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SEASIONAL COLD ACCUMULATOR
WITH FREE-COOLING IN AIR CONDITIONING
SYSTEMS

One of the ways to reduce the consumption of ti@uit energy sources is the use
of seasonal cold accumulator that takes advanthtfeeayeographical location in
the country and allows, during the winter seassamf November to March,
accumulate cold because of lower ambient temperétuthese months. This leads
to saving a significant amount of electricity aneduce operating refrigerant,
which is dangerous for the environment. This papersents a method for
determining the size of cold storage with chargdeyices as chiller and dry-
cooler. The approximate costs of device operatichuding the time of framework
of these components on costs of device operatidnding the time of framework
of these components have been obtained. Desigorsdald accumulator allows
to conclude that this solution has a number of enta and ecological advantages.
Due to the seasonal tank design the saves on rchillkich under normal
circumstances would have been selected for theebighourly energy demand,
which means that the device should be several tiangsr than the device that was
used in the project. By selecting a small chillee £nvironment from hazardous
refrigerants is protected, which are chlorofluorbems, specifically in the case of
refrigerant called R- 410A.
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Indices

8. — average soil temperature on 3 m under the gra@jd [
tn — number of hours in month [h],
6, — temperature in tank on the beginning of mof@j,[
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Qc.na — cooling demand [kWh/year],

Qr — monthly heat losses of tank accumulator [kKWh/m],

tc  —discharge time [h],

Qx — additional cooling energy for service and maintain (October) [kWh/m],
Q« - cooling demand including dry-cooler [kWh/m],

Q« — overall monthly cooling demand [kWh/m],

6« —temperature on the end of month in tefit¥ [

&8, — average temperature in accumulation t&4a4,[

g, —dry-cooler temperature operatioe],

tnp — number of hours in month that satisfy the condit&r, 6, [h],
Q4 — cooling energy produced by dry-cooler [kWh/m],

Eq. — cost of cooling energy from dry-cooler [zH/m],

Qagr — cooling energy produced by chiller [kWh/m],

tagr — Operation time for chiller [h/m],

tyagr — Operation time for chiller [d/m],

Eagr — cost of cooling energy from chiller [zi/m],

Nagr — EER for chiller, 3,5.

1. Introduction

The issue of cold accumulation, relating to air conditioningesyst com-
prises both, preparation and storage as well. The installatioal@faccumula-
tion makes easy way to reduce the cost of cold productiogyebgrusing dual-
rate electricity charges. In addition, the cold accumulatictesys allow to use
devices with lower power demand and improve the reliability ottdwoting sys-
tem. Cooling energy can be stored in the form of sensible amd. |at¢he case
of a sensible energy storage (SES) we deal with anaseref material tempera-
ture used as a accumulator of heat or cold, but in the casermf heat storage
(LHS) phase change material are used (usually between ideasdl liquid).
The air-conditioning system uses two main types of cold stosagienss. These
include: tank with ice water and cooling energy storage inmadCM (phase
change material) [3].

2. Use cold water as a refrigerant

Water is well suited for storage both heat and cold, due to higHisezit
(4.19 kJ/kgK). In practice, its mixture are common as a substdhae reduce
the freezing point. It is mostly ethylene glycol and propyldgeal as well. Co-
oling capacity of ice water tanks depend on the amount of storted arad the
temperature differenceAf) between supply and return water. The temperature
difference has a strong influence on the size of the accumulaservoir. The
values of the temperature difference of supply and returrr Wawe through the
accumulator are placed on level 7-9 K. In the case of an semathis diffe-
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rence to the value of 11-13 K the volume of the reservoirbeilteduced as clo-

se as to 50%. The minimum value &ff at which the storage system is a cost-
effective is assumed as 5 K. Chilled water accumulators canalke ground,
partially buried or underground. They can also be integrated insirtieture of

the building. Ground storage tanks are often made of steel, uodedgas con-
crete bunkers [2]. Because of the simplicity of operatiomabiity, efficiency

and low investing cost the cold accumulation system are more arel gom-

mon. Water has a melting heat of 335 kJ/kg, the high specific heat of 4.2 kJ/kgK,
high density 1000 kg/Mmthe material is safe and has a melting point at a level
suitable for use in conventional air conditioning systems.

The melting point is very stable and is 0°C at sea |&umiler certain con-
ditions, a slight supercooling of water close to 1 to 3 K is @lserAfter rea-
ching the maximum supercooling point of water and freezingtutme rapidly
to 0°C [1].

The density of water is slightly reduced at temperaturesibéfC while
the volume increased by 9% during freezing. This feature & asean indicator
of the formation of ice crystals in cold production systembiénform of frozen
ice crystals. If frozen ice floats on the surface of theemablume remains con-
stant until all of the water freeze or melt.

Below the freezing point of water ice slightly increadssdensity, but it
does not matter accumulation cooling system because the mabststems
work close to of the phase changes of water.Scheme of cajpsiliesmation
during charging and discharging process is shown in fig. 1.

CHARGING DISCHARGING
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Fig. 1. Creation schema of ice during charging @isdharging process

Rys. 1. Schemat powstawania lodu podczas procdswémia i rozta-
dowywania

For ice capsules charging temperature decreases durizinfres water
due to growth of the ice layer through which heat is conducted.

Water has become a dominant factor in the energy stoimagair
conditioning systems. However, some processes require medium atumgen
the range that exceeds the capabilities of water systéhesefore directed
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towards other substances that despite of freezing tempegrdiowe 0°C can
produce refrigerant at satisfy temperature during the discharge process.

3. Daily and seasonal cold accumulation

The main task of the daily accumulation of cold is heatag®rusing
a chiller, which charges the accumulator during night hours wheprite of
electricity is lower, which translates into lower operating cdgjs?).

Q, kWn
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storage Q, f-------
tank
pump
0 24 h

Fig. 2. Schema of daily cold accumulation
Rys. 2. Schemat systemu akumulacji dziennej

This process helps to save money not only on energy consumptioisdut al
on the costs related to purchasing a chiller that is selemh the maximum
power of cold demand for unfavorable hour in whole year. The result — that most
of the time during the summer season device unit seems to mzede But
when the chiller is selected for average hour and cooling mkmavill act as
a complement to the maximum rise of possibility to choose alemahd
cheaper one. Seasonal cold accumulation is accumulation of cold in the
container field or another. The cold production using the clultedevice for
cooling water via the natural cooling capacity of air asadigter. The tank must
have a lowJ coefficient to minimize losses of cold to the ambient air (fig. 3).
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Fig. 3. Schema of seasonal cold accumulation
Rys. 3. Schemat uktadu akumulacji sezonowej
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This process is extremely beneficial because of the mediutead to
desired temperature at ambient one at low electricityadenand, in addition,
this process takes place at night, when energy is cheaper.o8lgr-ccan
provide, depending on the weather about 60% of the total cooling deémand
a year. The rest 40% is provided by the chiller.

4. Calculation of cold storage volume

The Inn type building was taken to calculation of monthly denfiandold
presented in tab. 1.

Table 1. Cold demand for analyzed building
Tabela 1. Zapotrzebowanie na chtéd dla analizowabeglynku

Month Cold demand Qg Hours in month ty, Time of building cooling tc
[kWh/m-th] [h] [h]
1 0,00 744 0
2 0,00 696 0
3 0,00 744 0
4 25,89 720 3
5 355,94 744 30
6 1191,35 720 97
7 973,37 744 85
8 1321,64 744 111
9 333,90 720 30
10 0,00 744 0
11 0,00 720 0
12 0,00 744 0
p)) 4202,10 8784 356

The energy demand for cooling was calculated based on the mathod
preparation of energy performance certificates [5]. Seasmc@imulation of
cooling will take place in the field reinforced concrete tanke Bccumulation
tank is filled with water. Refrigeration system operatimgetiis set to 11 h/day
from 8 to 19 in the summer period. The total cooling demand in timéhéor
summer cooling was obtain &K = 0.8 kWh/(myear). Discharging of cold
accumulator takes place in the months of April, May, June, Aulgust,
September, between the hours of 8 to 19 (highest cooling demand).

Storage tank charging will occur during the months of October, Nogem
December, January, February, March, 8 hours a day (from 23 to éalCoold
demand of building in cooling season is placed on &gl = 4 202,10 kWh/a.
To serve the seasonal demand for cooling, ground cooling tdokded over
183 days, eight hours per day, which gives 1464 hours of charging doeing t
year what giveQc ng= 4202.10 kWh/1464 = 2,87 kW — power, which should be
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provided within hours of charging. The water was selected asmatation
material (phase change temperature = 293 K). As the coolanon@ary
refrigerant) a glycol-water mixture was selected.

Table 2. Characteristic parameters for cold accatoul part 1
Tabela 2. Parametry charakterystyczne dla akunmalatttodu — cz¢ 1.

Month @zu Qe an.d Qtr tc QX Qk X Qk
[°c] | [°C] | kwh/m] | [kWh/m] | [h] |[KWh/m] | [KWh/m] | [KWh/m]
1 9,8 7,4 0,00 81,05 0 156,56 | —1101,05 | -1257,61
2 77| 69 0,00 31,68 0 156,56 -501,68 —658,24
3 6,7 7,2 0,00 -36,42 0 156,56 —258,58 -415,14
4 6,0 8,2 25,89 | -122,79 3 156,56 93,68 —62,88
5 5,9 9,5| 355,94 | -186,88 30 0,00 542,82 542,82
6 6,8 | 10,9 | 1191,35 | -176,13 97 0,00 1367,48 1367,48
7 9,0| 12,2 | 973,37 | 148,74 85 0,00 1122,11 1122,11
8 10,8 | 13,0 | 1321,64 | -88,17| 111 0,00 1409,81 1409,81
9 13,1 | 13,2 | 333,90 | -26,60 30 0,00 360,50 360,50
10 136 | 12,4 0,00 25,04 0 0,00 —25,04 —25,04
11 13,6 | 10,5 0,00 81,10 0 156,56 -911,10 | -1067,66
12 11,9 7,1 0,00 179,60 0 156,56 | —1159,60 | —1316,16
x 4202,09| -387,26| 356

Table 3. Characteristic parameters for cold accatoul- part 2
Tabela 3. Parametry charakterystyczne dla akunmalatttodu — cz¢ 2.

@zk 0,\’!’ 00 @D' Qe tmo Qdc Edc Qaqr taqr anr

[°C] | [°C] | [°C] [°C] [h/m] | [KWh/m] |[kWh/m] | [kWh/m] | [h/m] [z m]
7,7 8,7 0,7 -6,7 204 1020,0 64,3 192,12 | 42,88 | 24,70
6,7 72| -0,3 -7,2 94 470,0 29,6 192,12 | 42,88 | 24,70
6,0 6,3 -1,0 -8,2 59 295,0 18,6 192,12 | 42,88 | 24,70

59| 59| -11| -93 11 55,0 35 | 192,12 | 42,88 | 24,70
68| 63| - - - - - - - -
90| 79| - - - - - - - -

108 99| - - - - - - - -

131 11,9] - - - - - - - -

136 | 134| - - - - - - - -

13,6 | 136] - - - - - - -

11,9 | 12,7 4,9 -5,6 166 830,0 52,3 192,12 | 42,88 | 24,70
9,8 | 10,8 2,8 -4,3 196 980,0 61,7 192,12 | 42,88 | 24,70
730,0| 3650,0 | 230,0| 1152,72 | 257,30 | 32,16 | 148,21

The calculations The cold loses from the tank to the environ@gias
been taken into the accoudetermined on the PN-EN ISO 13790 [4]. The
calculations are summarized in tab. 2 and 3. The tables showhthaool
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accumulator releases the most energy in the summer months, ie.Jdlyne
August. In May and September temperatures are much lower bedaise t
accumulator in these months is not used.

Table 4. Operating time for dry-cooler
Tabela 4. Czas pracy systemu dry-coolera

Oparating temp. of dry-cooler | Time of dry-cooler operation
Month 0, tmp
[°C] [h/month]

1 0,7 204

2 -0,3 94

3 -1,0 59

4 -1,1 11
11 4.9 166
12 2,8 196
X 362

To determine the number of hours in cooling season during which the
outdoor temperature is lower than the return glycol temperaitoréhe tank the
data from meteorological stations in Rzeszéw Jasionka was used.

The energy provided by a dry-cooler in the each months (tatvhé) the
outdoor temperature is lower than the temperature in theeccooom (sim-
plified) . < 8, and energy provided by the chiller was counted according to the
following scheme.

1. Dry-cooler

Qdc = 1:mp[N u [kWh] (1)

Assumed power output of the deviceNig= 5 kW. To sum up months of work
of dry-cooler the total power of the device in the season is obtained.

2Qy4 = Qug 1 + Qugn + Qe+ Qo v+ Qugxat Qug xur [KWh] (2

Then, cold produced by dry-cooler onl¥Qs. = 1020,0 + 470,0 + 295,0 +
+ 55,0 + 830,0 + 980,0 = 3650,0 kWh.
2. Chiller

Qugr = 2Q u—2Qy=4802,72- 3650,6& 1152,"kWh 3)
Working time of the chillell,g, is:

_ Q
T =N, o @

u,agr
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The number of month taken in accumulation proces$ and power of chiller

Nuagr = 4,5 KW. Then]T,, = 1?:;3 2

=42,88h.

Comparison between cold production by chiller and dry-cooler was shown
in fig. 4. The below chart shows the power that is provided ipycooler and
chiller. Most productive months for dry-cooler operation are Nderm
December and January. While the chiller is running 5 or 4 dayscmraonth to
complete the charging of cooling accumulator, which could provitg-aooler
because of too high ambient temperatures and monthly downtime for service and
maintenance.

1200,0

1000,0

800,0 -

600,0 QdckWh/m

kWh

Qagr kWh/m

400,0 ~

200,0 -

0,0 -
1 2 3 4 5 6 7 8 9 10 11 12
Month
Fig. 4. Cold production provided by chiller and -aigoler
Rys. 4. Przewidywana produkcja chtodu przez chilliny-cooler

Figure 5 presents the chiller operating costs and dry-cotdeg awith
circulation pumps and compressor for the analyzed system. Thecostabf
exploitation of these devices is placed on lé&velEy. + Eo = 230,0 + 148,21 =
= 378,2 zt.

The cost of energy for the chiller only:

u,agr —
agr ’

E=Qupy =4802720 4o 6174 ®)
c 3,5

Saving energy between the chiller system without coolingraatator, but
with dry-cooler is 239,3 zt per year which allows for savings of 39%.
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Fig. 5. Annual operating cost for dry-cooler andlehincluding pumps and compressor
Rys. 5. Roczne koszty pracy dla uktadu chillerayiecbolera §cznie z pompami i spr

zarka

Sizing seasonal cold accumulator after taking into accoenthéat loss
through the tank permeation barriers:

- 3600[IQkxu 3

Vv =Tk oy (6)
Cn LR [AT

Assuming:
AT =7°C,
Om=0,67[099,7 + 0,3311018 = 1005,74 kg/fr(mixture water and glycol),

5 Quou = 4802,72 KWh,
Cn=384.

The volume iV = 360004802, 72_ 639,55 m”.

3,84[1005,741 7

5. Conclusions

Design seasonal cold accumulator allows to conclude thatdlbisos has
a number of economic and ecological advantages. Due to thenakaank
design the saves on chiller, which under normal circumstanoelsl lwave been
selected for the highest hourly energy demand, which means thdeviwe
should be several times larger than the device that was mdbd project. By
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selecting a small chiller the environment from hazardous gexaits is
protected, which are chlorofluorocarbons, specifically in thee @ refrigerant
called R - 410A. Another huge advantage of the project is to prdiige
majority of the demand for cooling by dry-cooler, thanks to iitgpke design
makes use of Polish temperate climate where winter odt@aiows to charge
cold accumulator without additional costs for electricityttWits rechargeable
accumulator with a dry-cooler and chiller a lot of savings rdumperation
period of the system is achieved at the level of 40%.Witlsout a doubt a very
good result.

The disadvantage is that the size of the cold accumutatidrthus the cost
of excavation and tank with a low coefficient of heat transféroffabove make
this investment expensive with the 15 years of operation of stersyreturn.
This fact force to seek other cold storage solutionsibstance which are able
to give higher specific heat ratio. This can be done for examplhe use of
phase change materials, PCM, with a heat capacity is iratige 18,0 kd/kgK,
which in comparison with the glycol-water mixture used in theegitpj3,84
kJ/kgK makes possible to reduce accumulation container more thaimés
That container can be moved inside the building which result in lowsts for
excavation works and the cost of the tank itself.
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SEZONOWY AKUMULATOR CHtODU Z FREE-COOLINGIEM
DLA SYSTEMU KLIMATYZACJI

Streszczenie

Jednym ze sposobdéw zmniejszeniayria tradycyjnychzrédet energii jest zycie se-
zonowej akumulacji chtodu, ktéra wykorzystuje pahnie geograficzne oraz pozwala w sezonie
zimowym (od listopada do marca) zgromadenerge chtodnicz dzigki niskim wartgciom tem-
peratury. Umaliwia to pozyskanie oszednasci znacznych iléci energii do chtodzenia w sezonie
letnim i zmniejszenia oddziatywania wdzenia chtodniczego n&odowisko, ktére to w vek-
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szaici przypadkéw jest szkodliwe. W pracy przedstawionetod okreslania wielkaci energii
przeznaczonej do chtodzenia przez caly rok, pocimdz agregatu chlodniczego i produkcji
chtodu w uradzeniu w postaci dry-coolera w systemie akumulagjinej. Przedstawiono przybli-
zone koszty eksploatacji uidzen, w tym czas pracy poszczegoélnych systeméw, tjleshii dry-
-coolera. Zaproponowano konstrukgezonowego akumulatora chtodu, ktorej zastosowangie
wiele zalet ekonomicznych i ekologicznych. Ze wggl na akumulagjchtodu w sezonie nitiwe
jest uzyskanie sporych oszdnadici na pracy agregatu chtodniczego, ktory w normetinyarun-
kach zostatby wybrany dla napliszego godzinowego zapotrzebowania na eaergiodnicz.
Oznacza toze uradzenie musiatoby méekilka razy wiksz wydajngé w poréwnaniu z urz
dzeniem przyjtym w projekcie. Przez wybor chillera matej mocyjekt z zatagenia ma na celu
ochrorg srodowiska naturalnego przed niebezpiecznymi czyamikchtodniczymi w postaci tzw.
Jreondéw”, w wigkszaici stosowanych na skaprzemystow w tego typu urgdzeniach.

Stowa kluczowe:free-cooling, akumulator chtodu, klimatyzacja, magnowanie sezonowe
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