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Abstract. A numerical study was achieved on a new design of storage solar col-
lector by using neural network (NN). The storage collector is a triangular face
and a right triangular pyramid for the volumetric shape. It is obtained by cutting
a cube from one upper corner at 450, down to the opposite hypotenuse of the
base of the cube. The numerical study was carried out using the computational
fluid dynamics code (ANSYS-Fluent) software with natural convection phenom-
enon in the pyramid enclosure. The results show that, the temperature and ve-
locity distributions throughout the operating period were obtained. The influ-
ence of introducing an internal partition inside the triangular storage collector
was investigated. Also the optimum geometry and location for this partition
were obtained. The enhancement was best at y= 0.25 m whereas the height of
triangular collector was 0.5 m. The hourly system performance was evaluated
for all test conditions. The performance of the NN to train a model for this work
was 0.000207, while the error of the calculation was 1*10”-2 as average.
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caused by thermsyphonic action. The performance of a
replacement model of the storage reflector was inves-
tigated numerically by Farhan [6]. The ANSYS software
package was utilized for this assessment. Also, Ahmed
[7] studied numerically and by experimentation the

Introduction

The cost of producing star collectors is 200 $ per sg. me-
ter [1][2][3]. This high initial value is that the 1% down-
side preventing reflector to become standard for the

human. It's the intent of this study to develop an occa-
sional value, reliable, and economical star heater sys-
tem for domestic use [4]. All the classical star heater sys-
tems contain 2 main components; the collector and
also the vessel. Another one prompt a replacement
storage reflector for domestic predicament provide and
also the collector was fictitious simply from the unre-
markably out there business materials victimization
easy tools and procedures. The advantage of the
prompt collector style is that it is used for water storage
to switch the standard cubic or cylindrical cistern unre-
markably employed in Iragi homes. Ahmed [5] analyzed
analytically and by experimentation the look of a com-
pact reflector. Within the prompt style the collector and
also the cistern are compact into one give up water flow

(0. ®

© THIS
https://creativecommons.org/licenses/by/4.0/

performance of a cylindrical compact collector in urban
center town.

The invention includes AN engineering style fictitious by
cutting a cube form tank at totally different orientations.
During this style, the best angle of inclination is 10° to
15° over the latitude angle to gather the alternative en-
ergy within the winter season. The latitude angle for city
is 31°, capital of Iraq is 33° and metropolis is 36°. Conse-
quently, for ease and unity, a 45° common angle of in-
clination would be suitable [8]. The amount of the col-
lector is controlled victimization totally different dimen-
sions for the bottom and height at the same time. To
extend the absorption of alternative energy, the sun
struck surface has been painted black. The sun struck
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surfaceis painted black to extend alternative energy ab-
sorption. A glass sheet or the other clear materials is
wont to cowl the canted aspect that's facing the sun
and every one the opposite sides is insulated victimiza-
tion thermal insulation.

The present work was carried out to study numerically,
in three dimensions, the effect of the some operational
parameters on the performance of the triangular stor-
age collector shown in Figure 1. The atlas of new de-
signs with 4 and 5 links will be generated. The feasibility
of new designs will be illustrated with an example, and
verified by kinematic simulation.

Sun

Absprbed face

Figure 1. Schematic diagram of the triangular storage
collector.

Numerical Model

The Boussinesq approximation, whereby the
fluid is assumed to be Newtonian and in compress-
ible, means the fluid density is taken as constant
apart from the impact of the density variation in
manufacturing buoyant forces. The density is as-
sumed to vary solely with temperature slightly from
a reference value. With these assumptions the
buoyant effects, characteristic of free convection,
area unit enclosed as body forces within the mo-
mentum equations. The fluid motion is assumed to
be liminal owing to terribly low speed among the
storage, 3 dimensional, no internal heat generation
and for convenience the consequences of radiation
and viscous energy dissipation area unit neglected.
With these assumptions, the basic convection
equations are [9]:

1- Continuity Equation:
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2- Momentum equations:

44

— 4 u—+v— —
ot Yax T Vay T "oz
_1op
T pox
N 0%u N 0%u N 0%u
vl— 4=
dx?  0dy? 0z?
LR O N LR Y. _
at+uax+vay+waz— pay+gﬁ(T T,) +
%y  d%v  d%v
[a 2 5y2 622] (2)
8W+ 8W+ 6w+ ow
—tu—+v—+w
at 3} dy 0z
_1op
- poz
N ’w  9*w  0*w
v
0x? = 0dy? 0z2
3- Energy equation:
aT aT aT aT K [8?T . 9%T | a°T
TV e T gl T o T o

(3)

In the finite volume method, the above equations
are treated in a balanced form for finite-sized con-
trol volumes (CV). Equations 1, 2, and 3 can be re-
written as:

(pp) +6(pu<p) +6(pv<ﬂ)+ a(pwo) :i(ra_w) +
ox

at ox ay 0z ox

2 22y 9 0o
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(4)

The fully implicit discretization equation for a typi-
cal control volume is shown as follows:

ap@Pp = APy + Ap@Pr + aAsPs + ayPy +
ag@p + arer + ajep + S,
(5)

Re-write the above equations in the following
terms:

9(pp) + div(peu) = div(Tgrad(p)) + S (6)

at

The storage solar collector complex geometry re-
quires computational fluid dynamics approach.
Standard correlations of heat transfer cannot ade-
quately describe the natural convection within the
solar storage collector. A commercial package of
CFD (Fluent) was used to model the collector in this
study with the utilization of Gambit software for
mesh generation. The triangular collector grid was
built as in Figure (2).
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Figure 2. Mesh model of the triangular collector.

During this model, tetrahedral part kind was chosen
employing a lily-white problem solver with the im-
plicit formulation. The second order theme was
wont to solve the momentum and energy equa-
tions. Buoyancy-driven flow is thought as natural
convection flow and also the Boussinesq approxi-
mation is employed for density. The discretization

Methodology

The NN were used in this work as a prediction
model to discover the main temperature which
must be reached for the given parameters (time
and size). The Elman back propagation network is
used for his ability to find the nearest solution with
smallest error rate. The network shown in Figure (3)
represent the three layers with the corresponding
weights. There are only one input and one output
for the network to study the effect of the time and
size of the collector on the overall behavior of the
system individually.

Figure 3. Elman network with the I/P, hidden and
O/P layer.

Results and Discussion

The hourly incident solar radiation on a titled surface for
365 days was obtained by a computer program devel-
oped in this work based on the ASHRAE clear sky model.
The volume of the triangular collector is 41.667 liters
and the sunlit area is 0.353 m2 at a height (A) of 0.5 m.
All results were evaluated for a typical winter days (13th,
14th, 15th and 16th of November). The hourly incident
solar radiation on a titled surface for 365 days was ob-
tained by a computer program developed in this work
based on the ASHRAE clear sky model. The volume of
the triangular collector is 41.667 liters and the sunlit
areais 0.353 m2 at a height (A)

1. Effect of Collector Volume
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of the body force weighted theme is usually recom-
mended to resolve high John William Strut variety
flows. Consequently, the body force weighted
theme was enforced to discretize the pressure term.
Pressure-implicit with the cacophonic of operators
(PISO) algorithmic program that is usually recom-
mended for transient flow calculation was wont to
accomplish the pressure-velocity coupling. So as to
regulate the variable fluctuations and avoid diver-
gence of solutions throughout ordered iterations,
under-relaxation factors were applied. Once resolu-
tion the equations, the everyday under-relaxation
parameter values used were roughly zero.3 and 0.7
for pressure and momentum, severally, and 0.8 for
each energy and density.

Figure (4) shows the relation between the mean storage
temperature and the heights of the collector. A varying
height and base dimensions renders varying storage
volumes. It is observed that the mean storage temper-
ature decreased with increasing volume. It is observed
that the mean storage temperature reaches its maxi-
mum value at A=0.5 m, where the collector volume is
41.67 liters. The minimum is obtained for a collector
with A=1 m, where the collector volume is 333.33 liters.
Also, the results predictions show that the stratified be-
havior of the collector becomes weaker with increasing
volume, as shown in Figure (5).

14 - November
i —4— Heightoftsnk =075 m

—jJll— Heightoftank =1m

Height of tank = 0.5 m

Temperature (C)

7 8 k-] 10 11 12 13 14 15 16 17
LOCALTIMEHOURY

Figure 4. Variation of mean storage temperature for var-
ious volumes

The NN output satisfy the numerical conditions and its
response exactly same the conventional values, as
shown in Figure (6).

The three curves shown in Figure (5) represent the NN
response with respect to collector size and time as men-
tioned in the figure graph and legend. The curves has a
big similarity which means a very error rate within the
NN computation. The system performance and valida-
tion accuracy were fixed during the training process is
shown in Figure (7) below.
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Figure 5. Storage water stratification inside the Triangu-
lar collector
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Figure 6. The NN response with respect to size and temp.

The validation represent the optimized solution that can
be fixed to obtain on the best system efficiency. The
agreement between the numerical predictions and the
experimental data is good up to 2 p.m. as shown from
Figure (8). Also, it is noted that a larger volume means
the water capacity increases, and hence the storage
water temperatures at the end of day decreases and
vice versa. This is shown in Figure 6. It is interesting to
note that as the volume increases the collection effi-
ciency increases as shown in Figure (9) because the
thermal losses to the outside air decrease.

Best Validation Performance is 2.3893 at epoch 7

Train
Validation
Test
Best

Mean Squared Error (mse)

[1} 2 4 8 10 12

[
13 Epochs

Figure7. The NN train, test and validation process and
point of solution.
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Figure 8. Numerical and experimental variation of the
mean storage temperature.
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Figure 9. The relation between the mean storage tem-
perature and the collector volume

EFFECIENCY (%)
L

0 — T — T T
0 50 100 150 200 250 300 350
VOLUME (Liters)

Figure 10. The relation between overall efficiency and
the collector volume.

2. Effect of the Internal Partition

It was suggested to investigate the influence of using an
internal partition inside the collector and studly its influ-
ence on the temperature distribution and collector per-
formance. This was done by using an internal partition
with certain heights positioned in different locations as
shown in Figure (11) Giving four different cases. All tests
were carried out for a typical cold day.
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Figure 11. Shows the various locations of partitions.

The mean storage temperature will be used as a criterion
for assessment. It is observed that, when the partition
is in a position which separates the collector into two
equal volumes as in cases 2 and 3, there is no clear ef-
fect of the partition on the storage water temperature
as shown in Figure (12). The influence of the internal
barrier is pronounced in cases 1 and 4, whereby an in-
crease in the mean storage temperature is obtained.
The separation between the hot and cold water causes
this increase. It is noticed from Figure (12) That the
mean storage temperature for case (1) reaches 49 °C,
which is higher than for other cases.
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Figure 12. shows the barrier effect on the mean storage
temperature.

Figure (13) shows the effect of the barrier on the maxi-
mum temperature at the top of the collector. As shown,
the maximum temperature was at 2 p.m. and reduced
at the end of the operation period.

Figure (14) shows the temperature distribution of water
in a triangular tank at 3 p.m. for a typical cold weather.
The partition of the case (1) hinders direct circulation
between warm and cold fluid, which is a useful result in
positioning the cold- water inlet and the hot water out-
let. Also, it shows that mainly at no load condition, the
cold water is confined below the partition while the
warm water is above the barrier.
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Figure 13. Effect the effect of partition on the max tem-
perature in case 1.

It is noticed that the temperature difference between the
top and bottom of the collector increased significantly
as compared with the no partition case. Also, the strat-
ification in the collector was not disturbed by the exist-
ence of the adiabatic partition [10].
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Figure 14. shows the effect of partition on temperature
distribution (K) in a symmetry plane for case 1.

Figure (15) shows the flow of water inside the system at
2 p.m. for a typical winter day. The flow included three
relatively distinct regions (A, B and C) as denoted on this
figure. The flow in region A is laminar and moves along
the inclined surface and then turns left to perform an
anticlockwise circulation inside the collector at the base.
The second and third regions, B and C are characterized
by complex random motion. The presence of the parti-
tion hinders the particle motion from region B to C or
vice versa.

| BER
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Figure 15. shows the effect of partition on particle mo-
tion.
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3. Effect of Nocturnal Cooling on Triangular Col-
lector Performance

The intimate contact between the storage fluid and the
absorber plate in the storage collector facilitates effi-
cient solar conversion but can also lead to substantial
heat losses during periods of low and/or zero solar radi-
ation particularly at night. Convective heat exchange
with the ambient air and radiated heat transfer to the
cold night sky are the significant mechanisms of heat
losses. This effect can be reduced, to some extent, by
covering the transparent face of the system by a remov-
able insulating cover such as cork of 50 mm thickness. It
can be removed early in the next day so that the water
remains warm until the next morning. The dynamic re-
sponse of the system during such cooling hours was an-
alyzed by doing the transient study of the system and
carrying out the following tests:

1- Transient study without an insulating cover.
2- Transient study with an insulating cover.

In test 2, it was assumed that the collector was covered
by insulation at 5 p.m. and it was removed next day at
about 7 a.m. During test 1, it was assumed that the
front face was without any cover. Figure (16) shows the
performance of the system with and without insulating
cover for different volumes of the triangular collector.
Water temperature rises up to 46.6, 37.25 and 33.5 °C
respectively for 41, 141 and 333 liters, at about 5 p.m.
in the afternoon. This temperature falls to 34.8, 32.9
and 30.6 °Cin the next morning when these systems are
left uncovered during nighttime.

500
ars | Day

] Night
45.0 —
4z2.5 —
40.0
375 - &

36.0 —

i

325 —
0.0 —

27.6 —

Temperature ()

25.0 —
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200 —| —sfe— Withaut insulation Valume=41 lters
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] —f—  With insulation Yolume=141 liters
1 ——  with insulation Volume=333 lters
I
=l 10 12 14 & 18 20 22 24 2z 4 6
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Figure 16. Shows the effect of insulating transparent
cover during the off period on mean storage tempera-
ture.

But when this collector is covered with insulation of 5
mm thickness, the water temperature falls to 44.1, 35.9
and 32.67 °C respectively as in table I. It means that the
fall in water temperatures which were 11.83, 4.32 and
2.9 °C have been reduced to 2.55, 1.3 and 0.87 °C, re-
spectively. The reduction in heat losses is a function of
the volume of the collector. Since the decrease of water
temperature is small in the case have 141 and 333 liters
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volumes of the collector, then the use of insulation
cover is not very promising.

Most Iraqgi houses contain a storage tank situated over
the roof of the house for storing the water. The current
system can also be used for storing water. During sum-
mer, the water temperature rises up to levels that pre-
vent use of this water for drinking and other house pur-
poses. An experiment has been conducted to deter-
mine average temperature rise for the collector for the
14th of June. The tank was filled at 6 a.m. and the trans-
parent face was covered throughout the day. The mean
storage temperature rose from 26 °C to 31 °C. Thus, us-
ing this system could considerably reduce the energy
required to reduce water temperature in house cooler.

4. Effect of nocturnal cooling on mean storage
temperature in the next morning

Table 1. cover effect on the collector

Collector volume
Mean Storage Temperature ( °c)

(liters)
value Without cover With cover (°C)
()
a1 34.8 44.1
141 329 35.9
333 30.6 32.67

Conclusions

From the obtained results, we can conclude the following
notes can be observed:

1. The presence of a horizontal barrier inside the
triangular storage collector increases stratifica-
tion of water and renders a higher mean stor-
age temperature. The enhancement was best
at y = 0.5 m. The mean storage temperature
for case (1) reaches 49 °C, which is higher than
for other cases.

2. Stratification behavior diminishes with increas-
ing volume because the turbulent effect begins
to appear.

3. Covering the sunlit area of the system with in-
sulation during night time improves the perfor-
mance. Water temperature rises up to 46.6,
37.25 and 33.5 °C respectively for 41, 141 and
333 liters, at about 5 p.m. in the afternoon. This
temperature falls to 34.8, 32.9 and 30.6 °C in
the next morning when these systems are left
uncovered during nighttime.
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4. Test and validation for the system behavior

gives a big reliability during the NN and satisfy-
ing the conventional conditions.
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