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This study investigates the feasibility of implementing solar-driven absorption cooling
systems in Iraq by employing the ¢ —f chart method as a simplified computational tool for
system design and simulation. The research analyzes key parameters influencing system
performance, including collector area, glazing type, storage capacity, minimum load
temperature, and collector tilt angle. Simulations were conducted for two major Iraqi cities
(Baghdad and Mosul) using climate data from 2018 to 2022 to assess solar energy
availability and system efficiency. Results demonstrate that double-glazed flat plate
collectors significantly outperform single-glazed units, with optimal performance achieved
at collector areas exceeding 55 m? The impact of thermal losses from storage tanks and
heat exchangers was quantified, revealing substantial efficiency improvements as the
collector area increases. Furthermore, the effect of optimizing the tilt angle and minimum
load temperature is also evaluated and found to be minor in comparison to collector area
and glazing type. It can be concluded that the simulation method shows that a properly
designed solar thermal system could be applicable for the residential sector in Iraq to

supply 100% solar fraction in the peak summer months.

1. INTRODUCTION

Interest in sustainable energy resources is growing
worldwide due to the clean, environmentally benign, and
readily available nature of the former, as well as its ability to
contribute to sustainable development [1]. Designing efficient
solar systems remains challenging due to the many factors
affecting performance, such as collector characteristics,
component parameters, and variable weather conditions. To
ensure optimal operation, system design must balance
component sizing with solar availability and load demand.
Solar thermal design methods generally fall into two
categories:  Correlation-based  and  simulation-based
approaches [2].

Various researchers have proposed and developed different
methods based on correlation techniques for the development
of solar water heating technologies. Klein [3] proposed a
computational strategy for assessing the prolonged efficiency
of thermal collectors, which functions under predetermined
solar radiation thresholds identified for specific months. To
address the limitations imposed by fixed critical parameters,
Klein et al. [4] introduced the f-chart approach, enabling a
rapid assessment of the long-term operational efficiency of
solar energy configurations with typical designs. These
systems are designed to supply thermal energy to the load
while maintaining the load-side temperature of approximately
20 °C. Subsequently, Klein and Bechman [5] integrated the
utilizability factor (¢) into the f-chart, resulting in the ¢ —f
chart-based design model for closed-loop solar thermal
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systems that function without operational constraints. Among
all these models, ¢ —f chart-based design model is considered
one of the most widely adopted techniques currently used in
the design for engineering solar thermal applications using
correlation-based strategies. Additionally, improvements in
computer power and the development of specific simulation
tools like TRNSYS, WATSUN, POLYSUN, and SOLCHIPS
have greatly increased the use of methods that focus on
simulations [6-9].

Joudi and Abdul-Ghafour [10, 11] developed a TRNSYS-
based dynamic model to evaluate solar-powered refrigeration
performance in Iraqi residences and later introduced design
charts to estimate the solar contribution in solar-assisted
cooling systems. Alhadithie and Barwari [12] concentrated on
evaluating the viability of utilizing solar-powered ventilation
solutions in homes, considering the specific climatic
conditions of the Iraqi Kurdistan region. In a related study,
Dawood and Yousif [13] also used the f-chart framework to
identify the most suitable configuration for a small capacity
solar-powered absorption chiller for residential applications in
Mosul. Furthermore, Abusaibaa et al. [14] investigated the
feasibility of adopting a solar-assisted absorption cycle
powered by Evacuated Tube Collectors (ETC) in Najaf, Iraq.
The simulation-centered optimization helped in determining
the most favorable system variables for the region and in
proposing ways to enhance operational performance. The
identified gap in this research area can be found in Iraq.
Therefore, more research is required on the performance of
solar cooling systems in Iraq. Prior Iraqi studies have mainly
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examined single cities or used complex software tools such as
TRNSYS. This study distinguishes itself by applying the
simplified ¢ —f chart method, which is a straightforward
computational approach to simulate and compare the
performance of a solar energy system that driven absorption
cooling system under two major Iraqi climates (Baghdad and
Mosul) using multi-year meteorological data. A principal
focus is on analyzing various parameters, including the
collector glazing covers, collector area, specific storage
capacity, minimum load temperature, and collector tilt angle.
Furthermore, these parameters are compared across the

different cities to evaluate their impact on system performance.

2. SYSTEM DESCRIPTION AND MODELLING

The ¢—f chart method, as shown in Figure 1, is a well-
established analytical approach utilized for evaluating closed-
loop solar thermal systems. This methodology has its strength
for the simulation of solar driven absorption refrigeration,
industrial thermal processing, and space heating cases in
which thermodynamic cycles are less affected by temperature
variations of the heat source. It consists of a solar collector that
captures solar radiation and transforms it into thermal energy.
The collected heat is subsequently transferred to a thermal
reservoir via a heat exchanger, which facilitates thermal
energy transfer while ensuring that the working fluid in the
solar circuit remains separated from the fluid stored in the
reservoir. Afterward This heat is then supplied to a solar
absorption system by a supply circuit with a supplementary
heater, which is used to increase the system's temperature to a
desired level once needed.

The ¢—f chart is a computational method used to model
solar heating and cooling systems. It was developed as a
hybrid between the f-chart and utilizability methods. It has
been used as a design method for sizing flat-plate collector
fields and estimating monthly system efficiency. This method
has shown to be particularly useful for absorption cooling
systems to achieve stable thermal input to the generator and to
maintain the minimum temperature for efficient chiller
operation. The proportion of the monthly energy demand met
by solar thermal systems incorporating auxiliary heating
elements in parallel configurations [5] is determined using
typical daily performance data for each respective month
through a standardized analytical expression.
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The relation defines the ratio between the nominal storage
heat capacity per collector area, and the actual storage capacity
is expressed as:
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The mean daily utilizability [3] can be determined by the
formula below:
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where, the average utilizability is linked to the maximum
utilizability and the clearance index K, through the function
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The coefficients in the above equation are obtained from
Table 1.

The nondimensional critical radiation ratio is defined as
follows:
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The ratio of critical radiation is given by the following
equation:
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Figure 1. Proposed solar cooling system
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The minimum non-dimensional critical radiation ratio
X min is derived using the equation above under the condition
that the inlet temperature equals the minimum required
temperature, thereby determining the lowest average monthly
value of critical radiation. The solar energy fraction, as
calculated through the aforementioned relations, must be
adjusted to reflect the impact of thermal inefficiencies arising
from the storage tank, as well as the thermal resistance
introduced by the heat exchanger, which separates the storage
unit from the thermal load. These inefficiencies lead to a rise
in the actual operating temperature at the collector inlet, and
as a result, contribute to a reduction in the system’s effective
solar contribution.

The tank’s average temperature [5] is calculated using:

- i + Tmin

T, > )

The reduction in usable energy temperature caused by the
presence of a heat exchanger can be quantified by the
following equation:

7 faL 7
= + Ty
e1Cminlt min

i (10)
The rate at which the storage tank loses energy to the
environment, evaluated at T,,,,,.
Qs = (UA)st(Ts - Tenv) (11)
If the environmental temperature and storage (UA); value
are steady for a month, integrating over that month gives:
Qst = (UA)st(Ts - Tenv) At (12)
where, Q. and T, are the monthly average tank losses and
storage temperature, respectively. Therefore, the system’s
total load consists of the absorption cooling load plus storage
tank heat loss.
Qr = Qs T Q (13)
The fraction represents the portion of the total load fulfilled
by solar energy is obtained as:

_ Ost) _ Ost
f=ful1+) -2 (14)
The total solar heat delivered over a month is:
Qsotar = f Q; (15)

The auxiliary heater’s energy contribution is calculated as
follows:
Qan =1 =) Q: (16)
To simulate the solar system, it is essential to calculate the
following fundamental values, starting with the monthly total
load, which is given by:
Q. = Q4.3600.hrs . N (17)
The average daily global solar radiation [15] for the month,
as received on the collector surface, is given by:
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H =R.H (18)

The monthly average daily irradiance on a tilted surface,
normalized to the horizontal, is given by the following relation:

R = (1 _ %) R, + &(1+cosﬁ) +p (l—cosﬁ)

H 2 2

(19)
The ratio of monthly-mean daily beam flux on an inclined
surface versus a horizontal surface is expressed as:

— cos(A—PB) cos & sin wgs+——wgs sin(A—B) sin &

b= cos A cos § sin wﬁ%ws sinAsiné§ (20)
where, § is the declination angle, which is given by:
§ = 2345 sin [2=2 (n + 284)| @1

For a horizontal plane, the sunset hour angle is determined
by:

ws = cos™![—tan§ tanA] (22)
While o represents the sunset hour angle for a surface
oriented toward the equator, calculated as:

Ws

Wss = min{ cos”i[—tanAtan(1 — B)]

(23)

The formulation for computing the monthly average daily
clearness index is as follows:

(24)

The term H, corresponds to the monthly-averaged daily
extraterrestrial irradiance received by a horizontal surface and
is determined using:

— _ 86400
H, =

= lge [coslcosrﬁsin W +1%wS sin Asin 5] (25)
where, Iy represent the extraterrestrial irradiance over a

specified day:

g = 15 [0.033 cos (222) + 1]

(26)

Building on daily diffuse correlations, Erbs et al. [16]
established empirical models for the monthly average diffuse
fraction, which can be obtained by:

?d = do + dll?t + dzl?tz +_d3l?t3 (273)
for wg < 81.4°and 0.3 < K, < 0.8
Ed = 60 + ell?t + ezl?tz + 631?5, (27b)

for wg > 81.4°and 0.3 < K; < 0.8

The coefficients in Eq. (26) are obtained from Table 1.

The incidence angle modifier throughout the day can be
estimated by considering the solar incidence angle at 14:30 h
solar time on a south-facing (equator-facing) collector. Thus,
the monthly average incidence angle modifier for the solar
collector is calculated as presented by Reddy [17].
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(28)

The parameter Y denotes the coefficient used in the
incidence angle modifier formulation, is set to -0.11 for
collectors with single glazing and -0.17 for those with double
glazing.

The solar beam incidence angle 8, on the collector plane
[15] is given by:

cos6y, = cos(¢p — B) cos Acos w +sinA sin (¢ — B) (29)

This ratio 7;, quantifies the noon-time monthly average
hourly global radiation as a portion of the monthly mean daily
global radiation on a horizontal plane:

Ttn = Tqnl[1.07 4+ 0.025 sin(w; — 60)] (30)
where, 74, denotes the ratio of the monthly average hourly

diffuse irradiance to the corresponding monthly mean daily
diffuse radiation on a horizontal surface.

T 1-coswg

€2))

rd n=—= |l =
24 |sin Ws—TgoWs COS Ws

The ratio of beam radiation on an inclined surface to that on

a horizontal surface of south facing surface at solar noon for

the northern hemisphere is:

cos|A-8-p]|

R, =
bn cos|A—|

(32)
The noon-time ratio of solar radiation received on a tilted

surface to that on a horizontal surface for a typical day of the
month is expressed as:

fn = (1 B ::_:%) Ry + (222E) (:f_:) (1) +

(1—cos ,8) (33)
p 2
Table 1. Coefficients of Egs. (6) and (27)
j a; b; i d; €j
0 2.943 -4.345 -0.170 1.391 1.311
1 -9.271 8.853 -3.061 -3.560 -3.022
2 4.031 -3.602 2.936 4.189 3.427
3 -2.137 -1.821

3. RESULTS AND DISCUSSION
3.1 INTRODUCTION

A computational simulation of the solar system was
performed using a program developed within the Engineering
Equation Solver (EES) environment [18] employing the ¢p—f
chart methodology to study the performance of solar thermal
system delivers hot water to power an absorption cooling
system operates for 10 hours per day and 7 days per week that
requiring a generator thermal load of 12000 W at a minimum
load temperature of 75-85 °C during May to September. one
and two-glass cover flat plate solar collectors (FPCs) are used
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coupled with a well-insulated storage tank and an auxiliary
heater set in parallel, an appropriate value has been assigned
for a performance parameter of properly designed solar
collector. The collector is set at an (A-15)° inclination angle
facing south, where A is the latitude and is equal to 33.5° and
36.19° for Baghdad and Mosul, respectively. The relevant
input parameters used for the simulation are presented in Table
2, while Figure 2 illustrates the computational flow of the
model, showing input data, system processes, and outputs.

Klein and Beckman [5] validated the ¢p—f chart against
TRNSYS simulations, as shown in Figure 3. The comparison
reveals that the solar fraction values obtained from the ¢—f
Chart method closely match those produced by TRNSYS,
indicating that the ¢—f chart method offers a reliable estimate
of solar fraction for the specified months.

The climatic data from the Iraqi Agricultural
Meteorological Center [19] have been used in this work based
on the average data between 2018-2022, for Baghdad, and
Mosul cities.

The mean monthly incoming solar radiation on a horizontal
surface is shown in Figure 4, while Figures 5 and 6 illustrate
the temperature distribution in Iraq from May to September for
the same period.

Table 2. The input parameters for running the performance
tests of the solar cooling system

Values of Parameters
Fr(ta), =0.75
Fr U, =5 (W/m?°C)
Fr(ta), =0.8
Fr U, =3.6 (W/m*°C)
(UA)s=11.1 W/°C [13]

STC = 83.5 kg/m?[5]
Q.= 12000 W

Description
Selective surface flat plate (FPC)
with single glass cover [20]
Selective surface flat plate (FPC)
with double glass cover [21]
Storage tank’s total thermal
conductance
Specific storage capacity

Generator load

Useful energy temperature at the

Lo Tmin =80 OC
minimum value

3.2 Effect of collector type

The solar fraction variation for single- and double-glazed
flat plate collectors across Baghdad and Mosul is
demonstrated in Figures 7 and 8. These figures aim to
determine how different types of glazing affect flat plate
collector performance across varying collector areas from May
to September in Iraq. The results depict that the mean solar
fraction increases with larger collector areas, and double-
glazing consistently outperforms single-glazing for all cities.
However, the percentage improvement of using double
glazing decreases as the collector area increases. According to
simulation results, double glazing reaches its maximum
relative improvement over single glazing at a collector area of
40 m?, which results in advancements of 39.4% in Baghdad
and 40.8% in Mosul. The smallest improvement rates appear
at 55 m? with performance gains of 32.9% for Baghdad, while
Mosul registers 34.1%. The performance enhancements with
double glazing reach their highest levels during May across all
studied months, with peak improvements at 46.5% in
Baghdad, followed by 47.2% in Mosul. July shows the poorest
performance at 55 m? with performance enhancements of
27.8% in Baghdad, and Mosul sees a 30.7% improvement. The
implementation of double-glazing collectors results in
increased solar fraction averages of 36.2% in Baghdad and
37.5% in Mosul throughout all conditions, thus demonstrating



their strong performance in Iraq's climate conditions, which through August for areas exceeding 55 m?.
allows them to reach a solar fraction of 100% during June

Deline conslants and paramelers:
AN, B. Taugs Tenv: Tnims £
(UA)st, Fr(ztdn, Fr Uy, Qg Cyp-
Conin, STC, £, Ac

Y

Read weather data for specified
month (T, Tenps H)

Y

Calculate monthly average daily solar radiation
on tilt surface by using equations (18) to (33).
T

Y

Calculate Collector Performance Parameters
)?E‘mm eq. (7) when (T; = Topin), Prar from eq.
(6), @, from eq. (17), ¥ from eq. (3), X from
eq. (4), Rs from eq. (2). f; fromeq. (1).

Y

| Assume AT}z above Ty, |

h 4

Calculate Collector Performance Parameters
X mim ©q. (7) when (T; = Ty + ATyg), the
NeW Py fromeq. (6) at X, = X, im

* A=A +1 |
ATU‘ = Tmtn+ATH£:'
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Q4 trom cq. (12) when (T, = AT,). Q, from cq. (13},
¥ from eq, (3) when @, = Qs , X fromeq. (3Yat @, = @,
fa fromeq. (1), @ from eq. (5), X, eq. (7)
T; from cq. (3), T, from cq. (9)

ATy = AT; 4+ 0.01

ATy = ATy, + 0.01

Compute
£ from cq. (14),
(AT = Tj — Tops) from eq. (10).

Compute
Qso1qr from cg. (15)
Qup from cq. (16)

Figure 2. The flow chart for the calculation procedure
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Figure 7. Solar fraction variation with months for single- and  Figure 8. Solar fraction variation with months for single- and

double-glazing covers for Baghdad
3.3 Effect of system losses

The depicted Figures 9 and 10 show how solar fraction
varies when analyzing different loss factors, which include
combined storage tank and heat exchanger losses (f) and solar
fraction (f), which only comprises storage tank losses, along
with solar fraction (fy) that excludes losses for double-glazed
flat plate collectors in Baghdad and Mosul, respectively. These
figures aim to analyze how these losses were affected by
different collector area sizes during the months of May
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double-glazing covers for Mosul

through September, given Iraq's weather conditions. The
findings show that greater collector areas lead to substantial
reductions in losses from storage tanks and heat exchangers.
Baghdad's percentage of storage tank loss diminishes from
about 8.98% when the area is 40 m? to 3.24% at 55 m?, and the
total losses drop from 11.24% to 3.60% for the same area
increase. Mosul experiences a decrease in average tank loss
percentage from 9.26% at 40 m? to 4.09% at 55 m?, and
combined losses reduce from 11.91% to 4.71%. The average
tank and heat exchanger losses experience reductions of



approximately 68% in Baghdad and 60% in Mosul when the
collector area is increased. The observed reductions lead to
maximum solar fraction performance increases of 23.62% in
Baghdad, while Mosul sees 24.13%. The collector area of 55
m? demonstrates the most significant benefits as combined
losses reach their minimum and solar fraction performance
peaks. The results indicate that the storage tank losses are the
dominant part of combined losses; in addition, increasing
collector areas  produces  significant  performance
improvements by reducing storage and heat exchanger losses,
which leads to higher solar fraction efficiency.
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Figure 9. Solar fraction variation with losses at different
collector areas for Baghdad
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Figure 10. Solar fraction variation with losses at different
collector areas for Mosul

3.4 Effect of minimum load temperature

Figures 11 through 14 present the variation in solar fraction
and storage tank temperature of the double-glazing collector
from May to September, considering different required
minimum load temperatures to operate the generator for the
absorption cooling system in Baghdad and Mosul. It was
observed that increasing the minimum load temperature
generally resulted in a rise in the storage tank temperature,
with an average increase of 4.2% for Baghdad and 4.5% for
Mosul for each 5 °C increment. However, this rise in storage
temperature was accompanied by a corresponding decrease in
solar fraction, which dropped by an average of 9.3% for
Baghdad and 11.3% for Mosul under the same conditions.
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Figure 11. Solar fraction variation with months at different
minimum load temperatures for Baghdad
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Figure 12. Storage tank temperature variation with months at
different minimum load temperatures for Baghdad
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Figure 13. Solar fraction variation with months at different
minimum load temperatures for Mosul

3.5 Effect of collector tilt angle

Figure 15 illustrates the variation in solar fraction of the
double-glazing flat plate collector across different months
(May to September) for varying collector areas in Baghdad
and Mosul. The comparison is made between the fixed
collector tilt angle (15 degrees below the latitude angle) and
the monthly optimum tilt angle recommended by Evans [22].
The results show that, for Baghdad, using the optimum tilt
angle results in an average improvement of 2.13% in solar
fraction compared to the fixed tilt angle. The month with the
most significant improvement is June, which shows a 4.07%



increase in solar fraction with the optimum tilt angle.
Similarly, for Mosul, the use of the optimum tilt angle
provides a 2.14% average improvement in solar fraction. June
again stands out as the month with the most pronounced effect,
showing a 4.24% increase in solar fraction with the optimum
tilt angle. However, the benefits of adjusting the collector to
the optimum tilt angle on a monthly basis are not substantial,
suggesting that it is more efficient to maintain the collector at
a fixed tilt angle of 15 degrees below the latitude angle
throughout the study period.
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Figure 14. Storage tank temperature variation with months at
different minimum load temperatures for Mosul
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Figure 15. Solar fraction variation with months for the
collector optimum tilt angle and the stationary position

3.6 Performance comparison

Figures 16 through 18 illustrate the monthly variation in
solar fraction of the double-glazing flat plate collector for four
different collector areas, covering the period from May to
September in both Baghdad and Mosul. The results show that
increasing the collector area consistently leads to higher solar
fractions throughout the months. The mean solar fraction tends
to peak in July, with lower values observed in May and
September. Moreover, increasing the collector area from 40
m? to 55 m? will cause a notable average relative improvement
in solar fraction 23.76% for Baghdad and 24.43% for Mosul,
for the studied months. Figure 19 shows a comparison between
the average solar fraction for the whole studied period with
various collector areas. The average solar fraction for both
Baghdad and Mosul shows an increasing trend as the collector
area increased from 40 m? to 55 m?. It is also noted that the
average solar fraction for Baghdad was about 2.66% higher
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than that of Mosul. In addition, the solar fraction will reach
100% for collector areas higher than 55 m? for both cities.
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Figure 16. Solar fraction variation with months and collector
area for Baghdad
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Figure 17. Solar fraction variation with months and collector
area for Mosul
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Figure 18. Solar fraction variation with months at different
collector areas

3.7 Economic analysis

Solar energy systems are generally characterized by their
high initial investment and low operating expenses. To
estimate the payback period, it is necessary to calculate the
total annual energy savings achieved by the system. The
payback period (PB) can be evaluated using Eq. (34) [23]:



Ci+1]

PB = M (34)
log[1+m]
Furthermore, some other basic assumptions must be made
in the economic analysis, such as maintenance and installation
costs and energy inflation. The maintenance cost is taken as
1% of'the total investment cost, and the installation cost is 12%
of the equipment cost. The equipment costs are presented in
Table 3. The annual rate of energy inflation is assumed to be
around 2% [24]. The total annual energy savings during the
operation period from May to September is about 4820 MWh
and electricity cost is 0.33 $/kWh, with these parameters and
using Eq. (34) to calculate the payback time, the estimated
payback time is around 8 years, which is an acceptable value
for solar cooling systems.

Table 3. The costs of equipment

Equipment Cost
Absorption chiller 500 $/kW
Flat plate solar collector 120 $/m?
Storage tank 790 $/m*
Cooling tower 65 $/kW
Auxiliary heater 50 $/kW
0.96
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= [
] [
E 0.81 [
b [ —
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Figure 19. Variation of average solar fraction with collector
area

4. CONCLUSIONS

This study evaluated the performance of solar-driven
absorption cooling systems for two major Iraqi climates
(Baghdad and Mosul) using the ¢ —f chart method as a
simplified modeling technique. Based on the simulation
results, the following conclusions can be drawn:

1. Collector glazing type significantly affects
performance. Double-glazed flat-plate collectors
consistently achieved higher solar fractions than
single-glazed ones, with average improvements of
about 36%-38%. A collector area above 55 m? allows
the system to reach nearly 100% solar fraction during
the summer months.

2. System thermal losses were found to have a
noticeable impact on efficiency. Increasing the
collector area substantially reduced tank and heat
exchanger losses by up to 68% in Baghdad and 60%
in Mosul, leading to solar fraction increases
exceeding 23%.

3. Minimum load temperature variations showed a
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trade-off between energy availability and system
requirements. Raising the generator’s minimum
operating temperature by 5 °C caused an average 9-
11% decline in solar fraction, while slightly
increasing storage tank temperature.

4. Changes in the tilt angle of the collectors had a
marginal effect on the efficiency. The increase in the
solar fraction was about 2% on average, which is an
insignificant amount. A constant tilt angle of 15°
lower than the latitude is therefore justifiable for such
systems.

5. A comparison of the performance of the systems
between the two cities showed that the system in
Baghdad performed slightly better than that in Mosul,
with an average difference of about 2.6% in the solar
fraction due to higher solar radiation.

6. Economic analysis revealed that, despite high initial
costs, the system has a payback period of about 8
years, which is a reasonable period. Therefore, the
system can be considered to be economically feasible
for residential applications in Iraq.

In summary, the study demonstrates that the ¢ —f chart
method can serve as a practical design tool for Iraq’s climatic
conditions, minimizing computational cost while accurately
predicting seasonal solar fraction trends. Furthermore, solar
thermal absorption systems, when well-designed, can
satisfactorily serve the cooling requirements in Iraq weather.
Double glazed collectors of adequate surface area present the
best performance and economics and could facilitate the move
to environmentally friendly, low carbon, solar cooling
technology in Iraq.
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NOMENCLATURE

A, collector area, m?

C capital cost of installed solar cooling equipment, $

Cin the minimum thermal capacitance rate between the
two working fluids, W-°C!

G, stored fluid specific heat, J-)kg'-°C"!

DC double covers collector

E energy saving $/yr

f solar fraction utilized by solar energy

Fg heat removal factor of collector

fu monthly load fraction supplied by solar energy

H monthly mean of daily total solar irradiance on a
horizontal plane, J-m?2-day!

i, the average daily direct irradiance per month on a
horizontal plane, J'm2-day’!

H, the monthly average of daily diffuse solar
radiation on a flat horizontal plane, J-m>-day"!

H, average monthly extraterrestrial solar radiation,
Jm?2day!

H, the average daily total solar radiation per month
received by the collector, J'm2-day™)

hrs time, hr

I, value of critical radiation, W

Iye represent the extraterrestrial irradiance over a
specified day, W-m~

Luin minimum value of critical radiation, W

I solar constant, W-m™

i energy inflation

K, sky clearance index

M stored fluid mass, kg

N month total days

n day number

PB payback period, yr

Qan the heat supplied by auxiliary heater, J

Qq monthly generator heat demand, W

Q. actual monthly cooling load, J

Qsotar monthly total solar heat supplied by solar energy,
J

Q; monthly heat demand, J

Qs energy lost from storage tank, J

R the ratio of average daily global radiation per
month on a tilted plane to that on horizontal plane

R, the ratio of extraterrestrial radiation on the tilted
surface to that on the horizontal surface for a
month

Rpn the proportion of beam irradiance on a tilted plane
relative to that on a horizontal plane at solar noon

R, the noon radiation ratio between a tilted surface
and a horizontal surface

Tan monthly mean radiation to the mean diffuse
radiation at noon time, day-hr-!

Ten monthly mean radiation to the mean total radiation
at noon time, day-hr’!

STC specific storage capacity, kg:m™

SC single cover collector



Tavg the environmental temperature, °C 6 declension angle
Tonw environment storage temperature, °C €L heat exchanger effectiveness.
T; useful energy temperature, °C 10) average utilizability of collector
Toin useful energy temperature at minimum value, °C Prmax maximum average utilizability collector
(UA)s  storage tank’s total thermal conductance, W-°C-! A latitude angle
U, collector loss coefficient, W-m2-°C"! p ground reflectance
X, dimensionless critical level of solar collector 0p solar beam angle of incidence
Xemin  dimensionless critical level of solar collector at Wg sunset hour angel

minimum value Wy month unit time, s

(Ta) average transmissivity-absorptivity product
Greek symbols (Ta), average transmissivity-absorptivity product at
normal incidence

B collector tilt angle
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