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Abstract. Performance of adsorptive refrigerators based on composite adsorbents ‘silica gel — sodium sul-
phate’ and ‘silica gel — sodium acetate’ was evaluated. The main characteristics of adsorbents which affect the
structural parameters of the adsorptive chilling device are revealed. The method of determining operational
characteristics of adsorptive refrigerator has been developed. The main factors affecting the mass of adsorbent
are confirmed to be maximal adsorption and the amount of heat required to be taken from the cold box during
the day. The advantages of ‘salt in the porous silica gel matrix’ composites are exhibited as compared with con-
ventional silica gels and zeolites. Operational parameters of adsorptive refrigerators based on the composites
‘silica gel — sodium sulphate’ and 'silica gel — sodium acetate' are compared. The calculation procedure to de-
termine the design and operational characteristics is suggested. Proposed procedure includes the calculation of
the amount of heat required to be taken from the cold box during the day, water mass, mass of the adsorbent,
heat required for regeneration of the adsorbent, computing the surface area of the solar collector, heat supplied
by solar collector and net coefficient of performance. The efficiency of operating processes of adsorptive refrig-
erators based on composites 'silica gel - sodium sulphate' and 'silica gel-sodium acetate’ was compared. The
correlation between adsorbent composition and design and operational parameters was stated. The surface area
of solar collector is stated to be of 9.46 — 9.93. The highest net coefficients of performance of 0.358 and 0.368
are revealed for devices based on composites containing, wt. %: silica gel — 20 and salt (sodium sulphate or
sodium acetate) — 80. The influence of meteorological conditions on the net coefficient of performance of the
adsorptive refrigerator has been confirmed. The higher efficiency of adsorptive chilling devices based on com-
posites 'silica gel - sodium acetate’ is explained by lower values of regeneration temperature, which leads to the
decreasing the heat of regeneration. The results of the research can be used for the development of adsorptive
chilling devices for domestic needs and warehouse premises.

Anomayin. Oyineno excniyamayitini Xapakmepucmuku adcopoOyitiHuX X0100UIbHUKIE HA OCHOBI KOMNO3U-
mHux adcopbenmis «cunikazenv — Hampiu cyivgamy ma «cunikazenv — nampiu ayemamy. I[lokazano ochosHi
Xapaxmepucmuky aocopoenmis, wo GNIUBaOms Ha KOHCMPYKYIUHI XAPAKmMepucmuKku aocopoyiunozo xoaioo0u-
IbHO20 npucmpoio. Po3pobreno memoo eusnauenus KOHCMPYKYIIHUX Ma eKCRAYAMAYilHuX XapaKxmepucmux
aocopoyiinoco xonoounvhuxa. Iliomeeposiceno, wo oCHOBHUMU hakmopamu, wo 6NAUBaMs Ha Macy adcopoe-
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HMY, € MAKCUMAIbHA a0CcopOYis ma KilbKiCmb meniomu, sKy HeoOXIOHO 6i0gecmu 6i0 XOJ0OUNbHOI Kamepu
npomsieom 0obu. Ilepesacu komnoszumie "coni 6 nopucmit mampuyi cunikazeento” nOKa3aHo NOPIGHAHO 3 MPAOU-
yiuHumMu cunikazersimu ma yeonimamu. IlopisHsno excniayamayitini napamempu adcopOyitiHux XOop00UTbHUX
VYCMAHOBOK HA OCHOBI KOMNO3UMIG «CUNIKA2elb — HAMPIU cylbghamy ma «culikazeiv — Hampii ayemamy. 3a-
NPONOHOBAHO MEMOOUKY PO3PAXVHKY OJi 6USHAYEHHS KOHCMPYKMUGHUX MA eKCNIYAMAYIUHUX XAPAKMEPUCTUK.
3anpononosana memoouxa 6KIOYAE PO3PAXYHOK KiIbKOCMI Meniomu, Ky HeoOXiOHO siosecmu 6i0 X0n00HO!
Kamepu npomsi2om 000u, Macu 600U, Macu a0copoenmy, menjiomu, iIKa HeoOXioHa 01 pezenepayii adcopbeHmy,
00uUCTIeHHA NIOWI NOBEPXHI COHAYHO20 KOAEKMOopd, Meniomu, Ky nio8e0eHo 3a 00NOMO20H0 COHAYHO20 KONEeK-
mopa i ekcnayamayitiHuil xon00unvuull koegiyicum. Ilopisusano egpexmugnicms npoyecie excniyamayii aocop-
OYIIHUX XOI0OUIbHUKIE HA OCHO8I Komno3umig "cunikazens — Hampitl cyiegpam " ma "cunixazeny — nampii aye-
mam". Busnaueno cnieBionouieHHa Midc CKIa0oM adcopbenmy, KOHCIMPYKYIE ma eKCHAyamayitiHumu napave-
mpamu. Bcmanosneno, wo nosepxusa consunozo konekmopa cmanosums 9,46 - 9,93. Haulbinowi excniyamayiini
xon00uneHi koegiyicumu 0,358 ma 0,368 susasneni 01 npucmpoie Ha 0CHO8I KOMNO3UMIB, WO MICAMb, MAC.
%: cunixaeenv - 20 ma cinv (cyrvpam nampiro abo ayemam nampiio) - 80. Bcmanosneno eniug memeoponoiy-
HUX YMO8 HA eKCHIyamayitnull Xon00umbhull Koegiyienm adcopbyilinozo xonoounvHuxa. bintbw eucoxy egex-
MUBHICMb A0COPOYIIHUX XOJOOUILHUX NPUCMPOI8 HA OCHOGI Komnozumie "cunixaeenv — Hampitl ayemam " no-
SACHEHO MEHWUMU 3HAYEHHSAMU TMEeMNepamypu peceHepayii, wo npu3eooams 00 3HUMCEHHS MENIoMmU peceHepa-
yii. Pezynomamu O0ocaiodcens mModucymov Oymu @uKopucmani 0 po3pooKu aocopOyitinux XOI00UNbHUX NpU-
cmpois 0 nOOYMosux nomped ma CKIao0CbKUX NPUMilyeHs.
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Introduction. Monotone growth of global energy demand is crucial factor affecting the economic develop-
ment and environmental conditions in any country. Chilling agents in traditional vapor compressive cooling sys-
tems are chlorofluorocarbons and hydrochlorofluorocarbons [1]. These compounds occur to be of high ozone
depletion potential and global warming potential and accelerate the depletion of the Earth’s ozone layer. It re-
quires the new alternative technical solutions to current refrigerating systems. Adsorptive refrigerators exhibit
numerous advantages, such as using low grade heat source temperature, employing of natural cooling agents
such as water, less moving mechanical parts, noiseless, low maintenance and environmental safety [2,3]. So,
adsorptive cooling systems and devices are promising solution for changing or integration with conventional
cooling systems. However, one of the crucial factors which determine the operating parameters of the adsorptive
refrigerators are adsorbents properties, such as maximal adsorption, i.e. maximal water uptake, and regeneration
temperature affecting the mass of adsorbent and driving temperature. It strongly inhibits the commercialization
of adsorptive refrigerators based on convenient silica gels and zeolites as a consequence of their regeneration
temperatures of 150 — 200°C [3]. As alternative material aluminophospate (AIPO) and silico-aluminophospate
(SAPO) can be considered. AIPO and SAPO exhibit a moderately low regeneration temperature (60—100°C)
which results in high performance [3, 4]. Nevertheless, their water uptake does not exceed 0.25 g/g that requires
high mass of adsorbents. Composite adsorbents ‘salt inside porous matrix’ are shown to be promising materials
for adsorptive heat energy storage [5 — 7] and regeneration [8 — 10] due to their high maximal adsorption and
moderate regeneration temperature.

The aim of the present work is to estimate the performance of adsorptive refrigerators based ‘silica gel — so-
dium sulphate’ and ‘silica gel — sodium acetate’. To accomplish this aim, the following tasks are set:

- to develop the procedure for calculation of operational characteristics of adsorptive refrigerator;

- to reveal correlation between adsorbent properties, design parameters, and performance of adsorptive
chilling device;

- to state the basic characteristics of adsorbents corresponding with optimal performance of adsorptive re-
frigerator.

Experimental. The main structural elements of the adsorption refrigerator [11], according to Fig. 1, are the
adsorber (1), the condenser (7) and the evaporator (4) located in the cold box (6). A transparent SAN polycar-
bonate plastic (8 mm thick) with an integral transmittance of 0.88 is installed on the front side of the adsorber,
and the composite adsorbent ’silica gel-sodium sulphate’ or ’silica gel - sodium acetate’ which was synthesized
according to [12], is located in the lower part. Water is used as a chilling agent. The 2.29 m?® refrigerator com-
partment is made of steel grade 30X 0.5 mm thick. Polystyrene foam was used as thermal insulation.

Chilling proceeds due to evaporation of water and adsorption, and regeneration of the adsorbent, followed
by desorption and condensation of water. The operation is carried out in two-phase mode. The first phase is get-
ting cold. When the tap (9) opened, water vapor begins to diffuse through the condenser to the adsorber. Due to
the adsorption of water by the adsorption material it evaporates in the evaporator (4), creates a cooling effect in
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the cold box (5). Since a large volume
of water is contained in the walls of the
refrigerator, the cold in the chamber (5)
is maintained at 5-10 °C for 10-20
hours until the next cycle. When water
is sorbed by the adsorbent (3), the tem-
perature in the adsorber (1) occurs to
increase significantly due to the release
of heat of adsorption. It can be used for
heating the water in the coil pipe which
can be used to warm the adsorbent dur-
ing the second phase.

The second phase is the regenera-
tion of the adsorbent. As the tap 9
closed, the adsorbent (3) is heated by
solar energy. The water is collected in
the condenser (7) and then drained into
the evaporator (4) and the process of
getting cold begins. The amount of heat
that is required to be taken from the
cold box during the day was calculated
according to [13] as the sum of the heat

3 * going to cool the chamber itself and the
1 - adsorber; 2 — coil pipe; 3 - adsorbent; 4 - evaporator; 5—-cold introduced food substances and to cover
box; 6 — cold storage unit; 7 - condenser; 8 - pipe; 9 - tap the heat inleaks both of the chamber and
Fig. 1. Adsorptive refrigerator when opening the chamber when adding

products:
Q1= C-m-AT + Cpy. - My, - AT + X.Q,, k] (1)

where C is the heat capacity of the structural elements, kJ/kg - °C; Cyy is the heat capacity of the food sub-
stances introduced into the refrigerating chamber, kJ / kg - °C; AT is the difference cbetween ambient tempera-
ture and average daily temperature in the refrigerating chamber, © C; m, my, is mass of the cold box and intro-
duced products, respectively, kg; XQ, is the sum of heat leakage into the chamber as a result of heat transfer
through its walls, floor and ceiling, from infiltration of outside air when the chamber is opened and loads from
lighting, kJ.

Heat inleak into the cold box by heat transfer during the day was determined according to [13] as the product
of heat load during heat transfer through the walls, floor and ceiling of the chamber and the period of operation:

Qu=K-F-At-1,k] )

where Qn: is heat inleaks because of heat transfer, kJ;

K is the heat transfer coefficient of kW/m?2 -°C;

F is the area of the outer surface of the chamber, m?;

1 is the period of operation during the day, s;

At is the temperature difference between the air on both sides of the wall, °C.
Heat transfer coefficient was calculated according to [13]:

1

1 6 6, 1 (3)
D S

K =

where ay; and ay are heat transfer coefficients for air inside and outside the cold box, kW / m? - K, respec-
tively;
d and &;; are wall thickness of the refrigerating chamber and heat insulation, m;
Am and A are the thermal conductivities of the walls of the refrigerating chamber and thermal insula-
tion, kW /m - K.
Heat inleak into the cold box due to the opening of the doors Qinr [13], was calculated as the product of the
heat load and the duration of the opening of the doors during the day:
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Qinfzq'D‘r’Df'(l_E)'Top (4)

where ¢ is the total daily heat load on the cold box for the air flow, fully established taking into account the
difference in density, heat and moisture content of indoor and outdoor air, as well as the size of the door
opening, KW;
D. is coefficient taking into account the time when the doors are open during the day;
Ds is coefficient taking into account the nature of the air flow in the doorway;
E is the degree of effectiveness of the doorway security device;
Top IS the time when the doors are open during the day, s.
Thermal inflows as a result of the work of lighting devices were defined as the product of the number of lu-
minaries, luminaire power and the period of operation during the day [13].
The heat is taken from the cold box due to the evaporation of water in the evaporator. The amount of heat
taken from the cold box when water evaporated can be calculated as:

QZ = AHev TMy kJ (5)

where AHey is evaporation heat of water, kJ/kg;

my is mass of water, kg.

From here the mass of water can be calculated to ensure the selection of the required amount of heat in the
cold box.

To compensate for daily fluctuations in weather conditions, the mass of working fluid is proposed to increase
by 50 %. Thus, the mass of water in the evaporator will be 33,29 kg.

On the basis of the adsorption capacity of the composites ‘silica gel — Na;SO4* and ‘silica gel — sodium ace-
tate’, according to the data of [13], it is possible to calculate the mass of the adsorbent, which must be placed in
the adsorber. The amount of heat required for the adsorbent regeneration (Qs, kJ) can be estimated by
the formula:

Q3 =my - C - AT, + m,, - C,, - AT; + mp - AHges (6)

where AT; is the difference between the temperature of the adsorbent and the temperature
of regeneration, °C;
AHges is the heat of desorption of water, kJ / kg;
mg and my, are respectively, the mass of the composite and the adsorbed water, kg;
Ck and Cy, are the heat capacity of the composite and water, respectively, kJ / kg-°C.
The net coefficient of performance was defined as the ratio of the amount that is taken in the refrigerating
chamber when water evaporates, and the heat consumption for the regeneration of the adsorbent, that is:

o

COP, =
"0

)
where COP;, is the net coefficient of performance;
Q1 is the amount of heat that must be removed from the refrigerating chamber, kJ;
Qs is the amount of solar energy which supply to system, kJ.
The value of Qs is corresponded to product of surface of solar collector and solar radiant flux.
So, the surface area of solar collector can be calculated according to [6]
_ ZxQ3
Fp = o (8)
where Fy is surface area of collector, m?;
Qs is the amount of heat required for the adsorbent regeneration, MJ;
Q« is the amount of heat which supplied by 1 m? of solar collector, MJ/m?;
Zy is the coverage factor which considered irregularity of solar radiation during a day or a season.

Results and discussion

The results of the calculations are presented in table 1. Mass of adsorbent is determined by its maximal ad-
sorption. So, to provide the same refrigerating power mass of ‘silica gel — sodium sulphate’ is required in 1.5 —
2.0 as much as compared with ‘silica gel — sodium acetate’.

Obviously, an increase in the content of sodium sulphate or sodium acetate in the composite results in a de-
crease in the mass of the composite, and, consequently, the amount of heat that is required for the regeneration of
the adsorbent. The minimal masses of adsorbent of 24.68 or 43.92 kg are determined for composites containing,
wt. %: silica gel — 20 and salt — 80, that is sodium sulphate or sodium acetate, respectively.
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Table 1 — Net coefficients of performance of solar adsorptive refrigerators based on composite ‘silica gel —
sodium sulphate’ and ‘silica gel — sodium acetate’

Composition, % ‘Silica gel — sodium sulphate’ “Silica gel — sodium acetate’
Maximal Adsor- | Heatof | Surface l\.le.t coef- Maxi-mal| Adsor- | Heatof |Sur-face l\_le.t coef-
Sili adsorp- ficient of ficient of
ilica . . bent | regenera- | area of adsorp- bent | regenera- | area of
Salt |tion, Alim . perfor- | .. ] . perfo-
gel [9] mass, | tion, Qreg, | collector, mance tion, Aiim | mass, | tion, Qreg, | collec- mance
y 2 1 2 ’
kglkg Mags, kg MJ m COP, [9], ka/kg | Mags, kg MJ tor, m COP,
20 80 135 | 24.68 | 102.97 9.73 0.358 0.756 | 43.92 | 100.07 9.46 0.368
40 60 1.06 | 31.41 | 103.29 9.76 0.357 0.596 | 55.72 | 100.41 9.49 0.367
60 40 0.77 | 43.18 | 103.82 9.81 0.355 0.462 | 71.88 | 100.85 9.53 0.365

The coefficient of performance is strongly affected by the amount of heat for regeneration of the composite
Qs, and, as a consequence by the difference in the temperature of the adsorbent and the temperature of regenera-
tion AT1 which is determined by the regeneration temperature.

As it decreased, a monotonous growth in the coefficient of performance of cycle is observed. The maximal
values of COP are established at AT1 = 50 ° C or 20 — 30°C when composite ‘silica gel — sodium sulphate” or
‘silica gel — sodium acetate’ used. Having been applied adsorbents with lower regeneration temperatures, e.g.
‘silica gel — sodium acetate’ (60°C), the decrease of regeneration heat can be achieved as compared with ‘silica
gel — sodium sulphate’ (90°C).

Values of net COP for adsorptive refrigerators based on both of composites are nearly equal. Nevertheless,
COPy, of adsorptive refrigerators based on composite ‘silica gel — sodium acetate’ surpasses the devices using
‘silica gel — sodium sulphate’ by nearly 1 %. Obviously, it is resulted from lower regeneration temperature of
composite ‘silica gel — sodium acetate’ as compared with ‘silica gel — Na;SO4’.

According to data M.S. Fernandes et al. [14] net coefficients of performance of chilling units based on pair
’silica gel — water’ and ’zeolite — water® does not surpass 0.2 — 0.3. So, the efficiency of solar adsorptive refrig-
erator based on ’silica gel — sodium sulphate’ and ‘sodium acetate’ conform to the system with the same work-
ing fluid.

Net coefficient of performance is determined solar radiation flux (Table 2).

Table 2 — Net coefficients of performance of solar adsorptive refrigerator based on composite ‘silica
gel — sodium sulphate’ and “silica gel — sodium acetate’

Daily solar ‘Silica glel ; sodium sulphate’ ‘Silica flgeld— sodium acetate’
i Heat supplie - Heat supplie .
| | esorelec | NASSTATL | oysoreac | [
tor, MJ tor, MJ

May 21.56 214.56 0.25 203.96 0.27
June 21.09 209.90 0.26 199.51 0.28
July 21.81 217.06 0.25 206.32 0.27
August 20.37 202.74 0.27 192.70 0.29
September 15.87 157.96 0.34 150.13 0.37

The maximal values of COP, are observed in September which resulted from minimal solar radiant flux.

Conclusions. Performance of adsorptive refrigerators based on composite adsorbents ‘silica gel — sodium
sulphate’ and ‘silica gel — sodium acetate’ was studied. The method of calculation of the main operational char-
acteristics of the adsorptive chilling device was suggested. The correlation between mass of adsorbent, surface
area of collector and maximal adsorption is shown.

Advantages of composites ‘silica gel — sodium sulphate’ and ‘silica gel — sodium acetate’ are shown as
compared with conventional adsorbents. Composite adsorbents ‘silica gel — Na;SO4’ and ‘silica gel —
CH3COONa’ are exhibited as promising materials for adsorptive refrigerators due to lower value of necessary
mass. Maximal adsorption and regeneration temperature are stated to be crucial factors affecting an adsorbent
mass, surface area of solar collector and heat of regeneration.

Operational parameters of adsorptive refrigerators based on composite ‘silica gel — Na;SO4’ and ‘silica gel —
CH3COONa’ were compared.

The highest net coefficients of performance are revealed for devices based on composites containing, wt. %:
silica gel — 20 and salt (sodium sulphate or sodium acetate) — 80.
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The performance of adsorptive refrigerators based on ‘silica gel — Na;SO4” and ‘silica gel — CH3COONa’
were compared. Higher coefficient of performance of regenerators based on ‘silica gel — CH3COONa’ is shown
to result from lower value of regeneration temperature.

This work was supported by Ministry of Education and Science of Ukraine (grant number 0119U002243).

References

1. Wang, D. C,, Li, Y. H,, Li, D., Xia, Y. Z., & Zhang, J. P. (2010). A review on adsorption refrigeration
technology and adsorption deterioration in physical adsorption systems. Renewable and Sustainable
Energy Reviews, 14(1), 344-353.https://doi.org/10.1016/j.rser.2009.08.001

2. Hamdy M., Askalany A.A., Harby K., Kora N. (2019). An overview on adsorption cooling systems powered
by waste heat from internal combustion engine. Renewable and Sustainable Energy Reviews. 51,
1223 — 1234. https://doi.org/10.1016/j.rser.2015.07.056

3. Freni, A., Maggio, G., Sapienza, A., Frazzica, A., Restuccia, G., & Vasta, S. (2016). Comparative analysis of
promising adsorbent/adsorbate pairs for adsorptive heat pumping, air conditioning and refrigeration.
Applied Thermal Engineering, 104, 85-95. https://doi.org/10.1016/j.applthermaleng.2016.05.036

4. Palomba, V., Vasta, S., & Freni, A. (2017). Experimental testing of AQSOA FAM Z02/water adsorption
system for heat and cold storage. Applied Thermal Engineering, 124, 967 -974.
https://doi.org/10.1016/j.applthermaleng.2017.06.085

5. Aristov, Yu. 1., Gordeeva, L. G., & Tokarev, M. M. (2008). Kompozitnyie sorbentyi «sol v poristoy matritse»: sintez,
svoystva, primenenie. Novosibirsk: lzdatelstvo SO RAN, 362.

6. Sukhyy, K. M., Belyanovskaya, E. A., & Kolomiyets, E. V. (2018). Design and performance of adsorptive
transformers of heat energy. Riga, Latvia: LAP Lambert Academic Publishing, 117.

7. Kolomiyets, O. V. (2015). Pidvyshchennya efektyvnosti adsorbtsiynykh peretvoryuvachiv teplovoyi enerhiyi
za rakhunok vykorystannya novykh kompozytnykh sorbentiv (Cand. tech. sciences). Retrieved from
Dissertations and Theses database. (UMI No. PA430247) (in Ukraine)/

8. Kolomiyets, O. V., Sukhyy, K. M., Belyanovskaya, E. A., Tomilo, V. I., Prokopenko, O. M. (2016).
Operating characteristics of adsorptive regenerator of low-potential heat and moisture based on
composite sorbents 'silica gel - sodium sulphate and silica gel - sodium acetate' synthesized by sol - gel
method. Scientific works ONAFT, 80(1), 108 - 113.

9. Belyanovskaya, E., Lytovchenko, R., Sukhyy, K., Prokopenko, O., Yeromin, O., & Sukha, 1. (2019). Choice
Criteria of Adsorbents for Heat Energy Converters in Ventilation Systems. Scientific Works. ONAFT,
83(1), 3 - 9. https://doi.org/10.15673/swonaft.v83i1.1409

10.Belyanovskaya, E., Sukhyy, K., Kolomiyets, E., Gubinskyi, M. (2019). Operating characteristics of heat
conversion units in heat supply system. The Actual Problems of the World Today. 2. London: Sciem-
cee Publishing, 207 — 219

11.Pat. 86227 Ukraina, MPK F 25 B 17/00. Adsorptsiyniy kholodilnik / Sukhyy K.M., Sukhyy M.P., Kolomiyets
O.V. [ta in]; Dergavniy vischthiy navchalniy zaklad "Ukrainskiy dergavniy khimiko-
tekhnologitcheskiy universitet”. - Ne u 2013 05136; zayavl. 22.04.2013 opubl. 25.12.2013, Bul. Ne 24
(in Ukraine)

12.Sukhyy, K., Belyanovskaya, E., Kovalenko, V., Kotok, V., Sukhyy, M., Kolomiyets, O., ... & Prokopenko, O.
(2018). The study of properties of composite adsorptive materials silica gel—crystalline hydrate” for
heat storage devices. Eastern-European Journal of Enterprise Technologies. 91(1), 52 - 58.
https://doi.org/10.15587/1729-4061.2018.123896.

13.0strov, M. (1999). Rukovodstvo po raschetu teplovogo balansa kholodilnykh kamer i vyboru osnovnykh
proektnykh parametrov kholodylnykh ustanovok, (in Russian).

14.Fernandes, M. S., Brites, G. J. V. N., Costa, J. J., Gaspar, A. R., & Costa, V. A. F. (2014). Review and future
trends of solar adsorption refrigeration systems. Renewable and Sustainable Energy Reviews, 39, 102-
123. https://doi.org/10.1016/j.rser.2014.07.081

Cite as

Belyanovskaya E.A., Pustovoy G.N., Sukhyy M.P., Sukhyy K.M., Lytovchenko R.D. Performance evalua-
tion of adsorptive refrigerators based on composite adsorbents ‘silica gel — sodium sulphate’ and ‘silica gel —
sodium acetate’ // Hayk. nip. / Ozec. Harr. akaj. xapu. texaousoriit. Oneca, 2019. T. 83, Bum. 2. C. 96 — 101.

Otpumano B penakuiro 10.07.2019 Received 10.07.2019
[MpuitasaTo no apyky  09.09.2019 Approved 09.09.2019

Hayxogi npari, Tom 83, Bumyck 2 101 Scientific Works, Volume 83, Issue 2


https://doi.org/10.1016/j.rser.2009.08.001
https://doi.org/10.1016/j.rser.2015.07.056
https://doi.org/10.1016/j.applthermaleng.2016.05.036
https://doi.org/10.1016/j.applthermaleng.2017.06.085
https://doi.org/10.15673/swonaft.v83i1.1409
https://doi.org/10.15587/1729-4061.2018.123896
https://doi.org/10.1016/j.rser.2014.07.081

