorski agregat, pri vecjih sistemih pa je lahko is a compression aggregate; in larger systems this may
to vsa oprema, ki je v strojnici. Njegova naloga je, da be the only equipment inside the engine room. The
vzdrzuje stalen tlak na sesalni in tlacni strani sistema. compressor aggregate preserves the pressure on a
Glavni element samega agregata hladilnega sistema suction and a discharge side of the system. The main

|
\
|
\
|
\
|
\
|
\
|
\
\
\
\
|
\
|
\
|
\
|
\
|
\
|
\
|
\
\
\
\
|
\
|
\
|
\
|
\
|
\
|
\
|
\
: Sl. 5. Vzporedna vezava treh kompresorjev
\
|
\
|
\
|
\
|
\
|
|
\
|
\
\
|
\
\
|
\
\
|
\
\
|
\
\
|
\
\
|
\
\
|
\
|
|
\
|
\
\
|
\
\

e 04-3 [SHRESNISKI
VESTNIK stran 172
|



Primozi¢ J., Svecko R.: Krmiljienje hladilnih sistemov - Control in Refrigeration Systems

je sklop kompresorjev ter zracni oziroma uparilni
kondenzator z ventilatorji. Stevilo kompresorjev kakor
tudi Stevilo ventilatorjev kondenzatorja je odvisno
od velikosti sistema.

Drugi del zapletenega hladilnega sistema so
hladiva v posameznih hlajenih prostorih, ki skrbijo za
vzdrzevanje potrebnega temperaturnega rezima.

2.3 Krmiljenje kompresorjev

Slika 5 prikazuje tri vzporedno vezane
kompresorje, katerih naloga je vzdrzevanje zelenega
tlaka na sesalni strani hladilnega sistema.

Temelj za krmiljenje kompresorjev je tako
imenovani racunalniski program kompresorjev. V ta
namen imamo na sesalnem vodu namesceno tla¢no
tipalo, ki s signalom v vsakem trenutku daje
informacijo o sesalnem tlaku. Sesalni tlak se v sistemu
spreminja zaradi neenakomerne obremenitve s strani
uporabnikov, to je dejanskega Stevila hladilnih komor,
ki trenutno hladijo. Pogoj za vklop kompresorjev je
torej povisanje sesalnega tlaka nad doloceno
vrednost. To vrednost imenujemo Zelena vrednost
(tocka SET) sesalnega tlaka. Vrednost nastavljene
tocke SET je seveda odvisna od temperaturnega
rezima, za katerega je hladilni sistem narejen, oziroma
od hladilnega medija.

Ce sesalni tlak doseZe vrednost tocke SET
inrazliko DIF, torej SET + DIF, se pri¢ne tako imenovani
program kompresorjev naprej oziroma analogno temu
- pri tocki SET in negativni razliki (SET — DIF) program
nazaj. Opisano prikazuje tudi slika 6.

Glede na Stevilo in tehnoloske zahteve
hladilnih komor sta dolocena Stevilo in tip
kompresorjev. V primeru, da imamo tri kompresorje s

elements of the aggregate are a set of compressors
and an air or an evaporative condenser with fans. The
number of the compressors and the number of the
fans of the condenser depend on the size of the system.

The second part of the complex refrigeration
system are coolers in separate rooms, which preserve
the required temperature regime.

2.3 Compressor control

Figure 5 presents three parallel multiplex
bound compressors. Their task is to preserve the
desired pressure on the suction side of the
refrigeration system.

The so-called compressor program is the
basis of compressor control. For this reason, there is
a pressure probe settled on the suction line. By means
of a signal, the pressure probe constantly provides
information on the suction pressure. The suction
pressure changes due to consumers unequally
loading the system. Actually, this is the number of
cold stores in action. In order for compressors to be
switched on, the suction pressure must rise above
the set value (the SET point). The value set for the
SET point depends on the temperature regime for
which the cooling system is made for, or on the cooling
medium.

When the suction pressure reaches the value
set plus the difference (SET+DIF) the compressor
program is activated, or similarly, with the set minus
the difference (SET-DIF), the backward program comes
into action. This is clear from Figure 6.

The number and the type of compressors
are selected according to the number and the
technological requirements of the cold stores.

CASI MED STOPHJAMI
progr.lm kompresou'e\r KOMPRESOR.JEV
m,,, Hak mum gas 0d 0% do 50%  |[I20ISekY PROGRAM A il A PROGRAM
as od 50% do 100%|[20seky NAZAJ NAPREJ
DIF DIF
SESALNI TLAK Zas od 100% do 50%| (25 86k <—>S E<—>T
hﬁl Q 2.67 bar w" n',.,x as 0d 50% do 0% [[28.8ek]
Sl. 6. Program kompresorjev naprej - nazaj
TIME PERIODS BETWEEN
COMPRESEION STAGES
compressor program time period 0% to 50% ‘
min. press. DIF Max. press.
time period 50% to 100%|[E0E5 ||| PROGRAM PROGRAM
| 1.8 bar | 2'1bar | 0.5 bar [ 4.5 bar | BACKWARD? v {}FORWARD
SUCTION FRESSURE time period 100% to 50% [0l O Sl oF,
SET
I\#.I Q 267 bar w hg)( time period 50% to 0% -‘

Fig. 6. Compressor program forward-backward
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stopnjami 50 % ali 100 %, to pomeni, da bo celotna
zmogljivost sistema kompresorjev razdeljena na 6
stopenj.

Z vklopom programa kompresorjev
NAPRE]J so izpolnjeni pogoji za vklop stopenj
kompresorjev. Najprej se vklopi prva stopnja
kompresorja, ki je prvi pripravljen za start, nato
druga stopnja tega kompresorja in tako dalje do
druge stopnje kompresorja, ki je kot zadnji dolocen
za start.

Pri programu kompresorjev so zelo
pomembni ¢asi med stopnjami. V osnovi program
deluje tako, da uporabnik nastavi zelene ¢ase med
stopnjami kompresorjev. Torej, ko pride do pogoja za
program kompresorjev naprej, mora najprej preteci
cas do vklopa prve stopnje, po vklopu le-te zopet Cas
do naslednje stopnje in tako dalje. Podobno je pri
programu kompresorjev nazaj. Po preteCenem casu
se najprej izklopi druga stopnja kompresorja, ki se je
vklopil zadnji, zatem po pretecenem ¢asu njegova prva
stopnja in tako dalje do izklopa prve stopnje
kompresorja, ki se je vklopil prvi. Vecina samostojnih
krmilnikov kompresorjev, ki se pojavljajo na trziscu,
deluje po opisanem postopku. Naloga teh krmilnikov
je torej vkljucevanje stopenj kompresorjev tako, da
vzdrzujejo sesalni tlak kar se da stalen in v blizini
tocke SET.

2.4 Smernice za povecanje hladilnega Stevila z
izboljSanim krmiljenjem kompresorjev

Hladilno $tevilo, kot podatek o u¢inkovitosti
hladilnega sistema, je dolo¢eno kot razmerje med
odvedeno toploto Q, in vloZenim delom A ([1]).
Enacba hladilnega Stevila ima obliko:

€u
Pri zgoraj omenjenem krmiljenju vecjega

Stevila vzporedno vezanih kompresorjev se dogaja,

T K]
T,

T,
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Providing there are three compressors of 50 or 100%
capacity degress, the entire capacity of the
compressor system is divided into six stages.

All the requirements for the activation of
the stages of the compressors are fulfilled by
switching on the forward compressor program. Firstly,
the first stage of the compressor ready to start is
activated, then the second stage of the compressor,
and so on, up to the second stage of the compressor,
which is the last intended to be activated.

The time periods between the stages are of chief
importance in the compressor program. The program works
in the following process. The consumer sets the desired
time values between the stages of the compressors. That
is, fulfilling the requirements for activation of the forward
program, a time must pass before the activation of the first
stage, after that, again, time must pass to the next stage and
so on. The backward program works in a similar way. After
a certain time has passed, the second stage of the lastly
activated compressor is stopped, after that a time period
must pass and then its fist stage is stopped, and so on until
the first stage of the firstly activated compressor is stopped.
Most of the independent compressor controllers appearing
on the market work on this principle. Their task is to switch
on the compressor stages, in order to keep the suction
pressure as constant as possible and close to the SET
point.

2.4 Guidelines for increasing the coefficient of
performance (COP) by improving the compressor control

COP, in the sense of information about the
efficiency of the cooling system, is defined as a ratio
of the heat removal Q2 to the work input A ([1]).
The equation of COP is:

=Q,/A

Q,

‘When controlling a large number of multiplex
bound compressors it sometimes happens that the
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Sl. 7. Parni hladilni postopek v diagramu T-S — nihanje tlaka uparjanja
Fig. 7. Vapour cycle process in a T-S diagram - oscillating of vapour pressure
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da sesalni tlak ni vedno enak, ampak se giblje v blizini
tocke SET. To pomeni, da na sliki 7 nimamo ve¢ premice
med tockama 4 in 1, ampak neko nepravilno obliko, ki
je odvisna od nihanja sesalnega tlaka. Sesalni tlak se
spreminja po krivulji, katere oblika je odvisna od
Stevila trenutno vklopljenih uparjalnikov v
posameznih hlajenih prostorih ter od odvzema toplote
iz le-teh. Hladilno Stevilo bi torej lahko povecali, ¢e bi
se nasa obravnava nanasa predvsem na krmiljenje
batnih kompresorjev, vezanih v vzporedni sistem,
i8¢emo izboljsave na tem podrocju.

Pri izboljsavi krmiljenja kompresorjev se
osredotoamo na vzdrZevanje stalnega sesalnega
tlaka s Se vec¢jo natancnostjo, kakor je opisano v
prej$njem poglavju.

Veéjo natancnost vzdrzevanja stalnega
sesalnega tlaka lahko dosezemo s pocasnejSim
odzivom opisanega krmlja. Zamisel pocasnejsega
odziva je naslednja. Med spreminjanjem sesalnega
tlaka procesor opazuje hitrost njegovega visanja
oziroma nizanja. Ce pri programu kompresorjev
NAPRE]J procesor zazna nizanje sesalnega tlaka, je to
znak, da je v danem trenutku vklopljenih dovolj
stopenj za trenutno obremenitev. Nepotrebno bi bilo
vklopiti $e eno stopnjo kompresorjev, ¢e je zaznavalo
sesalnega tlaka zaznalo upad viSanja sesalnega tlaka.
V tem primeru izvedemo upocasnitev programa
NAPRE]J tako, da postavimo ¢asovne zakasnitve med
stopnjami na vrednost ni¢ ([5]). Zaradi tega se
podaljsa ¢as med stopnjami. Casi do vklopa stopenj,
ki Se niso vklopljene od takrat, ko se je narascanje
tlaka za trenutek ustavilo, se tako podaljsajo.

Podobno se dogaja pri programu
kompresorjev NAZAJ. Pogoj za izklop stopen;j je
program kompresorjev NAZAJ in iztek ¢asovnih
zakasnitev posameznih stopenj. V primeru, da se
med programom kompresorjev NAZAJ zacne
naraScati sesalni tlak, se ¢asi med stopnjami
postavijo na ni¢, kar pomeni, da se odziv krmilja
upocasni.

Opisano lahko prikazemo tudi z uporabo
Casovnih diagramov, kar je razvidno s slike 8 [7].

Z navedenim krmiljenjem stopenj
kompresorjev dosezemo, da se stopnje kompresorjev
po nepotrebnem ne vklopijo oziroma izklopijo . Na ta
nacin se preveliko zviSevanje oziroma znizevanje
sesalnega tlaka umiri, kar pa pomeni manjse nihanje
krivulje med tockama 4 in 1 v diagramu T-S s slike 7.
Manjse nihanje omenjene krivulje vsekakor pomeni
izbolj$anje hladilnega stevila.

2.5 VzdrZevanje temperature v komorah pri
neposrednih hladilnih sistemih

Povprec¢no temperaturo v komori krmilje
ves Cas primerja z zeleno in po potrebi vklopi
ventilatorje ter polnilni ventil uparjalnika. Zeleno

suction pressure is not always constant; although it is
however, near the set point. According to Figure 7, this
means that there is no straight line between points 4
and 1, there is an irregular shape instead, which depends
on the suction pressure oscillation. The shape of the
suction-pressure-change is a curve, which depends on
the number of activated evaporators in the individual
rooms and their heat removal. Preserving the suction
pressure as high and as constant as possible, the COP
can be increased. This research is an attempt to look for
ways to improve the control of the reciprocating
compressors that are bound in the multiplex system.

In order to improve the control of the
compressor, we focus on preserving the suction
pressure even more precisely than it was done in the
previous section.

By decelerating the described transient
response of the control system we can achieve a higher
precision in preserving the suction pressure at a constant
level. This is the idea of the slower response. The
processor monitors the rising or falling speed of the
suction pressure as it changes. Providing there are
enough stages active for the present load of the system,
the processor perceives a fall of the pressure in the forward
program. Providing the suction pressure probe perceives
a slowing rise of the suction pressure, it is unnecessary
to activate another stage of the compressors. In this case
we execute the deceleration of the forward program, so
that we set the time delays between stages to zero ([5]).
Consequently, the time periods between the stages are
extended. The time periods to the activation of the stages
that have been idle from the time the pressure increasing
stopped for a while, are extended.

A similar process takes place in the
backward program. The requirements for deactivating
the stages are the compressor program backward and
the delay of the stages being completed. In the event
that the rising of the suction pressure takes place
during the backward program, the time periods
between the stages are set to zero, which means the
reaction of the control system is decelerated.

This is presented in more detail in the time
diagrams in Figure 8 [7].

With this kind of compressor stage control,
we achieve stages that are not activated or deactivated
unnecessarily. A too frequent increase or decrease of
the suction pressure becomes less frequent and,
consequently, the oscillation of the curve between
points 4 and 1 in the T-S diagram (Figure 7) is reduced.
Of course, a reduced oscillation of the curve means
an improvement in the COP.

2.5 Temperature control in a direct refrigeration
system

The controller constantly compares the
average temperature to the required temperature and
activates the fans and the expansion valve of the
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program NAPREJ:
nara$Canje sesalnega tlaka

program NAPREJ:
trenutek padanja ses. tlaka
Program forward:

the moment of the suction
pressure starts dropping

Program forward:
the suction pressure rising

0
postavitev Stetja casa za vklop
o o Stetie dasa - Cetrte stopnje na vrednost ni¢
Stet_]fl:dcasa stetJTdcasa do iklo a - Setting the time count
dov opa dov opa P& 1 {0 activation of 4"stage to zero
. 2. stopnje 3. stopnje 4. stopnje  ::/
A Time count Time count Time count 1 ponovno Stetje JL Recoqnt )
to activation I' | to activation Y |[to activation|| Casado _VklOPa to achtlvatlon
0| of 2" stage of 3" stage of 4"stage 4. stopnje of 4"stage
vklop vklop vklop vklop
1. stopnje 2. stopnje 3. stopnje 4. stopnje
1 Activation Activation Activation Activation
of 1"stage of 2" stage of 3"stage of 4"stage

S1. 8. Upocasnitev vklopa stopenj kompresorjev v primeru nizanja sesalnega tlaka pri programu NAPREJ
Fig. 8. Deceleration of compressor stages in the event of the dropping of suction pressure in program
forward

vrednost temperature smo v obravnavanem primeru
oznacili z oznako SET, razliko med preklopi pa z
oznako DIF. V primeru, da se povprecna
temperatura poveca nad vrednost SET + DIF, se
vkljuci hlajenje komore in ostane vklopljeno, dokler
se povpreéna temperatura ne zmanjsa na ali pod
vrednost SET. V primeru, da bi za vzdrzevanje
temperature v komori potrebovali tudi grelnike, bi
se le-ti vklopili pri zmanjSanju povprecne
temperature pod vrednost SET — DIF, vkljuceni pa
bi ostali do vrednosti SET.

2.6 Odtaljevanje uparjalnika pri neposrednih
hladilnih sistemih

Odetaljevanje je pri hladilnih komorah zelo
pomemben postopek, ki v osnovi ne pripomore k
hlajenju komore, ampak celo povecuje toplotne
dobitke, saj pri postopku odtaljevanja z grelniki
vnasamo toploto v notranjost komore in tudi
ustavljamo postopek hlajenja. Ne glede na to je
odtaljevanje postopek, ki je nujno potreben. Na
lamelah uparjalnika v komori se pri postopku hlajenja
nabira srez. Ce pravo¢asno ne poskrbimo za njegovo
odstranitev, se sreza nabere toliko, da je pretok zraka
med lamelami zelo oviran, lahko pa tudi onemogocen.
V tak$nem primeru uparjalnik ne more ve¢ opravljati
naloge hlajenja. Za odtaljevanje hladiv v hladilnih
komorah uporabljamo odtaljevanja z grelniki, zrakom,
vodo ali vro¢im plinom. Ne glede na nacin odtaljevanja
veljajo pri krmiljenju odtaljevanja splosna nacela, ki
so opisana v nadaljevanju.
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evaporator, if necessary. In the case that we are dealing
with, the required temperature is defined by SET and
the difference between shifts by DIF. Providing the
average temperature rises above SET+DIF, the cooling
of the chamber is activated and is in operation until
the average temperature drops to, or under, the SET
value. Providing we require heaters for heating in order
to preserve the temperature in the chamber, they are
activated after the average temperature drops below
the SET-DIF value, and continue to operate until the
temperature reaches the SET value.

2.6 Defrosting process in a direct refrigeration
system

The defrosting process is a very important
process in the refrigeration of cold stores. Basically,
it does not contribute to the refrigeration of the
chamber, it even increases the heat loss, because
in the process of defrosting with heaters, we bring
the heat into the chamber and interrupt the
refrigeration. Despite this fact, the defrosting
process is inevitable. Ice and hoar frost appear on
the surface of the fins of the cooler during this
process. Unless we remove them, they become so
large that they obstructs the air flow through the
fins. In this case the cooler can no longer perform
its function. To remove the hoar frost from the
coolers, we do the defrosting using heaters, air,
water, or hot gas. No matter what method we
choose, there are certain principles to be followed
during defrosting control.
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Prvi korak pri odtaljevanju je tako imenovani
CAS MED ODTALJEVANIJI. To ni dejanski &as,
temvec Cas dejanskega hlajenja, ki mora preteci od
prenchanja nekega odtaljevanja do naslednje
sprozitve odtaljevanja. Uporabnik ta ¢as nastavlja
med vrednostjo treh do osem ur. Izbira je odvisna
predvsem od namembnosti komore. V primeru, da
uporabnik pogosto odpira vrata komore in vnasa blago
z vecjo relativno vlago, temperatura uparjanja ali
hladilne mesanice na hladivu pa je dovolj nizka, je
potreba po odtaljevanju pogostejsa.

Naslednji korak, ki pri¢ne teci, ko pride do
postopka odtaljevanja (preteku casa med
odtaljevanji), je CAS ODTALJEVANIJA. V tem ¢asu
poteka odtaljevanje uparjalnika. Ventilatorji mirujejo,
delujejo pa grelniki ali ventil vro¢ega plina. Ta korak
se konca, ko temperatura v uparjalniku doseze dovolj
visoko vrednost (med 4 °C in 10 °C). Ta vrednost je
dolocena s parametrom TEMPERATURA IZKLOPA
ODTALJEVANJA.

Ce v nastavljenem &asu odtaljevanja
temperatura na hladilniku ne bi dosegla omenjene
vrednosti, bi se korak koncal po preteku casa
odtaljevanja. Koraku odtaljevanja sledi korak
ODCEJANIJA. V tem koraku mirujejo vsi elektri¢ni
elementi. V tem c¢asu se kapljice vode iz lamel
uparjalnika odcedijo v kad oziroma odtok. Naslednji
korak je ZAKASNITEV VENTILATORJEV. Ce bi takoj
po odcejanju vklopili ventilatorje uparjalnika, bi to
povzrocilo razprsenje preostalih kapljic, ki se jim ni
uspelo odcediti iz lamel, v prostor. Za preprecitev
tega je treba najprej vklopiti hlajenje (polnilni ventil),
Sele po nastavljenem ¢asu pa se vklopijo ventilatorji.
Tako preostale kapljice zamrznejo na lamelah in jih
ventilatorji ne morejo razprsiti v prostor.

¢as med odtaljevanji

Cas odtaljevanja

The first step is the so-called TIME PERIOD
BETWEEN DEFROSTING ACTS. This is not the actual
time but a time of effective cooling, which is supposed
to pass until the end of a certain defrosting act and to
the next activation of defrosting. The user may set the
time value at three to eight hours. The choice depends
on what the chamber is used for. The defrosting is
required more frequently when the user frequently
opens the doors and brings in goods with a higher
relative moisture, and the temperature of the evaporation
or the cooling mixture on the cooler is low enough.

The next step is activated after the time
period of the defrosting has passed. This step is
called TIME PERIOD OF THE DEFROSTING ACT.
At this point the defrosting of the cooler takes place.
The fans are idle but the heaters or the hot-gas valve
is activated. The step ends when the temperature in
the cooler reaches a high enough value (between 4
and 10°C). This value is defined by a parameter THE
TEMPERATURE ENDING THE DEFROSTING ACT.

If the temperature of the cooler does not
reach the value mentioned in the set period of time,
this step is finished after the defrosting time has
passed. The DRIPPING step follows. Now all the
elements are idle. In this time, the water drops drip
from the fins of the cooler into the tray or the outlet.
The step that follows is THE FAN DELAY. Activating
the fans of the cooler immediately after the dripping
would cause spraying about the remaining drops of
water, which have not managed to drip out of the
fins. To prevent that from happening it is necessary
to activate the cooling (expansion valve) first, and
only after the set time the fans can be activated. Now
the drops freeze on the surface of the fins and cannot
be sprayed about by the fans.

zakasnitev
Cas odcejanja ventilatorjev

Time period between

Time period (f)f

Time period | Fan

defrosting acts the defrosting act | of dripping delay
o b :
g(e)ilrt];llm ventil deluje glede AN :
Expansion| 12 potrebe hlajenja :
valve The valve works according
0| to refrigeration necessity

ventilatorji ventilatorji delujejo

Fans glede na potrebe hlajenja
Fans work according
o| to refrigeration necessity
I dosezena temperatura
grelec . izklopa odtaljevanja
Heater :

¥ The attained temperature

of defrosting deactivation

Sl. 9. Odtaljevanje hladilnika z upostevanjem celotnega casa postopka odtaljevanja
Fig. 9. Defrosting the cooler in terms of the total time of the defrosting process
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S koncanjem koraka ZAKASNITEV
VENTILATORIJEV se vinemo na prvi korak, imenovan
CAS MED ODTALJEVANIJI. Tako se postopki
ponavljajo. Na sliki 9 so prikazani koraki odtaljevanja
v Casovnem diagramu.

2.7 VzdrZevanje temperature v komorah pri
posrednih hladilnih sistemih

Tako kakor pri neposrednih hladilnih
sistemih tudi pri posrednih merimo temperaturo ali
povprecje temperatur v komori. Glede na izmerjeno in
dejansko temperaturo v komori se vkljucujejo in
izkljuCujejo ventilatorji hladilnika. Podobno vlogo
kakr$no ima pri neposrednih sistemih polnilni ventil,
ima pri posrednih sistemih ¢rpalka in tripotni ventil
hladilne meSanice na vstopu v hladilnik.

Bistvena prednost posrednega hladilnega
sistema pred neposrednim je ta, da lahko z uporabo
zveznega pogona motornega ventila in
proporcionalno integracijsko diferencialnega (PID)
krmilnika, dosegamo poljubno vrednost temperature
na lamelah hladilnika in s tem temperaturo izpihanega
zraka. Tako lahko pri dolocenih vrstah Zzivil (npr.
skladiscenje jabolk) dosezemo manjsi odvzem vlage.

Temperaturno zaznavalo meri temperaturo
hladilne meSanice na izstopu iz tripotnega ventila.
Ta je pri normalnem delovanju oziroma v primeru
hlajenja in delovanja ¢rpalke prakti¢no tudi
temperatura lamel hladilnika. S primerjavo Zelene
temperature hladilne mesanice v hladilniku z
dejansko izmerjeno vpliva PID krmilnik na lego
tripotnega ventila. Crpalka deluje ves &as hlajenja,
prav tako tudi ventilatorji hladinika.

Po dosegu zelene temperature prostora se
izklopijo ventilatorji hladilnika ter ¢rpalka hladilne
mesSanice. Lego ventila je v ¢asu, ko ni potrebe po
hlajenju, bolje obdrzati v taksni legi, v kakr$ni je bil v

As THE FAN DELAY is completed, we return
to step one, the TIME PERIOD BETWEEN THE
DEFROSTING ACTS. The steps are being repeated
constantly. Figure 9 shows these steps in a time
diagram.

2.7 Temperature control in an indirect refrigeration
system

The temperature or the average temperature
inside the chamber is measured in direct systems as well
as in indirect refrigeration systems. The fans in the
chamber are activated and deactivated according to the
measured and the actual temperatures. In the indirect
system, the pump and the three-way valve of the cooling
mixture at the entrance of the cooler have a similar function
to that of the expansion valve in the direct system.

The advantage of the indirect system is that
we can achieve any temperature value in the coil of
the cooler, and therefore the temperature of the blown
out air, by using a valve with a proportional actuator
and PID controller. Consequently, we can achieve a
lesser removal of the moisture from a certain type of
food (i.e., apple storage).

The temperature probe measures the
temperature of the cooling mixture on the exit of the
three-way valve. The temperature, in the normal state
or in cooling and pump activation, is the same as the
temperature of the coil of the cooler. The PID controller
influences the position of the three-way valve by
comparing the required temperature of the cooling
mixture in the cooler to the measured temperature.
The pump and the fans of the cooler are active during
the whole time period of the cooling process.

As the required temperature is attained, the
fans of the cooler and the pump of the cooling mixture
are shut off. During these times the refrigeration is
unnecessary, it is better to preserve the position of the

zakasnitev
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S1. 10. Odtaljevanje hladilnika pri posrednem sistemu
Fig. 10. Defrosting the cooler in an indirect system
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trenutku prenehanja hlajenja. Tako bo ob ponovni
potrebi po hlajenju ventil hitreje dosegel lego, ki je
potrebna za doseganje Zelene temperature hladilne
mesanice.

2.8 Odtaljevanje hladilnikov pri posrednih hladilnih
sistemih

Kakor je bilo Ze poprej navedeno, je sredstvo, ki
se pri posrednih hladilnih sistemih pretaka skozi hladivo
zraka, ledna voda ali glikol. Koli¢ina vode oziroma glikola,
kije vnekem trenutku v hladilniku zraka, ima vecjo toplotno
zmogljivost pri segrevanju oziroma shlajevanju kakor na
primer freon, ki se pri neposrednih sistemih uparja v hladivu.
Zaradi navedenega ucinka je treba pri odtaljevanju hladiva
upostevati doloCene posebnosti, ki se razlikujejo od
odtaljevanja uparjalnikov pri neposrednih sistemih.

Pred zacetkom odtaljevanja hladilnika je treba
najprej popolnoma zapreti tripotni ventil hladilne
mesanice. Crpalka naj deluje nepretrgano napre;j.
Ventilatorji hladiva naj $e nekaj minut delujejo, da tako
Se nekoliko ohladijo prostor, kajti akumulacija hladu je
v hladilniku nezanemarljiva. Cas, ki ga navajamo kot
nekaj minut, je odvisen predvsem od velikosti hladiva,
obicajno pa je ta vrednost Stiri minute.

Po preteku tega ¢asa naj se ventilatorji izklopijo,
vklopi pa naj se grelnik za odtaljevanje. Od tu dalje je
postopek povsem podoben odtaljevanju pri neposrednih
sistemih, le da nalogo termostata, ki izklopi grelnike,
nadomesca kar temperaturno zaznavalo hladilne
mesSanice, ki je v fazi hlajenja rabilo kot krmiljena veli¢ina.

3 SKLEP

Ne glede na to, ali imamo neposreden ali
posreden hladilni sistem, je izbira med klasi¢nim in
prostoprogramljivim mikropostopkorskim krmiljenjem
odvisna od zapletenosti hladilnega sistema ter od
tehnoloskih zahtev hladilne komore. Ce imamo velike
zahteve glede nadzora nad krmiljenjem hladilnih naprav v
hladilni komori, je uporaba prostoprogramljivih krmilnih
sistemov neizogibna. Enako velja tudi v primeru
zapletenega sistema na ravni kompresorskega agregata.

V prispevku zelimo poudariti, da je v primeru
prostoprogramljivih krmiljenj vredno izdelati krmilje,
ki izboljsuje u¢inkovitost hladilnega sistema ter vecje
udobje pri nadzoru elementov hladilne komore.
Analogno obravnavani nalogi bi podobno lahko
obravnavali tudi preostala podro¢ja hladilnistva.

valve from the moment the cooling was stopped. Thus,
in the case of restarting the refrigeration, the valve will
be able to immediately reach the required position needed
to attain the required temperature of the cooling mixture.

2.8 Defrosting process in an indirect refrigeration
system

As already stated, the medium that flows
through the air cooler is water or glycol. The amount
of water or glycol that is in the air cooler at a certain
moment has a higher persistency when being heated
or refrigerated than, for example, freon, which
transforms itself into a vapor in the cooler. Because
of this effect, it is important to consider certain
particularities, which differ from those in the direct
system defrosting.

It is crucial to shut off the three-way
valve completely before starting the defrosting
of the cooler. The cold in the cooler is not to be
ignored, therefore, the fans should continue to
work in order to cool the air even more. The time
depends on the size of the cooler, but it usually
takes four minutes.

As the above time period passes, the fans
should be shut off and the heater should be activated
for defrosting. From this point onwards, the procedure
resembles the defrosting in direct systems, with one
difference. The thermostat that shuts off the heaters
is replaced by the temperature probe of the cooling
mixture.

3 CONCLUSION

A direct or an indirect refrigeration
system, the choice between classical and
microprocessor control, depends on the
complexity of the cooling system and the
technological requirements of the cold store.
Assuming we have high-quality requirements for
controlling the cooling machines in the cold store,
choosing microprocessor control is inevitable.
The same goes for the complex system at a level
of the compression aggregate.

In this paper we have tried to emphasize
that it pays to choose a form of control that results in
an improvement in the refrigeration system and offers
more comfort in supervising the elements in the cold
store.
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