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Abstract: The increase of clean energy requirement is still enhanced in order to reduce the effect of the global
warming therefore, the augmentation of solar energy applications like the solar collectors is attended. The present
study of the Flat Plate Solar Collector (FPSC) is performed during the three days’ time (2,3 and 4 of June). Where,
the testing time is specified from 09:00Am up to 03:00Pm in order to give more obvious data. Moreover, the
energy and exergy analysis equations are utilized to study the 1st and 2nd law of thermodynamics and to provide
more appropriate results about the performance of the FPSC. The conducted results show an enhancement in the
FPSC efficiency with respect to the increase of the solar irradiance where the last one was explained through one-
day time. Furthermore, the FBSC exergy and energy efficiencies conduct the same behaviors during the daytime
due to the effect of the solar radiation. In addition, the useful exergy and the exergy efficiency are raised with the
progression of time until it reaches approximately midday and then dropped down because of the solar radiation
reduction.

Keywords: Exergy analysis, solar collector, exergy efficiency, useful exergy, exergy destruction.

1. Introduction

Solar energy is the cleanest and future energy that is promised to be used in the next time. Solar energy can be
useful when it extracted as heat energy or electrical one therefore, it so important to develop the denoted applications to
give us best income. One of the famous applications in the solar energy are the solar collectors in which used to collect
the solar radiation and convert it into pure heat energy. This application is so useful to provide the hot water by clean
heat energy without fuel burning or electrical consumption [1].

The use of the thermosiphon to the flat plat solar collector tended to increase the performance of it clearly. Also, it
was achieved that there were no effects to utilize the aluminum plate or cupper plate as the absorber over the collector.
Therefore, Aluminum was proposed to be used throughout the present work [2]. Furthermore, the entire tubes in which
were carrying the working fluid geometry played an important rule to enhance the exergy efficiency when the elliptical
shapes were selected. Moreover, the Nano-fluid with turbulent behavior gave a good enhancement in the overall
thermal performance of the solar collector [3], [4]. By the addition, The Nano-fluid utilization as working fluid
revealed that the overall thermal efficiency was increased noticeably [5]. The previous studies led us to study the
collector with circular shape section without any addition to the Nano-particles due to the hazard of use them on the
human health [6].
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The increase of the mass flow rate of the working fluid inside the solar collector tubes tended to enhance the first
and second law of the thermodynamic efficiencies [7]. Thus, the fabrication of the used rig of the present study was
depended on the previous. The most efficient solar collector was achieved when the absorber temperature become more
closed to the ambient one. Furthermore, the rise of the working fluid flowrate tended to decline the absorber
temperature. This one acted on specifying the range of flowrate within the active limits [8]. The higher insulation layer
at the back of the flat solar collector conducted a soar in the second law efficiency. It was also, noticed that high inlet
fluid temperature to the collector and high wind speed plummeted the exergy efficiency [9]. The productive amount of
the hot water was growing with the increase of the daily solar active hours respectively. Furthermore, it was noticed
that the first law efficiency was increased by the same previous manner [10], [11]. The higher mass flow rate of the
collector working fluid went up the energy efficiency up to certain value then it will be stabilized in spite of adding
more flowrate. Furthermore, the exergy efficiency tended to soar under limited value of flowrate then it declined by the
increase of the flowrate [12]. The second law efficiency depended on the solar radiation, ambient temperature, wind
velocity, water inlet and outlet temperature, and environmental situation [13]. The second law efficiency was referred
to be enhanced by enhancing the thermal insulation of the flat plate solar collector. Moreover, it was declined by
increasing the ambient temperature [14]. The optical efficiency of the absorber conducted a clear effect on the exergy
efficiency by knowing that the emittance and absorbance were the prime mover of the optical efficiency [1]. The outlet
productive heat energy was raised by the increase of the solar irradiance and the ambient temperature [15]. The use of
the textile fabric as absorber for the solar collector presented high qualification in the thermal performance as compared
to the common flat plat one [16]. The activity of the solar radiation changes according to the location and the weather.
Therefore, it was considered that the solar collector performance gave a limited heat energy which corresponded the
solar irradiance [17]. Moreover, the presence of air inside the collectors declined its energy and exergy efficiencies as
compared to the evacuated ones due to the air heat capacity [18].

According to the previous it was tended to investigate the energy and exergy analysis on the flat plate solar
collector in order to form a wide area knowledge about it during one day and multiday. Furthermore, the first and the
second laws of thermodynamic analysis are aimed to be discussed there.

2. Experimental Methodology

The experimental was conducted in Iraq, Baghdad (33.3 N latitude, 44.2 E longitude). The FPC is manufactured
and built by the authors, it consists of glass cover, absorb plate, frame, insulation, rise and header pipe, water tank,
pump, valve and measurement devices. The collector frame is insulated at bottom and side, while the surface is covered
by single glass. The FPC consists of two headers and ten rise pipes. A schematic diagram of the apparatus is shown in
Fig. 1. The specification of experimental setup is shown in Table 1. The analysis has been developed by using (EES)
software. The environmental parameter of solar radiation, ambient temperature, and wind speed are obtained using
Metronome software. The experimental test collected every hour interval during 9:00 to 15:00 of a full day time, the
cold water feed the FPC and it absorbs solar energy that fall in the glass of the collector as a results the temperature of
cold water increase. The hot water from FPC flow to the tank by force circulates (pump), and the storage tank exchange
heat with secondary fluid. The flow rate of the cold water entering to FPC is controlled by manual valve. The
temperature of inlet and outlet water from FPC was measure by using K type thermocouple with a precision of + 0.45
C, and the flow rate of water that supply to the FPC was measure by using water flow-meter with a precision of + 0.25
L/min.

Table 1 - Specification of FPC

Collector details Specification
Type Flat plate solar collector
Absorb area 1.5 m2
Absorber plate material Aluminum
Thermal conductivity of aluminum absorber plate 237 W/(mK)
Absorber Plate thickness 0.25 mm
Space between glass and absorber plate 30 mm

Tilt angle 400
Transparent cover glass
Number of Transparent cover single
Thickness of Transparent cover 3 mm
thermal insulation glass wool
Thickness thermal insulation 50 mm
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Thermal conductivity thermal insulation 0.034 W/m2K

3. Energy and Exergy Analysis

The first law of thermodynamics is commonly used for analysis and design of thermal system, it is related to
conservation of energy and does not provide information about energy losses and irreversibility. So that the second law
of thermodynamics is a suitable method to design and analysis of thermal system. It is used to estimate where the

irreversibility occurs, exergy destruction, exergy efficiency. The mass conservation, energy conservation, entropy
conservation and availability balance can be written as follows [19]
The mass conservation:

dmm,—

=Xm; —Xm,

dt ()

Pump

Schematic diagram of flat plate collector Photograph of experimental zest rig
Fig. 1 - Test rig

Where
dmeqy

dt is the rate of mass change in control volume (CV)

.
total mass inlet to CV

Q.
total mass outlet from CV

The energy conservation:

dEcy ' ' : vi : vg
ar = QC‘V - WEV + Zmi I:h*a' + ? + gz:’j - Z me(hg + ? + gzgj
Where
et is the rate of energy change in control volume (CV)
@ev total heat (in/out) for CV
Wey total work (in/out) for CV
h;, h

v; v

@

e enthalpy of the fluid inlet and outlet from CV respectively
g velocity (kinetic energy) of the fluid inlet and outlet from CV respectively

Zi, Z& elevation (potential energy) of the fluid inlet and outlet from CV respectively
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The entropy balance

dScy

. . 9 -
= LS, — XS, + B+ S,

3

Where
d Sy

is the rate of entropy change in control volume (CV)

Si, 5, enthalpy of the fluid inlet and outlet from CV respectively

S5 rate of entropy generation within CV

T the temperature of heat source

The exergy balance

de . To i av : ; )
—dfv = E QEV (l — ?) — va + F""E + E ]‘?’?,E-J,{J'i - E ]‘?‘EEJ,EJ'E - Tosg “
Where

d¥ oy . .
TW is the rate of exergy change in control volume (CV)

T the reference temperature
dv

Fl -
? dt is the boundary work
Y;, W, exergy transfer by flow, which can be estimated as [19]:

Lﬁ:(h_hpj_To(S_so) )

The following assumptions are suggested to simplify the models:
(1) The FPC is a steady-state condition.

(2) Uniform flow rate inside tubes.

(3) Neglected pressure drop of the fluid inside tubes.

(4) Neglected pump work.

3.1 Energy Analysis

Based on the ASHRAE standard 2011 [20] the amount of heat energy (Qin) that received by the collector is:

Qin =G+ A*(Ta)g 6)
Where
G: solar incident radiation falls on the earth (W/m2)

A: area of collector
(t@)e: Transmittance T of cover times absorptance o of plate at prevailing incident angle 6 [20]

The rate of heat loss (Qout) depends on the overall heat transfer coefficient (UL) of the FPC,the collector

temperature (TC) and the ambient temperature (Ta) [21]

Qout = UL * A+ I:Tc - Ta] (7

Thus, the rate of useful energy of the FPC (Qusgf uly is proportional to the rate of energy absorbed by the

collector (Qz'n ), minus the energy lost by the collector (Qout)

nggfu,_r = Q:‘n - Qout ®)
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It is also that can be known that the amount of heat carried away in the fluid passed through it

Qusefu! = * Cp (Tfo T_;I"a) )
Where 1! is mass flow rate of fluid (kg/s), Cp specific heat of fluid (kJ/kgK), Tf @ outlet fluid temperature from

FPC, and Tf T inlet fluid temperature to FPC.
The energy efficiency is defined as the ratio of useful energy of the FPC to the heat energy received by FPC. The
energy efficiency of the FPC is [21]:
. Quse Ful

G+A (10)
It is also that can be calculated by using ASHRAE standard 2011 [20] correlation:
(Tf,i~Ta)
=F [ ta), — U~
1 r|(Ta)g LT ¢ (1)

Where F E is the collector heat removal factor

3.2 Exergy Analysis

In order to obtain a better design and analysis it is important to link the first and second law of thermodynamics
where, the exergy is the term that deal with these two laws. It can be defining as a maximum work that can be product
from system when the system become at dead state.

The inlet exergy rate that carried by the working fluid with assuming the exergy loss due to the fluid pressure drop
inside collector tubes to be negligible, the inlet exergy rate is given as follows [22]

Exyo = 1+ cpe (Ty, ~ T, — T (22))

(12)
The outlet exergy rate is given by [22]
. T
Exf,o =mEcp* (Tf..ﬂ —-T,—T, In (_‘II;_EI)) (13)
The useful exergy rate that can be obtain from FPC is estimated by
Exusefu! = Ex_;l".a - Ex_;l".:’ (14)

The rate of exergy losses in the FPC is divided into four parts [23]. The first part is the rate of exergy losses
between absorber plate and the sun due to temperature differences [22,23]

1
Ex,;=G*A*(Ta)g*T, (———)
o T (15)
Where TP is plate temperature and can be calculated by [24]
Quse Huseful
T, =Tp, +-28504 (1 Fp)
A=Up +Fg (16)
And TS is the sun temperature and it is equal to 6000 K [25,26]
The second part is the rate of exergy losses from FPC surface to the absorber plate [23]
T
Ex., =G+ (A— (ta)g * 4,) (1-2)
£.p ( P ) T (17

The third part is the rate of exergy losses between absorber plate and fluid due to temperature differences [22, 23]
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Ex,p=m=*cp*T, * (111 (Tfﬂ) _ Tf,u—Tf,z')

Tri Tp (18)
The fourth part is the rate of exergy losses from absorber plate to environmental [22,23]
Ty
Ex,o = U, « 4+ (T, - T,) (1-2)
(4 (19)
The exergy destruction rate of the FPC can be defined as [27]
Exdes!:. = Sgen. * Ta (20)
The overall entropy generation of the FPC can calculated [27]
' - Ty, Qi Q
gen. Tfj T T
I 5 a #3))
Where Q.!' oss is the rate of heat lost to the environment, which can be calculated by [27]
Q!oss = Qz’n _ Qusefu! 22)
The exergy efficiency can be calculated as follows [22,23,27]
E i
New = S¥use ful (23)

Exgpp

Where Ex sol. Is the solar radiation exergy, which can be calculated by [24]

4
Exms.=5*ﬂ*(1—§(%)+§c_z) ) (24)

The uncertainty analysis is important to improve the accuracy of the used measurement devices. Thus,
uncertainties can be estimation by:

1
2 2 212
R R 8R 2
U, = [(— Ul) + (— Uz) I (—Un) ]
daxy dxo dxp (25)
where UR denotes total uncertainty, R is a given function, x1, x2, ...,xn are independent variables, Ul, UZ, e

Uﬂ are uncertainty in the independent variables. The summarized analysis of the experimental accuracy of the
measuring properties of some selected measuring devices is shown in Table 2

Finally, the uncertainties for the estimation parameters such energy efficiency and exergy efficiency and exergy are
1.53%, 0.87% and 0.95%, respectively.

Table 2 - Experimental accuracy

Independent variables Uncertainty interval
K type thermocouple +045C
Temperature readers +1°C

water flow-meter + (0.25 L/min.
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4. Result and Discussion

In this research, a lot of energy and exergy analysis have been calculated and analyzed to know the losses that
occur when converting solar energy by using the flat plate solar collector. A set of losses and their relationships with
time are performed. Also, it is tended to use another variable like the flowrate with different values such as (0.01,
0.015, 0.02) Kg/sec respectively.
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Fig. 2 - Solar radiation for three days in June

Fig. (2) shows that the solar irradiation for three days (2, 3, 4) through June month day time of 9:00 am to 3:00 pm.
It also shows that the highest radiation has been notified at 2:00 pm for these three days while the highest value during
the June season is 965 w/m2. A little increase is achieved for the solar radiation during the denoted three tested days
gradually where this one is done due to the increase of the active radiation angle of the sun for the testing zone.
Moreover, the activity of the solar day time is conducted very well because of the increase of the solar radiation up to
the mid-day time and then goes down after that time.
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Fig. 3 - Ambient temperature for three days in June
Fig. (3) represents the relationship between the ambient temperatures with time. It is noticed that the increase in the

ambient temperature begins gradually from 9:00 am to 3:00 pm consciously at 3:00 pm while the highest values are
observed at 3:00 pm with an ambient temperature of 37.1 °C. The ambient temperature is the most important factor that
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effect on the exergy destruction, exergy useful and exergy efficiency of the collector. As a result of increase in
difference between ambient temperature and collector temperature exergy destruction is rise while, exergy efficiency is
drop. Fig. ( 4 ) shows the relationship between the plate temperature and the time for the days (2, 3, and 4 )of June
within 9:00 am to 3:00 pm, where the plate temperature begins to rise as time progresses as a result of the increase in
the external temperature until it reaches a peak at 2 pm. the plate temperature play a significant factor that effect on the
collector performance the temperature of its was depended on the overall heat transfer coefficient of the collector
(insulation) ant the materials type of the plate. Fig. (5) above explains the increase of the heat transfer rate of the flat
plate solar collector (FPSC) for the daytime duration. This one is satisfying the increase of the solar irradiance due to
the sun titled angle from the sun raise up to the middle day. Furthermore, the enhancement in the heat transfer rate by
the increase of the mass flow rate during the day time is observed with best values as 924W and 0.02 kg/s respectively.
Where, the last one is conducted and satisfied according to the governing equation Eq.8.

0§§)9° 09980 18960 11560 13B60 13380 14460 13960 18860
Tith@h#hr)

3 JuRe
3 JuRe
mm 4JuRg

2 & & &

%

Plate&bmmmeamwe (K)

Fig. 4 - Change of plate temperature with time for three days in June

Fig. (6) provides a good representation of the energy efficiency of the used solar collector throughout the daytime.
It is noticed that the efficiency of it tended to increase by the increase of the solar irradiance intensity up to the middle
of the day. The increase of the efficiencies values is due to the increase in the affected temperatures of the used
working fluid and the temperature of the solar collector absorber. The specified day time is selected from 09:00 am up
to 03:00 pm. Three values of the working fluid flow rates are examined experimentally and theoretically where the
Fig.6 above shows the comparison among them. Moreover, it shows that there is a convergence between the
experimental and theoretical results. It is also explained some abnormal values in which can be noticed within the
experimental result line. These divergent results may be executed due to different factors such as measurement devices
uncertainties, operation conditions, and environmental conditions. The energy efficiency enhancement as compared to
the time propagation is observed with best values of 0.02 kg\s, 73%, and 68.06% as mass flow rate, theoretical and
experimental efficiencies respectively. The percentage error between theoretical and experimental results are (11%,
10.6%, 13.8%) with respect to the three flow rates values (0.01, 0.015, 0.02) kg\sec respectively. It is noticed that a
clear deviation between the experimental and theoretical results where this is due to the effect of the heat transfer losses
to the ambient, thermal conductivity of the aluminum plate and the uncertainty of the used measurement devices. Thus,
the experimental results do not reach the ideality of the theoretical ones.
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Fig. 5 - Change of heat transfer with time by variation of mass flow rate
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Fig. 6 - Change of energy efficiency with time and comparison between theoretical and experimental
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Fig. 7 - Change of solar exergy for three days in June

The second law analysis becomes a good comparison factor to get on the thermal performance of any thermal
application. Therefore, Fig. (7) shows the soar of the FPSC exergy efficiency during the operation day time (09:00 am
—03:00 pm). It is well known that all the incident solar radiation is not usable energy. Since there is no simultaneous
absorption of solar radiation due to reflection, absorption, and heat losses with ambient. Thus, it is clear that solar

incident is more than solar exergy. As well as, this Fig. shows that the highest solar exergy is on the 4th of June at the
hour 2 pm.
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Fig. 8 - Change of useful exergy with time by variation mass flowrate
The useful exergy of the flat plate solar collector (FPSC) for the daytime duration was presented in Fig. (8). It can
be noticed that the useful exergy starts by the daytime increasing up to 11:00 am and 12:00 pm and then decreases with

the progression of time, according to the amount of flow, and the reason for this is that the useful exergy is affected by
several factors, including solar radiation, ambient temperature, dust in the air and wind, as the radiation gradually
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begins to increase with the progression of time. the useful exergy begins to decrease at 11 am due to the ambient
temperature play a significant factor in the exergy performance of FPSC more than solar radiation and another factor,
reaching 305 watts. When the flow is 0.01 kg/s at 11 am, which is the highest value at this flow, and it is 318 watts
when the flow is 0.015 kg/s, which is the highest value for this flow, and it reaches 348 watts when the rate of flow is
0.02 kg/s and then the useful losses begin to decrease, as we note through these values that the useful losses increase
with increase The flow, because it is directly proportional to the increase in the rate of flow, and this is shown by its
equation.
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Fig. 9 (a) - Change in the rate of exergy losses between absorber plate and the sun (Ex_s, p), the rate of exergy
losses from absorber plate to environmental (Ex_ p,e), the rate of exergy losses between absorber plate and fluid
(Ex_p,f), the rate of exergy losses from collector to the absorber plate (Ex_c,p) with time for 0.01 kg/s

&

The variation rate of exergy losses between absorber plate and the sun (Ex_s, p), rate of exergy losses from FPC
surface to the absorber plate (Ex c,p), rate of exergy losses between absorber plate and fluid (Ex_p,f), and rate of
exergy losses from absorber plate to environmental (Ex p,e) concerning the day time duration was presented in Fig.
(9-A, B, C). Fig. A at the flow rate is 0.01kg/s and Fig. B has the flow rate of 0.015 kg/s and in Fig. C the flow rate is
0.02 kg/s. Through these Fig.s, we note that the highest values of EX s,p, EX p,e, EX ¢, p, and Ex p,f were (784 W,
400.4 W, 74.3 W, 49.8 W), respectively, at 1:30 pm and a flow rate of 0.02 kg/sec. each part of the loss is affected by a
different factor, the exergy loss rate caused by the temperature difference between the absorber plate surface and the
sun (Ex_s, p) depended on the average absorber plate temperature and radiative heat transfer. The exergy loss rate
caused by the temperature difference between a surface collector and plate (Ex_c,p) depended strongly on the physical
properties of the materials that construction them. The exergy loss rate caused by the temperature difference between
the absorber plate and fluid (Ex p,f) depended on fluid temperature and plate temperature as an increase in the
difference of the absorber plate lead to an increase in this part of the exergy loss rate. Finally, the insulation and
temperature differences play a significant factor that affects the exergy loss rate caused by the temperature difference
between plate and environmental (Ex_p,e).
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Fig. 9 (b) - Change in the rate of exergy losses between absorber plate and the sun (Ex_s, p), the rate of

exergy losses from absorber plate to environmental (Ex_ p,e), the rate of exergy losses between absorber plate
and fluid (Ex_p,f), the rate of exergy losses from collector to the absorber plate (Ex_c,p) with time for 0.015 kg/s
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Fig.9 (c) — Change in the rate of exergy losses between absorber plate and the sun (Ex_s, p), the rate of
exergy losses from absorber plate to environmental (Ex_ p,e), the rate of exergy losses between absorber plate
and fluid (Ex_p,f), the rate of exergy losses from collector to the absorber plate (Ex_c,p) with time for 0.02 kg/s
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Fig. 10 - Change the exergy destruction with time by variation mass flow rate

Fig. (10) illustrates the relationship between the exergy destruction with time and the change in the rate of flow, as
work was carried out during the period from 9 am to 3 pm and with a change of flowrate (0.01, 0.015, 0.02) kg/s, where
we note that the exergy destruction increases with the progression of time as a result of the increase in the ambient
temperature and the amount of radiation because it is a direct proportion between them. We also note that it increases
with an increase in the flow rate to reach the highest value when the flow rate is 0.02 kg / s at 2 pm, and this is
illustrated by the following values (872.4, 882.1, 879.9) Watts for flow rates (0.01, 0.015, 0.02) kg/s respectively
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Fig. 11 - Change of exergy efficiency with time by variation of mass flow rate

Fig. 11 shows the relationship between the exergy efficiency with time, as work was carried out during the period
from 9 am to 3 pm and with the change of three flow values (0.01, 0.015, 0.02) kg / s. The weather data included global
solar radiation on an inclined surface, ambient temperature, and wind speed, which are considered when calculating the
FPSC exergy. where we note that the exergy efficiency increases with the progression of time as a result of the
increase in the degree of Heat and the amount of radiation because it is a direct proportion between them, and this is

explained by the equation for the efficiency of losses, and we also notice that it increases by increasing the flow rate to
reach the highest value when the flow rate is 0.02 kg/sec at 2 pm.

168



Abdulrazzaq Kareem et al., Int. Journal of Integrated Engineering Vol. 14 No. 6 (2022) p. 156-171

5.

that:
1-

Conclusion

From the weather data and applied the second law of thermodynamic on the FPSC system, it can be concluded

Due to the increase in temperature difference, heat transfer between solar radiation and fluid increases with time,
resulting in an increase in energy efficiency, with the best values of heat transfer to the collector being 924W for
0.02 kg/s.

The solar incident is more than solar exergy because it is affected by several factors, including high temperature,
solar radiation, wind speed, and dust in the air.

The best values of theoretical and experimental efficiencies at flow 0.02 kg/s were 73 percent, and 68.06 percent
respectively.

With respect to the three flow rate values (0.01, 0.015, and 0.02) kg/sec, the error obtained between theoretical and
experimental results is (11 percent, 10.6 percent, 13.8 percent).

The useful exergy increases with the progression of time until it reaches approximately midday and then begins to
decrease very quickly because it is affected by environmental factors.

At 1:30 pm and a flow rate of 0.02 kg/sec, the maximum values of the change in the rate of exergy losses between
absorber plate and the sun (Ex_s, p), the rate of exergy losses from absorber plate to environmental (Ex_ p,e), the
rate of exergy losses between absorber plate and fluid (Ex_p,f),and the rate of exergy losses from collector to the
absorber plate (Ex_c,p) were (784 W, 400.4 W, 74.3 W, and 49.8 W, respectively.

The exergy efficiency for mass flow rate 0.02 kg/s improves with the progression of time until it reaches 2 p.m.,
when it achieves its peak, and then begins to decrease as the temperature and radiation begin to decrease.
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Nomenclature
Z e Summation mass inlet to the control volume (kg/s)
a
Z - Summation from the control volume (kg/s)
I

Qin Rate of heat energy received bb the collector (kW)
Qe Rate of heat loss (kW)
Qusefur Useful heat rate (kW)
5, Entropy generation (kW)
Exp Rate of exergy losses from FPSC surface to the absorber plate (kW)
Exgen Exergy destruction (kW)
Exg; Inlet exergy rate (kW)
Exg, Outlet exergy rate (kW)
Exp, Exergy losses from absorber plate to environmental (kW)
Exp s Rate of exergy losses between absorber plate and fluid (kW)
Exp, Exergy losses between absorber plate and the sun (kW)
Ex g Solar radiation exergy (kW)
Exyseful Exergy useful (kW)
Fy Collector heat removal factor (-)
u, Overall heat transfer coefficient of the collector (kW/m?K)
dbgy Rate of exergy change in control volume (kJ/kgK)

dt

Egy Rate of energy change in control volume (kJ/kg)

dt
digy Rate of entropy change in control volume (kJ/kgK)

dt
% Rate of mass change in control volume (kg/s)

dt
h Enthalpy (kJ/kg)
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T Temperature (K)

g Gravity acceleration (m/s?)

s Entropy (kJ/kgK)

v Velocity (m/s)

=4 Elevation (m)

A Area of the collector (m?

ASHRE American Society of Heating, Refrigerating, and Air Conditioning Engineers
EES Engineering equation solver

FPSC Flat Plate Solar Collector

G solar incident radiation fall on the earth (W/m?)
Greek letters

(ta)g Transmittance T of cover times absorptance o of plate at prevailing incident angle 0 (-)
Mex Exergy efficiency (%)

1 Efficiency (%)

i Exergy of flow (kW)

Subscripts

a Ambient

c Collector

CV Control volume

e Outlet

f Fluid

0 Reference condition

p Plate

s Sun

171



