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This research aims to investigate the performantesolar water collector by vaing: mass flowrate,

inclination angle, total solaradiation, pipe size, and number of glass covers. The test rig was established to collect the
data for the whole months of September and October and use it as a focal point for analysis of the solar water heating
systerts performance. The dynamic behawassimulated and optimized with 4l g SOftware for the practical data to
investigate the performance of the flat plate solar collector. The novelty in this study is the first time the authers use th
whole practical data instead of averadatato approxmate the theoretical dynamic investigation of the flat plate solar
collector. The achievements are as follow collector's efficiency wasncrease from 62.17% to 71.26% when the
collector pipe spacing was reduced from 186 mm to 86 mm; the increasficiancy was approximately 2% as the
collector pipeline diameteincreasedrom 1 mm to 50 mm; the optimum efficiency was achieved with triple glazing and
was about 0.83%; the mass floate increases from 1 to 5 liters per minuteso itimproves the efficiency of the system

from 64% to 83%. Moreover, the best tilt angle for the flat plate solar collector wa#\B@the heat loss coefficient
wasraised by around 50% when wind spee@sincreased from 1 m/s to 5 m/s. Thus, the use of dynax@stigation
with actual data will assist the researcbén improving the performance of the solar water flat plate collector.
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1. INTRODUCTION

Nowadays renewable energis used in
electricity prodiction broadly.Renewable energy
resources positively influence the world
environmental, economic and political
challenges. The entire installation capability of
renewable energy sources accounted for 9% of
total power output by the end of 2001.
Subsequently, in 2017 the capacity of renewable
energy sources worldwide increased to 2,195
GW, where solawind driving power had the
majority of this expansion. However, using
renewable energy in buildings and power plants
still faces several difficulties. To address these
issues, several nations are working to change their
renewable energy policy via enforceable laws,
financial incentives, and other support
mechanismgl- 2].

The necesty to develop solar energy as
an alternativepower has increased as the wdsld
power sources have run owluch resarch on
solar energg applications habeenwidely done
dueto its abundance, freedorand environmental
friendliness Recently, solar energyasdeployed
to conserve 1383 kW of power annually. In
addition, it is an environmental friendas it
redu@s the annualemissions of CQ of around
781 kg for every flat plate solar coltec [3].

Solar collectos are classified as nen
focused and focesl [4]. The ®lar thermal
collector flat plat seem to be the greatest
prevalent kind of solar colleat used in domestic
solar liquid heaters for home warming and heated
waterprocessefs].

Several tests and researches continue to

be interested in improving the design and
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optimizing the working environments of a flat
solar collector. These studies assessitig
gualities of such devices, the desigmd the
potential user must evaluate several aspects. The
primary categories are thermal efficiency, cost
and longevity, durability, upkeep, and simplicity
of installation The collectos performance can be
improvedwhen heatosses are miniilmed and the
output temperature is raised as much as possible

[6].

Several studies[6, 7] have been
conducted indesigring collector solar hot water
systens, thermal performance appraisal, and
optimization.In referencd6], the collectoss total
loss coefficient under various nunmbeand types
of coverswas studied. Also,adding more covers
to FPSC reduces the top heat loss. This
performance improvemenis made by mixing
Plexiglas and glass.

Cooper|[8] investigated the effect of a
collectofs inclination angle relative to the
horizontal mostly onthe coefficientof heatlosses.
The overall heat loss coefficienincreases
somewhat with an angle of the inclination until a
value is expectedto be 60°, at which point the
coefficient of heatlosses increases dramatically.
The impact of wind speednumber of glass
coves, ambienttemperature, gap space among
glazing cover absorber plate, inclation angle,
and absorbers plate emissivity on a total loss of
heat coefficient of flat plate collectors eve
investigated by AgbandOkoroigwe[9].

These characteristics have been proven
to impact the total heat losses within the
collecting unit of the solar collectors water
heatingsystems Ango et al.[7] investigaed the
influence of various operational and design
factors on theact of the polymer flat plat solar
collectors This work revealed thaxtending the
length of the polymer FPSC $ino influence on a
solar collectos achievementbut increasing an
air gap width does, with an ideal performance
achieved at sucanair cavity width of roughly 10
millimeters, leadng to an ideal performance. In
addition, raising the flow rate enhances the
efficiency of a polymer FPSGnd lowers the
coolants exit temperaturel he temperature of the
inlet coolant has been proven to have a significant
impact mainly on polyme  collector
effectiveness. fie input coolars temperature
must be at least equal to the ambient temperature
for excellent performance.

The flat plate solarcollectors are often
evaluated in a steady state or qusationary
state [6, 10]. However, the weather in various
regions ofthe world is insufficient for outside
steadystate testing, which eeds that keep the

ambient temperature below particular parameters.
Whereas it is difficult to attain steady state testing
procedures, the dynamic test methodologies
consideed in this papeis a good alternative for
assessing the heat transfer perforneanof
collectors have been developed.

A dynamic response is a mathematical
block diagram represeang a processhatdepends
on timevarying, namely a continuous system
[11]. This dyramic behavior offlat platesolar
collectors has significant interest aml used to
forecast the collects timedependent behavior
under varying solar radiation intensity combined
with weather situationsThe dynamic evaluation
method is used in analyzing specific solar panels
by examining collector characteristics. This
modeling is a guide to increase the efficiencies
and minimizethe cost function which is used as
an error term inthe control system focertificate
authorities.

Furthermore, the dynamic simulation
and optimization of flat plate solar collecsdsy
MATLAB software of any parameter has great
importance in quality management and
performance. The simulation and optimization are
enhancd the ®lar collector in a short time and
effectively solar collector producers.

Many researchstudies werdound in the
literature to assess a collecsor transitory
behavior [12, 13] Understanding a solar
collectots thermal behavior (or modelings
crucial for predicting energy producti@mnually
Thus this modeling is acceptable for a solar
thermal systento achieve suitable heat energy for
practical experience.

In this research a dynamic analysis
approachand optimization for the solarcollector
parametersvere investigatedto generate thermal
performance parameter estimations and increase
collectorefficiency.

This study ains to see how the liquid
mass flow rate, inclination angle, total solar
radiation, pipe size, and number of glass cever
affect the performance of solar water collectors.
To accomplish these goals, MATLAB software
was employed.

This study presentgor the first time in
Irag-Erbil, the gtimizationof the most important
parameters for the flat plate solar collector
system, whgh in turn affect the improvement of
the performance of this system.

2. MATERIALS AND METHODS

Figure 1 shows the design representation
of a flat plate solar colletor (FPSQ with water
pipelines. A complete investigation of all
collector heat losses isridamental to obtaining
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total heat loss coefficient (conductance). The
quantity of solar energy engrossed per the unit
area of a plate is indicated by &t some
representative place on an absorber plate where
the temperature is Tp. This absorbed enevgg
split between losses at the tapar,andedgesas

well asusable energy gain.

Ui(Tom=T,)

h

Glass cover, dinsp

\Tip loss, U, Absorber plate, T,

NT— N
A g I PSP\ W LT
Outer box {\g;sg}g&b g}_‘.gh_“ggs N

Bl GGG LG

Water pipe

Back loss, Uy
Fig.1 Showsschematiof theflat solar collector
with liquid pipelines

2.1. Flat-plate solar collector's heat transfer

The following relationshif14, 15] may
be applied to represent the heat gated by the
collector.

1 &! 1D 5 4 4 Q)
Fr = collectorheat removal factor

A, = collectorarea m.

I, = incidenttatal solarradiationW/m?.

U, = top heat lossverallW/m*C.

1 = absorptance

Z = transmittance

T.i = collectorwater temperaturatinlet °C.
T, = temperaturef ambient °C

UsableHeat gain bythefluid Q,.
1 i# 4 4 (2)

Wherei denotesthe mass flowrate of
the fluidin kg/s, Cpis the heat capacity of fluioh
kJ/kg.°C, and Tcas the outlet water temperature
of thecollectorin

2.2. Systems of the solar heating thermal
efficiency

The fraction of usable heat uptake by
means of the collector to solar radiationstba
absorber § ) is the collector efficiency of solar
heating systemd 6].

s — ®)
When Eq. (1) is substituted for Eq. (&)e result
is:

S & 1z5 4)

Because FR, UL, angz are all constants,
s 0

©)

The collector performance coefficient is
defined as (Tci— Ta)/lt. The performance of the
system is anticipated in the theoretical analysis
through resolving mathematical equations and
adjusting the values of next parameters:
temperature of the ambient air (Ta}he
temperature of the collector inlet liquid (Tcand
solarirradiation (}).

2.3. Dynamic Simulation process in MATLAB
program

The following equatios models can be
utilized in a simple simulation: Equations 6, 7, 8,
and 9 may be used to compute the collecting
fluid output temperature of flat plate solar
collectors:

4 4 — (6)
1 1 &z) 5 4 4 (7)
& — p A (8)
s — 9)

Correlation for5

[17] Derived a correlation fd6 as since
the process to evaluat® is laborious and
involves an iterative approach.

Y
L
f
A4y 4 4 4

R TBITUL uEp . 8 .
7TH 3 (10)
N =the number‘ofglass coves,
A p TIYE TP ER P
X YOo. (11)
# qup TEITMTIIEUL P (12)
A mop — (13)
[ tilt angle of the allectorin degrees
4 OAIl bpAOARICOELAR. O
4, 1 AAGAT p A OA®EDD ACGA
h,, = heat transfer coefficierf wind in W/m?

The following is the formula for
calculating the plate temperatuee,, which may

Al-Rafidain Engineering Journal (AREJ)

Vol.27,No.2, Septembe2022,pp.127139



130 Kamaran Fatah Rashid: Dynamic Simulation and Optimization of .....

also be equivalent to the mean plate
temperaturé,  :[18]
4 4 ¢m3 45 (14)
5 - -77 3 (15)
5 - (I (16)

5 5 5 70 3 (17)
Efficiency of the Fin (F):

¥

& — (18)
i — (29)
The efficiency factorof the collector (&):
& — (20)
# o — (21)

2.4. Optimizing the tilt angle

Theflat plate solar collector must lset
approximatelyat right anglego the energy rays
during the drying seasons tibtain the extreme
solar radiation rays. Whea collector is oriented
south inside the northern hemisphere, it has
superior heat performanaghole year[19]. The
inclination of the collectors facilitates water
drainage and enhances air circulati@®]. The
optimization equation for tilt angle is based on a
model created bf21] and[22].

(
( 2
mE}Y ( —

p !

(22)
( On a horizontal surface, whole beam
radiation is emitted.

r The ilt angle ofacollector.

( Onahorizontal surfaceMonthly daily solar
radiations

( Total diffuse radiation on the horizontal
surface.

( Onatilted surfacetotal solar radiation.

I is ananisotropic index.

(23)

Ais the bears square root ratio to total radiation,
which is defined as:

E — T
The beam componenan befound by:

( (

(
2 B ageometric factor

(24)

(25)

2 — (26)

53 1 ETAT O OAFOAIT

AT 6 OA3 1 OAI
We takethe lesser of the two numbers in brackets
5 Sunset hour angle is given by:

(27)

5 AT O OAIz0AN (28)
3 Latitude.

1 AAAT EAnl©ET 1
1 ¢@& vWE+ ¢quyrtl (29)

T The number of days in a year

2.5. Setup for the experiment equipment

Figure 2 depicts the top view of the
FPSC. A solacollectors absorber steel plate was
shaped like a wavy sheet to fit the liquid pipelines
and headers in the channels and keep excellent
contact with them (Figure. 2). In addition, every
pipeline has a length 0fL.935 metersan inner
diameter of 12 millimeters and an atside
diameter of 14 millimeters. The pipelines are
weldedon bothends tothe header pipeline, which
has an internal diameter of 28 mm, an outside
diameter of 28.8 mm, and a length of 834 mm.

Absorberwater ppe organization is put
in an internal box, which is then fixed to an
exterior box The area between the inside and
outside boxes is insulated with wood chips. The
front side of a box is at that time enclosed with 5
millimeters of abundant strong basic ggaas well
as the air cavity among a plate and a glass cover
is 50 millimeters. The total dimension of the
FPSC is (1935 x 934 x 100) millimeters, and the
operational glazing area is equal to 1.88 An
absorbent surface was coated with nonglossy
black b boost the amount of absorbed energy.
Figure 3 depicts the practical arrangement of the
(FPSC). A K-type thermmeter with standard
accuracylimits of 97.4%wasused to measure the
air temperaturethe water temperature within the
tank, as well aghe colectors input and outflow
water temperatures
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100mm |
2

Fig4. lllustrates snulationof theflat plate sola
collector system in MATLAB progrargeneral
block diagram

Fig.2 Shows a top view dfat plate solar collector

Also, it has awaterflow sensor capagit
of 1-30 L/min (type YFS201).The usual case
fluid flow rate with error margin®f 3.4%. The
solar radiation was measured using al9 read
out device and a datastorianwith pV sensitivity
andbasic accuracy @9 %.

The study wasconducted for 30 days
during September and October 2021, and a
reading was taken everyhbursbetween @am- 4
pm daly. Wateris suppledto thecollector from
the lowest storage tank levelThe realized inlet
temperature of the water variegtween25 and
60 °C. The gathered data was utilized to derive
system achievement characteristics using the
abovementionedormulae.

Figure 4 shows the general block
diagram of the simulation of the flat plate solar
collector system in MATLAB program

In this modeling, the equations of solar
parels in previous sections are implemented as
mathematical blocks. The inputs of this
representation are ambient temperature, wind
speed, water mass flovate, temperature of the
collector inlet liquid andaverage solar irradiance.
These inputs are used to simulate the system. The
outputs arehe outlet temperature of the parand
efficiency. The curves in the next section are
obtained from this model.

Thus, to increase efficiency, five
variableswere maripulated separatglto predict
the best operating poinbf the system As
mentioned previously this block diagram
representation is the dynamic behavior @n
continuous time base system.

In this paperthe weltknown book in
the control engineering field provided Hi1] is
used as the refencefor building, simulating and
optimizing the solar collector peprocess

After calibrating the  systens
instrumentsthe acuracy of different apparatuses
and thér errorsare attached in Table la.

Table 1aAccuracyof the different apparatuses and
ther errors

Fig. 3 Shows he practical system of the water
heating solar system

Device Accuracy% Error Rate%
Flow meter 96.6 3.4
Pyranometer 99 1
Anemometer 96 4
Tempe.’?“”fe 97.4 2.6
Sensitive
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3. RESULT AND DISCUSSION

The current parametric paper is based on
climatological data for Erbil, the capital ¢faqi
Kurdistan. The latitude of Erbil is (36.2191113)
and the longitude is (44.00916during October
2021 (140ct). Hourly solar radiation at a
particular date and ambient temperature shown in
figure 5 were considered constant in the dynamic
simulation and optimizationTable b displays
the parametersha are also fixed toobtain the
dynamic simulation with optimization. The
collector efficiency, top loss coefficient, heat rate,
and fluid outlet temperature diie solar collector
are recorded.

The following subsections will deal with
the main results of simulating the process
depicted in figure 4. The responses (or outputs)
obtained by simulating the block diagram are
solar collector output temperature andi@éncy
due to manipulating the design variables. The
variables are thehange in the mass florate,
wind speed, average solar irradiance, glass layer,
tilt angle, diameter of the raiser pipeline, and tube
pitch of the solacollectorssystem

a2 1000
a0 {300
35 200
™~
o E
Dag 0 =
g 8
B 600 =
& )
g E
8§32 500 3
i
E
30 400
25 —&—Ambiznt temperaturs (*C) | - 300
I _"_ solar iradiance W.'lr!:
26 200
05:00 09:00 10:00 1100 1200 1300 1400 15200 16:00 17:00

Local standard Time (hour)
Fig.5 Shows slarirradianceandambient
temperaturavith Local Standard Time

3.1 Parametric analysis

Dynamic simulation and optimization
conducted using different mass flow tevind
speed, average solar irradiargeglass layes;
diameter of the raiser pipes lirend tube pitch of
flat plate solarcollectorsare shown in figure 7,
figure 8, figure9, figure 10, figure 11, affect to
the value of thecollector efficiency, top loss
coefficient, heat rateand fluid outlet temperature.
In addition, the tilt angle optimization reveals that
the only parameter varied is the solar irradiance.
Then, this chage in the values ofhetilt angleis
handled to find the best tilt angles shown in
figure 6. The dynamic simulation and
optimization resultaire discussed in the following
subsections.

Table D: Illustrates the settings uséwt adjustment
of thedynamic simulatiormndoptimization

parameters value
collectorGrosgsarea nf 1,81
Inclineangle 40°
flow rate L/IM 2
Thicknesf bottom mm 0,40
Absorbance 95%
Emittances 3%
absorber dameter (D) mm 12
Thickness ofbsorber mm 0,20
Number oftubes 10
Fitch of tubes(W) mm 86
glass tansmittance 91 %
glass hickness mm 4
Thermal conductivity W/mK 0.037
wool thickness mm 50
wall thickness oébsorber tube mm 0,50
pipe andAbsorbematerial Copper
average dayin theyear 228
on ahorizontal surface, monthly average daily| 7.37
solar radiation, H Kwh/fn
on a horizontal surface diffuse total radiation H{ 1.474
kwh/m?
on a horizontal surface, total beam radiation, H| 5.896
kwh/m?
Angle of @clination 13.56
Latitudee 36.2191

3.1.1 Tilt angle

Figure 6 and table 2 show plotted values
of solar radiation on the collector surface versus
the collectors tilt angle, demonstrating that when
the collector plate tilt angle was raised from 0°,
the solar radiation collected on the coltacplate
increased significantly. This increase lasted until
the tilt angle of the collecting plate reached 30°;
after that, any further increase in the tilt anigie
to adecreasén the solar energy collected on the
collector plate. As a result, 30° wahosen as the
best value for the tilt angle of the solar collector
plate for the latitude of Erbil (36.2191113) in
Irag  Kurdistan climate conditions, with
27970000 J/fiday of solar insolation gathered on
the flat plate collector.

Table 2 The outcome of tilt angle optimization

Tilt angle Solar radiation on Collector surface|
ITJ/nf .day
0° 26530000
30° 27970000
60° 26410000
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Collector Tilt Angle(Degree)
Fig.6 Optimization of tilt angle for the solar
collector
3.1.2 Diameter of absorber tube

Table 3 and Figure 7 demonstrate how
the collector momentary efficiency varies with
collector pipe diameter D and solar radiation
intensity. From curves in figure 7, whenever solar
radiation intensity is fixed, the collector
momentary efficiency improvessathe collector
tube diameter D increases. Since the pipe
diameter D increa&s, the area of contact between
the fluid and tube wall increaseEhen,the result
of heat transfer will improve. Moreover,
increasinghe diameter increases tbeter surface
area of the tube. Hence, the effective absorber
areais increa®d, allowing the fluid to absorb
more heat. Howeverthe collector momentary
efficiency increases with increasing collector tube
diameter under high solar radiation intensithis
phenomenon igicreasingly visible.

The results showthat the collector
momentary efficiency improves as the collector
tube diameter Dncreasedrom 1 mm to 50 mm
under various solar radiation intensg(the fixed
values aret50 W/nf, 650 W/nf, and 1050 W/rh
respectiely); the efficiency is increased by
1.68%, 1.83%, and 1.96% respectiveljjhus,
raising the collector pipe diameter D under higher
solar radiation intensity mayincrease the
collectots momentary efficiencySimilarly, when
the diameter of the collectgipe D is increased
from 1 mm to 50 mm, the collectermomentary
efficiency undeffixed solar radiation intensitigs
increased from 60.70% to 62.38%, from 66.00%
to 67.83%, from 70.54% to 72.50% respectively.

o

Table 3 Efficiency changes with Solar Ind&ance
and collector tube diameter

74

72

61,2450 Wim?

\ = 2
70 12650 Wim? | |

121050 Wim?*

68

66 foa¥ = |

Collector effeciency %

64

o oo
62 s A

.

60

0 5 10 15 20 25 30 35 40 45 50
Collector tube diameter D[mm]

Fig.7 Dynamic simulation and optimizations for the

diameter of tube witharioussolar radiation
intensities

3.1.3 Collector tube spacing (W)

Figure 8 and Table 4 show hothe
collectors momentary efficiency varies with
collector pipe spacing (W); under fixed solar
radiation intensities for each curve. In any curve
the collector momentary efficiency drops as the
collection pipe spacing (W) increases, and vice
versa. Consequently, enhance the heat transfer
area as well as a weakening of the heat transfer
when the collector pipe spacing W is increased.
Furthermore, sice the usable energy obtained by
the working fluid in the tube is sritar thansome
percentage of the overall energy gained by the
absorber plate, the collector momentary efficiency
is lowered.

Also, it is observe that the amount of
solar radiation isntenseand it is similar to lower
the collector momentary efficiency by increasing
the collection pipe separation. While, as collector
pipe spacing W rises from 86 mm to 186 mm, the
collector instantaneouskfficiency under similar
solar radiation amoust(equals to 450 W/m650
W/m? and 1050 W/ respectively) is decreased
by 7.84%, 8.53%, and 9.47% respectively.

As a result,the collector momentary
efficiency may be significantly improved by
lowering the collector pipe spacing.\When the
collectortube spacing W is increased from 86 mm
to 186 mm, the collector instant efficiency is
reduced from 61.3b to 53.4B6, 66.0P6 to
58.14% and 71.260 to 62.1P6, respectively,
under various solar radiation intensity levels (450
Wi/, 650 W/nf, and 1050 W/rj).

Table 4 Efficiency changes with Solar Irradiance

Solar Irradiance Maximum
w/m? Collector efficiency (%)
450 62.38
650 67.83
1050 72.50

and collector tube spacing

Solar Irradiance Maximum
w/m? Collector efficiency (%)
450 61.31
650 66.67
1050 71.26
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[a] Changing of efficiency due to Number of glass cover

i 0.84 T I I
< —o—1,2450 wim? ENumber of glass cover= 1
) 51,2650 W/m? 0.82 . H
£ 70 A [ \ E"Number of glass cover= 2
E 151050 Wim? 08 E"Number of glass cover= 3 ]
° el
g =
G 65 2078
] O
5 s
@ 5 5 0.76
2 &
8 60 <)
5 o 5074
g © 2
3 . =
z _ S 0.72
= 55 — ©
3 © 0.7
8
50 0.68
80 100 120 140 160 180 200
collector tube spacing W[mm] 0.66
; Ao ; i ; 0 05 1 15 2 25 3 35
Fig.8 Dynamic simulation and optimizations for the e I
. . . . [sec] *
collector tube spacing with soleadiation

Fig.9 [a] Changingof collectorefficiencywith time

intensities due tothenumber of glass cover

3.1.4 the number of glass covers
Figure (9a) and table 5 illustrate that the
efficiency increase with increasing the glass

[b] Changing of U' due to Number of glass cover

3.5 I T T
covernumbers. This improvement is duertmre UgNumber of glass cover= 1
heat gain. It can be noted that the collector A ‘
efficiency percergtge is about 0.83% in triple dl : ‘\ ’
glazing, 0.81% in double glazing, and 0.80% in ; h y “Hf \"\M \M
single glazing. Thereforesingle glazinghas a ‘ T (LA YL I TR

[Tuy

N
@

U

larger toploss heat transfer coefficientower i E
(M

heat transfer rat® liquid, and lower efficiency.

Then, figure (9b) curvesdepict the top
losses in heat transfer coefficients of single,
double, and triple glazing systenshiown with
time. Many factors influence the total ttgss
heat transfer coefficientincluding wind, sun
intensity, and the space between the absorber

N

ISy

Il

UtOveraII Top loss heat transfer coefficient (Ut) W/m? K

0 0.5 1 1.5 2 25 3 3.5
plate and the glass cover numbers (leand 2 or time ., x10*
3). In single glazing the irfluence of wind
velocity andtotal top loss coefficients greater Fig.9 [b] Changing of WYdue tothenumber of glass
than for double and triple glazing systems. Since coves
the emperatur e di fferenti al (' Is1'Ehpnging bf @, tdugtoeN@ntRar of glpsstyoger
absorber plates and covers (2 or 3) was lower in

. . 1400

multi-glass systemsthe overall convective heat
transfer coefficient was lower, as observed. 1300 A=)

Furthermore, referring to figure (9c), the _ AR TR OA
results indicate that its usie heat gain () for % 1200 AN %;‘\‘\
double adtriple glazingis greater than for single T 1100 oy !
glazing. In this casethe upper heat loss % o0 J
coefficient is lower for doubleral triple glazing. s J W
In addition, the heat has been converted properly & oo /
and transferred to the water._Acdmeg, th(_ere is S 00 L
more useful and valuable gain absorbed in double Q Number of glass cover= 1]
glazing compareéto single glaing. 700 Q:Numberofglass cover=2 [ |

Later, figure (9d) epicts the outlet 600 Q,Number of glass cover=3 || |

heated water temperature was 343 K for triple s 1 e , - 5
glazing. This increasin temperature is due to the time 10t
influence of distace and double glazing.

However, with the same sun intensity, spacing
dimensions, and testing circumstances, only 840

was attained in a single glazing system.

[sec]
Fig.9[c] Changingof Q, with time due tothe
number of glass cover
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[d] Changing of Tfo due to Number of glass cover

342
340 / 7
A ) BN
_ A% \ \
X, 338 o —
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= /
© 336 e
[} \/
g_ Y/
o 334 /;'
= ~
2 a
S 332 7
o I
e A
= 330 A—
TfoNumber of glass cover= 1
328 T, Number of glass cover= 2 [
TfoNumber of glass cover= 3
326 \ I —
1.5 2 2.5 3

time «10%

[sec]

Fig.9[d] Changingof T;, with time due tothe
number of glass cover

3.1.5 Mass flow rate

Table 6 and Figure (10a)
demonstrate the escalation of the efficiency with
increasing the water flow rate. The increasing
flow rate leads to increed thermal energy
absorption, improves collector efficiency, and
reducesadiation loss.

In the case ol L/m, the minimum
efficiency gained is 0.64, while the highest
efficiency obtained irthe case of 5 L/m is 83%
The fluid with the largest mass flow rate (5 L/m)
has the maximum efficiency over time. This
increag in efficiency by raising the fluid mas
flow rate is due t@nincrease in the fluid usable
heat gain and improved collector efficiency. The
outcome herghe fluid with the smallest flow rate
(1 L/m) kg/s has the lowest efficiency compared
to the other flowrates in the curve.

Table 5 Dynamic simulation and optimizations for the number of glass sover

-~ Overall top loss Fluid outlet
0,
Number of Collector efficiency (%) wim2 k Heat rate (W) temperature(K)
glass covexr : : : -
min mean | max min mean max min mean max min mean | max
1 0.66 0.75 0.80 1.67 2.29 3.03 399 1027 1267 305 327 340
2 0.70 0.77 0.81 1.21 1.62 2.09 402 1054 1294 305 327 341
3 0.71 0.78 0.83 1.00 1.34 1.71 404 1066 1310 305 328 343
04 [a] Changing of effeiciency due to massflowrate
: I I
Moreover Table 6 and Figure (10b) | ——— B My fterfmin | |
show the progression of the water outlet B iMyor™2 lterfmin

temperature gradient over time for various mass
flow rates. It indicates that the temperature of the
fluid outflow rises with time and falls with a
reduced mass flow rate. In the case daf/®, the
lowestfluid outlet temperature attained is 303 K,
whereas the highest in the case of 1 L/m is 348 K.
Since the mass flowate of water is inversely
related to fluid outlet temperature, a low mass
flow rate results in a higher water outlet
tempeature level. Furthermore, during the slow
liquid circulationthrough the pipeit needs more
time for the water to heat up (homogenebest
transfer). The temperature rise via the collection
also reduces as the water flow rate riséBis
drooping in thecollector outlet temperaturg is a

commensurate increase in the usable energy gain

and will result in fewer losses.

Eﬂmdm=5 liter/min

I

collector efficiency

L —1
= =

0 0.5 1 1.5 2 25 3 35

; 4
tlme[secl x10

Fig.10[a] Changingof collectorefficiencywith
time due to masflow rate
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[b] Changing of T, due to massflowrate Changing of U, due to wind speed
38
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Fig. 10 [ Changingof T¢, with time due tovarious
masdflow rates
Table 8 Result of the dynamic simulation and
optimizations for the mass flow rates

3.2 Explain the difference between theoretical
and practical outcomes.

— Fiuid outlet Thg most important parameters to be
Mass | Collector efficiency (%) temperature (K) compared in this study are efficiency and outlet
flow - - water temperature. The result showed that under
rate £ s 3 = 5 3 the same operating conditignsmainly at
Limin | € E £ £ E = maximum values of both, theoretically are 0.82%
1 0.64 | 074 | 0.81 | 307 | 334 | 348 and 340.X, and practically are 0.77%, and 336.9
2 0.66 | 0.75 | 0.82 | 305 | 327 | 340 K, respectively. These minor differences are due
5 067 | 076 | 0.83 | 303 | 323 | 335 to the instability of the surrounding environment
3.1.6 Wind speed in practical tests.

Figure 11 and Table 7 show the
influence of wind speed on the collecsoupper 3.3 Current results and published data

heat loss coefficienfThe mnvection heat transfer In this work, the results can be
coefficient rises with wind speedherefore the summarizedto confirm he validity; the results
quantity of top heatloss coefficient increases are very close to the published results in this

proportionally The simulation curves reveal that scope. The two important parameteesficiency
as wind speed increases from 1 m/s to 5 m/s, the and outlet water temperaturaye improved to
upper heat loss coefficient increases by about justify this research. The imprements rely on
50%. For example, when the wind speed is 1 m/s, deploying different parameters to attagood

the maximum peak heat loss coeffici is 2.593 performances. For this purpggbe modeling of
W/m’K. Whereas athe wind speedf 5 m/s, the the process is built, simulated, and optimized by
maximum peak heat loss coefficierd 3.718 MATLAB software. Finally, theoretical and
W/mPK. This behavior is due to increases in wind practical results show that they are very close to
speedhatresultin raisesin the Raynaud number. each other.

Then, it changes the quality of coolingrom
naturalto forced cooling. Hence, a dispersion of 3.4 Description of the proposed system

the sun raysalling on the collectds surface will This paper proposed specific flat
happen, in addition to a quick temperature plate solar collector systems. Then, the most
reduction and increaséutatloss. important parameterare optimized for the flat
plate solar collector system. This optimiion
Table 7: Result of the dynamic simulation and gives suffitent output values for efficiency and
optimizations for the wind speed temperature.
Top heat loss coefficient dfie collector The ability ofthe collectorareato heatwater
Wind /Speed (W/m?K) (1 nf) provides 50 liters of &t water per day.
m's g ean max Active system with a mass flow rate not less
than 2 L/m.
2.225 2.393 2.593 Triple or double glassesmecovered.
2.753 2.988 3.302 The absorber tutgdiameter must not be less
3.057 3.357 3.718 than 15 mm.
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Tube pitch must not @eed 86 mm.

As much as possible, stay away from high
wind speeds.

Keep the system clean, particularly the glass
cover.

. CONCLUSION

A  mathematical block diagram
representation model with simulatiencreated in
the MATLAB environment. Also, different
parametersare manipulated and compared to
optimize the outputs. The thermal performance of
flat plate solar collectorsias analyed basedn
these parameters. As a resultthe currenstudy
following conclusions have been achieved:

1- Thecollector efficiency waincreasd from
62.17% to 71.26% when the collector pipe
spacing was reduced from 186 mm to 86 ;mm
lowering collector tube spacing is a good way to
boost collector instantaneous efficiency.

2- The efficiency increasedoy approximately
2% as the collector pipeline diameter grew from 1
mm to 50 mm increasing the collector pipe
diameter is a good way to boost immediate
collector efficiency.

3- The optimum efficiency was achieved with
triple glazing It was about 0.83% and the
maximum output temperatureas 343 kfor a
triple glazing systerwhile only 340 k for a single
glazing system.

4- Increasingthe masdlow rate (1 to 5 liters
per minute) would improve thesystem's
efficiency from 64% to 83% dso, te highest
outflow temperature was 348 for a mass flow
rate of 1 L/M, but only 335 k foamass flowrate
of 5 L/M.

5- Heat loss coefficient rises by around 50%
when wind speed is increased from 1 m/s to 5 m/s
6- The best tilt angle for the flgtlate solar
collector was 30°, biased from the horizontal
towards the south, in the examined geographical

region (Erbil).

7- Optical efficiency is achieved when the
fluid input temperature matches the ambient
temperature.

8- The collector efficiency andiids output

temperature are used to understand the final data.

It is expected to have % efficiency and a fluid
output temperature of 60 to 626.

9- The wuse of dynamic investigation
(modeling) with actual data will assist the
researcher in improvinghé performance of the
solar water flat plate collector.

Recommendation

To be brief, the following things must be
understood and taken into account to obtain the
best results when using flat plate solar collectors:

As solar irradiation rises, thermelfficiency
rises as well.

As the mass flow rate increases, the solar
collectots efficiency increases.

Optical efficiency is reached when the fluid
intake  temperature equals the ambient
temperature.

As the ambient temperature and wind speed
rise, the eneng available for use (heat gain)
rapidly decreases.
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Nomenclature
Symbol Description
FPSC Flat plate solar Collector
FR Collectorheat removal factor.
Ac Collector area f

It

Incident tatal solar irradiation W/m

UL Top heat loss overall WATC.

1 Absorptance.

Z Transmittance.

Tci Collector water temperature at inlet °C.
Ta Temperature of ambient °C.

[ Tilt angle of thecollectorin degrees.
45 - AAGAT b A OABEBO AEGA
hw Heat transfer coefficient of wind in W/m .
s Collector efficiency.

F Efficiency of the fin.

[ The number of days in a year

3 Latitude.

] AARAAT EndOET |1

& Efficiency factor of thecollector.

N Thenumberof glass coves.

Ut Overall heat losg§V/m*C.

Al-Rafidain Engineering Journal (AREJ)

Vol.27,No.2, Septembe2022,pp.127139



http://dx.doi.org/10.1016/S0196-8904(97)10014-0
http://dx.doi.org/10.1016/S0196-8904(97)10014-0
http://dx.doi.org/10.1016/j.enconman.2010.04.015
http://dx.doi.org/10.1016/j.enconman.2010.04.015
http://dx.doi.org/10.4236/nr.2011.22012
http://dx.doi.org/10.1016/j.renene.2018.05.049
http://dx.doi.org/10.1016/j.renene.2018.05.049
http://dx.doi.org/10.1016/0038-092X(90)90061-G
http://dx.doi.org/10.1016/0038-092X(90)90061-G
https://doi.org/10.1016/j.solener.2012.01.030

Kamaran Fatah Rashid: Dynamic Simulation and Optimization of ..... 139

wj FfrtOF wylri tOF uFHIOYUF d9fFNrts ¢
OFIFIMOFp Y ¢ T MABLAB rd@FF D 3HART b 3

OF> WET@wRAOIOK Cylp urpasT AFOJBF Db

idres.hamakhan@su.edu.krd engkamaranmec@gmail.com

Cir lc pgitatlx

chalang.mohammed@su.edu.krd
®F 3/13GF®p € IOH N u g By yAd@Fy x willp xblblg 8 6 [ LI

/bb Ar FOF

uF yr pOF /MﬂKBg/nyT:)/OF wyroyrF pCKm %Sy FpxyF 6fcm ¢ AbLIKOF ¢l ri |
wlyF IfofF 2 Mf@/}zfﬂ@F.a/@yg’ﬂ'g‘yH/agc Sux” H3Fp YF 1B FCP9 BFM 3IBF bIIOF 3 O3HIDBYM
_FpY | F BBaoMBe e SEUFFEFRX fOF IMBFLABT A& B F x O 2 aFChg BF 3 eyl jaroFm wy bl
Urtrio pO33/F cblysfF 365WWWWMWWWWH3FCP3 BF
es Ur & JCIMprep A B il6 K Gpas. CB & Ar tr IOF cUDFrasdxl Rl §IFFbmci; [MHF COF xwy |
cXbiy IOF O6F T D0OF /537ﬂmze/élﬁ)wrg/rﬁafbl’/@/fé%:‘yﬂﬂf/wﬁ3@b’)[ﬂbﬂﬁn}fi@ﬂi’ﬁg}'psf 7 O fOF
Urtrio 3y &ImEe DT N33MF bl. YD ndj9a X ThC akBBo H@yT8yS HYEHPET C¥l FoFbhERD.
afFChs FF nfOwl &3/ /ngar O fOF5 a_z/d(/DHSH/g/ﬁfhlz‘_b T KUp E,GDQJ_@JF/'/,Z;/F/OFJ T W yBIB IF l/1IOF
- OFO/IOF ¢ T WO siprSgM [ g B upEITE ﬁ%ﬂ@T&MﬁWWCWfH%F

.afF 3310F FmMk _ FpY eyl j b nAK 2X¢bh FekpopmTF b 9F0FP Y L

U IOFCIOF 49Fr
. FpuyF 3y Aj b . UrtrioF U FYTE

Al-Rafidain Engineering Journal (AREJ) Vol.27,No.2, Septembe?(022,pp.127139


mailto:engkamaranmec@gmail.com
mailto:engkamaranmec@gmail.com
mailto:idres.hamakhan@su.edu.krd
mailto:chalang.mohammed@su.edu.krd

