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ABSTRACT
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Nasseer Sabbeeh Jaralleh AL NUSEEIRY

Karabiik University
Institute of Graduate Programs
The Department of Mechanical Engineering

Thesis Advisor:
Assoc. Prof. Dr. Selcuk SELIMLI
February 2023, 83 pages

Parabolic through solar collectors are renewable systems whose usage areas are
expanding, and development activities continue with interest. In particular, parabolic
corrugated collectors for low enthalpy processes are an emerging technology.
Recently, many applications and research studies have been carried out for the
development of these systems. One technique to achieve this is to increase heat transfer
by placing a twisted tape on the receiving tube. Improving the transfer of the reflected
solar power to the fluid in the absorber tube by collecting in the parabolic concentrator
to the absorber tube, where the water flow is provided; The twisted tape with y/w=
(2,4 and 6) was positioned on the tube and investigated with a computer-based
simulation study. The results showed that the Nusselt number, mean pressure, friction
factor, and thermal efficiency increased in the presence of a twist splice compared to
the empty tube. Nusselt number, friction factor and thermal efficiency increase for Re
(500, 1000, and 1500) values compared to empty tube for y/w=2 twisted tape



application (73%, 82% and 17%), (83%, 85%) respectively and 19%), (87%, 87% and
21%). For twisted tape application with y/w=4 (Nusselt number, friction factor and
thermal efficiency) increase (61%,72%, and 11%) (75%,76%, and 14%), (81%,78%)
%, and 15%). The increase obtained for the twisted strip application with y/w=6 was
(53%,70%, and 7%) (69%,73%, and 12%), (76%,75%, and 13%).

Key Words : Nusselt number, thermal efficiency, solar collector, parabolic trough
solar collector, heat transfer, Reynolds number.
Science Code : 91408



OZET

Yiiksek Lisans Tezi

BUKUMLU BANT YERLESTIRILEN PARABOLIK GUNES KOLLEKTORU
TERMAL PERFORMANSININ CFD SIMULASYONU VE ANALIZi

Nasseer Sabbeeh Jaralleh AL NUSEEIRY

Karabiik Universitesi
Lisansiistii Egitim Enstitiisii

Makine Miihendisligi Anabilim Dah

Tez Danmismani:
Doc. Dr. Seluk SELIMLI
Subat 2023, 83 sayfa

Parabolik oluklu giines kolektorleri giiniimiizde kullanim alanlari genisleyen ve
gelistirme faaliyetleri ilgiyle devam eden yenilenebilir sistemlerdir. Ozellikle, diisiik
entalpili prosesler i¢cin parabolik oluklu toplayicilar gelismekte olan bir teknolojidir.
Son zamanlarda bu sistemlerin gelistirilmesine yonelik birgok hem uygulama hem de
arastirma caligsmasi yapilmaktadir. Bunu bagarmanin bir teknigi de alic1 tiipe biikiimlii
bir bant yerlestirerek 1s1 transferini artirmaktir. Su akis1 saglanan sogurucu tiipe
parabolik yogunlastiricida toplanarak yansitilan giines giicliniin sogurucu tiipte
akigkana aktariminin iyilestirilmesi; tiipe y/w= (2,4 ve 6) olan biikiimlii bant
konumlandirilarak yapilan bilgisayar tabanli simiilasyon ¢aligmasi ile incelenmistir.
Elde edilen sonuglar, biikiimlii bir bant ekinin varliginda bos tiipe kiyasla Nusselt
sayisinin, ortalama basincin, siirtiinme faktoriiniin ve termal verimliligin arttigini
gostermistir. y/w=2 biikiimlii bant uygulamasi i¢in bos tiipe kiyasla Re (500,1000, and

1500) degerleri icin Nusselt sayisi, siirtlinme faktorii ve termal verim artig1 Sirasiyla

Vi



(%73, %82 ve %17), (%83, %85 ve %19), (%87, %87 ve %21)'dir. y/w=4 olan
biikiimlii bant uygulamasi i¢in (Nusselt sayisi, siirtlinme faktorii ve termal verim) artisi
strastyla (61%,72%, and 11%) (75%,76%, and 14%), (81%,78%, and 15%)'d1r. y/w=6
olan biikiimlii serit uygulamasi i¢in elde edilen artis (53%,70%, and 7%) (69%,73%,
and 12%), (76%,75%, and 13%) olarak belirlenmistir.

Anahtar Kelimeler : Nusselt sayisi, 1s1l verim, giines kollektorii, parabolik oluk

giines kollektdri, 1s1 transferi, Reynolds sayisi.

Bilim Kodu : 91408
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PART 1

INTRODUCTION

1.1. RENEWABLE ENERGY

The renewable energy topic concerns professionals as well as to the common public
increasingly. The investigations on the sources of renewable energy increased in the
last period in the relative and absolute subjects. The renewable energy can implement
an important base through treating the depletion fossil fuel issues and global heating.
Fossil fuels, renewable resources and nuclear resources are the main energy sources
[1]. The renewable energies sources as solar, geothermal, hydro-power, biomass and
wind are used to re-produce energy and are useful extensively for combating crises of
energy [2]. Renewable energy resources are represented the clean energy resources
and critically important as a result of their friendly natures of environment [3].
Dependence on fossil fuels have resulted for environment pollution, carbon dioxide
emissions and problems of greenhouse gas [4,5]. Renewable energy source can meet
requirements of energy with the latent for supplying energy services with none
emission of air pollutants and greenhouse gases [6,7]. Sustainable growth of remote
zones in the desert and mountain regions [7-9]. There is currently an universal
tendency to change fossil fuels with renewable energy source to achieve the excessive
energy demand [10]. There are several challenges such as carbon dioxide emissions
greenhouse gasses emissions, energy security and climate change that have lead in
renewable energy seeking to meet a developing need in environment in present
[11,12]. Continuous flow of clean and secure energy is essential which has smaller
environmental influents to fulfil sustainable growth [13]. Major shift in energy forms
is required to fulfil sustainable development without damaging climate system [14].
Although the renewable energy ration of universal energy consumption are little, but
technologies of renewable energy are developing continuously and being spread
rapidly [13].



1.1.1. Solar Energy

Solar energy can be used out of photocatalytic, photovoltaic and photo-thermal means.

Photo-electrochemical converting solar energy into chemical energy and fuels, by

photocatalytic chemical synthesis and artificial photosynthesis this themed issue on

advances in solar energy converting brings together professionals in this range to

characterized current researches and future prospects in this field [15]. At having a

closer look at technologies of renewable and their last development statistics, it can be

noted an incredibly interesting in solar-powered systems, with almost 60% of the

renewable's overall capacity developed in 2019 of 98 GW, as illustrated in Figure 1.1

[16].
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Figure 1.1. Installed capacity trends of solar energy and all renewable energy systems

[16].

The energy from the sun can be used essentially out of three ways as shown in Figure

1.2 [17].

e Generating chemical fuel through artificial photosynthesis.
¢ Producing electricity from exciting electrons in the solar cell.

e Focus sunlight for producing heat.



Sunlight Sunlight Sunlight

Electron Flow

Zo Cool Heated

27 ) Cofl1206 \ Fluid Fluid

12H,0 @ +60, % — -
+ 6H,0 Hole Flow _

Gradient

Solar Fuel Solar Heat

Solar Electric

Figure 1.2. Three ways of converting solar energy into other forms of energy [17].

In general, solar energy is currently used in very small as (0.015) percent is utilized
for generating electricity, (0.3) percent for heating and (11) percent of solar energy is
used in naturalistic photosynthesis of biomass. be that as it may about (80%-85%) of
the universal energy demands are meet utilizing fossil fuels. The fossil fuels problem
Is that their reserves exhaustible and not environment friend, result of the carbon
dioxide emission. One ton of carbon dioxide is released into the atmosphere for every
ton of coal burned. This emission is extremely harmful to the environment and is the
primary cause of the greenhouse effect and the ozone layer's thinning, universal
warming and climate change [17]. It is approximated that (90%) of the energy is
produced at (0 to 0.23 of R, where R is sun radius), which include (40%) of the sun
mass. At 0.7 of R from the centre, the temperature has decline to about 130,000K and
the density has decline to (70 kg/m®), here processes of convection begin to become
significant, and the region from (0.7 to 1.0) R is fame as the convective zone. Within
this region the temperature declines to about (5000 K) and the density declines to about
(107° kg/m3) [18]. Time of solar is the time utilize in whole relationships of the sun
angle, it does not synchronize with local clock time. It is needful to convert standard
time to solar time by employing two corrections. First, by using a constant correction
for the variation in longitude between the observer of meridian, known as longitude,
and the meridian on which the local standard time is depended the sun takes four
minute to cross-cut one degree of longitude. The second correction is taken from the
equation of time, which considered the perturbations in the earth rotation rate, which

impact the time the sun crosses the observer meridian [18].



1.2. SOLAR COLLECTOR

Solar collectors are the key constituent of solar heating systems. The sun energy is
collected and convert its radiation to the heat, then that heat is transferred to a fluid.
The solar thermal energy can be utilized in solar space-heating systems, solar water-
heating systems and solar pool heaters [19]. Solar thermal collectors considered one
of the principle methods of extracting energy, which different drastically in the amount
of solar flux captured in addition to the way for capture [20]. The most popular type
of the solar thermal collector uses an absorber black surface, which then transfers heat
to the working fluid in the tubes constructed within or melted onto the surface. In this
case the efficiency is restricted by not only by active the absorber captures solar energy
but also by actively the heat transferred to the fluid. The way that has been applied to
enhance the efficiency of collectors while simplifying the system is to absorb the solar
energy directly through the fluid volume, which known as direct absorption solar
collector [21]. The influence of particles on the radiative energy absorption has been
of interest for long time for many applications. Recently researchers have become
attentive in the radiative characteristics in liquid suspensions for many applications
[22,23] because of the capability of the absorption spectrum [24] and the large

potential enhancement to the effective optical characteristic of the system [21].

1.2.1. Solar collector classification

An apparatus known as a solar collector gathers solar radiation events on it, transfers
them into thermal energy, and thereafter conveys this energy to a working fluid (air or
water). The thermal energy storage system may be charged with the heat that the
working fluid absorbs and utilized at night. For photo voltaic (PV) utilization PV
module converts solar radiation into electrical energy. In addition to it, it also produces
abundant waste heat, which can be utilized by attaching PV board with recuperating
tubes filled with carrier fluids [18,25]. Figure 1.4 clarified several solar collector types.
The two main kinds of solar collectors are fixed collectors and tracked collectors.
While tracking collectors follow the movement of the sun such that incoming solar
radiation constantly incident perpendicular to them, stationary collectors are kept at

rest. Single and double axis tracking are the two categories into which tracking solar



collectors are separated. There are three types of fixed collectors compound parabolic,
evacuated tube, and flat plate. The three different forms of single axis tracking
collectors are parabolic trough collectors, cylindrical trough collectors, and linear
Fresnel reflectors. Once more, the central tower receiver, parabolic reflector, and

circular Fresnel lens are subcategories of the double axis tracking collector [18].

I Solar collector l

Fixed collector l Tracking collector l
I Single axis tracking I | Double axis tracking |
[FPc | [ETC ] |CPC| |PTC| ICTC|ILFR] [ CTR | |PDR||CFL|
FPC: Flat plate collector PTC: Parabolic trough collector CTR: Central tower receiver
ETC: Evacuated tube collector CTC: Cylindrical trough collector PDR: Parabolic dish reflector
CPC: Compound parabolic collector LFR: Linear fresnel reflector CFL: Circular fresnel lens

Figure 1.3. Types of solar collector [25].

Accordingly, the kind of heat transfer fluid and the materials used in their construction
(pure water, non-freezing liquid, air, or heat transfer fluid), as well as whether they are
covered or not, solar thermal collectors may also qualify as legendary. When used for
water heating, solar flat plate collectors have an efficiency of over 70%, which is quite
high compared to solar direct energy conversion systems, which have an efficiency of
about 17% [26]. These collectors are useful for low temperature industrial
applications, heating, and domestic applications. Many solar collectors based on
concentrating solar power systems are now on the market. Systems employ lenses,
mirrors, and tracking systems to concentrate a vast area of sunlight into a narrow beam,
which is then used as a heat source for a conventional power plant. The parabolic
trough, the concentrating linear Fresnel reflector, the concentrating sterling dish, and
the solar power tower collectors are only a few examples of the wide variety of
concentrating technologies which have been created. Recently, a novel method of
nano-fluid-based solar collectors was developed by combining the solar thermal
configuration system with cutting-edge nano-fluid and other nano particle suspension

technologies [27].



1.2.2. Solar Collector Techniques

Parabolic trough collectors, linear Fresnel reflectors, power towers (also known as
central receiver systems), and dish-engine systems are the four major types of solar
collectors, and they produce local temperatures of (550°C, 550°C, >1000°C, and
1200°C), respectively [28].

1.3. HEAT TRANSFER TECHNIQUES

Heat transfer improvement techniques are categorized as active, passive and
compound methods [29]. In the active method either of the following techniques are

depended to improve the heat transfer:

e Surface rotating process.

e  Process of vibration the heat transfer surface.

e Construct a pulse on fluid surface.

e Introducing a magnetic or electrical field to the heat exchanger.
e Injection a fluid in the fluid flow-single phase.

e Elimination of vapour-two phase.

In the passive method no further energy is wasted unlike the active method to improve
the rate of heat transfer. In this method the tube surface is either developed or inserts
are located inside the tube to scatter the regular flow pattern [30]. According to
literatures and researches we can find the flowing types of twisted tapes used in

researches.

1.3.1. Single Twisted Tapes

Single twisted tapes are had tape width, tape thickness and tape length. as shown in
Figure 1.5 [31].



Figure 1.4. Single swirl flow [31].

1.3.2. Twin Twisted Tapes

Twin twisted tapes are had tape width, tape thickness and tape length. Divided into co-
twisted tape swirl flow and counter-twisted tape swirl flow as illustrate in Figure 1.6

[31].

co-swirl flow

S

counter-swirl flow

S

Figure 1.5. Twin co-twisted tapes and twin counter twisted tapes [31].

1.3.3. Porous Disc Receiver

Solid disc at the bottom, porous disc at the top, solid disc at the bottom, and an alternate
porous disc are the positions of the porous disc receiver. as shown in Figure 1.7 [32].
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Figure 1.6. Porous disc receiver in section [32].

1.3.4. Geometric Variables of the Helical Fin

Internal helically finned tubes is an internal finned tube with a moderated helix angle

and longitudinal fluid swirl, and it closely matches our expectations for our PTC

design. as shown in Figure 1.8 [33].
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Figure 1.7. Geometric variables for the helical fin [33].

1.3.5. Longitudinal Vortex Generation

Longitudinal vortex generators, are placed on the side of the absorber tube as

illustrated in Figure 1.9 [34].
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Figure 1.8. Longitudinal vortex generation [34].
1.3.6. Main Types of Considered Receiver Arrangement

Internal multiple fins array, fitted fin into the pipe, as shown in Figure 1.10 reduces a
cross section area, in turn increase the fluid velocity, turbulence and the heat transfer
coefficient [35].

BMOOtHh pipe ring-shape Now longitudinat Nins

different height fins

FF (fully finned)
multiple array

Figure 1.9. Main types of considered receiver arrangement [35].



1.3.7. Louvered Twisted-Tape with Perforations
Louvered twisted tape with perforation, with reducing gap between the edge of a tape,

the surface of tube and rising the length of a tape better heat transfer improvement are

noted as illustrate in Figure 1.11 [36].

Figure 1.10. Louvered twisted-tape with perforations [36].

1.3.8. Helical-Screw Tape Inserts

Helical-screw tape insert, as in Figure 1.12 [37].

Screw-tape

Core-rod

Figure 1.11. Absorber tube with helical-screw tape inserts [37].
1.3.9. Perforated Plate Inserts
The perforated plate, which is set to be propped on a slim axially located rod as shown

in Figure 1.13 [38].
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Figure 1.12. Perforated plate inserts [38].

1.3.10. The Dimples Techniques

The dimples as shown in Figure 1.14 with bigger depth, thinner pitch and more number

in radial trend are useful at enhancing heat transfer performance improvement [39].

Dimples

Figure 1.13. The schematic diagram of PTRs with dimples [39].

1.3.11. Converging-Diverging Absorber Tube

As illustrated in Figure 1.15, a converging-diverging absorber tube is constructed with
a wavy interior surface to improve heat transfer performance. This also increases flow
turbulence, which improves the conditions for heat transmission [40].
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Figure 1.14. Converging-diverging tube [40].

1.3.12. Wavy-Tape Insert

Wavy-tape insert, it considered a swirl flow generator as shown in Figure 1.16 [41].

0“

wavy-tape insert

absorber tube

glass envelope

Figure 1.15. Wavy tape insert [41].

1.5.13. Discrete Double Inclined Ribs

Discrete double inclined ribs, which is shown in Figure 1.17 and respected swirl flow
method, to increase the turbulent in the flow [42].
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Figure 1.16. Discrete double inclined ribs [42].
1.3.14. Square Perforated Twisted Tape Inserts
Which is shown in Figure 1.18 the multiple square cribriform twist inserts parameters

are specified by tape cribriform twist length and width, that expressed as dimensionless

roughness [43].

Figure 1.17. Square perforated twisted inserts [43].
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1.3.15. The Butterfly Inserts

The butterfly inserts are made from aluminium sheet and consist from a holding rod.
Between the butterfly pieces a distance expressed as pitch length. As seen in Figure
1.19 [44].

Top view Isometric

{ Dlrccuon of flow (
” h o plt(,h
Y Direction of flow

o E—

view

(oe=45%)

(x=90°)

Direction of flow
. S—
(oe=1357)

Butterfly insert
Figure 1.18. Butterfly inserts [44].

1.3.16. Wire Coil Inserted

coil wire of inserted, parameters as seen Figure 1.20 are the helical pitch, the wire

diameter and the inner pipe diameter [45].

'III.'IIII/IIIIIIIIIIIIJUVIIIIIIIIIIIIIIIIIIII/IIIIIIIII

Figure 1.19. Wire coil inserted [45].

1.3.17. The Conical Injector Type Vortex Generator

Conical injector type vortex generator, Figure 1.21 an illustrates the conical injector
type vortex generator geometry, which is fricated of galvanized sheet with different
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angles. The flow directors are attached to every hole at three different angles to radial

direction as seen in Figure 1.21.b [46].

Flow director FDD (a) /,’ I'he FDAO)

The CITSG
angle ()

Figure 1.20. (a) detailed figure of conical injector type vortex generator, (b) the conical
injector vortex generator for flow pipe [46].

In this study we used single twisted tape inserted in side tube of copper material to
heat pure water, fixed in parabolic solar collector, in different cases. The heat flux was

constant.

1.4. COMPUTATIONAL FLUID DYNAMIC

Solar collectors' different categories according to operation temperature. Non-glazed
panels, flat plate composes piece of low temperature solar collectors and evacuated
tube collector, line centring and point centring collectors composes the high
temperature solar collectors’ category. To decreasing the cost and time for research
and development, techniques as computational fluid dynamic can be utilized to
simulate solar water heating system by supplying hypothetical conditions which can
produce close to realistic results. By applying computational fluid dynamic simulation
models, the cost of installation and maintenance can be neglected which is a main
obstruction in experimentation. Simulation analysis not conserve the cost and the time

only but also gives in depth analysis, which is not possible through experimentation,
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for example applying computational fluid dynamic simulation could estimate the
distribution of temperature inside the equipment [47]. Computational fluid dynamics
simulation aids for calculating the system optimum design also, and then analysed the
complex energy systems. As well as, studied the system under different conditions of
weather, that otherwise extremely time consuming [48]. CFD, is regarded a validating
numerical method that can model separated particles by following each motion of
particle in the flow, as well as it is capable for simulation the complicated fluid flows
with a quantitative and qualitative characterization of the spatial and temporal the flow
field changing [49]. In practice, the matters particulate is introduced to the
aerodynamic systems with gases flow, in turn it could be considered as multiphase
flow. Therefore, computational fluid dynamics models are mainly utilized to hold the
air or fluid flow properties successfully with fundamental data in estimation the
behaviour of aerodynamic [50-53]. The governing equations, such as those relating to
mass, momentum, energy, etc., are determined and solved for the several cells in the
computational fluid dynamic. There are several computational fluid dynamic tools
available, including the finite volume technique [54-56] and the finite difference
method have been already utilized for simulation flow modelling [57]. The
computational fluid dynamic approach's repute has already been supported by
research. Additionally, no research has been done to determine how to optimize this
method for computations. The use of artificial intelligence algorithms might improve
the computational fluid dynamic techniques in terms of methodology. In the most
recent years, artificial intelligence algorithms have performed important roles in the
optimization of the computational fluid dynamic technique and the reduction of
numerical simulations [58]. The numerical calculations are performed applying the
computational fluid dynamic code in ANSYS FLUENT platform, available for the
regarding geometries. For each cell, the main equations are solved for pressure,
temperature, and structure flow. Making the 3D geometrical model of the case study
with the drawing module of the computational fluid dynamic software is the first stage.

The second stage contains the generating of mesh [58].
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1.5. TWISTED TAPE INSERTED TECHNIQUE

Utilizing of twisted tape fitted on the flow consider the most common techniques [59].
The twisted tape inserted applications of ducted heat exchangers, as a passive method
to enhance heat transfer, were largely investigated. Several twisted tapes designs were
applied in several equipment for heat transfer increasing [60—62]. Practically, the using
of twisted tapes perform an important base to enhance the heating systems of solar
water performance of [63], since twisted tapes may inserted in the solar water heating
systems flow tubes to improve the rate of heat transfer, in other hands the power of
pumping may rise considerably, in turns its cost becomes considerably through the
operation [59]. The vast application and concern in utilizing twisted tape for the
turbulent and the laminar flow can be observed in several dedicated studies for
improving of heat transfer utilizing twisted tape inserts available in reviews.
Additionally, a great deal of twisted tape insert changes has been detecting. These
include twisted tape inserts with regular spacing, short length twisted tape inserts,
twisted tapes with cuts, twisted tapes set apart from the wall, and twisted tapes with
wire nails etc, [64]. Twisted tapes became preferable tools for heat transfer
improvement in the heat exchangers as their low costs and easy installation. Heat
exchangers thermal performance improves highly in the existence of twisted tapes
inserts [65]. Twisted tapes augment swirl strength and perturbation of the fluid in the
tubes of heat exchanger, in turn causes to an augment in rate of the heat transfer and
pressure drop inside tubes improved by twisted tapes. Several different modified
twisted tapes were studied in the past little years and mostly all of the numerical and
experimental studied confirm that the thermal performance is hardly depending on the
twisted tapes shapes [66—70]. Friction factor on twisted tape inserts is highly less than
that in a smooth tube according experimental investigations on regularly spaced
twisted tape elements in a circular tube [71]. Heat transmission is increased as the twist
ratio declines [72]. Twisted tapes insertion in the tube supplies a simple passive
technique improving heat transfer convective by creating swirls in the flow by
obstructing the boundary layer at the wall of tube because of iterative changes in the
geometry surface [73]. By focusing on the pitch and width ratios effectuates [59].
Using the twisted tape inserts in tube for parabolic collector, there is indication, that

the higher collector thermal performance twisted ratios that are low working at low
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values of Re. This kind of collector attached with wall separated twisted tape inserts
[38]. An increasing of twist ratio and reduction of width ratio, the perfect Re improved
[74]. The enhancement of pitch ratio leads to an augmenting in friction factor, Nu, and
overall thermal performance [75]. Twisted tapes may not be the best insert tools and
their wide-scale utilizing is attributed to the correlations lack for other insert tools [76].
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PART 2

LITERATURE REVIEW

Hamzah et al. studied the effect of twisted tape ratio on a swirl effect inside a long
half-length pipe. They showed that the simulation of flow set at different range of Re
various twisted tape ratio, average outlet temperature, Nu, and heat transfer coefficient,
power losses were compared with plain pipe. Results showed that, the swirl geometry
would be effect by 10% [76].

Nakhchi et al. designed numerical simulations, used Response surface method to study
the performance of fitting tubes has cross-cut twisted tape with alternative axis at
turbulent flow thermal. The results showed that thermal performance improve with

increasing cross-cut ratio of the twisted tape's width [77].

Venkatesan et al. conducted an experiment with a double-glazed V-trough solar
collector fitted with plain twisted tape, as well as twisted tape with a vertical and
horizontal wing fitted for two different twist ratios. The results indicated that the
observed double - V trough heat transfer capacity is best than an single glass V-trough
sun collector by 8.84%, hence the reduce heat loss coefficient and enhanced the

performance of heat transfer in double glazing glass collectors [78].

Arjmandi et al numerical simulation model to investigate the effect of applying the
new vortex generator combined turbulent twisted tape and specified Nano-fluid as
working fluid. The outcomes showed that the pitch ratio caused an increase of
efficiency up to five times as compared to original case. Additionally, Nu were
increased, when the angle of the vortex generators in the new combined turbulent
decreased [79].
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Amani et al. performed numerical simulation model to investigate the influence of the
impact conical strip insert on the parabolic trough collector thermal performance, for
that purpose finite volume method was proposed. The results proved that Nu was
increased up 91.94%. And friction factor was (5.31) greater than the empty tube. The
gross thermal hydraulic performance of parabolic trough collector thermal was varied
from (1.107 - 0.679) [80].

Afsharpanah et al. presented simulation model by using different kinds of modulated
multiple twisted tape inserted in solar PTC to increasing heat transfer performed by
ANSYS FLUENT CFD. Showed that the average Nu of case at dual v-cut twisted
tapes were more than plain tube about (17.44%-19.58%), the thermal performance of
all cases with various twisted tapes and dual square-cut twisted tapes was the best case
compared with plain tube by (12%-16%) enhancement. The lowest thermal

performance was Perforated dual twisted tape [81].

Al-Obaidi et al. created simulation model by using CFD methods to verify a numerical
calculation of flow in the pipe of heat exchanger with variation of wall extension. The
numerical results indicate that flow and heat performance had been more influence by
the change of twisted tape. In the results twisted configurations can increase friction
factor about (5.4% - 33.5%). Thermal evaluation factor was greater than 1.66 [82].

Arasteh et al presented simulation model to evaluate a heat transfer improvement by
inserting rotating or stationary twisted tape inserts. The results showed that an
increasing the twisted tape inside a tube to increase the consumption energy, heat
transfer. In case of stationary condition, decreasing of pitch distance result in higher
Nu simultaneously with more friction factor. Twisted tape began to rotate, friction
factor and Nu were extreme increased. The decreasing of the pitch distance recorded
a peripheral effect on the friction factor and Nu. Additional increase in the angular
velocity enhanced the average Nu, but expend of much more friction factor and

consumption of energy [83].

Azizi et al. studied the effect combination of twisted tape pipe, as passive method, and

injection of air, as active method, on increasing of heat transfer. A horizontal tube was
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counted as test section under applying heat flux was constant. Maximum increment for
the Nu and pressure loss due to the decrement of twisted pitch about (35% & 81%),
respectively [84].

Dandoutiya et al. investigated a double pipe heat exchanger employing thermal
performance cut-twisted tape. Showed that the influence of twisted tape leads to swirl
flow in two zones nearby the wall of tube, the wall of twisted tape. Nu enhanced but
friction factor augmented as compared to empty tubes The more value of thermal
performance factor equal to 1.21 was noted Re (5500) [85].

Kumar et al. carried out numerical simulation model, and introduced a new triangular
perforated twisted tape with V- cut. Were showed that at lower pitch the best thermal
hydraulic performance investigated. The thermal performance factor value more than

empty twist tape insert by 1.49 [86].

Rawani et al. developed C++ analytical mathematical model twisted tape insert for
PTC, to evaluate rise of temperature of fluid for estimation of performance at certain
condition. Results showed that at twisted ratio equal to (1), Nu divided by heat transfer
coefficient at mass flow rate was over plain absorber of parabolic trough collector, and

corresponding improvement in thermal efficiency. [87].

Bellos et al. Investigated some common thermal improvement techniques for
enhancing the performance of non-evacuated and evacuated of PTC. Employing of
twisted tape inserts, inserts finned absorbers, and cribriform plate inserts, were
compared with the reference case of the absorber. According to results, thermal
efficiency enhancement for evacuated and non-evacuated tube collector. The twisted
tape inserts and perforated plate inserts were gave lower improvement , for the non-

evacuated collector [88].
Hayat et al. introduced a new twisted tape with trapezoidal ribs and performed CFD

simulation model the proposed insert made swirl motion and raised the intensity of

turbulence in flow of fluid. Showed that increased rate of heat transfer in twisted tape
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with trapezoidal ribs duo to higher intensively of turbulent, which Caused by ribs
trapezoidal [89].

Ju et al. investigated three dimension numerically model to examine Multiple semi-
twisted tape inserts hydrothermal performance The results referred that, when the
number of semi-twisted tapes and swirl flow streams increased, which caused to an
enhancement in the local Nu in addition to the friction factor, The increase in

concentration of Nano-fluid improved the average Nu and friction factor [90].

Raheem et al. investigated Computational Fluid Dynamic model for PTC with helical
screw tape insert in the tube to study the efficiency of the system. The results
parametric investigation was showed that pressure drop and Nu were increased with
increasing of thickness and helix angle, but Nu trend to decrease with increasing the
inner diameter. The modified by inserts, with fins or holes in the inserts produced an
increasing in pressure with a little increasing in Nu. The tapered helix design was

reduced pressure drop by 12% but decreased Nu 5% [91].

Saedodin et al carried out numerical simulations in three dimensions to examine fluid
flow and heat transfer in a solar PTC consisting helical profile along the pipe on wall
of collector, by proposing finite volume method, which was utilized from CFD code.
Showed that at inlet velocity (0.3 m/s) thermal efficiencies with (2-6) of elements more
than parabolic trough collector by 6.6%, 13.2%, 20.6% and 27.6%, respectively.
Results showed that maximum thermal efficiency at cross-section, enhancement by
29% [92].

Thakur et al. presented an overview on numerical based studies CFD for various types
of methods which were used for efficiency enhancement of flat plate solar collectors.
Nano-fluid using, PCM and polymer, changing the design of absorber plate and using
of inserts and reflector for climbing performance of flat plate solar collectors were

discussed. The twisted tapes inserts increased the heat transfer [93].

Kundan et al. investigated experimental study a horizontal double-tube counter-flow

heat exchanger with twisted tape inserts and empty tube. Different twist ratio and TiO-
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H>O nano-fluid were applied. Revealed that the heat transfer coefficients were
increased directly with volume concertation of TiO2 nanoparticles. The simulated
specific that no considerable effect on the heat transfer coefficient values at 0.05%
volume concentration when size of TiO2 nanoparticles of TiO»-H.O equal (30 mm and
50 mm) [94].

Mashayekhi et al. investigated simulation model for stationary and rotating of twisted
tape inserts in equipped tube, Al,O3 water nano-fluids was used. The results clarified
that a twisted tape essentially increases heat transfer coefficient as compared to the
empty tube. the rotating twisted tape as compared with the stationary twisted tape
indicates a significant capable to enhance the average Nu relating with the angular
velocity. The improvement in the average Nu was increased in fixed and decreased in

rotating conditions when comparing with empty pipe [95].

Sarviya et al. achieved experimental research of a new type of twisted tape inserts have
continuous cut edges. analysis of heat transfers, an experiment's findings showed that
using twisted tape inserts with continuously cut edges might increase heat transfer rates

while maintaining a manageable pressure drop [96].

Rezaei et al. investigated numerical simulation of microchannel with a triangular
section (ribs), fluid water employed as the base flow the effect of volume friction of
nanoparticles on the heat transfer and flow physics, which considerable turbulent flow,
were studied. Indicate that, ribs have influence on the flow physics, and their effect is

defiantly to Re. heat transfer increases, while, more pressure drop generates [97].

Yang et al. carried out steady state numerical simulations of a tube and shell heat
exchanger with twist tapes inserted. Heat exchanger thermal hydraulic performance
with deferments twisted tape width and twist ratios was performed. It was made clear
that the combined impact of the geometric and structural improvements improved the

design's performance [98].

Eiamsa-ard et al did an experimental investigation on a micro-fin tube using a

combination of approaches, swirls created by twisted tape, and nan-fluids. The
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experimental findings showed that as twist ratios for non-uniform twisted tapes were
lowered and Nano-fluid concentrations were raised, heat transmission, friction loss,
and thermal performance factors were increased. And compared to co-current

arrangements, counter-current arrangements improved heat transmission more [60].

Jaramillo et al. developed an experimental model of the performance of PTC by
inserting a twisted tape The experiment results that (friction factor, Nu, and thermal
efficiency) increased as compared with decay tube, when the twist ratio and the Re
were decreased. These quantities didn't provide an improvement when the twist ratio
were increased. Twisted tape inserts improve thermal fluid and the heat transfer by

creating a swirling flow, but increased too [59].

Kumar et al. investigated using an insert made of twisted tape for a solar water heater,
heat transfers in the twisted tape insert collectors were increased as compared to plane

collectors. Thermal performance was increased by 30% in the plane solar. The twist

ratio was developed in the form of (Nus/ Ny =13+ %) the twisted-tape collectors

work better in low Re [99].

Hobbi et al studied how a flat-plate solar collector's thermal performance was affected
by heat enhancement devices. The investigation showed that the applied methods were

ineffective in increasing transmission of heat to the collecting fluid [100].

Jaisankar et al. presented and performed helical twisted tape equipped with various
twist ratios thermos-syphon solar water heater, which induces swirl flow in the tube in
turn increases heat transfer, the results showed that heat transfer enhancement with
twisted tape fitted was higher than the plain tube collector at minimum twist ratio and
decreased gradually with increased twisted ratio. With increasing sun intensity, the

twisted tape collector's total thermal performance rose [101].
Sekhar et al performed convective heat transfer analysis for a horizontal circular tube

range utilizing experimental simulation at constant heat flux boundary condition. The
variation of heat transfer coefficient in the flow of pipe for Nano-fluids and water with
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twisted tapes were analysed. The particle concentration dependence and Re for

enhancing in heat transfer and rise in the power of pump [102].

Sandhu et al. presented an experimental investigation using wire coil inserts, wire
mesh inserts, twisted-tape inserts, and insert devices to explore the flat-plate solar
collector's thermal efficiency, at specified range of B. and Re utilizing water. The
results were indicated the improvement of the Nu. Comparing the best inserts revealed
that under the regime of laminar flow, the best performance at mesh insert while, the
concentric coils performed the high Nu increase in the turbulence regime, as compared

to the smooth pipe. Concentric coils were the best insert among those tested [70].

Chang et al. investigated a numerical study using FLUENT code to investigate the
twisted tapes' improved heat transmission in a molten salt solar receiver tube. The
results revealed that twisted tape inserts could considerably improve the temperature
distribution on the tube surface [103].

Ghadirijafarbeigloo et al. developed 3D numerical simulation using an experimental
laboratory trough collector included absorber tubes with various tape inserts. To
improve heat transfer by generating turbulent swirling flow. Showed that the heat

transfer coefficient increased considerably where comparted to a plain tube [36].

Syed et al. presented an experimental investigation for studying the effect of absorber
device nail-twisted tape inserts of a solar PTC using nano-fluid as the working fluid.
Indicated an improvement in the heat transfer performance of the solar trough
collector, and increasing nano-fluid viscosity was created by swirl flow, increasing
particle volume concentration, and increasing friction factor with twisted tape absorber
[104].

Syed et al. presented an experimental investigation of absorber tube twisted tape
inserts in solar parabolic trough collector to get optimum process parameters. The
results indicated significant increase augmentation in Nu in addition to friction factor
could be obtained at elevated Re [105].
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Eiamsa-ard et ala helical tape was inserted in the tube to create swirling, which
increases heat transmission in the tube, according to an experimental investigation.
The use of helical tapes caused a greater rate of heat transmission than utilizing a
simple tube, according to experimental findings. The full-length helical tape with rod
contributes the greatest rate of heat transmission and performs superior to that without
rod [106].

Chin et al. studied the effects of the number of perforations and the perforation
diameter on each pin, and employed limped perforated pin fins to increase the rate of
heat transmission in these devices. The findings showed that the perforated pins had a

greater Nu than the traditional solid pins [107].

Durga Prasad et al experimentally investigate a U-tube heat exchanger with twisted
tape insert, to improve the heat transfer rate of AlI203 Nano-fluid as working fluid. An
experimental results indicated enhancing in Nu about 31.28% at specified flow rate,
Re for concentrations of nano-fluid as compared with water, but the friction factor was

increased as compared with water [108].

Guo et al. proposed a centre-cleared twisted tape to achieving thermos-hydraulic
performance, and performed numerical comparison study between it and the short-
width twisted tape. The numerical results established that the resistance flow could be
decrease in both methods, but different in thermal behaviours from each other. Heat
transfer enhanced by (7%-20%) at twisted tapes, with a central clearance ratio as

compared with normal twisted tape [109].

Salman et al. carried out CFD simulation model of copper-water nano-fluid flow at
constant heat fluxed tube with presence a new arrangement of vortex generator.
Indicated that the improvement of the heat transfer rate produced by the typical and
Parabolic-cut inserts augmented with twist ratio and cut depth reduced. Heat transfer
improvement increased directly with the volume friction of the CuO Nano-particle.
Additionally, the twisted tape improvement of the average Nu with considerable

increasing in friction factor than at typical twisted tape [110].
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Yadav et al. performed CFD simulation model of air flow inside an annular tube with
a partially empty and partly swirl flow in Four configurations. The simulation resulted
that, the heat transfer coefficient and the pressure drop in the full-length twisted tape

greater than those in the of the plain tubes case without inserts [111].

El-Said et al. were presented a novel plate heat exchanger applied helical flow duct in
a series configuration in counter flow of water as working fluid, pitch ratios and
variation flow channel cross section part ratio were analysed for different Re. The
results showed that considerable increased in friction factor with than other pitch ratios
[112].

Bhuyan et al. performed a simulation study of a tubular U-loop pipe, an improvement
of heat transfer at empty, with twisted tape inserts was investigated. The simulations
were regarded for the stationary and periodic at different length of inserts. The results
showed that with the increase of the length of inserts, the heat transfer considerably
improved [113].

Piriyarungroj et al carried out numerical simulation to estimate turbulent flow in a
circular tube provided with loose-fit twisted tapes. Indicated that in spite of increasing
of Re, the reduction of the clearance ratio produced an increasing in the pressure 10ss
and. heat transfer [114].

Sharifiet al. investigated CFD simulation study for double pipe heat-exchangers. The
effect of coiled wire inserts on the Nu, efficiency and friction coefficient in double
pipe heat-exchangers was employed. The results indicated that wire coils may enhance
Nu data about (1.77) times [115].

Al-Obaidi et al performed numerical simulation model of heat exchanger circular pipe
with twisted tape inserted. Simulation results showed that using twisted tape inserts in
pipes could produce considerable increasing in flow resistance caused an increasing in
pressure difference. And temperature difference indicated an increasing directly with
numbers of twisted tape inserts as compared with temperature difference in the empty
for tube [116].
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Chu et al. carried out a comparative investigation on flow pattern with various twisted
tapes using CFD. Result verified that the Nu and friction factor were augmented, when
the space is decreased thermal performance was enhanced. Introducing fluid into the
cut region in V-cut toward wall of the tube produced heat transfer increasing closed to
the tube wall. Comprehensive thermal performance of windward V-cut twisted tape as
compared to the isosceles V-cut was increased from (1.15 to 1.18) to (1.16 to 1.21)
[117].

Akram et al. studied the clove-treated graphene Nano platelet Nano fluids effects on
the performance of flat-plate solar collector. Verified that thermal performance of solar
collector improved with increasing concentration of mass and mass flow rates and

reduced with a rise in reduced temperature parameter [118].

Damarlal et al. reviewed the experimental study for evacuated tube solar water heaters
with twisted inserted tape. The experimental results reviled that at high flow rate, the
earning in temperature was low as a result of less time for retention of water. Short
pitch twisted tape generate more turbulence as compared to the long pitch twisted tape,
which produced more increasing in water temperature. Additionally twisted tape with

short pitch given better thermal performance than others [119].

Habeeb et al reviewed the experimental and numerical studies by using a circular tube
with different shapes inserted. In comparison to the standard twisted tape, the twisted
tapes with a centre wing and alternate axes could generate the maximum heat transfer
improvement coefficient. Twisted tape with constant pitch, works better than gradually

decreasing length tape [73].

Tusar et al investigated simulation model for turbulent flow through tube with inserted
twisted tape results gave that when twist ratio of (3.46) and (7.6), where Nu and friction
factors were augmented, and thermal performance factor ranged (0.9 - 1.2). Twisted

tapes improved heat transfer more effectively at comparatively lower Re [120].

Alzahrani et al. prepared CFD simulation model, for investigating thermo-hydraulic

properties of forced and natural water convection at different arrangements of twisted
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tape inserted in tube. The simulation showed that an improvement in heat transfer and
increasing in pressure drop. Twisted tapes along sub-channel for the water flow were
showed enhancement in Nu and rising in pressure drop when compared to the

arrangement of plain sub-channel [121].

Karanth et al. investigated experimental and numerical study for sinusoidal flow
passage, which increased turbulence, consequently increased heat transfer convection.
The experimental and numerical analysis revealed the straight tube arrangement had
better performance as in sinusoidal pipe arrangement [122].

Yao et al. constructed a numerical model for collector tube with twisted tape inserted
to analyse flow transfer and fluid. Numerical results indicated that, the twist tape
inserts decreases velocity and produce uniform field of the temperature. At relatively
high temperature the twist tape inserts assist heat transfer, while at relatively low
temperature not conductive to heat transfer. The mean Nu of the solar water heaters

greater than the typical solar water heater [123].

Jasim et al. prepared experimental and numerical investigation of inserting a closed
tube inside the riser pipe. And find the impact of working fluid amount on the thermal
performance. As numerical results demonstrated a noticeable influence on the thermal
performance with amount of working fluid through the thermos-syphon loop. As well
as, a correlation equation to estimate water temperature inside the storage tank has
been achieved with thoroughness about 95.6% [124].

Keen et al. developed experimental study of twisted tape inserted in evacuated tube
solar water heater. Experimental showed that heat transfer and outlet temperature of
working fluid in the twisted tape inserts, more than at evacuated tube without twisted
tape [125].

Reddy et al. achieved numerical and experimental investigation of PTC, nano-fluid
was used as working fluid. Indicated Nu and friction factor were insignificantly more
with maximum improvement efficiency ratio of (0.845) for twisted tape insert as

compared with plain tube. An enhancement of average Nu for twisted tape inserts was
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41% with plain tube. likewise, friction factor for tube with twisted tape insert was 32%

as compared with plain tube [126].

Sunil Yadav et al. developed numerical investigation of collector with twisted tape, to
enhance performance without increasing of contact area nor increased of pressure
drop. This was attended by converting velocity head to presser head the loss as the
diameter was expanding gradually. In turn increasing heat transfer efficiency without

any increment in pressure loss [127].

Xue et al proposed numerical analysis of three novel wavy plate fin types and the plate
fin heat exchanger. There are three types of wavy fins: staggered, perforated, and
discontinuous. When compared to conventional wavy fins, the simulation results
showed that the swirl flow and effective fluid mixing, the perforation, serration, and

breaking arrangement were beneficial for enhancing heat transfer [128].

Dehankar et al. highlighted the effect of passive techniques such as, rectangular holes,
circular holes, wavy rate, tape size and angle of entry on the optimum thermal
enhancement factor. Friction factor and heat transfer rate and enhanced by 25% as
applied full length tapes when compared on a blank tube, and Nu increased (9) times.

There was increasing applying different twisted tapes [129].

Ghalambaz et al. prepared numerical simulation model of heat exchanger with twisted
tape elements to inspect influence of pitch value, twisted tape cutting percent, location
and Re. The simulation indicated fitting twisted tape and decreasing the pitch value
considerably increase Nu, friction factor and performance when compare with the
empty tube. An augmenting the twisted tape cutting percent decreases pressure drop
and heat transfer [130].

Yilmaz et al. developed parabolic trough solar collector with triangular cross section
wire coil inserted to enhance the performance. The study performed at various wire
coil pitches and width and at specified working fluid properties. The results showed

that wire coil recorded significant enhancement in performance, and decreasing in the
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temperatures of absorber tube. The performance of heat transfer was augmenting more
than 183% while the thermal efficiency enhanced between (0.4%-1.4%) [131].
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PART 3

THEORETICAL BACKGROUND

3.1. SOLAR RADIATION

The radiation that emits from the sun under the ultraviolet, visible, and infrared zones
Is significant to applications of solar energy. The wavelength radiation that is
significant to solar energy utilizing is between (3.0 -0.15) um. The wavelengths at the
visible zone located between (0.72-0.38) um. The temperature characteristics of the
emissive surface are entirely dependent on the thermal radiation, which is regarded a
kind of energy emission and transmission without the need of a carrier in between like
in the other types of heat transmission. This speed is determined by the thermal

radiation’s frequency and wavelength equation [132].

C=Axv (3.1)

Falling the thermal radiation on the body surface, caused reflected portion of it from
the surface reflectivity (p), absorbing part by the body absorptivity, («), and
transmitting part over the body transmissivity (t), related in the following equation
[132].

pta+t=1 (3:2)

Should be referred that the radiation characteristics specified not just functions of the
surface but also the radiation of incident wavelength and direction. Therefore, Eq. (3.2)
valid for the average characteristics through the whole wavelength. Next equation
applies for expressing the dependence of these characteristics on the wavelength, (p,),
(), (ty), spectral reflectivity, spectral absorptivity, and spectral transmissivity
respectively related in the following equation [133].
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p,1+a,1+r/1 =1 (33)

Since the majority of solid objects are opaque, T = 0 and p + @ = 1 are true a body is
said to as a blackbody if it completely absorbs all incident thermal radiation such that
=0, p=0, and a =1 disregard the spectral characteristics or directional
preferences of the incident radiation. This is an idealized assumption that does not hold
true in practice. A blackbody is both a perfect absorber and has a maximum limit on
the amount of thermal radiation it may release. A blackbody's energy emission depends
on its temperature and is not evenly distributed across all wavelengths. The
monochromatic emissive power is the rate of energy emission per unit area at a certain
wavelength. The monochromatic emissive power of a blackbody in terms of
temperature and wavelength was first derived functionally by Max Planck. This was
done by using the quantum theory, and the equation, called Planck’s equation for
blackbody radiation, is given by [132].

C1

E,,=—-_
bA ;15<3C2//1T_1>

(3.4)

Where:

Ep, = Blackbody’s monochromatic emissive power (W/m 2) um
T = temperature of the surface (K)

C, = constant = 3.70 x 108 W.um* /m?

C, = constant = 1.44 x10*um-K

3.2. THERMODYNAMIC MODEL FRAMEWORK

A passive to increase heat transfer in the solar collector tube receiver is method by
applying a twisted tape inserts caused the flow rotates axially and changing Re and Nu
[31]. A framework for a thermodynamic model is design for determining the solar
collector behaviour, when a twisted tape insert is used and the decay tube is taken into
account. In order to assess the pressure drop and heat transfer rate under fully matured

conditions, the theoretical framework relies on empirical correlations. The framework
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for a thermodynamic model is designed for investigating low temperature solar
collector regarding that the temperature range between of (70°C-110°C) without

changing active fluid [59].
3.2.1 The Solar Collector Modelling

Modelling the solar collector depended on the first law thermodynamic, applying the
first law of thermodynamics, the thermal efficiency of the collector is computed. A
twisted tape inserts is located to improve convection coefficient in the solar collector
receiver tube. The model depends the empirical correlations in [31]. As illustrate in
Figure 3.1. The thermal calculations for low temperature solar collector with a twisted
tape insert is extremely similarity to the flat plate collector calculations performed.
Actually heating Q,,, a concentrate solar collector is related on the conceptual energy

balance equation obtained by [132].
Qu = AaGp — (1 = 1,)A.Gp — Arhy (T — Ty) — Area(TF = Ty) (3.5)

Where, T, in Eq. (3.5), is replaceable the fluid temperature as tube's inlet T;, through
applying heat removal factor [132], therefore the Eq. (3.5) becomes [132].

Qu = Fr(naAaGs — ArUL(Tin — T,)) (3.6)
Observe that Eg. (3.6) is a second order equation for focus solar collectors, at low

temperature ranges second order term is regardless and approximated with a linear

equation.

-y 2 Twisted Section A-A
' Tape

. | Absorber
' Tube
A

Figure 3.1. Schematic of the twisted tape inserts [59].
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By first law of thermodynamics of the solar collector, the efficiency n; is obtained by
[134].

_ @ _ _ FRUL (Tin—Tq
ny = 0 Frno Co (—GB ) (3.7)

Since Q is the solar radiation reached the solar collector [59].

Q. = A,Gp (3.8)

Loss coefficient U, [ W/m? K] presents the thermal losses from the receiver, which is
depended on the area of the receiverA,.. The loss coefficient U, for a plain tube receiver
regarding the surface convection and radiation, and conduction through the structure

can be neglected because it is isolated, is given by [59].
U,=h,+h, (3.9)

Where, h,, heat transfer coefficient and h, linearized radiation coefficient, as a result

of wind. The values of h, can be calculated as [59].

h, = 40¢,T3 (3.10)
Where g, €, T, are Stefan-Boltzmann constant, emissivity of the surface receptor and
receiver surface temperature, respectively. If a single value of h, is not adequate as a
result of large temperature differentiation through the direction of flow, each with a

constant h,, wind loss coefficient h,, [132].

The Zhukauskas relation is applied due to cross flow in the receiver is regarded [135].

Wip = (8)®ep)" Py (25) " @1)

Where the Reynolds number 1 <Rep, < 10% Re for a circular cylinder at

crossflow,Rep,, obtained by [59].
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Rep = 2% (3.12)
Where V;, is the wind velocity and D, is the receiver tube's outside diameter. The
parameters in Eq. (3.11) can be estimated at the ambient temperature T,,. However the
value of Pr,. depends on the receiver temperature T,.,where m and n is constant. If the
P. is Pr < 10 thenn = 0.37, and if. Pr > 10, n = 0.36. Therefore, the estimation of
h,,, is obtain by the relation [136].

ky

hy = Nup - (3.13)

Since k,, is the air thermal conductivity. To evaluate the coefficients h, and h,, must
be predicts the T,.. A first approaches to estimate T,. is over a balance of energy in the
receiving tube regardless the heat losses to evaluate the value of T,.. The receiver tube

is made of copper and has thin walls that are thought to have a high thermal diffusivity.

Its inner and outside walls are meant to be at the same temperature, such as [59].
hw(Tr - Tout) =1,CoGp (3.14)

T, being the average temperature of the fluid at the outlet of the receiver tube.

Therefore, is evaluated value of T;. is [59].

T, = 10 4 7 (3.15)

hw

Since T,, is considered to be constant. h,,, to the inside of the receiver obtained by

following equation [137].

h,, = o (3.16)

D;
Since the value of k,, could be given from [136], and D; internal diameter of the
receiver tube. To evaluate T, in Eq. (3.15), the energy balance is considered [59].

NoColGpAy = Tth (Tout - Tin) (3.17)
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Since T;,, inlet temperature at of the receiver tube. Finally, T,,, outlet temperature,

receiver area, A, = piD, L as follows [59].

T _ UOCOGB (T[D()L)
out — mc
P

+ Tin (318)
The thermodynamic simulation model of solar collector is covered to treat with two

cases for study:

e Empty tube.

e Twisted tape inserts in a tube.

When an empty tube is regarded, Eq.(3.16), given from the standard pipe flow equation
[132].

Nup, = 0.023(Re)*8(Pr)%* (3.19)

Since the empirical correlation for the, Nu, is known as the Dittus-Boelter equation
for heating of the fluid, while, in the particular case of a swirl flow resulted from

twisted tape inserts, h,, Eq. (3.16) could evaluated applying equation [59].
y -0.6
Nup, = 0.224(Re)**6(Pr)** () (3.20)

Since Nup,_ is the empirical correlation from [31] and the term y/w is twist ratio.
Utilizing twisted tape insert at for specified (2700 < Re < 21,000) this empirical
correlation was provided. Test tube was fabricated of Cu The twisted tapes are inserted
put at the tube's center along the tube to ensure a tight connection between the tapes
and the tube without the need for extra fitting [31]. As a result of the twisted tape,
advection and diffusion are both included in convection as a fin effect. The Prandtl
number, Pr, for each study case defined by:

v

Pr=2 (3.21)
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Since (a) thermal diffusivity, (v) kinematic viscosity , Re is evaluated when

empty tube [31].

A (3.22)

DUy

Since (i), and, (u,,)., Fg is evaluated in [132].

Fp = MG [1 — exp ( M)] (3.23)

Ay UL me

Since (), and (C,,), at constant pressure, the F' efficiency factor is obtained by [132].

P DL (3.24)

Since D; and D, are the tube's internal and external diameters, respectively, and
thermal conductivity (k) of the receiver tube. Clearly that Eq. (3.7) match to a standard
linear equation pattern of y = b + mx, since Fgn, corresponds the y intercept and
FRrU corresponds the slope. It is worth noting that the linear fit instead than a second
degree fit able in the solar collector for low temperature [132]. (AP) Pressure drop can
be evaluated by [137]:

AP = fH2% (3.25)

D; 2
Where [ length receiver tube, D; initial diameter of the tube, f represents the friction
factor, p fluid density, and (V,, = m/pA) fluid velocity. The friction factor correlation
for the empty tube expresses as [31].

= 0.376 Re 0249 (3.26)

Whereas, the twisted tape's friction factor is evaluated by [31].
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-1.31
frr = 65.4Re™052 (2) (3.27)

3.3. NUMERICAL MODEL

The following is how the incompressible flow liquids continuity equation is described.
[136].

2 (ou) = 0 (29

Concerning the heat conduction, the different materials, and the energy equation can
be obtained by [138].

a%T | 9%T | 9°T\ _
K, (@_’_a_yz_'_ﬁ) =0 (3.29)

Whereas, the equation of energy can be expressed as [139].
V(phU) = —pVU + V(kVT) + ¢ + sp, (3.30)

Finally, Navier-Stokes equations of the three dimensional can be as illustrate at Eq.
(3.53) [139].

0Ty

7.y — 0P | O0Txx 0Ty
V(pUu)— 6x+6x+6y+6z

— _ dp | 0Txy = 0Tyy = 0Ty
V- (pUv) = ay+ o + 3y + P
0Ty aTyz 0T
dx T dy + 0z

(3.31)

V- (plw) = —g—z+

The efficiency (PTC) can evaluate from the useful heat Q,, and the solar energy Q; that

fell on a collector aperture area in an equation:
Qu = F(MoAaGp — Ay UL(Ts — Tg) (3.31)

Qs = AqGp (3.32
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Thermal efficiency equation Eq. (3.33):

N = Qu/0Qs (3.33)
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PART 4

METHODOLOGY

4.1. PHYSICAL MODE AND BOUNDARY CONDITIONS

In this study, heat transfer fluid (HTF) is water, and it enters the tube in a laminar flow
with a Re <2300. It was constructed of aluminium, the twisted tape., the twisted tape's
characteristic geometries, measured in length (L) and thickness (t). As Figure 4.1.
Illustrates twist ratio (y/w). (y) corresponding twisted tape pitch and (w)
corresponding height of tape ratio. To investigate the impact of twisted tape, three
value of it is applied as shown in Figure 4.1. The hydraulic and thermal parameters of
the working fluid, pure water, are shown in Table 4.3. Water enters the tube at 293 K.
Fluid flow is laminar and the range of Re 500,1000 and 1500. Uniform velocity and
fully develop is assumed in the simulation model, length of the tube in Table 4.1.
Copper was used to make the absorber tube because it has a higher thermal
conductivity (k=380.5W/m.K). As compared to steel and aluminium. In order to
maximize thermal efficiency, absorptivity (0.96), and reduce radiation heat transfer
loss from the absorber tube with transmissivity, the outer surface of the absorber was
coated in black. This caused it to function similarly to a black body (g = 1), which
absorbs heat more efficiently than other colored bodies (0.80). While the twisted tape,
walls are contact with air, that moves with velocity at 2.3 m/s and temperature (293
K). A heat flux of 865 w/m? is expose uniformly to the tube surface. The tube outlet

also uses a pressure outlet condition, as well as properties for cooper-based alloy.
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(b)

Figure 4.1. (a) Diagram of the proposed system for boundary condition [83].(b) The
dimension of the studied system. different twisted tape pitches.

Parabolic Trough Collector (PTC) was made with reflectivity (0.92), the parabolic
mirror's total area, with length (L), width (W), the distance between the reflector and
absorber tube is known as the focal length (f), the angle formed by a focal point's line
and a parabolic service edge's vertical axis is known as the rim angle (¢), As illustrate
Figure 4.2. Table 4.1 shows its main parameters. The aim of this standard is to define
test procedures for calculating thermal performance of single-phase fluid solar energy
collectors. This technique is frequently used to calculate thermal efficiency and

compare it to thermal efficiencies of similar solar collectors.
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Figure 4.2. Dimensions of a parabolic trough collector PTC [140].

Table 4.1 Geometrical parameters' dimensions.

Parameter Values
Aperture area, A, 5.187 m?
Receiver area,A, 0.389 m?
External diameter for the absorber tube,D, 2.54 cm
Internal diameter for the absorber tube, D; 2.32cm
Length of the parabolic reflector, L 4.88m
Aperture width, W, 1.063 m
Tape width, w 0.023 mm
Twist ratio, y/w 2,4,6
Concentration ratio, C, 13.3
Focal length, f 0.26 m
Rim angle, ¢ 90°
Absorptivity for an absorber tube, a, 0.96
Emissivity, € 0.96
Reflectivity for a parabolic mirror, p 0.92
Optical efficiency, n, 0.70
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4.2. CODE AND CONVERGENCE

The commercial ANSYS FLUENT computational fluid dynamics (CFD) code
(version 2020 R2) software to conduct a parametric study on the geometry of Parabolic
trough concentrator (PTC). In order to analyse the efficiency improvement brought
about by twisted tape inserts. The geometry and grid for this study are generated using
design Ansys meshing. Along with recording mass-weighted magnitudes of average
velocity and temperature for the tube output, the convergence conditions for energy
equations are also taken into account. Solution method the governing equations'
solutions and the corresponding boundary conditions were obtained utilizing both
optical investigations carried out using CFD tools. Previous studies have been
discussed the methodological aspects of the optical analysis utilized to produce the
actual heat flux profile shown in Figure 4.1. The workbench workflow in ANSYS
FLUENT was used to implement the solution. In ANSY'S design, the geometry shown
in Figure 4.2 was modelled. Utilizing the ANSYS meshing tool, the computational
domain was modelled and discretized. Tetrahedral mesh for boundary layer resolution
using prism layers was chosen due to the computational domain's complexity. In
Figure 4.3, high mesh densities around the insert and the prism layers on both the
inside wall of the absorber tube and the insert are visible in the study's mesh
improvement of water flow distribution, water velocity and temperature inside a tube
containing a twisted tape was numerically investigated using 3D CFD ANSYS
FLUENT code.

4.3. MESH STUDY AND ANALYSIS

The domain was meshed using ANSY'S software. Figure 4.3 shows the cross-section
of the structural mesh generated for this investigation on a long pipe with twisted tape.
Table 4.2. Contains many mesh sensitivity tests, to verify that the results are grid-
independent. For grid independency analysis in the situation of fully filled twisted tape,
several cell numbers are investigated., the number of unstructured cells (tetrahedrons
and hexahedrons) was taken between (45,828) and (4,756,024) cell. The selection
criterion shown in Table 4.2. is the average Nu, since applying finer meshing results

in relative errors of less than one percent for outlet temperature and when the number
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of elements exceeds these amounts, no effect on the results can be achieved, case (8)
at (1809950) cell number is chosen for all simulations as indicated. With ANSYS
meshing, a completely organized mesh is produced as demonstrated, resulting in high
quality, quick convergence, and reduced computational time in the CFD FLUENT
code.

Figure 4.3. The computational domain's meshing.

Table 4.2. Analysis of mesh independence.

Case Cell Number of Nu (%)
Elements

1 45828 4.79931 ==
2 164780 4.78936 0.207752
3 289006 4.7486 0.858358
4 454034 4.71999 0.606145
5 636504 4.68227 0.805592
6 1015341 4.66196 0.435654
7 1274499 4.635 0.581661
8 1809950 4.61931 0.339661

9 3129110 4.61914 0.00368

10 4756024 4.616 0.068024
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Figure 4.4. Mesh analysis.

4.4. NUMERICAL MODELING AND ANALYSIS

CFD numerical modelling process was proposed in this thesis. This section is
demonstrated the dominant equations with actual conditions, where the receiver tube
have laminar flow. This is assists in decreasing receiver tube temperature gradients to
save the observer tube from thermal stresses and definitive failure, as well as ensures

better heat transfer coefficients in turn enhanced performance.

We utilize ANSYS Fluent (CFD) to execute simulations and solve equations once the
geometrical model is confirmed. For the numerical validation we consider three
different twist ratios y/w (2,4, and 6), each of which operates at a different mass flow
rate. While simulation the pressure drop and heat transfer rate are determined under
fully developed circumstances for different (Re) (1500,1000 and 500) laminar fluid
flow based on the mean flow velocity and the tube diameter. Since the Nu specifies
the proportion to conductive heat transfer through the tube, we start by examining its
behaviour. For PTC systems, the thermal efficiency was determined. Show how
efficiently insert materials to improve thermal performance is shown by the thermal
efficiency of the system. For the theoretical model to be implemented, we consider

two study cases:
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4.4.1. Numerical Modelling Nusselt Numbers for Thermally Developing Laminar

Flow of the Empty Tube

To validate the presented findings, it is note that the copper PTC tube and copper strip
used to make the twisted tapes were both used. In Table 4.3 provides the main key of
the theoretical model's important elements as they relate to the thermophysical
characteristics of saturated water at (1.21atm), and air 20 C at 1atm pressure methods
for thermally producing laminar flow in circular ducts are studied. It is shown that the
Nusselt number depending on the square root of the cross sectional flow rate area is a
weak function of the shape of the geometry provided an appropriate aspect ratio is
defined. It is also shown that there are two distinct bounds for the fully developed Nu
which depend upon shape and symmetry of the geometry. A general model which is
valid for many duct configurations is developed by combining for the thermal entrance
region where the flow asymptote has fully developed. The model is simpler than other
general models and provides equal or better accuracy. A obvious choices for a
characteristic length are the perimeter the square root of the flow area L = VA.
Finally, it is shown that the solution for the circular duct geometry may be used to
accurately results for Nusselt Number with an accuracy of +12 percent as in Figure 4.5
[141].

10t e —rry S

a Triangular Duct (Wibulswas, 1966)
o Square Duct (Chandrupatla and Sastri, 1977)
° Circular Duct (Shah and London, 1978)
Model e=1

> Rectangular Duct bfa=0.5 (Wibulswas, 1966)
----- Model £=0.5

< Rectangular Duct b/a=0.25 (Wibulswas, 1966)
=== Model £=0.25
[~ . Semi-Circular Duct (Hong and Bergles, 1974)
oy — Model e=0.5 .

2
q

L=VA

1D° L il L e L L sl " AT
10° 10% 10" 10° 10’
z‘= —Z
L Re, Pr

Figure 4.5. Thermally developing for the laminar flow of the empty tube Nu [141].
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4.4.2. Numerical Equations for The Laminar Flow of an Empty Tube with A

Twisted Tape Insert

For the Re ranging (500,100,1500), the alternating clockwise and counter clockwise
twisted-tape circular tubes' thermohydraulic characteristics are described. In the
model, the twisted tapes were individually put into the uniform wall heat flux with
three distinct twist ratios y/w (2, 4, and 6). The working fluid was water. Given that
all of the thermal performance factors calculated using the same pumping power are
greater than unity, Heat transfer enhancement has been found to be effective.
Additionally, the empirical correlations for the thermal performance factor, friction
factor, and Nu have been developed. Model ANSYS Fluent for Nu and for thermal
performance factor (n) is shown to be in good agreement with the resultant from the
correlations. In order to evaluate the heat transfer enhancement and the pressure drop
increase produced by the twisted tapes, comparisons of the reference data of heat
transfer and friction factor in the smooth circular tube with fully developed thermal
flow were obtained. With increasing Re, (Nu) significantly rises, indicating an
increase in convective heat transmission. This trend runs counter to what is typical in
a turbulent regime. This directly associated to the variation in thermal boundary layer
thicknesses between these two regimes. In the laminar regime. The thermal boundary
layer is thick, thus shear accords also increases with flow velocity increases,
amplifying the disturbance of the boundary layer. Depending (Nuw) for the tube insert
twisted tape on twist ratio (y/w) and (Re). The implications of the model on the
laminar flow regime behaviours of uniform wall heat flux tubes' heat transfer, friction
factor, (Nu), and thermal performance are explained. To assist in the design and
retrofit applications of the use tube with a twisted tape inserts for the laminar region,
the numerical findings were submitted to the empirical correlation development. The

main conclusions can be in Eq. (4.1) [142].

Nu = 0.005Re139pr04(y /w)~0-521 (4.1)
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Table 4.3. Use of Relevant values during the modeling process.

Fluid Properties Quantity
Density, p,, 992.23 kg/m?®
Dynamic viscosity, W, 0.653 x 107 kg/m.s
Heat capacity, Cp,, 4.1785 kJ/kg.K
Kinematic viscosity, v,, 0.659 x 10° m%/s
Kinematic viscosity, v, 0.153 x 10° m%/s
Thermal conductivity, kg, 0.0263 W/m.K
Thermal conductivity, k,, 0.631 W/m.K
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PART 5

RESULTS AND DISCUSSION

5.1. MODEL VALIDATION PROCEDURE

Figure 5.1 shows the comparison between the current numerical results and the model
ANSYS FLUENT data available for Nusselt number for empty tube containing fluid
flow and heat transfer in a pipe filled with a pure water for different Reynolds numbers
Re (500,1000 and 1500) laminar fluid flow according to the tube's diameter and mean
flow velocity. Overall considering the Figure 5.1, it is concluding that the numerical
procedure was acceptably performed. The disparity is about 24.8% for Re (500), 9.8%
for Re (1000) and 6.9% for Re (1500), Nusselt number and Reynolds numbers are

shown in Figure 5.1.

— ® —Nu_E_Numerical —e— Nu_E_Ansys
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Nusselt number
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Figure 5.2. Comparison between the Ansys fluent data and current numerical results
for the Nu.
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Figure 5.2 shows the comparison between the current numerical results and the model
ANSYS FLUENT data available for Nu for tube containing fluid flow and heat
transfer in a pipe filled with a pure water and containing a twisted tape(y/w=2) for
different Re (500,1000 and 1500) laminar fluid flow according to the tube's diameter
and mean flow velocity. Overall considering the figure, it concludes that the numerical
procedure was acceptably performed. The disparity is about 17.5% for Re (500), Re
(1000) and Re (1500), Nusselt number and Reynolds numbers are shown in Figure 5.2.
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Figure 5.3. Comparison between the Ansys fluent data of and current numerical
results for the Nu.

Figure 5.3 shows the comparison between the current numerical results and the model
ANSYS FLUENT data available for Nu for empty tube containing fluid flow and heat
transfer in a pipe filled with a pure water and containing a twisted tape (y/w=4) for
different Re (500,1000 and 1500) laminar fluid flow according to the tube's diameter
and mean flow velocity. Overall considering the Figure 5.3, it concludes that the
numerical procedure was acceptably performed. The disparity is about 17.5% for Re
(500), Re (1000) and Re (1500), Nusselt number and Reynolds numbers are shown in
Figure 5.3.
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Figure 5.4. Comparison between the Ansys fluent data of and current numerical
results for the Nu.

Figure 5.4 shows the comparison between the current numerical results and the model
ANSYS FLUENT data available for Nu for empty tube containing fluid flow and heat
transfer in a pipe filled with a pure water and containing a twisted tape (y/w=6) for
different Re (500,1000 and 1500) laminar fluid flow according to the tube's diameter
and mean flow velocity. Overall considering the figure, it concludes that the numerical
procedure was acceptably performed. The disparity is about 17.5% for Re (500), Re
(1000) and Re (1500), Nusselt number and Reynolds numbers are shown in Figure 5.4.

— @ —Nu_TT_Numerical_Y/w=6 —@— Nu_TT_Ansys_Y/w=6

Nusselt Number
[=Y

400 600 800 1000 1200 1400 1600
Reynolds Number

Figure 5.5. Comparison between the Ansys fluent data of and current numerical
results for the Nu.
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5.2. COMPUTATIONAL BASED NUMERICAL RESULTS

Figure (5.5), (5.6), (5.7) show the cross-sectional radial velocity contours for the cases
of empty tube and twisted tape inserts y/w (2,4, and 6) in a cross-section for Reynolds
number Re (500,1000, and 1500). The streamlines coloured by velocity magnitude are
illustrated for value the three-twisted tape inserts y/w (2,4, and 6). It is visible that the
flow path changes as the value of the twisted tape varies. While utilizing twisted tape,
the radial velocity increases for cross-sectional values, causing the stronger secondary
flows seen in Figure (5.5), (5.6), (5.7) in instances of twisted tape. Because more swirl
flow fronts can be seen in twisted tape y/w=2 values with higher radial velocity, And
the velocity decreases at the twisted tape y/w (2,4), Stronger secondary and mixing
flow, hence. As a result, the core's colder fluid is more actively directed towards the

hot wall, increasing the amount of heat transfer between the wall and the fluid.

y/iw=4, Re=1500 y/w=6, Re=1500
Velocity & "\l j - - =
Streamline 1 =0, e — )
N 8.4508-02 = , =) )
- 6.337e-02 =) ‘\:}\-ﬁ\“‘ 3
{ ) \\, W
- 4.2256-02
Empty tube, Re=1500 y/w=2, Re=1500
- 2.112e-02

I 0.000e+00

[m s”-1]

Figure 5.6. Streamline coloured by velocity magnitude for empty tube and twisted ratio
y/w (2,4, and 6) for at Re=1500.
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Figure 5.7. Streamline coloured by velocity magnitude for empty tube and twisted ratio
ylw (2,4, and 6) for at Re=1000.
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Figure 5.8. Streamline coloured by velocity magnitude for empty tube and twisted ratio
y/w (2,4, and 6) for at Re=500.
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Figure 5.9. Cross-sectional velocity contours for empty tube and twisted ratio at
y/w=2,4, and 6 at Re=500,1000,1500.

Figure 5.9 shows the average velocity curve for each twisted tape was illustrating the
values of tangential velocity in terms of cases empty tube and twisted tape inserts y/w
(2,4, and 6) in a cross-section for Reynolds number Re (500,1000, and 1500). From
the results, it shows that the optimum twisted tape y/w=2 at a higher average velocity
for the Reynolds number (Re) is 1500 with 0.005 m/s, compared to others. As can be
seen, when y/w (4,6) is used, the radial velocity values in the tube cross-section are
rather low. It is clear that using twisted tape and increasing its angular velocity has a

considerable impact on the flow pattern at all of the selected points.
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Figure 5.10. Average velocity profile for different four cases empty tube and tube
insert twisted tape y/w (2,4, and 6) at for Re (500,1000, and 1500).

Figure 5.10 shows that surface temperature was made different effect contours for the
cases of empty tube and twisted tape inserts y/w (2,4, and 6) in a cross-section for
Reynolds number Re (500,1000, and 1500). The wall temperature was made different
effect in Figure 5.11, where inserting a twisted tape into a water tube was recorded
greater surface temperature for empty tube without twisted tape. Found wall surface
temperature low at after insert twisted tape to the water tube. Figure 5.10 illustrate the
temperature of the case of the empty tube was found higher than the three cases of the
twisted tape. From the results, it shows that the optimum case empty tube at a higher
wall temperature for the Reynolds number (Re) is 1500 at 328 K, compared to others.
As can be seen, when y/w (2,4, and 6) is used, the values of the wall temperature are
rather low in the tube, and the lowest surface temperature of the twisted tape y/w=2
for the (Re) is 1500 at 310 K. This indicates an increase in heat absorption through the

tube surface to the fluid in the case of the twisted tape, especially for the twisted tape.
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Changes surface temperature for different four cases empty tube and tube
insert twisted tape y/w (2,4, and 6) at for Re (500,1000, and 1500).

Figure 5.11 shows the friction factor curve for each twisted tape was illustrating the

values of friction factor in terms of cases empty tube and tube insert twisted tape y/w
(2,4, and 6) for Re (500,1000, and 1500), of the results, it shows that the friction factor
value is low in the case of the empty tube for Re (500,1000, and 1500) with friction

factor (0.05,0.03 and 0.02) successively, and increases in the case of the insert twisted
tape y/w (2,4, and 6), respectively, in the case of the Re (500,1000, and 1500). As can

be seen, twisted tape y/w=2 at a higher friction factor for the Re is (500,1000, and
1500) with friction factor (0.28, 0.18, and 0.13) compared to others.

Fraction Factor

Figure 5.13.
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Changes friction factor for different four cases empty tube and tube insert
twisted tape y/w (2,4, and 6) at for Re (500,1000, and 1500).
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Figure 5.12 shows the cross-sectional pressure contours for the cases of empty tube
and tube insert twisted tape y/w (2,4, and 6) in a cross-section for Reynolds number
Re=1500. In which colored by the pressure magnitude are illustrated for value the three
twisted tape y/w (2,4, and 6). It is visible that as the twisted tape value different, the
flow path undergoes more changes. While utilizing twisted tape, the radial velocity
increases for cross-sectional values, causing the stronger secondary flows seen in
Figure 5.12. in instances of twisted tape. This is because more swirl flow fronts can be
seen in twisted tape y/w=2 values with higher the pressure, and the pressure decreases
at the twisted tape y/w (2,4).
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Figure 5.14. Pressure for different four cases empty tube and twisted tape inserts y/w

(2,4, and 6) at Re 1500 (a),1000 (b), and 500 (c).
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Figure 5.13 shows the average pressure curve for each twisted tape was illustrating the
values of average drop pressure in terms of cases empty tube and tube insert twisted
tape y/w (2,4, and 6) for Re (500,1000, and 1500). From the results, it shows that the
average pressure value is low in the case of the empty tube for the Re is (1500, 1000,
and 500) with average pressure (13.5, 8.8, and 4.3) Pa successively, and increases in
the case of the insert twisted tape y/w (6,4, and 2), respectively, in the case of Re
(500,1000, and 1500). As can be seen, twisted tape y/w=2 at a higher average drop
pressure for the Re is (500, 1000, and 1500) with average pressure (101.8, 59.5, and
23.7) Pa successively compared to others.
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Figure 5.15. Changes average pressure for different four cases empty tube and twisted
tape inserts y/w (2,4, and 6) at Re (500,1000, and 1500).

Figure 5.14 shows the cross-sectional temperature contours, at different wall for empty
tube and twisted tape inserts at Re of (500,1000, and 1500). The thermal boundary
layer develops normally over the length of the tube as seen by the empty tube cross
sectional temperature contours. Because there is no method to improve heat transfer,
such as a passive or active manner, the water temperature does not effectively well in
the centre of the tube with the heat coming from the collector. After inserting the
twisted tape, the centre of the tube gradually warms up as a result of the twisted tape
because the severe turbulence caused the water at the surface to swirl and mix with the
centre tube. As can be seen, twisted tape y/w=2 at a higher temperature distribution
for the Reynolds Number (Re) is (500, 1000, and 1500) with outlet temperature (343K)

successively compared to others.
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Figure 5.16. Temperature distribution contours for cases of empty tube and twisted
tape inserts y/w (2,4, and 6) at Re 1500 (a),1000 (b), and 500 (c).

Figure 5.15 temperature distribution contours for cases of empty tube and twisted tape
inserts y/w (2,4, and 6) at Re 1500 (a) 1000 (b), and 500 (c). Figure 5.15 shows the
cross-sectional temperature contours on the outlet temperature for empty tube and
twisted tape inserts y/w = 2, 4, 6 for Re=1500, 1000, 500. The temperature contours
illustrate the thermal boundary layer's development as it should for the tube's outlet,
however as the twisted tape is inserted into the tube and heat transport between the
fluid and heated wall, the thermal boundary layer disturbance increases and becomes
thinner. The twisted tape improves heat transfer from the wall to the fluid by increasing
the efficiency of heat dissipation. Can be seen in this figure is that the presence of
twisted tape and lowering its Re value it increases the external fluid outlet temperature
to slow down the fluid velocity and thus more heat transfer. As can be seen, twisted
tape y/w=2 at a higher temperature distribution for Re (500, 1000, and 1500) with

outlet temperature (343K) successively compared to others.
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Figure 5.17. Cross-sectional outlet temperature contours for empty tube and twisted
ratio y/w =2,4, and 6 for Re=500, 1000, 1500.

Figure 5.16 shows the thermal efficiency of the twisted tape inserts, a variety of
performance evaluation criteria have been proposed, to assess whether the
performance obtained with the insert is better to that obtained without the insert. The
model ANSYS FLUENT data design modeller had been used to sketch the absorber
tube with a twisted tape inserted. Heat exchanger systems widely employ the
performance evaluation criterion provided by Eq. (4.3). Figure 5.6 depicts the variation
of the thermal efficiency for a model with twisted tape insert is Re (500,1000, and
1500). In this study, the thermal efficiency for each twisted tape was illustrating the
values of thermal efficiency in terms of cases empty tube and twisted tape inserts y/w
(2,4, and 6) is Reynolds number (500,1000, and 1500) values found range between
(10% to 21%). The assessment of thermal efficiency, however, offers a useful way to

compare enhanced and non-enhanced systems in heat transfer systems. The figure



illustrates that twisted tape inserts y/w (2,4, and 6) achieve higher thermal
efficiencies than an empty tube. The heat transfer enhancement plays a significant role
in improves the performance. From the results, it shows that the optimum twisted tape
y/w=2 at a higher thermal efficiency for the Reynolds number is 1500 is (21%),
compared to others.

Re=1500 —e—Re=1000 —e—Re=500
70% -
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50% - . —e
40% o
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Thermal Effiiccnc
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Figure 5.18. Variation ANSYS FLUENT data of the thermal efficiency for different
four cases empty tube and twisted tape inserts y/w (2,4, and 6) at Re
(500,1000, and 1500).

Figure 5.17. A similar comparison is illustrated the current numerical results for the
thermal efficiency through collector at twisted tape inserts had been used to scheme
the absorber tube. Figure 5.17 depicts the variation of the thermal efficiency for a
model with twisted tape insert is Re (500,1000, and 1500). In this study, the thermal
efficiency for each twisted tape was illustrating the values of thermal efficiency in
terms of cases empty tube and twisted tape inserts y/w (2,4, and 6) is Reynolds
number (500,1000, and 1500). values obtained are in the range of (7% to 21%).
Significant gains in thermal efficiency are achieved at twisted tape inserts, as shown
by the figure. y/w (2,4, and 6) better than an empty tube. And a key factor in raising
performance is the improvement of heat transmission. From the results, it shows that
the optimum twisted tape y/w=2 at a higher thermal efficiency for the Reynolds
Number is 1500 is (21%), compared to others.
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Figure 5.19. Variation the numerical of the thermal efficiency for different four cases
empty tube and twisted tape inserts y/w (2,4, and 6) at Re (1500,1000,

and 500).

Table 5.1 shows some of previous studies on laminar flow with twisted tapes and their

results, the results go parallel with ANSYS FLUENT computational fluid dynamics

(CFD) results. where the best result was when twisted tapes ratio is lower for example

ylw (2,2.5). Where that the Nu increases with Re increment while friction factor

decreases.

Table 5.1. Experimental twisted tape inserted laminar flow studies.

Yiw Re Nu  Friction Mythology
factor
Wongcharee et 3 830 13 0.42  Laminar water flow, Copper
al. [142] 1000 15 039  tube (length 1m, inner
1500 23 036  diameter 0.019m, outlet
4 80 10 034  diameter 0.022m),
1000 13 032 iuminium twisted
1500 18 0.3 tape(width 18mm, thickness
5 830 9 0.3 1mm).
1000 11 0.28
1500 16 0.25
Lim et al. 25 500 115 0.4 Laminar water flow, Copper
[143] 1000 18 015  tube (length 0.8m, inner
1300 19 0.1  diameter 0.0734m, outlet
4 500 12 0.36 diameter 0.0942m), stainless
1000 155 013  steel twisted tape(width
1300 17 0.08
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500 12 0.26  5.23mm, thickness 0.84mm,
1000 14 012  length 800mm).
1300 145 0.08
Syed Jafar et al. 946 10 0.0821  Laminar water flow, Copper
[105] 1418 1285 0.0611 tube (length 2m, inner
710 896 0.0918 diameter 0.012m, outlet
1654 1239 0.0619  {jameter 0.0125m),
946 76  0.0791 gyminium twisted tape
1418 957 0.056 (width  11mm, thickness
1.5mm, length 2000mm).
Current study 500 9 0.28
1000 19.83 0.176
1500 3147 0.134
500 6.27 0.184
1000 13.82 0.11
1500 21.93 0.083
500 5.08 0.17
1000 11.18 0.097
1500 17.75 0.073
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PART 6
CONCLUSION

In this study, the usable heat gain comes from solar intensity falling on PTC reflected,

to the absorber tube, filled with a pure water, and twisted tape inserts tube with % =

2,4, and 6, compared with empty tube in laminar flow, using commercial ANSYS
FLUENT (CFD) software tool with actual heat flux profiles coupled. The model
allows to predict the thermal efficiency of PTC when a twisted tape inserts is utilized
to improve performance. The results showed that, due to the increased surface area
and swirling motion caused by the twisted tape insert, the Nu, friction factor, average
pressure, and thermal efficiency increase in comparison to those associated with an
empty tube. The Nu increased with the increase of Re (500,1000, and 1500) for twisted
tape inserts y/w (2,4, and 6) compared to the empty tube where:

e Nusselt number increased (73% at Re=500) (83% at Re=1000) (87% at
Re=1500) for use of the twisted tape inserts y/w=2 than empty tube.

e Nusselt number increased (61% at Re=500) (75% at Re=1000) (81% at
Re=1500) for use of the twisted tape inserts y/w=4 than empty tube.

e Nusselt number increased (53% at Re=500) (69% at Re=1000) (76% at
Re=1500) for use of the twisted tape inserts y/w=6 than empty tube.

The friction factor for the inner surface of the tube increased with the increase of Re
(500,1000, and 1500) for twisted tape inserts y/w (2,4, and 6) compared to the empty

tube where:

e Friction factor increased (82% at Re=500) (85% at Re=1000) (87% at
Re=1500) for use of the twisted tape inserts y/w=2 than empty tube.

e Friction factor increased (72% at Re=500) (76% at Re=1000) (78% at
Re=1500) for use of the twisted tape inserts y/w=4 than empty tube.
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e Friction factor increased (70% at Re=500) (73% at Re=1000) (75% at
Re=1500) for use of the twisted tape inserts y/w=6 than empty tube.

The Thermal efficiency increased with the increase of Re (500,1000, and 1500) for
twisted tape inserts y/w (2,4, and 6) compared to the empty tube, and at the lowest

flow rates, the increase in the thermal efficiency is remarkable where:

e Thermal efficiency increased (17% at Re=500) (19% at Re=1000) (21% at
Re=1500) for use of the twisted tape inserts y/w=2 than empty tube.

e Thermal efficiency increased (11% at Re=500) (14% at Re=1000) (15% at
Re=1500) for use of the twisted tape inserts y/w=4 than empty tube.

e Thermal efficiency increased (7% at Re=500) (12% at Re=1000) (13% at
Re=1500) for use of the twisted tape inserts y/w=6 than empty tube.

We may conclude from this work that, under certain circumstances, a twisted tape
insert is an effective approach to increase the heat transfer between the thermal fluid
and the absorber tube surface by creating a swirling flow in a PTC. The research's
findings give researchers working in this field a foundation for greater performance

based on energy savings in accordance with both heat transfer improvements.
The usage of twisted tape gives good results in heat transfer process, in future works

it is good thing to implement different types of tape and study their effect in heat

transfer.
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PART 7

SUMMARY

In this study, were performed numerical CFD ANSYS FLUENT simulation model by
using various cases twisted tape inserted y/w=2,4, and 6 in solar parabolic trough
collectors PTC, filled with a pure water, and compared with empty tube. The given
results showed that the thermal performance of all cases with various twisted tapes is
better than empty tube. And the obtained indicated that in the presence of a twisted
tape insert, Nu, average pressure, friction factor, and the thermal efficiency increase
with respect to the ones associated to an empty tube, because of increased surface area,
and due swirling motion. Nu increased with the increase of Re for twisted tape inserts

ylw (2,4, and 6) compared to the empty tube.
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