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Abstract: A Theoretical and practical study was conducted to analyze the
performance of a closed type parabolic trough collector CTPTC. The study was
conducted in northernlraq atlongitude 43°.53 and latitude 352.25. Use water as
a working fluid at a mass flow rate of 0.00083,0.0011,0.00166,0.00138 Kg/sec,
with a concentrationratio of 10, 14 and 22. The maximum value of experimental
efficiency of 42% in the summer and 29% in the Winter. The theoretical study
was conducted according to ASHRAE 93-1986 (RA-91). The hypothetical results
show that theoretical efficiency starts at 30% and increases relatively with
increasing mass flow and decreases with temperature and the concentration
ratio to reach a maximumvalue of 50%in the summer and a maximum value of

68%in the Winter.
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Nomenclature

K Thermal conductivity of w
Symbol Description Unit r absorber /m°C
Ir Total solar radiation w/m? L Collector length m
A, Area collector m? m A mass flowrate of fluid  kg/sec
Ar,i Inside tube area m? S Absorber solarradiation W/l’I’l2
C Concentration ratio - T, Air temperature °C
cps Specific heat of the fluid J/kg.k Tamb Ambienttemperature °C
cp, Specific heatof absorber  J/kg.k T¢; Inside tube temperature °C
D The outside diameter of Teo Outside tube temperature °C
e the absorber m T Absorber tube o
D Inside diameter of the m r temperature
ol absorber Tsky Sky temperature °C
F’ Collector efficiency factor - W Width of collector m
Fr Heatremoval factor - P.¢ Prandtl number -
h Inside convection heat w Ref Reynolds number -
ol transfer coefficient /m?°C Nexp Experimental efficiency -
h Radiation heattransfer w Mo Optical efficiency -
radr-sky  .qefficient /m?°C Nen Theoretical efficiency -
h Air convectionheat w €, Tube absorbers -
w transfer coefficient /m?°C Stephan Poltesman w
Vertical solar radiation 2 ° constant /m?K*
Iy ; - w/m .
intensity Y Interception Factor -
K Thermal conductivityofa —w Pa Surface reflector -
f fluid /m°C T Permeably -
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Introduction

The energy crisis has become one of the
most critical problems the world faces recently due
to the huge and continuous increase in energy
consumption corresponding to its limited
traditional energy reserves [1]. Increased
deployment of concentrating solar collectors for
hot water and process heat supply suggests
growing acceptance of the technology and a
maturing attitude towards this ‘green’ source of
energy. The increase in the fuel prices and
environmental problems caused by resources of
conventional fuel. Therefore, the researcherstry to
think about developing new and replaced
resources. So the looked at the renewable energy,
on top of it, is solar energy to face the problem of
depleting traditional fuel and replacing it with
renewable, non-depleted and polluted energy[2-4].
An experimental study to developing electrical
technology produced from the solar thermal
technology in china by building a collective tank
type (PTCS)to generate thermal energy. lIts
performance has been studied using industrial oil
flued to transfer heat at different rates thy found
that the solar collector efficiency of the parabola is
between (40%-60%)[5]. A theoreticaland practical
study to estimate the efficiency of the PTC under
different conditions to analyze the performance of
the solar collector. they found out that this kind of
collectors considered the best due to the least in
heat losses, which make its performance good
under different condition[6]. (Dr .subhi S.
Mahammed et al.) 2012, studiedthe theory of solar
collectorwith a double reflectoras a parabola, the
outcome of the theoretical efficiency of the solar
collector is (60 — 67°C ), when the mass flow is
between (0.02 -0.03 )kg/s, with a concentration
rate (3.8) without a solar tracking system. The
researchers concludedthatthe increase inthe solar
radiation leads to an increase in the energy gained
fromit[7]. A theoretical and practical studyto know
the efficiency of PTC, once using water and oil as a
working fluid to make the comparison between
them studying. The results showed that the solar
collector efficiency using water like fluid is better
than the efficiency at some solar collectors when
using converter oil as a fluid in the same climate
condition andatthe same rate of the mass flow rate
[8]. A PTC design and manufacturing using two
types of suction pipes, the firstare made of copper,
and the second is made of copper inserted in a glass
pipe tube vacuumed from the air. Four values are
tested of the rate of water mass flow rate (0.08,0.06
, 0.04,0.02 kg/sec). The results showed that the
highest practical efficiency of the systemis (57,65%
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) at noon in June atamass flow rate of 0.08 kg /sec
while the thermal loss in the tankis increased by the
difference between the water temperature in the
tank and the external temperature[9].

Characteristics Of The Solar Collector

The PTC is mainly made up of five main
components: mirrors, a supporting structure, a
receiver, working fluid, and a tracking system. Each
component is designed to fulfill a specific purpose
and is fabricated using materials based on its
functions and desired properties [10-14]. Figure 1
shows a detailed plan ofthe CTPTC used in research
and its features explainedin table (1), consist of two
parts, the base and the movable part. The solar
collector used is a galvanized metal plate covered
by a piece of mirrors with high reflection. The
chosen suction pipe is made of aluminium rust
resistance; the tube is shaped as a coil around a
supporting pipe made of ironfor alength of (0.6 m)
to control the concentration ratio. Three supporting
pipes are used with dimensions(0.0254, 0.0508,
0.0762 m) to control the demanded concentration
ratio. The pipe is painted black to increase its
absorption and reducing reflection, using water as
a working fluid.

Figure 1. Solar collector with its main contents.

Table 1: Characteristic of the close type parabolic trough

collector

Symbol value symbol value
Aperture 0.6m supporting (0.0254,

Length pipe 0.0508,

diameter 0.0762m)

Aperture  0.97m pump 40W

Width
Aperture  0.582m*  Tracking 2-Dim

Area pattern
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Length of 0.6m  Concentratin  10,14,22
absorber g Ratio
RimAngle  90° €% 0.995
Focal 0.24m (p) 0.95
length
(Dr,i) 0.008m Peremblty*re 0.99
flectivity
(Dr,0) 0.0095  Specific heat 900]
m of material /kg.k
Lengthof 7.66,1  Specific heat 4.18]
coil (m) 2.05,1 of fluid /kgk
6.43

Methodology

Calculating the theoretical and practical
efficiency that study carried out according to
Ashrea standard(ASHRAE 93 -1986). while
stabilization condition is to be supposed daring test,
the state of the fluid in the suction pipe is
unchanged. Still, it remains as one state, neglecting
the change in the external surface heat of the
suction pipe, stabilizing the fluid pressurein the
suction pipe, neglecting the heat loss by conduction
along the suction pipe. The temperature of the
liguid, wind velocity, solar radiation, and the
temperature has been taken instantly.

The optical efficiency of the collector is calculated

fromthe following equation [15].
S
No = I_ (1)
h
The absorber solar radiation by the suction pipe can

be calculatedfromthe following equation [16,17].

s =1, (p,7t,Y) 2)
The calculation of the overall heat transfer
coefficientis according to the following equation
[1]:
hw is calculated as the following equation[1]:

The radiation heat transfer coefficient from the
suction pipe to the external surroundingis
calculated as [1]:

The calculation of the overall heat transfer
coefficientis according to the following equation

[2]:

UL = hw + hrad,r—sky (3)
hw is calculated as the following equation [2]:
h, =57+ 3.8V (4)

The radiation heat transfer coefficient from the
suction pipe to the external surrounding is
calculated as follows [2]:

Nradr—sky = &r-0(Te + Ty ) (TE+ Tdy)  (5)

Tsy calculated as the following equation :
Toy = 0.055T2> (6)
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The absorbent temperatureis calculated as
follows:

T,= Tpet ep(Teo=Tsi) (7)
’ heiAri
The average temperature is determined as follows:
B ( & )
Tem = Tei + AiULE 1 f, (8)

The useful energyis computed according to the
following equation:

A
Q = Aa'fr [S - A_:UL(Tf,i - Tamb)] (9)
The output pipe temperature shall be calculated as
[2]:
Teo= Tpi+—8 (10)
m’cp
The convection Heat transformingcoefficientin

the suction pipe is calculated from the following
equation:

0.668 Re Py,
hei = ~L (3.6 + (e (11)

Dy D 3
ol 1+o.o4[(T“)Re,f.Pnf]

Renolds number is calculated as belw [24,25]:
41h

Re'f - Tpr.VeEDr (12)
The solar collector factor is calculated according to
the following equation[2]:
Fr — 1/UL
1. Dro Dr,oln(Dr,0/Dr,)
UL h¢j Dr,i 2Kr
The heatremoval factoris determinedas follows

(1]:

(13)

mepf Arji. UL F
Fo = e [1—exn (<200 (14
The thermal efﬂuencyofthe solar collectoris
calculated by the followingequation [14]:
UL(Tfi—Tamb)
Nen = Fr [no—% (15)

Results and Discussion

Practical tests have been carried out to
identify the efficiency of the CTPTC in the climate of
Kirkuk at different times. The experimental test
started in the early morning and ends at dusk, the
fluid used to transform heat is water. The study is
carried out to show the Effect of the concentration
ratio on the performance of the CTPTC. Three
values of concentration ratio are chosen (10,14 and
24). Four quantities of mass flowrate are chosen
(0.00083,0.0011, 0.00138, and 0.00166 kg /sec )
respectively . Figure (2) explains the distribution of
solar radiation intensity for the different days
during the year. The highest value of radiation
intensity on August4th is: 1000 w/m?
while the highest value on January 17th is 700
w/m?2. The figure aims to observethe behaviour of
solar radiation duringthe seasons. Then the Effect
of the intensity of the solar radiation on the
efficiency.
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Figure 2. the variationof solar radiation through
seasons.

Figures 3,4,5 and 6 are represent the
change in the practical efficiency during a time
compared to the theoretical efficiency. The
concentrationratio beings with the lowest value of
10 and ends with the highest value of 22, and the
mass flowrate beings with the lowest value of
0.00083 kg /sec and ends with the highest value
0.00166kg /sec. The results showthat the practical
efficiency in Winter is decreased gradually from
(25-21%) concerning concentration ratio. Also, it is
increasegraduallyfrom (21-32% ) concerning mass
flowrate shows thatit reaches the lowest value for
theoretical by 20%, at the lowest mass flow rate
and the concentration ratio (22), to increase
gradually with the increase of the mass flow,
reaching its peak at the highest value 33%. The
highestvalue of the theoretical efficiencyis 50% at
the lowest flow and increased relativelyto 63% at
the highest flow rate for the same concentration
ratio. In comparison, the highest value of the
theoretical efficiency is 35% at the lowest
concentrationratio and increased relatively to 52%
at the highest concentration ratio for the same
mass flow rate. The difference between the
theoretical efficiencies in Winter for the same
concentration and varying mass flow rate not
exceeding 7%. These results correspond to
references[14,22].

—+—c=22,18/1 .11 EXP

—8—c=14, 6/2,1] EXP
=10, 23/2, 1] EXP

—m—c=22, 18/1.1] th
=14, 6/2.11th
¢=10,23/2 .1 th

9 10 11 12 13 14 15 16 17 18

Test time (Hr)
Figure 3. the variation of efficiency concerning time for
mass flowrate 0.00083Kg/sec
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70

—e—c=22,19/1, N EXP
60 —=—(=14, 3/2, N EXP
50 c=10, 21/2, N EXP
20 —8—c=22,19/1, Nth
c=14,3/2,Nth

=10, 21/2,Nth

30

N %
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Figure 4. the variation of efficiency concerning time for
mass flowrate 0.0011Kg/sec

70 —+—c=22,17/1, N EXP
60; e " —=—c=14, 2/2, N EXP

50 4 =10, 25/2, N EXP

40 —m—c=22,17/1,Nth

30 c=14,2/2,Nth
20 c=10,25/2, Nth
; /=\§

0

9 10 11 12 13 14 15 16 17 18

n %

Test time (Hr)
Figure 5. the variation of efficiency concerning time for
mass flowrate 0.00138Kg/sec

——(=22,20/1, 1 EXP

—=—c=14,1/2, 1 EXP
c=10, 26/2, N EXP

—8—c=22,20/1, Nth

n %

¢=14,1/2,Nth
=10, 26/2,MNth

9 10 11 12 13 14 15 16 17 18

Test time (Hr)

Figure 6. the variation of efficiency concerning time for
mass flowrate 0.00166Kg/sec

Figures(7, 8,9, 10)show the changein the practical
efficiency over time compared to the theoretical
efficiency in spring at varying concentration values.
A mass flowrate begins at the lowest value 0.00083
kg /sec and ends with the highest value 0.00166
kg/sec. The results show that the experimental
efficiency in spring exceeds the practical efficiency
in Winter as (6 -10 % ). In spring, it is clear that in
spring reachesits highest value 37%, andin Winter,
32%, atthe same mass flow rate and concentration
ratio. On the other hand, the highest value of the
theoretical efficiency is 52%at the lowest flow rate
and gradually increases to 64% at the highest flow
rate for the maximum concentration ratio. Thus,
the difference between the hypothetical value of
the efficiencies in Spring and Winter for the same
concentration ratio of the whole quantities of the
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mass flow exceeds 15%. The thermal performance of the
collector is consistent with [13,23,24].

—+—c=22, 16/5, I EXP
—m—c=14, 4/5, 1 EXP

40 4 c=10, 27/4, N EXP
° 30 —m—c=22, 16/5, Nth
° 20 c=14,4/5,Nth
g

c=10,27/4, Nth

9 10 11 12 13 14 15 16 17 18

Test time (Hr)
Figure 7. the variation of efficiency concerning time for
mass flowrate 0.00083Kg/sec.
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Figure 8. the variation of efficiency concerning time for
mass flowrate 0.0011Kg/sec
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Test time (Hr)

Figure 9. the variation of efficiency concerning time for
mass flowrate 0.00138Kg/sec

70} - - —+—=22,19/5, N EXP
60
1
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0
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Figure 10. the variation of efficiency concerning time for
mass flowrate 0.00166Kg/sec

Figures 11,12, 13 and 14 represent the change in
practical efficiency over time compared to
theoretical efficiency at concentration starts from
(10), and a mass flowrate starts at the lowest value
of 0.00083 kg /sec. The results show that the
practical efficiency in summer exceeding the
practical efficiency in Winter and spring by
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approximately (10 -15%). This seems clear that it
reaches its highest value in Summer 27%, and in
Winter 18% at the lowest flow and concentration
ratio (10), to increase gradually with the increase of
the mass flow quantity, to reach its highest value
42% in Summer,and 29%in Winter.On the other
hand, the highest value of the theoretical efficiency
is about 35% at the lowest mass flowrate and
increase relatedly to 63% at the highest flow rate
and concentration ratio where's the difference
between the theoretical efficiency in spring and
Summer for the same concentration ratio of the
total mass flow not exceeding2% [13,25,26]. Those
results are consistent with references [1, 22].

60 —e—c=22,26/6, N EXP
~m—c=14, 1/7,1 EXP
c=10,6/7, N EXP

40
-_] —m—c=22,26/6,Nth

30 =14, 1/7, Nt
° 1 c=14,1/7,Nth
= 50 S =10, 6/7, Ith

9 10 11 12 12 14 15 16 17 18

Test time (Hr)
Figure 11. the variation of efficiency concerning time for
mass flowrate 0.00083Kg/sec

70 —+—=22,27/6, 1) EXP

Rl e — —=—c=14,2/7, N EXP

50 '1 c=10, 7/7 , 1 EXP

40 —m—c=22,27/6,1Nth
= 303 e —a c=14,2/7,Nth
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10

03

9 10 11 12 13 14 15 16 17 18

Test time (Hr)
Figure 12. the variation of efficiency concerning time for
mass flowrate 0.0011Kg/sec

70 —e—c=22,28/6, 1 EXP
60 i—'—I—l——H—I——H
—m—c-14, 3/7, N EXP
50 1
0 =10, 8/7, N EXP
—m—c=22,28/6,Nth
30 /6,1
— 20 c=14,3/7,Nth
10 =10, 8/7, Nth
0

9 10 11 12 13 14 15 16 17 18

Test time (Hr)

Figure 13. the variation of efficiency concerning time for
mass flowrate 0.00138Kg/sec

Figures 15,16,17 and 18 represent the change in
efficiency with time for the autumn season, as it
starts at the lowest mass flow and different
concentrationratios. Thisis due to the similarity in
temperature. It is mentioned for different daytime
in Winter, spring, and Summer. According to Ashri



NTU JOURNAL OF RENEWABLE ENERGY
2788-9912 E-ISSN:2788-9920 Vol. 1,No. 1

RESEARCH ARTICLE P-ISSN:
Open Access

model and practical study, the theoretical study
proves that the efficiency has a direct proportion
with the mass flow quantity for the all
concentrationratio.

70 —+—c=22,29/6, 1| EXP
Gﬂi iy
L —8—c=14, 4/7, N EXP
50
0 3 ¢=10,9/7, N EXP
© 30 —m—c=22,29/6, Nth
= 20 =14, 4/7, Nth
10
¢=10,9/7, Nth
0 drerprerprerrrrerT—EY

9 10 11 12 13 14 15 16 17 18

Test time (Hr)
Figure 14. the variation of efficiency concerning time for
mass flowrate 0.00166Kg/sec

This belongs to the increase in the amount of water
flow in the collector, which helps draw the highest
amount of heat from the solar collector. Therefore,
it witnesses an improvement in inefficiency. This is
not a contradiction with the basic principle of heat
transfer, like heat transfer from the surface of the
suction pipe to the fluid by convection. Indeed, the
increase in flow mass and the increase in velocity,
increasing in Renolds number, as the other
variables are fixed, leads to an increase in the
convection heat transfer coefficient, so this
explains everything. Theimpact concentrationratio
on the theoretical efficiency is increased when the
concentration ratio increase, therefore the
efficiency rises, whereas the positive relation
despite the temperature and radiation intensity.
Therefore, there is efficiency at noon; its lowest
value is recorded for the whole season. This is not
contradictory with the principle of solar collector
operation, whereas the losses of the apparatus
increase when the temperature of the collector
increased. This behavioris similar to [9,27,28].

60
50 }"—H—F-—"'—.

—+—C=22,1/9, NEXP
—8—c=14, 5/9, N EXP

40 4 =10, 17/9, I EXP
. 30-} —m—c=22,1/9,Nth
c =14,5/9,Nth
= c=14, N

10 =10, 17/9, Nth

0

9 101112 13 14 15 16 17 18

Test time (Hr)

Figure 15. the variation of efficiency concerning time for
mass flowrate 0.000183Kg/sec
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Figure 16. the variation of efficiency concerning time for
mass flowrate 0.0011Kg/sec
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Figure 17. the variation of efficiency concerning time for
mass flowrate 0.00138Kg/sec
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Figure 18. the variation of efficiency concerning
time for mass flowrate 0.00166Kg/sec
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