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Experimental study of some parameters to enhance efficiency
of evaporative cooler: Technical notes

Abstract. As an alternative to conventional vapour-compression air conditioning systems, which significantly increase
peak electrical demand and energy consumption, this study investigates methods to enhance the performance and
energy efficiency of evaporative cooling systems. A hybrid dual cooling configuration integrating a vapour-compression
refrigeration unit with an evaporative cooler was experimentally developed and evaluated. The study focused on key
modifications, including the replacement of conventional wood dust pads with padding cartoon material, the use of
an auxiliary submersible pump to increase water circulation, and the combined operation of both pad materials. The
experimental results demonstrated a substantial improvement in system performance due to these modifications. In
particular, the hybrid system operating with a combined wood dust and padding cartoon medium achieved the highest
cooling efficiency of 89%, indicating a significant enhancement in heat and mass transfer processes. The integration of
increased water flow further contributed to improved wettability of the pads and more effective evaporative cooling. In
terms of energy performance, the hybrid system exhibited an energy efficiency ratio (EER) of 8.3, which is markedly higher
than that of the standalone vapour-compression system (EER=1.95). Additionally, the independent evaporative cooling
system achieved a maximum EER of 14.8 with a cooling efficiency of 71%, confirming its superior energy-saving potential
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Experimental study of some parameters to enhance efficiency...

under suitable operating conditions. The results also revealed that optimising pad material characteristics and water
distribution plays a critical role in enhancing cooling efficiency while minimising energy input. These findings confirmed
that the integration of evaporative cooling with conventional systems, along with appropriate material selection and
hydraulic enhancement, can significantly reduce overall energy consumption while maintaining satisfactory thermal
comfort levels. From a practical perspective, the proposed hybrid cooling system is a cost-effective, energy-efficient, and
sustainable solution for hot, dry climates, utilising low-cost local materials and simple modifications to reduce energy
demand and emissions while improving and guiding future cooling technologies

Keywords hybrid air conditioning; thermodynamic analysis; wood dust; cardboard padding; energy efficiency

INTRODUCTION

The growing global demand for cooling, driven by rising
ambient temperatures and urbanisation, has led to a sig-
nificant increase in energy consumption associated with
conventional air-conditioning systems. Vapour-compres-
sion refrigeration, while widely used, imposes substantial
electrical loads and contributes to greenhouse gas emis-
sions, making it increasingly unsustainable in the context
of current energy and environmental challenges. In 2026,
the need for alternative cooling strategies was particularly
urgent in hot and dry regions, where efficient and low-en-
ergy solutions can directly alleviate pressure on power
infrastructure. From a theoretical perspective, improving
evaporative cooling performance through enhanced heat
and mass transfer mechanisms offers a promising path-
way to increase system efficiency. Practically, hybridising
evaporative and vapour-compression systems provides an
opportunity to balance thermal comfort with reduced en-
ergy use. Therefore, investigating optimised materials and
system configurations for hybrid cooling systems is essen-
tial for advancing sustainable and cost-effective air-condi-
tioning technologies.

A comparison of recent studies highlights both meth-
odological and technological advancements in evaporative
cooling systems. M.]. Romero-Lara et al. (2023) focused on
developing a simplified method for calculating the season-
al energy efficiency ratio (SEER) of regenerative indirect
evaporative coolers, demonstrating reliable prediction ac-
curacy with minimal deviation from detailed simulation
models. In contrast, the review by R.A. Hasan et al. (2025)
provided a broader perspective, emphasising recent in-
novations such as desiccant-assisted and hybrid cooling
systems, and identifying key challenges like humidity
sensitivity and maintenance requirements. Meanwhile,
S.Rasheed et al. (2025a) presented a detailed experimental
and numerical investigation into material selection and
airflow configurations, showing that high-wettability ma-
terials and optimised flow patterns significantly enhance
cooling performance and thermal effectiveness. A.H. Sal-
man et al. (2024) investigated the performance of a mul-
tistage evaporative cooling system designed to enhance
cooling efficiency under extreme climatic conditions such
as those in Iraqg. The study highlighted that conventional
evaporative media typically achieve efficiencies between
80% and 90%, though performance can vary widely de-
pending on system design. To address these limitations,

a multistage configuration incorporating successive wa-
ter-air heat exchanger stages was developed to pre-cool
the incoming air before direct evaporative cooling. The
results indicated that this approach significantly improves
thermal performance, reducing outlet dry-bulb tempera-
ture by approximately 50% and lowering specific humid-
ity by about 80%. Furthermore, the system demonstrated
clear advantages over conventional vapour-compression
systems, including reduced energy consumption, lower
environmental impact, and cost-effectiveness. A.F. San-
tos et al. (2021) improved the evaluation of evaporative
cooler energy efficiency. They developed a COP index
for this type of system using parameters that were easi-
er to simulate. Their results showed COP values of 45.58
and 25.77 for two different simulated evaporative cooling
units, compared with 6.29 for a conventional vapour-com-
pression refrigeration system.

The purpose of this study was to experimentally en-
hance the performance and energy efficiency of an evapo-
rative cooling system through structural modifications and
hybrid integration with a vapour-compression refrigeration
unit. To achieve this, the study investigated the effect of in-
creasing water circulation by incorporating an additional
submersible pump on overall cooling performance. It also
evaluated the influence of different cooling pad materials,
including wood dust, cardboard padding, and their combina-
tion, on heat and mass transfer characteristics. Furthermore,
the study analysed the impact of key operating parameters
such as airflow rate, water flow rate, and ambient air con-
ditions on cooling effectiveness, and energy efficiency ratio
(EER), with the goal of identifying the optimal operating
configuration for improved system performance.

MATERIALS AND METHODS
The experimental measurements were conducted using a
set of calibrated instruments to ensure accurate monitor-
ing of thermal and operating parameters. Air temperature
at the inlet and outlet of the evaporative cooler was meas-
ured using digital thermocouples (Type K) connected to a
multi-channel data logger (e.g., model TM-747DU), with
an accuracy of #0.5°C. To account for high-humidity condi-
tions, shielded temperature probes were employed to mini-
mise measurement drift. Relative humidity of both ambient
air and supply air was determined using a digital hygrom-
eter (e.g., Testo 608-H1 or equivalent), with an accuracy of
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+3% RH, and cross-validated using a sling psychrometer to
improve reliability under varying moisture conditions. All
sensors were calibrated prior to testing using standard ref-
erence conditions to reduce systematic error.
Measurement points were carefully defined to ensure
consistency. The inlet air temperature and humidity were
recorded at the external air intake of the system, while
outlet conditions were measured directly at the discharge
duct of the evaporative cooler. Additional measurements
were taken within the test space (working area) to assess
the cooling effect on the surrounding environment. Exper-
iments were conducted under controlled conditions during

Aliet al.

midday hours (11:00 am to 1:00 pm) to ensure relatively
stable ambient temperature and solar load.

Airflow rate was measured using an anemometer
(e.g., hot-wire type, accuracy *0.1 m/s) installed at the air
outlet, and volumetric flow rate was calculated based on
duct cross-sectional area, as shown in Figure 1. Water flow
rate was monitored using a calibrated rotameter (range
0-3,000 1/hr, accuracy *2%), allowing precise adjustment
of circulation rates. Electrical power consumption of the
system components, including pumps and compressor, was
measured using a digital power meter (accuracy +1%), ena-
bling calculation of the EER.

Figure 1. Types of evaporative cooler system pads
Note: a — evaporative cooler system; b — wood dust; ¢ — cardboard padding; d — wood dust and cardboard padding

Source: developed by the authors

In addition to the measurement instrumentation, the
experimental rig specifications and operating ranges were
carefully defined. The evaporative air cooler was powered by
a 1/3 HP (249 W) electric motor operating at 220 V. and 50 Hz
with a rotational speed of 1,425 RPM. The system was test-
ed under three airflow rates of 0.566, 0.797, and 1.132 m3/s.
Water circulation was provided by two submersible pumps
(40 W each), and the water flow rate was varied between 700
and 2,800 I/hr to evaluate its influence on cooling perfor-
mance. The cooler body dimensions were 73 x 73 x 87 cm,
while the outlet duct measured 34.5 x 21 x 19.5 cm. Fur-
thermore, the hybrid cooling configuration incorporated a
vapour-compression refrigeration unit equipped with a her-
metic reciprocating compressor (1/3 HP, 280 W) using R600a

refrigerant. The condenser fan power was 16 W, and the con-
denser dimensions were 35 x 26 x 3.5 cm. These system pa-
rameters were essential in defining the operational envelope
of the experiments and ensuring reproducibility of results.
To ensure data reliability, each experiment was repeated at
least three times under identical operating conditions, and
the average values were reported. Measurement uncertainty
was estimated based on instrument accuracy and propagat-
ed through calculations, resulting in an overall uncertainty
of approximately +3-5% for efficiency and EER values. The
repeatability of the results was confirmed by observing min-
imal deviation between repeated trials.

The performance of the evaporative cooling system
was evaluated using fundamental heat and mass transfer
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relationships, which describe the thermodynamic behav-
iour of air-water interaction during the cooling process.
The cooling efficiency () represents the ability of the sys-
tem to reduce the dry-bulb temperature of the incoming
air relative to the maximum possible cooling, defined by
the wet-bulb temperature. It is expressed as the ratio of
the actual temperature drop to the theoretical maximum
temperature drop:

T,-T,
n= ﬁ x 100%, 1)
where T, — dry-bulb’s temperature of air at entering
(outdoor air temperature) in (°C); T.,: dry-bulb’s temper-
ature of air at the exit (supply air temperature) in (°C);
T, - wet-bulb’s temperature of air at entering (outdoor
air temperature) in (°C). Then the cooling capacity (Q,)
was calculated as:

Qc=QaxpxCpx(T,~T,), )

where Q, — air flow rate in (m3/s), Cp — specific air at constant
pressure in (kJ/kg.K), p — air density (kg/ m3), T, — air temper-
ature at the inlet (°C), T, — air temperature at the outlet (°C).
The EER can be calculated from the following equation:

EER = X, 3)
Pg

where P, — electrical power consumed in kW. Figure 2 rep-
resents the evaporative cooling process on a psychrometric
chart, illustrating how air properties change during cooling
and humidification. The horizontal axis (DBT) denotes the
dry-bulb temperature, while the vertical axis indicates the
specific humidity (humidity ratio). The curved boundary on
the left corresponds to the saturation line (100% relative
humidity), where air becomes fully saturated.

T\, = const T
h = const

Specific
humidity top

DBT —

Figure 2. Demonstrates the evaporative cooler process

Source: developed by the authors

Point 1 represents the initial state of the incoming air,
characterised by high dry-bulb temperature and low hu-
midity (hot and dry conditions). As the air passes through
the evaporative cooling system, it undergoes a transfor-
mation along the red line toward point 2. This process
involves simultaneous cooling and humidification, where
water evaporates into the air, reducing its temperature
while increasing its moisture content. The key feature of
this process is that it occurs approximately along a con-
stant wet-bulb temperature (T, = const.) and constant en-
thalpy (h = const.) line, as indicated in the Figure 2. This
reflects the thermodynamic principle that evaporative
cooling is an adiabatic process, where the sensible heat of
the air is converted into latent heat for water evaporation
without external heat exchange. Point 2 represents the ac-
tual outlet air condition of the evaporative cooler. How-
ever, the process ideally could continue further toward
point 2’, which lies closer to the saturation curve. This
point represents the maximum achievable cooling limit,
where the air approaches saturation and its temperature
approaches the wet-bulb temperature. The dashed exten-
sion of the line indicates the ideal path, while the solid red
line shows the real process, which deviates due to system
inefficiencies such as incomplete evaporation, non-uni-
form wetting, and heat losses.

A simplified statistical assessment was performed to
support the reliability of the experimental results. Based on
the estimated overall measurement uncertainty (*3 - 5%),
the standard deviation of the measured parameters was
approximated, and the coefficient of variation was found
to be within 4%, indicating good repeatability of the ex-
periments. The maximum cooling efficiency of 89% under
hybrid mode (P1&P2&C) falls within an uncertainty range
of 85.4-92.6%, confirming the stability of the observed
performance improvement. Similarly, the calculated EER
values for different operating modes show limited disper-
sion, supporting the validity of the comparative analysis.
Although this estimation provides an initial indication of
data consistency, more rigorous statistical analysis based
on extensive datasets is recommended for future work.

RESULTS AND DISCUSSION
The effect of the outside air temperature on actual energy
consumed per ton of refrigeration is shown in Figure 3a.
The results noted that the relationship is inverse with the
stability of the airflow rate. These results showed that the
increase in the air temperature leads to an increase in the
cooling effect. While the energy consumed remains con-
stant at the constant air flow rate, according to equation 3,
the energy consumed per tonne of refrigeration is low. The
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test conditions were at airflow (0.566, 0.797, and 1.132 m3/
sec), where the best airflow was selected (1.132 m?/sec) at
water flow (1,400 1/hr). In this paper, three different types
of packing were used in testing (wood dust, cardboard
padding, wood dust and cardboard padding) shown in Fig-
ure 3b. It clears a relationship between efficiency and dry
air inlet temperature, with airflow of 1.132 m3/s and water
flow of 1,400 1/hr. The results showed that the increase of
temperature of dry air inlet and lower relative humidity
leads to a higher ability of the air stream to contain water
vapour. In Figure 3b the mode (wood dust and cardboard
padding) indicates that at an ambient temperature of 45°C,
the better cooling efficiency was about 84.4%, and a tem-
perature reduction was 65.6%. Figure 5 also indicates in
mode (wood dust and cardboard padding) that increasing
the ambient air temperature from 25°C to 45°C leads to an
increase in the cooling efficiency from 70 to 84.4% and a re-
duction in the temperature from 58 to 65.6% respectively.

Figure 3c shows that the relationship adjusts the flow
rate of circulating water in the system. As the amount of wa-
ter sprayed in the humidified channels increases, the tem-
perature of the air in the dry channels will continue to de-
crease to a certain extent. This decrease will be accompanied
by an increase in the latent heat gain of the air as it pass-
es through the humidified channels. This result is condi-
tioned by a large amount of sprayed water, where the in-

3
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crease in the enthalpy of water vapour is higher than the
decrease in the temperature of dry air of the wet connec-
tion. The moisture content of the air will rise after leaving
the evaporative cooling system. It leads to an increase in
the enthalpy of the ambient air and thus causes a decrease
in cooling efficiency. Therefore, high rates of water quan-
tities do not meet the requirement of a good and appropri-
ate design for the cooling system used. The small amount
of water requires a small pump to rotate water during the
system operation. The result showed that in this case, the
consuming electrical energy spent in the system was lower
than in other cases, which means a more beneficial case
from an economic standpoint. Ultimately, it increased the
performance coefficient of the system. This feature is con-
sidered one of the benefits of the cooling system concerned
with this research. Figure 3c showed that the amount of
water flowed at the low rates until it reached a value of
2,100 1/hr, but continuing to increase the water flow above
this amount caused a small increase in cooling efficiency
sensible where the percentage did not exceed (1%) until it
reached the peak value when the amount of water is in-
creased to 2,450 I/hr, then the relationship began to reverse
with the flow of water until it reached a maximum value of
water flow 2,800 1/hr. On this basis, it can be considered the
amount of 2,100 I/hr is the practical and appropriate value
for the water flow rate in this case.

100
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- — S 5
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Figure 3. Influence of outdoor climatic and operating parameters
on energy consumption and evaporative cooling efficiency
Note: a - effect of the temperature of the dry bulb outside air on real energy consumed per tonne of cooling; b — effect
of the temperature of the dry bulb outside air on evaporative cooler efficiency; ¢ — effect of the water mass flow-rate on

evaporative cooler efficiency
Source: developed by the authors
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Figure 4a showed the relation between the variation
between the dry bulb inlet and outlet with time for varied
paddings (wood dust, cardboard padding, and wood dust
and cardboard padding). The results demonstrated that
the temperature of the water and the air leaving the cooler
was relatively decreased when using the second submers-
ible pump, and the addition of the compression refrigera-
tion cycle to the refrigerant reduced the air temperature of
the coolant space. The use of a second submersible pump
with the compression refrigeration cycle together led to a
decrease in the space temperature. For mode (P1&P2&C),

the comparison between Figure 4b, 4c showed that the re-
duction in the ambient air temperature is (9.7%), the rea-
son for this reduction in temperature is conditioned by
the delay in the passage of ambient air in the cardboard
padding channels, and the occurrence of vortices of the in-
coming air, which leads to good contact of the incoming
air with water droplets. The reduction ratio of the ambient
air temperature may reach (16.3%) as Figure 5c compared
with Figure 4a for mode (P1&P2&C). This reduction was
because the padding channel contained (wood dust and
cardboard padding) together.

25 25
201 ¢ ) " 20 1 ‘ —
o— - X L— = —0
Ik / o1 L
S 101 ——P1 S101 ——P1
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Figure 4. Time-dependent variation of dry-bulb temperature drop
across evaporative pad materials (wood dust, cardboard, and their combination)
Note: a — relation between difference dry bulb inlet and outlet with time for wood dust paddings; b — relation between dif-
ference dry bulb inlet and outlet with time for cardboard padding; ¢ — relation between difference dry bulb inlet and outlet

with time for (wood dust and cardboard) paddings
Source: developed by the authors

Figure 5a, 5b shows the effect of the change in the
padding types on the system on the evaporative cooler
efficiency simultaneously. This change has been studied
for three paddings (wood dust, cardboard padding, and
wood dust and cardboard padding) with constant param-
eters air quantity (1.132 m3/s), inlet dry bulb temperature
at (47°C), and inlet relative humidity (27%). These Fig-
ures 5a, 5b show that the relationship is related direct-
ly to the constant air flow rate, whereby the increase in
time increases efficiency. The reason for this relationship
is conditioned by the evaporative quantity of basin wa-
ter; it was carried out with the stability of the moisture
content of the air approximately. In these Figures, there
are different modes [only one pump (P1), only two pumps
(P1&P2), one pump with refrigeration system (P1&C),
and two pumps with refrigeration system (P1&P2&C)].
The temperature of the dry bulb outside air is almost

constant during the test. The heat between entry and exit
will increase because the susceptibility to heat and mass
exchange of air and water increases when using wood dust
and cardboard padding together with a constant air flow
rate, and thus the efficiency increases. It also appears
from Figure 6c that efficiency increases with the modes
(P1&P2&C). The results show that maximum efficiency
is (89%) at mode (P1&P2&C) with the presence of wood
dust and cardboard padding together at the surfaces of the
heat exchanger from the side of the humidified channels.
Figure 5d depicted the relationship between the EER with
the difference between dry bulb inlet and outlet for (wood
dust and cardboard) paddings. Figure 6d showed that the
EER is higher for evaporate coolers only, and it reaches 15
and decreases with the decrease in the variation between
the dry bulb inlet and outlet. In addition, the EER is the
lowest possible for (P1&C) mode.
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Figure 5. Time-dependent variation of evaporative cooler efficiency and EER
for different pad materials (wood dust, cardboard, and their combination)
Note: a — relation between evaporative cooler efficiency with time for wood dust paddings; b — relation between evapo-
rative cooler efficiency with time for (wood dust and cardboard) paddings; c — relation between evaporative cooler effi-
ciency with time for cardboard padding; d — relation between EER with different dry bulb inlet and outlet for (wood dust

and cardboard) paddings
Source: developed by the authors

The proposed (P1&P2&C) system is located slight-
ly higher than (P1&C) mode and then from compression
refrigeration mode (C). This means that the proposed sys-
tem consumes less energy than compression cooling for
the same cooling effect. Ultimately, the proposed mode
(P1&P2&C) gives the best cooling effect when compared
with other modes this results coincides with studies by
S.Kumar et al. (2021), H. Sonawan et al. (2022), and S. Rash-
eed et al. (2025b). The analysis revealed that the efficiency
and energy performance of the evaporative cooler depend
significantly on both the temperature and humidity of the
outside air and the design and type of the pad. As the dry-
bulb temperature increases, the cooling capacity of the
system and the efficiency of evaporation increase, particu-
larly for combined fillers made of wood dust and cardboard.
It was also found that optimising water flow is critical, as
excessive flow does not improve efficiency but increases
energy consumption. The combined configuration provides
the highest efficiency and the best cooling performance
compared to other operating modes. The results obtained
confirm the feasibility of using hybrid systems to improve
the energy efficiency of cooling.

CONCLUSIONS

By means of structural and operational changes, this study
offered an experimental investigation aimed at improving
the performance and energy efficiency of an evaporative
cooling system. Under various operating conditions includ-
ing: variations in airflow rate, water flow rate, and cooling

pad materials; a hybrid cooling arrangement including an
evaporative cooler with a vapour-compression refrigera-
tion system was created and tested. The findings showed
that operating conditions and design elements have a great
impact on system performance. The ideal airflow rate was
found to be 1.132 m3/s with a related water flow rate of
1,400 I/hr, therefore providing a good compromise between
energy use and cooling efficiency. Among the examined
pad materials, wood dust and cardboard padding used to-
gether showed best thermal performance with a maximum
cooling effectiveness of 89% under hybrid operating mode
(P1&P2&C). Furthermore, increasing ambient air temper-
ature inside the range under examination improved cool-
ing efficiency as a result of increased evaporation capabil-
ity. The combination of a second submersible pump and
the integration of the refrigeration cycle helped to clearly
lower outlet air temperature and generally improve the
system. Moreover, the suggested hybrid system showed a
much better EER than the traditional compression cooling
system, therefore, validating its capacity to lower electric-
ity consumption while keeping excellent cooling perfor-
mance. The results show throughout that evaporative cool-
ing efficiency may be greatly enhanced by careful selection
of pad materials, water flow rate, and system arrangement.
Particularly in hot and dry locations, the suggested hybrid
system provides a sensible and energy-efficient answer for
air conditioning applications.

Further research should focus on optimising padding
material structure and composition (including alternative
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EKcnepuMeHTallbHe A0oCia)XeHHS OKpeMMX napaMeTpiB NiaBULLEHHS
edeKTUBHOCTI BUNApHOIro oxonoaKyBaya: TeXHiUHi HOTaTKu

AHoOTauif. Sk anbTepHaTHBa TPAOUIIIHUM CCTEMaM KOHAMIIIOHYBaHHSI MTOBITPSI HA OCHOBI ITAPOKOMIIPECiITHOTO LIUKITY,
SIKi CYTTEBO 301/IBIIYIOTH MTiKOBE eJIeKTPUUHe HaBaHTaskKeHHs Ta eHePTOCIIOXKUBAHHSI, Y ITbOMY TOC/TiIKeHHI PO3IISIHYTO
MeTOIM MiIBUIIeHHS MPOAYKTUBHOCTI Ta eHeproedeKTMBHOCTI BUTIAPHUX CUCTEM OXOJIOKeHHS. By/o ekcriepyMeHTanbHO
PO3p06JIeHO Ta OLIiHEHO Ti6pUIHY JBOPEKMMHY CUCTEMY OXOJIOIKEHHS, 10 MIOEIHYE TAPOKOMIIPECIIHY XONIOAMIbHY
YCTaHOBKY 3 BUIITADHUM OXOJIOMKyBaueM. [TOC/IiIKeHHST 30CepeIkeHO Ha KITIY0BUX Moaudikallisx, 30KkpeMa 3aMiHi
TpagMLifHMX HAITOBHIOBAUIB i3 ePEBHOTO NIy Ha KAPTOHHMI HAallOBHIOBA/IbHUII MaTepia, BUKOPUCTaHHI JOTIOMi’)KHOTO
3aHYPIOBAJIbHOTO HAcOCa JIJIS ITiABUIIEHHS IMPKYIIALil BOAY, a TAKOXX KOMOiHOBaHi# po60Ti 060X TUITiB HAIIOBHIOBAYiB.
ExcriepMMeHTaNbHI pe3ylbTaTy MPOJEMOHCTPYBAIN CYTTEBE MOKpPaIeHHSI pO6OTU CUCTEMM BHACTILOK IMX 3MiH.
3okpema, ribpyaHa cucremMa 3 KOMOiHOBAaHMM CcepeloBUILEM i3 IepeBHOro Iy Ta KAPTOHHOTO HAIIOBHIOBAYA JOCSIIIA
HaBUIIOI ePeKTUBHOCTI OXOMOMKeHHS — 89 %, 1110 CBIMUMTD PO 3HAUHE ITOKPAIeHHS MTPOIIECiB TEIIO- Ta MAaCOOOMIHY.
306inbIIIeHHS] BUTPATU BOAM SOLATKOBO CIIPUSIIO KPALoOMy 3BOJIOKEHHIO HATTIOBHIOBAUIB i MigBUIeHHIO e()eKTUBHOCTI
BMUITAPHOTO OXOJIOIKEHHSI. 3 TOUKM 30py eHEePreTUUHMX XapaKTepUCTUK, TiOpuIHa cuCTeMa ITPOoieMOHCTpyBaia KoedilieHT
eHeproedexktuBHocti (EER) Ha piBHi 8,3, 1110 3HAUHO MepeBUIIYE TTOKA3HUK aBTOHOMHOI ITapOKOMITPECiiiHO1 crcTeMM
(EER=1,95). Okpim Toro, He3anexXHa BUIIapHa cucteMa gocsiria MakcumanbHoro EER 14,8 mpu edeKTMBHOCTI 0XOIOIKEHHS
71 %, o nigTBepIKye i1 BUCOKMIT MTOTEHIIia)l eHepro3bepeskeHHS 3a BiAITOBIIHMX YMOB eKCIUTyaTallii. Pe3yibTaTy TaKoX
1oKasaju, 0 ONTMMi3allis XapaKTepUCTUK HallOBHIOBAUiB i pO3I0Oily BOAM Bifjirpae KAIOUOBY POJIb Y MiJIBUILEHHI
edeKkTMBHOCTI OXOMOIKeHHS MPU MiHiMi3alii eHeprocnoxkmuBaHHs. OTpuUMaHi JaHi MigTBePAKYIOTh, 1[0 iHTerpaillis
BUIIAPHOTO OXOJIOKEHHS 3 TPAAULITHMMY CUCTeMaMy, pa3oM i3 HaJleXKHMM BMOOPOM MaTepiasliB i BOCKOHAIEHHIM
rigpaBaivyHUX mapaMmeTpiB, JO3BOJISIE iICTOTHO 3MEHIIUTH 3arajbHe eHeprocloXnBaHHsI, 36epiraroun HaaesKHUI
piBeHb TerIoBOro KoMmdOopTy. 3 MPAKTUIHOI TOUKM 30Dy, 3a[IPOIIOHOBAHA IibpMaHA CUCTEeMA € eEKOHOMIUHO BUTiZHUM,
eHeproeeKTUBHMM i CTAIMM PillleHHSIM 151 KapKUX i CYXUX KITiMaTUIHUX YMOB, IO TIepei6auae BUKOPUCTAHHS TOCTYITHUX
MicLeBuX MaTepiaiis i mpoctux moxmdikariii Iast 3HMKEeHHST eHeProCIOKMBAaHHSI Ta BUKMUIIB, & TAKOXK CIIPUSIE PO3BUTKY
MepCIIeKTUBHMX TEXHOJIOTi OXOIOKeHHS

Knio4yoBi cnoBa: ri6pugHe KOHAMIIIOHYBAHHSI IOBITPsI; TepMOAVHAMIUHMIT aHAasi3; MEepPeBHUI MW, KapTOHHUI
HaIOBHIOBAY; eHeproeeKTUBHICTb
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