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In this study, a detailed performance analysis was conducted by analysing
the energy model of solar chimney power plant. The developed model was
used for five locations (cities) in Saudi Arabia for a comparative study.
The selected cities were Jubail (East), Arar (North), Umluj (West),
Sharurah (South) and Shagra (Central). The solar irradiation, sunshine
hours, ambient temperature and atmospheric pressure was used to
determine the output power, efficiency, and other performance parameters
for the chosen size of plant. The data analysis showed that the highest
annual average solar irradiation was at Sharurah (551W/n?) and the
lowest for Jubail (456W/n"). The highest and lowest average ambient
temperatures were found at Sharurah (303K) and Umluj (301K). Study
reveals that annual average efficiency for Jubail is highest followed by
Umlyj. Furthermore, the output power, energy efficiency, variation of floor
and air temperatures and pressure across turbine and chimney, variation
of the mass flow rate and, the turbine inlet velocity are reported for all the
months during the year for the selected five cities of Saudi Arabia.

Keywords: Solar Chimney Power Plant (SCPP), Energy, Modelling, Saudi

Arabia.

1. INTRODUCTION

Solar energy is a clean, abundant, and freely avail
source of energy and is most suited for locati@rigch
are not yet connected to the power grid. Main
applications of solar energy utilization includelaso
thermal and solar photovoltaic based power gergrati
solar water heating, solar cooling, to name a few.
Nowadays, solar chimney power plants (SCPP), also
known as Solar Updraft Towers (SUT), are being
designed, developed, and optimized for electricalgr
generation, though still in infancy stage. It is a
technology, which is capable of producing powenfro
low temperature solar heat. The solar radiatiomftbe
sun heats the air beneath a wide greenhouse liedo
collector structure surrounding the central basa il
chimney tower and create an updraft of the lig/hietr
air through the chimney. In simple words, solar
chimneys use radiant energy from the sun to creatte
airflow capable of running wind turbines to generat
electricity. A typical photo of the SCPP is shown i
Figure 1. Around the globe, research efforts aiegoe
made to study the operational characteristics, field,
energy conversion processes, and the structurakessp
of such power plants.

Taller chimneys are needed for better efficiency of
such plants [1]. Solar chimney is emerging as ialvkd
renewable energy application and attracting atientf
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engineers and scientists to address the curremgyene
crisis. Solar chimneys are innovative passive daesig
components that utilize solar energy to build wgrclst
pressure and enhances the efficiency for residentia
space heating and cooling, Monghasemi and Vadiee [2
Solar chimney efficiency is around 2%, but is a
promising technology for converting sun’s energy to
electricity, [3]. A SCPP can produce monthly averag
1-2 MW electric power over a year with 350 m high
chimney and 1000 m collector diameter [4]. Keeping
competitive cost and achieving optimal performaate
the plant is still a challenge in the success a$ th
technology [5]. The shape of the chimney influertbes
plant performance [1]. Generally, solar chimneys fo
power generation are cylindrical with almost consta
cross sectional area throughout [6-11]. For chimney
efficiency the enhancement, optimization of itsesind
shape is an important research area.

Kasaeian et al. [12] provided a review of the
experimental, analytical, simulation studies, tlas
chimney applications, hybrid systems, case stualies
identified technological gaps and suggested futere
search avenues. Muhammad and Atrooshi [13] applied
CFD to model the heat transport in collector anineh
ney areas and reported data for 180 cases in 1fpgro
for collector size, chimney height, diameter; andtaer
130 cases in 12 groups for collector height of matg
dimensions.

From this development, now it is possible to mage d
cision on consistency of dimensions of chimney fslan
Xu and Zhou [14] carried out simulations of diverge
chimney solar power plants (DSPPs) by changing
chimney’s outlet-to-inlet area ratios (COAR) ovewide
range and obtained maximum power of 231.7 kW at
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COAR = 8.7.Co¢i¢ and Djordjevt [15] used one- ' ® —
dimensional flow model to obtain the values of ptgis ,
properties such as velocity, temperature, presangeair |
density in collector and the chimney considering
compressible flow. The model results tested ontiegis Chimney ;
plants (Manzanares and Enviromission) showed good o . Hs
agreement between the two. i
— , Deck — - .
:’/_,,A’/”]Hrl)l—>l\ T:E

~ ~N hus
f\i) Floor ) Iic l

Figure 2. A schematic diagram of an SCPP

Cost models were presented for main components
(collector, chimney, and power unit) of a SCPP and
pointed out that previous models may have
underestimated the initial and levelised cost &gy of

- large-scale SCPPs [23]. It was shown that carbeditsr
Figure 1. A typical photo of a solar chimney power plant significantly reduce the levelised cost of enemgysuch
a plant. Tan and Wong [24] determined the effediof
speed and internal heat load on the thermal pegoce
of the chimney ducts and classroom’s interior both
experimentally and computationally. Their results
showed that high air speed >2.00 m/s improved the

Koonsrisuk [16] investigated the performance of a
conventional and a sloped SCPP based on secomaf law
thermodynamics and demonstrated that efficiencfes o
both the systems increased with the increasinghheig
than the conventional plant.An unsieady comprehen. AIOW vithin the chimney duct. However, the sigi

. . : . cant drop in air speed is noticed for solar irradea

sive and a streamlined unsteady mechanism models wa . !

used to analyse the energy conversion and transmiss intensity of >70.O Wi :

of the system for SCPPs, [17]. Results showed igesit A 50-kW pilot SCPP was constructed in Manza-
yst o ’ . pesi nares, Spain [25] and experimental results shoWwetl t

and negative cqrrela‘uons between the Ch'f“”ey heigh the chimney concept is technically viable but love-o

and power quality factor and collector radius ahd t rall efficiency of < 0.1% [26]. For improved the

power quality factor; respectively. Performance of efficiency. laraer olants with chimnev heiahts oD
SCPPs is highly site dependent due to dependence on - or mo)r/é wegre pFr)oposed [9]. Khana)ll andgLie [27]-con

solar. radlat|o_n_ Intensity and sunsh_lne durat|on|sTh ducted experiments on inclined passive wall chimney
requires specific site dependent design and acuglydi model with a uniform heat flux on the active watida

S]Zcr)]cit ;Ils[é?:]pgsgg Jg;gg?h;? S(')mLé'?tee:;?a?ggor'asreported that the inclination angle of passive vaidl
power g ION WaShot have visible effect on temperature distribution

more dependent on solar irradiation intensity thianbi- across the air gap width and chimney height.
ent temperature.
A multi-objective optimization technique was emp- Table 1. The dimensions of the SCPP under evaluation [28]

loyed to find optimum configuration of chimney ptan Geometric Dimensions

based on power output and capital cost [19]. Result Parameter (meter)

showed that the output power increased linearhh wit Dy 240

solar irradiation while decreased slightly with nease D, 16.970

in ambient temperature. A hybrid renewable energy D, 17.86

system consisting of waste-to-energy and solar ichym H, 4.243

power plants was analysed in terms of energy, gxerg He 0.300

exergoeconomic, and environmental impact through Hs 195

parametric study [20]. Results demonstrated that th

best exergy efficiency and total cost rate wereé%5 However, the inclination angle strongly affected

and 406.8 $/h. The system exergy efficiency wasdrigh  airflow velocity across the air gap width. Liu et {19]
during night and the product cost low during thg.da  studied the induced chimney effect in a solar Hybri
Maia et al. [21] reviewed and reported major techno double wall with chimney gap width-to-height ratios
logies used for solar desalination and evaluatedl th between 1:10 and 3:5. Experimental data indicaded |
relevant approaches for the usage of solar chimfieys ~ est temperature existed in the air gap and varitudair
water treatment. Performance of a laboratory sewler gap width. The average air velocity increased wiith t
chimney (diameter = 0.3 m, length = 12 m, air azibe radiation intensity and showed high value with decr
diameter = 11 m, and height = 0.65 m) was invetitja asing chimney gap width. However, the induced mass
using thermal phase change material [22]. Results flow rate enhanced with both the radiation intgnaitd
showed that with thermal storage materials (water a  the chimney gap width. The temperature differense b

paraffin) the productivity increased by 9% and 2866 ween the chimney inlet and ambient reached to £6.3°
energy yield by 6.2% and 22%, respectively; compare in a pilot plant having 3 m collector diameter &han
to the case without absorber. chimney height [30]. The output power increasechwit
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reduction of inlet size and a maximum air velodty
1.3 m/s was found in the chimney, while velocityswa
around zero at collector entrance.

The Kingdom of Saudi Arabia is heading towards
diversifying its energy mix portfolio by adding vdn
solar photovoltaic, and solar thermal based power
generation. Efforts are also being made to supplemen
these renewable sources of energy through hydmggne
storage, building integrated photovoltaic and swlater
heaters, and solar chimney power plants as wels Th
study aims at studying the performance of solar
chimney plants (height = 195 m and floor diameter o
240 m) for five cities in Saudi Arabia for possible
deployment in the near future.

2. WORKING PRINCIPLE OF A SOLAR CHIMNEY
POWER PLANT (SCPP)

Solar thermal technologies are the basis of proper
operation of SCPP. However, the main disadvantége o
this technology is that it is less efficient. Beiagcost
effective and clean source of energy generations it
feasible. In SCPP, the natural updraft of hot&iriven
through the chimney. It consists of mainly threeneo
ponents, an energy conversion device (solar enagy
sorber, known as greenhouse), a chimney at theecent
of the greenhouse, and a wind turbine installeilans
the chimney.

Figure 3. Locations for comparative study 1. Jubail, 2. Arar,

3. Umluj, 4. Sharurah, 5. Shaqgra

This arrangement allows the conversion of sun’saradi
energy into electrical energy in two steps. Fitbe
collector transforms radiant energy into thermatrgg
(greenhouse effect) which heats the sir. The design

the collector facilitates the heated airflow ralgial
towards the chimney from all directions. Next, wgftir
flow of lighter air in the chimney upwards tend to
operate the wind turbines installed in the chimney,
depending on the cut-in-speed of the wind turbing a
the velocity of the airflow and produce electricitging

a generator.

2.1 Geometric Modeling

The proposed model consists of a deck made of glass
an inclination and is raised above the ground level
(AGL). The cover traps the radiation emitted frone th
ground surface. Thus, the ground below the deckrcove
becomes hot. Figure 2 depicts a line diagram of the
SCPP evaluated in the present work. The air entbers t
collector throughpoint 0 with a gap of heightH.. The
collector floor under the cover has a diameteDfThe
slopeof the deck is inclined to ensure constant radial
cross-sectional area for radial airflow. The conista
radial cross-section implies the following (Equatio

D)

7T><Df><He=er1><H1=rr><D12/4. 1)

The known values ofH. and D; allow the
determination of the inlet turbine diameter andyheat
location 1 using the Equations (2) and (3):

1n
Dy = (4x Dy xHo2( )X,
i=1

)

Hl = D]_/ 4. (3)
Radiation from the floor heats the air fratate O to
state 1. Heated air expands in the turbine reaclsiate
2. Turbine inlet and outlet diameters &¢ andD, and
are related by Equation (4). von Backstrom and Gann
[31] suggested the area ratio between the inletesitd
of turbine to be 0.8 to 0.9, which implies that the
diameter ratio of inlet to exit vary from 0.90 t®B.
In the present case, the height of the turbiné-is
(H; + Hy = H,). Air, after expansion leaves the SCPP
through the chimney opening, which has a heightpf
Although the chimney heightdtan vary between 10.5
and 22 times of the outlet diameter of the turbine.
However, Zhou et al. [32] stated that the maximum
power that can be obtained from a SCCP must have a
chimney height of 19.15 times the outlet diamefahe
turbine. The dimensions of the SCPP model evaluated
in this study are those described by Petela [28] ane
provided in Table 1.

Table 2. Yearly average meteorological data for selected cities

. Latitude | Longitude — Yearly_ Average _
City N) CE) Irradiation Ambient Atmospheric
(WIm?) Temperature (K) | Pressure (Pa)
Jubail 26.904 49.763 455.83 300.02 101030.80
Arar 31.028 40.906 481.56 296.18 94685.00
Umluj 25.004 37.274 493.96 300.54 101039.20
Sharurah | 17.476 47.086 550.61 302.63 92885.00
Shagra 25.173 45.142 500.65 300.29 92400.83
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Figure 4. Variation of solar irradiation
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Figure 5. Variation of ambient temperature

D2 = D1/095 (4)

2.2 Energy Modelling

The energy conservation principle is applied to etod
each section of the SCPP. Energy rate componeats ar
described byE. Six energy rate balance equations (ba-
sed on the control volume approach) for floor stefa
collector air, collector, turbine, chimney, and mirthe
chimney are used [28] and are presented here with f
modifications.

Es-f =Ef-atEf—g

®)
Ef-atEg-atEaotEwotEpo=
Ear *Ewa tEp1 ©)
Es-t +Eao tEwo tEpo =
Ea1+E\N1+Ep1+Ed—sl<y+Ed—amb+Ed—ch (7)
Ear *Eva tEp1=Eaot Byyot Ep ot Epouer ®)
Ea2 *Ew2 tEp2tEg-ch =
Eaz+Ewz+ Ep3+ Ech-amb + Ech—sky + E(:h—gr 9)
Eao tEwat Epo = Ag-ch t Eqzt Byt Eps (10)

The energetic efficiency of an SCPP is described by
Equation (11).

/7 _ EpOWGf *
energy — E

100 (11)

s—f

The modifications include addition of kinetic, pote
tial and enthalpy energy terms for air at the emteaof
SCPP (i.e., inlet). Floor temperature, deck tenmpesa
temperature of air at the inlet and outlet of toehi

FME Transactions

temperature of chimney and the temperature oftdhea
outlet of chimney are the 6 unknown temperatures. |
conjunction, 6 simultaneous system of equations are
needed to obtain the 6 unknowns as shown in Equeatio
(5)-(10).

Moreover, an inconsistent equation to determine the
temperature of chimney and temperature of air at th
outlet of chimney is used in Petela [28]. Henceyaali-
fied Equation (10) is obtained from the energy beda
of air flowing through the chimney to determine the
temperature at the outlet of chimney. A detailegdl&x
nation to determine each of the term can be oldaine
from Petela [28] and Hussain and Al-Sulaiman [33].

3. RESULTS AND DISCUSSION

The input geometric parameters and dimensionali-spec
fications of the SCPP under evaluation are given in
Table 1. The monthly average metrological inputdt
irradiance, ambient temperature and atmospheris- pre
sure are depicted in Figure 4, Figure 5 and Fidure
respectively and the corresponding yearly averada d
points are summarized in Table 2, along with the la
tude, longitude, and annual mean meteorologica dat
for the chosen cities. The physical locations adsth
cities are depicted in the map shown in Figure 3.

The energy balance equations were simultaneously
solved using engineering equation solver (EES)- soft
ware. The output provided the theoretical final pow
output and the theoretical efficiency. In additighe
monthly variation of the temperature of the floorda
air, pressure across turbine and chimney, mass flow
rate, and inlet velocity of the turbine during thear
2017 are reported for the chosen cities.

2.3 Long-Term Variation of Meteorological Parame-
ters used for Performance Evaluation

For performance evaluation of the proposed SCPPs at
the chosen cities, the long-term ambient tempegatur
atmospheric pressure, and solar irradiation datesésl

as input to the model. The monthly mean values of
solar irradiation intensities, over entire datalextion
period, are illustrated in Figure 4 for all theie$t used

in this study. At Sharurah, the higher intensitege
observed during entire year compared to other
locations and always remained above 450 %/m
(Figure 4). At Jubail, Arar, Umluj, and Shaqra; the
radiation intensities are found to be increasingrir
January until June and July and then followed a
decreasing trend towards the end of the year. Qyera
the highest annual mean of 551 \¥/ia observed at
Sharurah in the southern region of the Kingdom and
followed by 501 W/ in Shagra, which is situated in
the central region. However, the minimum irradiatio
intensities with annual average of 456 \¥/rare
observed in Jubail, located in the eastern coasgabn

of the country.

Overall, lower temperatures are observed in the
month of January and an increasing trend from IYgnua
until June, July, and August and then a decreasing
towards the end of the year (Figure 5). A shiftooke
month in peak, the peak values of ambient temperatu

VOL. 49, No 1, 2021 = 67



(July-August) is observed relative to the solaadi¥
ation (June-July) intensities (Figure 4 and Figje
Highest annual mean temperature occurred at Sharura
(303 K) followed by Umluj (301 K), and Arar (296 K)
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Figure 6. Variation of atmospheric pressure
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Figure 7. Variation of mass flow rate in SCPP
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Figure 8. Variation of floor temperature
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Figure 9. Variation of deck temperature

The monthly mean values of the atmospheric pre-
ssure at all the sites chosen for the present stwey
shown in Figure 6. Overall, higher values of pressu

summer period. It is evident from the data thahbgj
atmospheric pressure values are observed at Jadwhil
Umluj being situated at the Arabian Gulf coast. The
pressure values are seen to be significantly loArat,
Sharurah, and Shagra compared to Jubail and Umluj
sites with lowest magnitudes at Shaqgra. The annual
mean value of atmospheric pressure was highest at
Jubail and Umluj (101,039 Pa and 101,030 Pa) the
lowest at Shagra (92,400 Pa). A seasonal variason
evident in the values of atmospheric pressure,rEigu

2.4 Performance Evaluation of Proposed SCPPs

The above-described mathematical model equations
were used to estimate the performance of the peapos
solar chimneys at different locations in Saudi Aaab
theoretically. It is well known that the mass floate
depends on the air density, which varies directithw
the atmospheric pressure. It is evident from Figtye
that the highest monthly mean values of mass flae r
are observed at Umluj where the atmospheric pressur
was the highest during the year (Figure 6). Theuahn
mean value of mass flow rate at this site is 19/6.kg
The next high values of mass flow rate are notiaed
Jubail (191 kg/s) while lowest at Shagra (180 kg/s)
Higher mass flow rates are observed during summer
months compared to wintertime. It is due to the faat
during the summer months the irradiance intensty i
higher and the rate of change of density in caflect
more which increases the velocity of air in thdexibr,

as it is evident from Figure 11. Although the dgng
inversely proportional to temperature, but massvflo
rate is dependent on atmospheric pressure andityeloc
of air in the collector, so higher mass flow ratee
observed during warmer months.
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Figure 10. Variation of collector air temperature
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are observed in the wintertime and the lower during Figure 11. variation of turbine inlet velocity
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Figure 13. Variation of power output of SCPP

The variation of floor, deck, and air temperatures
for all the cities are demonstrated graphicallyFigure
8, Figure 9, and Figure 10, respectively. The tempe
rature of the floor is the highest among all thenpo-
nents (deck and collector) of SCPP as radiation is
incident upon it, followed by deck and collector ai
temperatures. The temperatures in these compoaents
higher during the summer months and lower during
winter months due to higher solar incident energg a
ambient temperatures (Figure 3 and Figure 4). Among
all the cities, floor, deck, and collector air teangtures
are highest at Sharurah due to higher annual awerag
ambient temperatures of 369K, 326K and 318K,
respectively. The lowest annual average valuesseorr
pond to Arar (356K, 316K and 310K). The turbinesinl
velocity observed to be highest in Sharurah citgindu
entire year including the winter months too, aswgh
Figure 11. At other location, lower values foundidg
winter months compared those in summertime. An inc-
reasing trend seen in the values of turbine inddbai-
ties at Jubail, Arar, Umluj, and Shaqgra from Japuar
July and then a decreasing from July onwards. The
seasonal or monthly trends of the turbine inleboigy
follows almost the similar trend as that of incitdealar
radiation (Figure 4). The highest annual averadet in
velocity found to be 0.847 m/s at Sharurah for the
proposed SCPP while the minimum of 0.78 m/s at
Jubail. The second highest velocity found at Shagra
(0.813 m/s).

Figure 12 presents the variation of pressure dif-
ference across the turbine and chimney. The pressur

FME Transactions
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difference across the turbine and chimney is highes

during winter months and lowest in summer months.

Among the selected cities, annual average pressure
difference across the turbine and the chimneyghdst

for Jubail with an average of 1484 Pa and 742 Pa,
respectively. The average lowest pressure droBb1 1

Pa (across turbine) and 676 Pa (across chimney) is
obtained in Shahrurah.
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Figure 14. Variation of efficiency of SCPP

The calculated monthly mean power output variation
during the year found to be higher in winter months
lower in summer months at Arar, Sharurah, and S$haqgr
and a clear seasonal trend is observed (FigureAt3).
Jubail and Umluj a decreasing trend is noticed from
January to December in monthly mean power output va
lues. The annual average power output is highest fo
Umluj (154 kW), followed by Jubail (150 kW) and the
least for Shagra (118 kW). The monthly average powe
output follows the same trend as that of the pressu
(Figure 6). Figure 14 illustrates the variationeffici-
ency of SCPP over a year for all the selectedsciibe
yearly average efficiency is highest for JubaiB(@6)
followed by Umluj (0.74%) and the lowest at Shakura
(0.519%). The variation of power output of SCPP
follow the same trend as the variation of pressliop
across the turbine and chimney evident from Fidizre

4. CONCLUSION

The present study conducted a theoretical perfocman
analysis of the solar chimney power plants for fiitees

of Saudi Arabia by using the ambient temperature,

VOL. 49, No 1, 2021 = 69



atmospheric pressure, and solar radiation intensity

values for the chosen sites. The results are ptexsém

terms of floor, deck, and collector air temperature
pressure drops across turbine and chimney, tuibiag
velocity, power output, and efficiency of the chiegn

Highest values of annual mean power output and

efficiency are found for Jubail, a near shore lorcat

and the minimum for Shagra and inland location.

Overall, higher values of power output and efficign

are observed during winter months and lower in semm

months. Specifically following highlights are worth
provide:

* The floor, deck, and collector air annual mean
temperatures are highest at Sharurah (369K, 326K
and 318K) and the lowest at Arar (356K, 316K and
310K).

e Annual average pressure drop across the turbine
and the chimney is highest for Jubail with an

average of 1484 Pa and 742 Pa, respectively and

the lowest of 1351 Pa and 676 Pa for Shahrurah.

e The highest annual average inlet velocity is 0.847
m/s at Sharurah for the proposed SCPP while the
minimum of 0.78 m/s at Jubail. The second highest
velocity is at Shagra (0.813 m/s).

e« The annual average power output is highest for
Umluj (154 kW), followed by Jubail (150 kW) and
the least for Shagra (118 kW).

» The yearly average efficiency is highest for Jubail
(0.80%) followed by Umluj (0.74%) and the lowest
at Sharurah (0.519%).

It is recommended that study should be extended
further to find out the effect of chimney heightdatine
collector diameter on the power output and the
efficiency of the SCPPs in these cities of the Idiog.
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NOMENCLATURE
D Diameter (m)
E Energy rate
H Height (m)

Solar irradiation
Solar insolation
Turbine
X Temperature of the component ‘x

44 » -

Abbreviations

FME Transactions

AGL Above ground level

CFD Computational fluid dynamics

COAR  Chimney outlet-to-inlet area ratio

CSCPP  Sloped solar chimney power plant

DSPP  Divergent-chimney solar power plant

SCPP  Solar chimney power plant
Subscripts

a Air

an Enthalpy

amb Ambient

ch Chimney

d Deck

e Inlet

f Floor

or Ground

p Potential Energy

power  Power produced by a Turbine

sky Sky

S Sun

w Kinetic Energy or Velocity

0,1,2,3 State Points

Subscripts representation

Xy
Mn

From component x to y

Mode of energy content (enthalpy,
kinetic or potential) at State points
(0,1,2,3) E.g., al (enthalpy at location 1)

AHAJIM3A TIEP®OPMAHCH COJIAPHE
JUMBBAYKE EJIEKTPAHE 3A PA3JIMYUTE
JJOKAIINJE
Y CAYANJCKOJ APABUJN

® M Xyceun, III.Pexman, @ A. An-Cyaejman

[Ipukazyje ce anamm3a nephOpPMAHCH COJNIAPHE IHUM-
BayKe eJIeKTpaHe KOpHIIhemeM EHEepPreTcKOr Mojela
eneKkTpane. PazBujeHN MOJeN je YIOpeaHO UCTPaXKeH 3a
mer nokanuja (rpagosa) y Caymmjckoj Apabuju: Ily-
Gamn (Ha wuCTOKY), Apap (Ha cesepy), Ymiuyj (Ha
samany), lapypax (Ha jyry) w Illakpa (y meHTpamHoj
Caymujckoj Apabuju). ComapHo 3pauere, YaCOBH
OCYHYaHOCTH, aMOWjeHTajlHa TeMIeparypa M arMo-
cepcku MpUTUCAK Cy OWIM mapameTpu 3a oapehuBame
W3Na3He CHare, CHEpreTcke e(MUKACHOCTH M OCTAlMX
eneMeHaTa nepOpPMaHCH eNeKTpaHe OmadpaHHuX M-
MeH3Mja. AHanu3a IojaTaka je IoKasala Ja Jia je
TOIOWIIEE MPOCEYHO COJNIAPHO 3paderme HajBehe y
[lapypaxy (551 W/m2),a majmame y [lyGanmny (456
W/m2). Hajeuiiry ¥ HajHHKY MPOCEUHY aMOMjeHTaTHY
temneparypy umamu cy llapypax (30XK) u Ywmiyj
(30IK). UcrpaxuBamem je yrtBpheno ma IlyGaumnm wu
Ymiyj umajy HajBehy roauiimy NpOCeUHy SHEpPreTcKy
eduxacHoct. V3nasHa cHara, eHeprercka e(hMKacHOCT,
TeMIlepaTypHe Bapujalyje Ba3ayXa | TJa, IPUTUCAK Ha
TypOMHM M JAWMBbAKy, BapHjanuje y Op3uMHH MaceHOr
NpOTOKA M yia3Ha Op3uHa TypOWHE Cy MpHKa3aHU 3a
CBaKH Mecell y TOJMHH 3a CBUX IeT IPajIoBa.
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