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The thermal performance of a parabolic trough receiver (PTR) with hollow cylindrical
inserts (HCIs) is numerically investigated. The HCls are coupled in an axial manner and
also radially joined to the interior of the PTR. Totally, eleven different internally hollow
cylindrical receivers are examined and compared with the plain tube (PT). The lengths,
thicknesses, and numbers of HCls are tested at varied values, and all these tubes are
examined under a constant inlet temperature of 300 K and mass flow rates in the range of
0.6-1.0 kg/s. ANSY'S Fluent is the simulation software in this work. The developed model
is validated with experimental correlations for PT case. The simulation findings
demonstrated that the addition of HCIs may greatly enhance the uniformity of the
temperature gradient between the wall of the PTR and the water. The optimum case of the
HClIs has a length of 40 mm, a thickness of 2 mm, and a number of 15 inserts. This model
recoded the higher ranges of Nusselt number (132-296), fraction factor (0.301-0.064), and
thermal efficiency (41-79%). Also, the outlet temperatures of the PT and modified tube are
increased from 300 K to 325.5 K and 339.7 K, respectively. As a result, this approach
provides advantages over the utilization of interior fins, as it can be applied on the parabolic
trough collector (PTC) without requiring any modifications to the PTR, which are

associated with numerous operational challenges.

1. INTRODUCTION

Improving the thermal conductivity between a heat transfer
fluid (HTF) and a parabolic trough receiver (PTR) is important
for many uses, such as making energy [1], desalination [2],
cooling [3], and more. Generally, three techniques are used to
improve heat transfer between the HTF and the PTR: active,
passive, and compound techniques (active and passive).
Furthermore, these techniques are designed to minimize the
temperature variation inside the PTR to mitigate thermal
stresses and, subsequently, decrease the likelihood of failure.
An active technique is needed for an external energy source to
enhance heat transfer in a PTR. In contrast, a passive technique
involves altering the configuration of thermal systems in order
to enhance their thermal performance without requiring the
use of external energy sources. The compound techniques mix
two first techniques: active-active, active-passive, or passive-
passive [4].

Broadly, passive techniques are the most commonly used
techniques for enhancing the heat transfer rate (Nusselt
number) and pressure drop (fraction factor) inside the PTR.
Therefore, numerous researchers have extensively studied
these techniques to comprehend their mechanisms.
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Several experts have conducted numerical studies on the
twisted-tape inserts. Ghadirijafarbeigloo et al. [5] investigated
the effect of introducing louvered twisted-tape inside a PTR.
The results revealed that, in comparison to the plain tube (PT)
case, the Nusselt number (Nu) and friction factor (f) factors are
3.5 and 4.1, respectively, while the thermal enhancement
factor (TEF) reaches 2.26. Chang et al. [6] analyzed the effect
of varying clearness ratios and twisted ratios of twisted-tapes
on (Nu) and (f) inside the PTR. The results showed that the
maximum factors of the Nu and f can be 2.9 and 2.5 times
greater than in the PT. Abbas et al. [7] used twisted-tapes with
six different inclination angles inside the PTR. They found the
thermal performance increased, especially when the
inclination angle was 50°.

Also, a wide group of researchers has also studied the use
of the fins inside the PTR to enhance thermal performance.
Bellos et al. [8] examined how the length and thickness of
longitudinal fins affect the increase of Nu and f'within the PTR.
In the optimal case, the thermal efficiency reached 68.8%, and
the enhancements in Nu and fare 1.652 and 2.00, respectively,
compared with the PT case. Laaraba and Mebraki [9] carried
out a numerical calculation to ascertain the optimal number,
length, and thickness of fins attached to the lower half of the
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PTR wall. The purpose of this is to enhance the thermal
performance of the parabolic trough collector (PTC). They
found that at a length of 15 mm and a thickness of 6 mm, the
thermal efficiency increased by a maximum of 8.45%. In their
paper, Fatouh et al. [10] described in detail a thermal model of
adding fins (also known as base rounding) to PTR in order to
find the Nu, f, thermal efficiency, and TEF for each model. The
thermal model showed an increase in thermal efficiency,
reaching 1.363%, and the maximum TEF is 1.644. Al-Aloosi
et al. [11] numerically found that the value of Nu in the PTR
with inserted fins increased by 51% compared with its value
in the PT.

Moreover, various studies have been published to
demonstrate the impact of several inserts on the hydraulic-
thermal performance within the PTR. Bellos et al. [12]
employed several cylindrical longitudinal inserts in the PTR to
investigate fifteen scenarios and their impact on the transfer of
heat using a CFD tool. The results showed a thermal efficiency
improvement when using a higher number of inserts. Chang et
al. [13] used a concentric rod and an eccentric rod to study the
enhancement in Nu and f compared the PT. In the PTR with a
concentric rod, the Nu increased from 1.10 to 7.42, and the
value of TEF increased from 1.12 to 3.38 as the dimensionless
diameter increased from 0.1 to 0.9. Jafar Kutbudeen et al. [14]
experimentally worked to insert the conical strip inside the
PTR to study the thermal performance of the PTC. The
experimental results indicated that the maximum enhancement
values of Nu (2.23%) and f'(1.89%) happening in a PTR with
a conical strip insert have a twisted ratio of 3. Allam et al. [15]
have conducted an experimental investigation on
enhancements in Nu and thermal efficiency inside the PTR
using rotational helical shift. Their findings revealed that the
maximum enhancements in the Nu and thermal efficiency are
2.42 and 46.5%, respectively, and the TEF is 1.24. Said et al.
[16] evaluated the thermal performance of an evacuated tube
of a PTC with a helical coil and using water as the HTF. They
designed a PTC in the Parabolic Calculator 2.0 software and
found that the modified tube had the highest value of thermal
efficiency (72%).

Additional studies about using rings were presented by
Chasemi and Ranjbar [17] and Ahmed and Natarajan [18]. The
first group numerically tested the behavior of convective heat
transfer in PTR by inserting porous rings at different distances
and sizes. The results indicated that the Nu and f increase as
the distance between the porous rings decreases and the size
of the porous rings increases. The author group presented an
investigation into the use of toroidal rings inside the PTR.
They found the increase in thermal efficiency to be 3.74%, and
the factors of the Nu and f are found to be 2.33 and 1.49,
respectively.

The current state of the literature reveals that several studies
have been published to evaluate improved heat transfer
between PTR walls and HTF using multiple types of inserts. It
was noted that there is an improvement in heat transfer by
increasing the size or number of these inserts, but at the
expense of pressure. Therefore, the primary objective of this
work is to develop novel model inserts that can improve
the transfer of heat while still ensuring optimal pressure within
the PTR. These inserts are hollow cylindrical inserts (HCI)
that contain a cross-shaped intersection to allow the HTF to
pass through them. Thus, the HTF molecules collide with the
inner walls of those inserts, and the cross-shaped shape
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increases the swirling movement, which also enhances the heat
transfer process. To better understand heat transfer techniques,
this study provides a numerical simulation of the fluid
structure and thermal processes in PTC tubes fitted with inset
turbulators using ANSYS Fluent 2020 R2.

2. THE EXAMINED PTC

An imaging-concentrating collector that projects a
particular specific of the sun over the receiver is called a
parabolic trough collector (PTC). The concentrator, a
parabolic-shaped metallic surface, and the PTR, a stainless
steel tube, comprise the majority of this collector. Figure 1
depicts the LS-1 PTC module, the solar collector under study.

The primary information concerning the PTC under
examination that was entered into the ANSYS Fluent and
Parabola Calculator software is contained in Table 1.

f, =25 cm)

L—— W,=100cm

Figure 1. PTC geometry design in the CFD tool

Table 1. Characteristics of parts specifications of the PTC

Item Value / Type

L [em] 200

W, [cm] 100

fi [em] 25

A, [m?] 2
Reflector material Aluminium

d, [cm] 5.1

d; [em] 4.7
Receiver material Stainless steel

It is important to mention that the aperture area is 2 m? and
the concentration ratio is 18.6. The reflectance of the reflector
mirror surface is 83%, the absorbance of the stainless steel
PTR is 96%, whereas the emittance of the PTR is given as [19]:

£ =0.05599 +1.039x10 T, +2.249x10 T, (1)

The HCI with different lengths (1), different thicknesses (t),
and different numbers is inserted inside the PTR. The length
takes the values (10, 20, 30, and 40 mm), the thickness is
examined for the values (1, 2, 3, and 4 mm), and the numbers
of HCI inside the PTR are (5, 10, and 15). The objective of this
study is to examine the influence of these HCIs on the rate of
heat transfer between the inner surfaces of the PTR and the
HTF, which in this case is water, in addition to the amount of
pressure inside the PTR after inserting the HCIs compared to
the case of PT. Figure 2 shows the overall scenario of the HClIs,
while Figure 3 showcases all the analyzed HCIs and PT
examples.



Figure 3. All the examined HClIs cases and the PT case

3. MATHEMATICAL FORMULATION

The Navier-Stockes equations regulate the phenomena
under investigation, and the model of k-¢ realizable is the
suitable turbulence model since it has been selected in several
analogous investigations and was created by Patankar and
Spalding [20]:

The continuity:

o(pt;)
——12=0
o 2)
The momentum:
o(puiu;)
aXi
_ _ 3
ol (@ m) 2, gl
ox; | Xl ok 3% e T T o
The energy:
opuiceT) o 20T OT) T)
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The incident solar radiation on the reflector of a PTC is
determined by multiplying the aperture area of the collector by

2000 ] d‘
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the beam solar radiation [8, 10, 16]:

Qinc =Alp (5)
The area of the aperture (4,) is calculated from [21]:
A=W, —d,)L (6)

The useful energy for heating the HTF will be calculated
from the average outlet temperature of the HTF that is
obtained from the CFD tool; hence, the useful energy is [12,
22]:

Quse = mc, (T —Ts) (7N

The heat transfer coefficient between the PTR and the HTF
can be estimated from [10]:

QUSG

"~ AT, -T,) ®

The balk temperature (T},) of the HTF in Eq. (8) can be
calculated from [10]:

)

Then, we can calculate the Nusselt number by [1, 10, 23]:

NU Zhdi

K (10)

For circular tubes, the Reynolds number is given as [24]:

4rmn
Re=——+
ad, (11)
The friction factor can be obtained from [23, 25]:
2d;
f=| —5 |A
(22 Jan (12

The efficiency of PTC is defined as the amount of useful
energy divided by the incident solar energy; it can be
calculated from [9, 10, 21]:

QUSE
"™ (3)
Hence,
mc, (Tro —T5)
=" = ¢ 14

The theoretical Nusselt number (Nu,,) and the theoretical
friction factor (f;y) to valid the PT can be estimated using the
empirically measured correlation of Dittus-Boelter for a
smooth-surfaced tube with turbulent flow [26]:

Nuy, = 0.023Re%8 pr04

(15)



_ 0.184

Re%? (16)

fth

Finally, a common method for determining the thermal
enhancement factor (TEF), which is also a performance
evaluation criteria (PEC), is by comparing the heat transfer
coefficient between each tube and the PT. However, this
method fails to account for the critical pressure drops that are
essential to the system's sustainability when calculating this
parameter directly. So, this factor is modified in order to
compare the newly designed tubes with the PT under the
identical operating conditions. The TEF is given as [22, 24]:

~ [Nu/Nug |

TEF =0 0

4. NUMERICAL METHOD

In this work, the investigated PTC models (the eleven HCI
models and the PT model) were created in Solidworks and
simulated in ANSYS Fluent (a CFD tool). These instruments
can do optical, flow, and thermal analyses all at once. It is
crucial to note that the present simulation tool has been utilized
in several literature studies, mostly focusing on PTC [6-9, 17,
27, 28].

The following assumptions were made in the current
investigation:

. In all models, the beam solar radiation is selected to be

1000 W/m? [8].

e In all models, both the inlet temperature of HTF and
the ambient temperature are assumed to be 300 K.

e  The thermophysical properties of the HTF: the density
(p), the dynamic viscosity (u), and the thermal
conductivity (k) are calculated from the bulk
temperature of the fluid as listed in Table 2. Table 3
lists the thermophysical properties of the PTR material
(stainless steel) and the HCls.

Table 2. Thermophysical proprieties of the HTF [17]

Properties Values
p [kg/m?] =863 + 1.21T,, — 0.00257T?
315
u [N.s/m?] = 0.0007(7,—)5'5
b
k [W/mK] = 0.375 + (8.84 X 10™9)T,

Table 3. Thermophysical proprieties of the PTR and the

HCIs [18]
Properties Values
p [kg/m?] 8030
¢p U/kgK] 502.48
k [W/mK] 16.27

CFD tools are also used to construct the computational mesh.

To construct an appropriate mesh, several criteria, such as the
number of starting cells and the amount of refinement in solid,
partial, and fluid cells, are appropriately adjusted. A variety of
meshes are evaluated, and Table 4 provides a detailed report
of the test findings. For the PT, five distinct mesh instances are
looked at. The mass flow rate (MFR) was selected at 0.7 kg/s,
and the input temperature was set at 300 K in these scenarios.
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Mesh 4, which contains approximately 1.2 million cells, due
to its clear convergence of the output fluid. All of the HCI
tubes have undergone grid independence tests (GIT), and each
time a mesh consisting of around 1.5-1.9 million cells was
found to be sufficient. The meshes for the PT (Figure 4(a)) and
HCI case (Figure 4(b)), measure 40 mm in length, 4 mm in
thickness, and 15 HCIs, are evaluated.

Table 4. Grid independence tests

Properties Mesh1 Mesh2 Mesh3 Mesh4 MeshS
Million cells 0.215 0.423 0.605 1.212 1.532
Ty, [K] 308 316 322 325.5 325.6
Errore [%] - 2.5 1.9 1.1 0.03
I,
0.00 25.00 50.00 (mm)
CE—
1250 37.50
(a) Plain tube
< |
0.00 25.00 50.00 (mm)
— —

1250

37.50 X
(b) Hollow cylindrical inserts tube

Figure 4. Mesh in a cross section for PT and HCI’s tube

In this study, succinct convergence is achieved when the
scaling residuals of energy, momentum, and continuity remain
constant after an estimated 216 iterations. The scaled residuals'
minimum values following these iterations equal (10°), for the
energy, continuity equation, and velocity quantities.

5. VALIDATION TEST

This section showcases the accuracy of the model, which
underwent a validation test. More precisely, this work
compares the model findings to the experimental correlations
established by Dittus and Boelter in 1985. The model results
are analysed for different Reynolds numbers by evaluating
various mass flow rates ranging from 0.6 kg/s to 1.0 kg/s,



while maintaining an input temperature of 300 K.

The results of the Nu of the PT case showed a mean
deviation of -2.2% from the results of Eq. (15), as shown in
Figure 5, whereas the results of the fraction factor of the PT
case showed a mean deviation of 1.3% from the results of Eq.
(16), as shown in Figure 6.

The observed variances were found to be negligible,
suggesting that the data obtained from the PT exhibits a high
level of dependability. Hence, the collected data may be used
as a point of reference for assessing the performance of the
tube when including the HCI.

200

——Dittuse-Boelter correlation

+ Present model

180 +

160 +

140 +

Nusselt number (Nu)

120 +

100 f t f 4 t + t t
20000 22000 24000 26000 28000 30000 32000 34000 36000 38000
Reynold number (Re)

Figure 5. Validation of Nusselt number for various Reynolds
numbers

0.028

—Dittuse-Boelter correlation

0.027 r + Present model

0.026 1

0.025 }

Fraction factor (f)

0024 }

0023 } .

0.022 1 t } } t } } + "
20000 22000 24000 26000 28000 30000 32000 34000 36000 38000

Reynold number (Re)

Figure 6. Validation of the fraction factor for various
Reynolds numbers

6. RESULTS AND DISCUSSION

It was made to install HCIs inside the PTR in order to e The
design included the installation of HCIs inside the PTR to
improve the thermal efficiency of the PTC. The purpose of
including these HCIs is to enhance the heat transfer rate
between the HTF and the PTR. By enhancing the mobility of
the HTF and promoting collisions between it and the PTR's
inner surface, we optimize the PTR's losses. The obtained
results include the Nusselt number, friction factor, thermal
efficiency, and temperature distributions.

The HTFs’ thermal properties, which are calculated by the
equations in Table 2 at a temperature T;=300 K, are presented
in Table 5.
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Table 5. The thermal properties of water at T;;=300 K

p [kg/m’]
994.7

c, [J/kg K]
4182 [18]

1 [N.s/m?]
0.000915

k [W/m.K]
0.602

6.1 Effect of HCI’s length

To examine the impact of the length (/) of the HCIs on the
Nu and £, its values varied from 10 mm to 40 mm with constant
thickness (# = 2 mm) and number (N = 15).

Figure 7 displays the values of the Nu corresponding to
various mass flow rates for varying lengths of HCIs while
keeping the thicknesses and numbers of HCIs constant. As the
mass flow rate increases, so does the Nu. The Nu grows
consistently as the lengths of the HCIs increase, which is a
result of the larger surface area available for heat transfer
between the PTR and the HTF. The Nu experiences the
highest growth within the range of 132 to 296, specifically at
a length of 40 mm. When the mass flow rate is 1 kg/s, the Nu
reaches its maximum factor of 1.63.

310 T ——Pplain Tube

——1=10 mm
280 +
——1=20 mm

250 + =30 mm
——1=40 mm
220 +

190 T+

Nusselt number

160 +

130 £

100

0.8 0.9 1

Mass flow rate (kg/s)

0.6 0.7

Figure 7. Nusselt number with mass flow rates for different
HCI’s lengths (f =2 mm, and N = 15)

Figure 8 displays the values of f for various HCI lengths at
a constant thickness and HCI number. It is noted that as MFR
increases, f decreases, but at the same MFR, f increases as
HCTI’s length increases. At / =40 mm, the greatest decrease in
fis between 0.301 and 0.064. It indicates that the insertion of
HCI has increased the pressure drop across the PTR's input and
outflow.

0.4
~——Plain Tube
— =10 mm
03 A
. ——1=20 mm
=]
E =30 mm
.5 0.2 4 — =40 mm
w
01+
0 . | |
0.6 0.7 08 0.9 1
Mass flow rate (kg/s)
Figure 8. Fraction factor with mass flow rates for different
HCT’s lengths (f =2 mm, and N = 15)
Figure 9 displays the thermal efficiency values

corresponding to various MFRs for varied lengths of HCIs
while maintaining constant thicknesses and numbers of HClIs.



It has been noticed that there is a progressive rise in thermal
efficiency as the MFR increases. Inserting HCIs at a MFR of
0.6 kg/s results in a 26.7% increase in thermal efficiency.
Similarly, increasing the lengths of HCIs leads to a thermal
efficiency boost ranging from 25% to 34.9%. Furthermore, the
thermal efficiency and thermal efficiency factor reach up to
79% and 1.55, respectively, when the MFR is 1.0 kg/s.

90%

——Plain Tube ——I=10mm —I1=20 mm

=30 mm —I1=40 mm

80% T

70% T

60% +

50% T

a0% ¥

Thermal efficiency (%)

30% A

20%

0.8 0.9 1

Mass flow rate (kg/s)

0.6 0.7

Figure 9. Thermal efficiency with mass flow rates for
different HCI’s lengths (r = 2 mm, and N = 15)

6.2 Effect of HCI’s thickness

The thickness (t) of HCIs was varied in the range (1-4 mm)
to investigate its impact on the Nu and f inside the PTR for a
constant number (N=15) and a constant length (I=40 mm).

Figure 10 illustrates the changes in the Nu as MFRs vary,
taking into account the varied thickness values of HCI. The
inclusion of HCIs has been seen to increase Nu due to
enhanced heat exchange occurring between the HTF and the
PTR. The enhanced heat exchange between the HTF and the
PTR causes the inclusion of HCIs to increase Nu. Inserting the
HCIs at a MFR of 0.6 kg/s increases the Nu by 5.6%. This
increase becomes greater as the MFR increases, reaching up to
48.4% at a MFR of 1.0 kg/s.

310 +
——Plain Tube

280 + —t=1mm
—t=2mm
g 250 T t=3 mm
£
——t=4 mm
S 220 +
H
&=
8 190 %
] —
=

160 +

130 +

100

0.8 0.9 1

Mass flow rate (kg/s)

0.6 0.7

Figure 10. Nusselt number with mass flow rates for different
HCT’s thickness (/ = 40 mm, and N = 15)

On the other hand, as the thickness of the HCI gradually
increases, the Nu steadily rises. The highest enhancement
values in the Nu (at a MFR of 1.0 kg/s) are 9.6%, 0.68%, and
0.03% for =2, 3, and 4 mm, respectively. The results indicate
that the thickness has a negligible effect, particularly after ¢ =
2 mm.

Figure 11 shows the variations of the f with MFRs for
various HCI thicknesses at a constant number (N = 15) and a
fixed length (/ = 40 mm). It has been noted that the fincreases
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by ten times compared with the PT case. An increment in the
thicknesses of the HCIs leads to a progressive rise in the f. The
increase in the f reaches up to 8.8% by comparing the PTR
with the maximum and minimum thickness of HCI, whereas
the increase in the freaches up to 91.5% by comparing the PTR
with £+ = 2 mm and the PT case at a MFR of 0.6 kg/s.
Furthermore, when comparing the PTR with thicknesses of =
2, and 4 mm at all tested MFRs, the average increase in the f
is found to be less than 1%. Therefore, after t = 2 mm, the
impact of the HCI's thickness will be insignificant.

0.4
i ~— Plain Tube
] —t=1mm
0.3 +
- ] ——t=2 mm
2
1= t=3 mm
£ ]
5 0.2 :- ——t=4mm
=
o
&
- <4
0.1 +
0 + + +
0.6 0.7 0.8 0.9 1

Mass flow rate (kg/s)

Figure 11. Fraction factor with mass flow rates for different
HCT’s thickness (/ = 40 mm, and N = 15)

The changes in the PTC's thermal efficiency with the MFRs
of the HTF for different HCI thicknesses are shown in Figure
12. This figure indicates that increasing the thickness of the
HCI leads to a mean increase in thermal efficiency of about
18%, while inserting the HClIs inside the PTR enhances the
thermal efficiency by 35% when compared to the PT case. The
maximum value of thermal efficiency recorded is 79% at ¢ =2
mm. After this value of HCI’s thickness, the effect of
increasing thickness becomes less important.

90%

——PlainTube ——t=1mm ——t=2mm

t=3mm ——t=4mm

Thermal efficiency (%)

20%

0.8 0.9 1

Mass flow rate (kg/s)

0.6 0.7

Figure 12. Thermal efficiency with mass flow rates for
different HCI’s thickness (/ =40 mm, and N = 15)

6.3 Effect of HCI’s number

The number of HCIs was changed from 5 to 15 to show its
impact on the heat transfer rate and pressure drop inside the
PTR at a fixed length (/=40 mm) and a fixed thickness (t=2
mm).

For a range of HCI numbers, Figure 13 illustrates how the
Nu varies with MFRs. The addition of HClIs to the PTR raises
the Nu due to increased heat exchange between the HTF and
the PTR, and this Nu rises steadily as the number of HClIs



increases. The increasing number of HCIs from 5 to 15 results
in a 4% increase in the Nu.

310 T plain Tube

280 T —N=5
250 ——N=10
E ]
—N=15
£
5 220
c
=
%190 +
w
3
z

g

g

g

0.8 0.9 1

Mass flow rate (kg/s)

0.6 0.7

Figure 13. Nusselt number with mass flow rates for different
HCI’s number (/ =40 mm, and ¢ = 2 mm)

Figure 14 illustrates the relationship between the f and
MFRs for various numbers of HCIs. The inclusion of HCIs in
the PTR results in a substantial enhancement of the £, which
reached up to 87.3% at a MFR of 0.6 kg/s. By increasing the
MFR of the HTF, this difference gradually decreases to
approximately 54% in the same case, as an increase in MFR
leads to a decrease in the f.

0.4
——Plain Tube
03 - —N=5
- ]
]
-
o
2 ]
c E
8% ]
-
1%)
o
(™S
0.1 +
0 T —t— —t— +
0.6 0.7 0.8 09 1

Mass flow rate (kg/s)

Figure 14. Fraction factor with mass flow rates for different
HCI’s number (/ =40 mm, and ¢ =2 mm)

90%

—— Plain Tube —N=5 —N=10 —N=15

80% T

70%

50%

40%

)

Thermal efficiency (%)

30% -

20%

t t
0.8 0.9

Mass flow rate (kg/s)

t
0.6 0.7

-

Figure 15. Thermal efficiency with mass flow rates for
different HCI’s thickness (/ = 40 mm, and ¢ = 2 mm)

Figure 15 depicts the changes in the PTC’s thermal
efficiency as the mass flow rates of the HTF vary, with varied
numbers of HCI. Based on the data presented, when the
number of HCIs is increased from 5 to 15, the thermal
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efficiency factor reaches 1.22.
6.4 Outlet temperature distributions of the HTF

Figure 16 displays the PT's temperature contour; the HTF's
outlet temperature is 325.5 K. As seen, when the HTF flows
into the PTR, it will initially begin to heat slowly from the
PTR’s upper surface due to the beam solar radiation and the
PTR’s lower surface due to the concentrated solar radiation,
but the temperature of the HTF is not uniformly distributed.
The maximum temperature of the HTF outlet surface was
observed to be close to the wall temperature because there is
no active or passive technology that can improve the heat
transfer of fluid inside the PTC tube.

temp-cross
Statc Temperature (k)

3000 3085 3171 3256

%12 397 W8I 6

Figure 16. CFD result of temperature contour of the first

model tube (PT)
= - - - —
— —
Outlet fluid (a)

Outlet fluid

Outlet fluid

Figure 17. CFD of temperature contour for: (a) tube with [ =
40 mm, t =2 mm, N = 5, (b) tube with [ =40 mm, t =2 mm,
N =10, and (c) tube with [ =40 mm, t =2 mm, N = 1

Figure 17(a) displays the tube's temperature contour with /
=40 mm, ¢ =2 mm, and N = 5. The outlet temperature has
been observed to be slightly increasing compared with the PT,
which recorded 330.6 K. Figure 17(b) shows the tube's
temperature contour with / =40 mm, ¢t =2 mm, and N = 10.
The outlet temperature increased compared with the previous
tubes, reaching 337.5 K. Figure 17(c) demonstrates the
temperature contour of the tube with / =40 mm, ¢ =2 mm, and
N = 15. The outlet temperature recorded the best value from
the previous models (339.7 K).



7. CONCLUSIONS

This work investigates the use of hollow cylindrical inserts
inside the PTR. In addition to the PT, a total of eleven modified
PTRs have been constructed and subjected to simulation. The
study is conducted utilizing the Nusselt number (heat transfer
rate), the fraction factor (pressure drop), and the thermal
efficiency. The key findings of this study are outlined below:

The hollow cylindrical inserts inside the PTR can
dramatically improve the hydraulic-thermal system and
increase the temperature field's uniformity.

Based on the simulated results, the studied parameters have
an effect on the heat transfer rate, pressure drop, and thermal
efficiency, especially the length and number of hollow
cylindrical inserts.

The optimal tube has 15 hollow cylindrical inserts with a 40
mm length and a 2 mm thickness. In this tube, the maximum
enhancement in the Nusselt number and fraction factor are
1.63 and 1.33 times compared with the PT. Also, the thermal
enhancement factor is calculated to be 1.73, and the increase
in thermal efficiency is 54%.

As aresult, inserts have comparable results in improving the
collector's thermal efficiency. This method offers benefits in
comparison to the utilization of interior fins since it can be
implemented on the current PTC without any alterations to the
PTR, which are linked to several operational difficulties. In
future investigations, it would be beneficial to compare this
study with experimental research to validate and explore
additional factors that improve heat transport within the PTR.
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