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Abstract

Parabolic trough collectors (PTCs) have came out as a promising technology for harnessing solar
energy for various applications including electricity generation and thermal heating. However,
improving their thermal performance remains a critical challenge to maximize energy conversion
efficiency. This paper presents a mathematical model for enhancing the thermal performance of PTCs
by using a curved Fresnel lens as a second collector over the top side of the receiver. This enhancing
has taken advantage of the space above the top side of receiver and increased the thermal efficiency of
PTCs. The unsteady heat transfer equations with one dimension are used to simulate the effect of
Fresnel lens on the receiver components beside the heat transfer fluid and compared with that without
Fresnel lens. The results of this model are based on parameters of LS-2 model and environment of
installation place whereas the water was chosen as heat transfer fluid with physical properties
depending on Temperature. Al-Baydha city in Yemen is chosen as an installation place taking in
consideration the variation of environment temperature in each month of the year and the inlet
temperature of water and receiver ‘s components are taken as the minimum temperature of the air.
Keywords: Mathematical Model; Parabolic Trough Collector; Fresnel Lens ; Solar
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1. Introduction

The solar energy is the one of main, cleanest
and most sustainable forms of energy available
to use in many industrial applications today.
Therefore there are many of techniques to
benefit of this power. The concentered
collectors are one of these techniques.
Parabolic trough collectors (PTCs) are one of
the concentrated collectors technologies and
are widely used in solar thermal power plants
to harness solar energy for electricity
generation and other industrial applications of
medium and high-temperature levels. Parabolic
trough collectors are the most mature
concentrating collectors because they have real
applications and are the most commercially and
technically  developed.  Solar  Electric
Generating Systems (SEGS) plants were the
biggest commercial plants of PTCs, they have
been built by Luz International and installed in
California’s Majove Desert, SEGS-I was the
first plant with capacity 14-MW electric
(MWe) and amplified by adding SEGS-II until
SEGS-IX, SEGS plants have total capacity of
354MWe ) Duffie et al. (2020); Coccia et al.
(2016). These plants were the first plants and
they have been in successful operations since
early 1980’s Mwesigye et al. (2012).

The collectors which have been designed for these
plants are LS-1 for SEGS-I, LS-2 for SEGS-II to
SEGS-VII and LS-3 for a part of SEGS-VII to
SEGS-IX plant Duffie et al. (2020).

Basically, PTC consists of curved mirrors,
generally in a parabolic shape, which
concentrate sunlight onto a receiver tube
located along the focal line. The receiver tube
contains a heat transfer fluid that absorbs the
concentrated solar energy and transfers it to a
power cycle or heat exchanger. While parabolic
trough collectors have shown great potential,
there are still challenges that need to be
addressed such as heat losses, cost reduction,
tube absorber design, accuracy of tracking

system,...etc. In recent years, there has been a
growing focus on enhancing the performance
and efficiency of PTCs by using various
methods. This includes enhancing the materials
of heat-absorbing for better heat transfer and
thermal energy storage, improving tracking
systems for increasing the amount of solar
energy collected which improve their optical
design and maximize sunlight capture, and
optimizing the overall system to minimize heat
losses and increase the overall energy
conversion efficiency. Enhancements in
receiver technology and heat transfer fluid play
a significant role in improving the overall
performance of PTCs.

Many of researches have focused on
developing high-performance absorber
coatings, numerically and experimentally
comparing among heat transfer fluids, and
novel receiver designs to enhance thermal
efficiency, reduce heat losses, and increase
temperature capabilities. Inserting types in
absorber tube such as fins, coils, spiral
grooved, ... etc. The inserting types have been
studied by many researches to enhance heat
transfer coefficient for increasing thermal
performances. Here some of researches that
focused on inserts types. Inserted a type called
a twisted type with wall-detached inside
absorber tube was increased thermal efficiency
by about 10 % at a twist ratio of greater than
one due to presence of twisted tapes and the
entropy generation had greatest reduction about
58.8% Mwesigye et al. (2016).

Inserting Metal foam in absorber tube was
examined by Jamal-Abad et al. (2017) who
found that thermal efficiency increased up to
3% Nusselt number increased 8 times and the
extremely high pressure drop increased over
100 times.

The enhancing solar power technology is
considered one of the most subjects which
many of researches focus on.
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2. The Second Collector

The idea of using a second collector is not new,
where Bellos and Tzivanidis (2019) showed
different types of second collector and enhanced
methods. However in this paper the use of curved
Fresnel lens as a second collector for parabolic
trough collector is presented. Where, the top part of
the receiver of parabolic trough collector was
covered by curved Fresnel lens ensure receiving the
absorber tube high solar radiation density at top
side as seen in figure 1.

Fresnel lenses are widely used in many
application especially in solar concentrating

—

system, they have especial advantage to other
lenses such as small volume, mass production,
low cost and light weight as well as effectively
increase of the energy density. Fresnel lens can
be made of glass and plastics materials that
have optical specifications similar to glass such
as polymethylmethacrylate (PMMA), acrylic
and polycarbonate Xie et al. (2013). Therefore,
Fresnel lenses offer high optical efficiency
when they were used as solar concentrators
with minimal weight and cost.

e ——

Figure 1: Cross section of purpose model

3.1. Mathematical Model

The mathematical model bases on energy
balance of the receiver's components with
using the Fresnel lens as second concentrator
beside the parabolic concentrator to explainl!
how Fresnel lens has effect on the performance
3.1.1 Concentration ratio of Fresnel lens

of parabolic trough collector. This model is
basing a assumption which used to build this
pattern, neglecting the heat distribution from
the top to bottom or vice versa of absorber
sides by variation of temperature.

The concentration ratio of Fresnel lens is given by Xie et al. (2013)

6= 4 (1)
= a
Where A¢ is the aperture area of Fresnel lens and A, is the area of receiver that facing the Fresnel

lens. Since the receiver and the lens have the same length then the concentration ratio can be given as

¢ = 2
r=3 @
Where S; is arc of the Fresnel lens and S, is arc of the receiver, Which they are
T
Sr = Rf(20 X —— 3
r = Rp(20 X 755) 3
A
Sy = 1,(20 X ﬁ) (4)
1, is the radius of receiver and R, is the radius of the lens which is evaluated from figure 2 by
1 1 . : ‘{
(< )
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Figure 2 Schematic diagram of a half line-focus curved Fresnel lens
b

R = Singe) ®)

And the focal f length is given as

b ’ 2

Where B is the angle between the focal line and the center ray as figure 2 showed. The relation
between the distance from the center of receiver to a groove and the radius of the receiver is in

equation 7, this equation can be using for restricting of refraction rays losses Xie et al. (2013)
T,

< —° 7
d =< 2tan(§) @
Where ¢ is the half angle between the sun and the earth, which is 0.27¢ and d is given from figure 2 as

d =~ \/bz +(f —Rf + |Rs* — b2)? (8)

From figure 3, we see that since the size of the grooves are very small then the slope angle of a groove
and the arc of groove can be approximated as

Figure 1: A groove geometry

ax =~ Sk 9)
And
ay = Oz + O3 (10)
Then
ar = R 04 (11)
Let x; is the width of the prism, Then
x; = agcos( ay ) (12)
If all prisms have the same width and their number are m , then
b
Xp=— (13)

From Snell’s low refraction, we have
sin(0,;) = nsin(6,;)
sin(6,;) = nsin(O3;)
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Where n is the refractive index of lens material. By considering that, The lens is fastened to receiver
which is tracked, then incident angle should be small. If the incidence angle is O° then from figure we
have

ag = Ok + Our — Pr
Where k indicates the number of the groove, 6,,is the angle between the end radius of that groove,
0, is refractive angle of the ray that leaves the prism to focal point and g, is the angle between focal
length and the refractive ray. Therefore,

0= i Qlk
=

=) B
k=1

To evaluate the concentrating solar energy intensity on the receiver (G,) by Fresnel lens that hits the
absorber, we can use the following equation.

Gy =gl Cr (14)
Where I, is the direct solar radiation and 7, is the optical efficiency of Fresnel lens that depends on

the incident angle in addition to many parameters. the optical efficiency is defined by
absorbed energy by the receiver

7 = incicdent energy on the outer surface of lens

The energy absorbed by receiver from the Fresnel lens is given by

Qr =nsl,Af (15)
The total energy absorbed by the receiver from both the Fresnel lens and parabolic trough collector
can be given by the equation

Qap = Qf + Qco (16)
Where Q,, is the energy absorbed by the receiver from parabolic trough collector which is given as
Qco = NelpAc (17)

Where 1, is the optical efficiency of parabolic trough collector, A, is the trough collector area (m?).

3. Thermal Model

Thermal model bases on the analysis of heat behavior of the receiver’s components with effect of the
curved line Fresnel lens beside parabolic trough collector as concentrating surfaces.

4.1. The heat transfer in glass envelope

The heat transfer equation per unit length of the glass cover of the absorber tube of PTCs in one
dimension with constant physical properties is given by

aT, T,
AgCpgpyg a9t Agkyg Ox2 +Qu t Qgina—g - Qlosg—air (18)

Where Ay, Cpy,p, and kg, are the cross-area (m?), specific heat at constant pressure(J/kg K), density
(kg/m?3) and thermal conductivity (J/m K) of the glass envelop respectively. Qc’:b is the absorbed energy
by glass envelope from solar radiation (W/m) and Qging_g » Qlosg—air are gain energies from absorber
tube and losses energies from glass cover to environment (W/m). Where

Ql, = ayQu (19)  Where ay is
the absorptance factor of glass. And
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Qgina_g = Qca_g + Qra_g (20)
Qeay and Qro_, are the energies lost from absorber into glass cover by convection and radiation

respectively. The convection heat transfer in annulus and mainly depending on the pressure in annulus,
where at pressure less than (1torr), the collisions seldom occur between molecules of gas in annulus,
therefore the heat transmits by free-molecular convection Xu et al. (2019); Yunus A. Cengel (2015).
The recommended pressure to neglect the loss by convection is under vacuum (0.013Pa) or near this
region Padilla et al. (2011). In general the energy losses per unit length by convection over horizontal
cylinder is given by Newton cooling law as
Qca_g = 7-[Daexhca_g (Tq — Tg) (21)

Where D, is the outer diameter of the absorber tube (m), hca_g IS a convection heat transfer
coefficient(W/m?K). T,, T, are temperatures of the absorber and glass cover respectively (°C). A
correlation of h.,__ for annulus gas under vacuum is given by Xu et al. (2019)

99 — 5)(Dg + D) An]
20+1)
Where k., is the thermal conductivity at standard temperature and pressure D, is the ratio between
the inner diameter of the glass to outer diameter of the absorber. 9 is the ratio between the specific
heat of gas in annulus at constant pressure to that at constant volume. 4,, is mean-free-path between
collisions of the molecule (m) and given Xu et al. (2019) as
BTa,
A = V2P, D2, (23)

here B is Boltzmann’s constant (1.381x10-23 (J/K)), B, is the pressure in annulus (Pa). D,, is
molecular diameter of annulus gas (m). Table 1 gives the coefficients of heat transfer for common
annulus gases. If the vacuum in annulus is lost, the heat transfer between the absorber and glass cover
occurs by natural convection. The correlation of convection heat transfer coefficient for natural
convection is Yunus A. Cengel (2015) by

h

Daex *
cacg = ksta |—£In(Dgy) + (22)

Kerr
[ ) 24
camg Daex ln(D;g) ( )

Where k. is the effective thermal conductivity and given by
Table 1: Coefficients of heat transfer for common annulus gases Xu et al. (2019); Forristall (2003)

Gas kga (W/mK) D,, (1071%9m) 9
Air 0.02551 3.72 1.4034
Hydrogen 09090 2.74 1.408
Argon 0.01777 3.8 1.677
Prgs ¥ 1
kepr = 0.386keq [M] (FjRags )* (25)

Where F; is the geometric factor for concentric cylinders. Pr,; is the Prandtl number for gas properties
and Rags is the Rayleigh number and they are evaluated at the average temperature of the outer
surface of absorber and the inner surface of glass (7,,). This correlation is suitable in the range (Ra <
107) and (0.7 < Pr < 6000). In addition to that, for the case when k., is less than kg4, the k.¢¢

I ———————————
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should be replaced by kg4 Xu et al. (2019); Yunus A. Cengel (2015). Where F; , Ragsand Pry, are
given by

4
In(D;
Fy= 3 —(Eeag) —0.675 (26)
LCh(Daex. + Dginl
L.y, 1s the characteristic length (m) for Rayleigh number and is given by
D -
Lch — Jin z Aex
Rayleigh number is given by
Y(T, - T,)L
Raavg — g ( a g) ch (27)
ada,,gvavg
Where g is gravity acceleration (9.8 (m/s2)). Y is thermal expansion coefficient (1/K) which is
1

V= 3 ts
Vavg IS kinematic viscosity (m?/s). Ad,,, 1S thermal diffusivity (m?2s). The Prandtl number for gas is

given by
CP Hgs
— —gs
Prys ks
Where g is dynamic viscosity (kg/m s). kg is thermal conductivity of gas.

The energy lost per unit length by radiation from the outer surface of the absorber to the envelope
glass is

Qra_g = nDaexhra_g (Tq — Tg) (28)
Where hro_y the coefficient of heat transfer by radiation Xu et al. (2019) and is

(T, + 273.15)% + (T, + 273.15) ") (T, + T, + 546)
hra_g - 1 (1-€g) (29)

€q D[;g €g
Where €, and €, are the emissivity of the glass cover and the absorber in the long-wavelength range.
4.2. The heat transfer in the absorber tube
The reflected solar radiation from parabolic collector into the absorber tube that absorbs the most of
this energy and transmits it into HTF by convection. The other energy losses into glass cover and tips.
The mechanisms of heat transfer into and from the absorber is given by first thermodynamics law with
taken some considerations in the model. The physical properties of the absorber is considered
constants and the energy lost by conduction either between the absorber and glass cover or at the ends
of absorber are negligible. The energy balance equation in one dimension of absorber tube per unit
length is given as
aT, 0%T,
AaCpapPa W = Aakaﬁ + ng - Qgina_g - Qca_f (30)
A, is the cross-section area of absorber (m?). QZ%, is the absorbed energy by the absorber (W/m).
Qc,_ ; is the energy lost from the inner surface of absorber by convection which is evaluated by

Newton cooling law. Therefore the energy lost by convection per unit length from the inner surface of
absorber and the heat transfer flow is

Qca_f = T[Dainhca_f (To — Tf) (31)
I ———————————
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Where D, is the inner diameter of absorber (m). T is the temperature of the heat transfer fluid

stream. The convection heat transfer coefficient for the fluid is evaluated by
Nusk

_ ff

heos =5

(33)

Nuy is Nusselt number which in general is a function of Prandtl number and Reynolds number (Re),
then it depends on the geometry of the flow beside on the fluid properties. The correlation for Nusselt
number which can be used for flow through tube is given by Meyer et al.(2019)

Nuy = (Null, + (Nuzf + Nug®) e )i (34)
Where Nu;,, , Nug and Nu, are Nusselt numbers for laminar, turbulent and transitional flow
regions respectively. For laminar region when Re < 2300, the Nusselt number is

QAin

Ny = 4.36 +% (Nuy + Nu,) (35)

Where
Nuy = —0.84Pr=02L, + 0.72 (ReD,, )*S*Pro34[046  (36)
Nuy = (0.207Gr0395 — 1.19)Pr®42 (ReD, ) (L—L)  (37)

Where

~ (2.4RePr°tD,.
L; = min L

Gr°-57
The hydraulic diameter can used instead of D, for accurate Karwa.(2017). For turbulent flow, the

Nusselt number correlation is
—-0.08

r
Nutgy, = 0.18Re=025(Re — 500)L07 pro:42 (ﬁ> (38)
S
For transitional flow regime
Nu,, = (0.017Re — 30.3)Pr°33 Gr—008 (39)
Where Re, Pr and Gr are Reynolds, Prandtl and Grashof numbers and they are evaluated by
R 4m
e =
T[Dain My
m is mass flow rate (kg/s)
Cp 1
Pr = s
ky
p 2
Gr = gYD3 (T;. —T,) <—f>
g uf
Where T, and Tt,,, are bulk temperature and the average temperature of the fluid, where
T+ T,
b7 2

1 L
Tfavg = ZJ Tf dx
0
4.3. The heat transfer in water
The energy balance equation of fluid in one dimension is given as

-
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oT; @ oTy\ . . 0Ty
AE(Ty) a0 = 3 \Arkr 55|~ Ml 5+ Qe (40)

Where
0
E(Ty) = at; (TrCp,py)

The physical properties of water is given by Marif et al. (2014)

Cp, = 0.01378T7 — 1.42026T + 4218.2371 (41)
ke = —5.96341 x 107°T7 + 1.63 x 1073 T; + 0.56821 (42)
pr = —4.95626 x 107*T# — 0.23291T; + 1001.83736 (43)

e = —4.28265 x 10‘10Tf3 + 1.88979 X 10‘7Tf2 —2.77774 X 1075 Tr + 15.61071% (44)
4. Solar Radiation
There are many models which can be used to evaluate the Direct solar radiation on any installed
location. One of those is given here. The direct solar radiation on a collector surface can be evaluated
Marif et al. (2014); Othman et al. (2018) by

I4n = E,4 cos(6;)e"OrRTLMp) (45)

Where E; is the extraterrestrial radiation incident on the plane normal to the radiation on a day of the
year, 8 is the optical thickness of Rayleigh, M, is the relative optical of mass, T, is the Linke
turbidity factor and 6; is incident angle of solar radiation. Where

360d
E; = 1367 (1 + 0.00334 cos( 365 )) (45)
d is a day number.
1
O = oM, + 94 (46)
Patm
My = 101325 sin(as) + 15198.75(3.885 + a;)~1253 “47)
Where P, IS the atmospheric pressure at any location on earth surface and is given by
Pym = 101325(1 — 2.26 x 10° x Z )525 (48)
Z is the altitude in meters. a, is the solar altitude angle which is Duffie et al. (2020)
os = sin~1(sin(¢) sin(5,) + cos(¢) cos(8y) cos(w)) (49)
@, 64 and 8, are Latitude, declination and hour angle respectively. Where
 /360(284 + d)
8d = 23.45 sin (T) (50)
w = (Tso — 12)15° (51)
Where Ty, is the solar time in minutes and given by
Tsor = tioe +4(Lst — Lioc) + Eot (52)

Ls and L. are the standard meridian for the local time zone and the longitude of the location
respectively. Eot is the equation of time (in minutes) where
Eot = 0.01719 + 0.4281456cosD — 7.3520484sinD — 3.349758cos2D — 9.371988sin2D
Where
(d —1)360
365

The sunrise (w,) and the sunset (ws) angle are given by
I ———————————
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w, = cos~ (- tan(@) * tan(8,))
ws = —cos~Y(— tan(p) * tan(8y))
The times of sunrise and sunset are

_ 12
tr=12-7¢
= et
ts= 12+
Linke turbidity factor TL is evaluated Othman et al. (2018) by
T, =24 + 14.6A, + (0.4 + 0.8 4,) In(Pyap) (53)

Where A, is the coefficient of atmospheric disturbance, which its value is dependent on the locations,
which is given in table 2 as Where P, is the partial pressure of water vapor, which is the multiply
average relative humidity (Hg,) and saturated vapor pressure 7,4, they are given by Othman et al.

(2018)
Table 2: Value of atmospheric disturbance coefficient At Othman et al. (2018)

Location Mountain Rural Urban Industrial site
A, 0.02 0.05 0.10 0.2
:Pvap = HgyPsty (52)
Where
H,, =0.5
Tair 8.02
P.., = 2.165 (1.098 + 100) (53)

T, is the temperature of air. The incident angle is between normal to collector and beam radiation,
which is given in general Duffie et al. (2020) by

0; = cos‘l(cos(ﬁ)cos(ﬁ) + sin(9)sin(B)cos(Ps, — l/Jsu)) (54)

9= cos"l(cos(6d)cos(qo)cos(a)) + sin(ga)sin(Sd)) (55)
Where 9 is the zenith angle which is the incident angle for a horizontal surface, g is the slop angle of
the collector, 1, is the solar azimuth angle and v, is the azimuth angle of a surface. All above angle

in degree.

6. 6. Results and Discussion

The energy absorbed by the absorber from both
the lens and parabolic collector depends on
different parameters such as the radius, focal
line of lens and the radius & angle of lens in
addition to the carved area of absorber that
intercepts the refractive rays from the lens and
the area that intercepts. The characteristics of

the model taken in this paper with properties of
glass and absorber, are given in table 3 Marif et
al. (2014); Hachicha et al. (2013); Zhai et al.
(2010). The characteristics of parabolic trough
collector are that of LS-2 Hachicha et al.
(2013) as table 3 showed. The characteristics of
the lens chosen are focal length, its radius of
the lens as 0.5 m and 0.45.

Table 3: characteristics of the parabolic trough collector Marif et al. (2014); Hachicha et al. (2013); Zhai et al. (2010).

Characteristics Value
Receiver length 7.8m
Collector width W 5m
Glass envelop external diameter Dg_ 0.115m
Glass envelop internal diameter Dg, 0.105m
Absorber tube external diameter D, 0.070 m

- °eX
____________________________________________________________________________________________________________|
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Absorber tube internal diameter D,
Focal length of Fresnel length fie,
Radius of Fresnel length 1,

Thermal conductivity of glass cover k,

Thermal conductivity of absorber cover k,
Specific heat of glass cover €},
Specific heat of absorber tube cover C,,
Glass cover density p,

Absorber tube density p,

Optical efficiency of Fresnel lens up
Absorber pipe thermal absorptance a,
Glass envelop thermal absorptance a,
Glass envelop transmittance 7,
Absorber tube emittance g,

Glass envelop emittance &,

Reflected surface reflectivity pg

Mass rate flow 1

Shape factor y

Optical efficiency of PTCs 7,

0.066 m
0.50 m
0.450 m
1.2 W/mK
54 W/mK
1090 J/kg.K

500 J/kg.K
2230 kg/m3

8020 kg/m3
0.7

0.906
0.02
0.95
0.14
0.86
0.93

2 kgls
0.92
0.73

The equations 16 and 17 are used to calculate
the energy absorbed by receiver with Fresnel
lens at top of receiver and without respectively,
whereas the direct solar radiation is calculated
by the equation 45. The equations 18, 30 and
40 are calculated to study the thermal
performance for the glass envelope, the
absorber tube and the water respectively.

6.1. Model test

The model tested by comparing the results with
and without lens show the effect of Fresnel lens
on the thermal behavior of parabolic receiver

components and characteristics of parabolic
trough collector which is taken LS-2 model as
in table 3. The test of the absorbed energy by
the absorber tube was taken when the parabolic
collector is full tracking, rotates about East-
West axis and rotates about South-North axis,
in addition to incidence beam radiation on the
collect area in months of January, June and
November to take an approach to all the year.
Table 4 Estimates the incidence angle for
collector rotated about single horizontal axis
with continuous adjustment and full tracking.

Model of Tracking

Incidence angle

Full tracking
East-West rotated axis
North-South rotated axis

91‘ = 0
0; = cos™! (\/1 - cos(dd)zsin(w)z)
0; = cos™! (\/cos(ﬁ)2 - cos(dd)zsin(w)z)

The test is taken in a city of Yemen as
installation location. This city is Al-Bayda
which has latitude of 14.34 , longitude of 45.39
and altitude of 2038 m. Matlab software was
used to solve the model. Figure 4 shows the
energy absorbed by the absorber in the middle
of a day in January compared with incidence
solar radiation on both the outer surface of
Fresnel lens and parabolic collector, Since the
Fresnel lens was connected to the collector by

supposition then it take the same tracking
system. Branch A of figure 4 showed the
incidence beam radiation on collector with
different tracking system and shows the effect
of tracking model on the incidence radiation.
As for branch B, it shows the absorbed energy
by absorber tube by using Fresnel lens and
without Fresnel lens with effect of the tracking
systems on the absorbed energy.
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Figure

4: The energy

absorbed by absorber tube compared with incidence beam radiation on collector

For full tracking system, the absorbed energy
by using Fresnel lens was more increased in the
maximum radiation by about 22 % than that
without using Fresnel lens, for the tracking
about East-West axis with continuous
adjustment, the absorbed energy is the same for
full tracking at the noon and for the tracking
about North-South axis with continuous
adjustment, the absorbed energy with using
Fresnel lens was more increased in the
maximum radiation by about 25% than that
without using Fresnel lens.

In figure 5 Branch A showes the increased
temperature of the glass envelope and the
absorber tube with full tracking system at the
output, the temperature of glass by using
Fresnel lens is more increased in the maximum
by about 12% than that without Fresnel lens in
the last hour the of day and branch B shows
increased temperature of the glass envelope
with using Fresnel lens as a second collector
and without using lens. The temperature of
absorber tube by using Fresnel lens is more
increased in the maximum by about 15 % than
that without Fresnel lens.

Figure 5: A - The variation of the glass envelope temperature B - The variation of the absorber tube

As for the temperature of the water, figure 6
shows the increased temperature of water by
using Fresnel lens as enhancing collector with
compared to without Fresnel lens with full
tracking system which means the incidence

angle is zero. The temperature of absorber tube
by using Fresnel lens is more increased in the
maximum by about 20% than that without
Fresnel lens.
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Figure 2: Temperature of water with and without lens at the output in Jan

As for the middle of the year, June month was
taken to show the incidence beam radiation on
the aperture area compared with energy
absorbed energy by the absorber tube by using
Fresnel lens and without lens as figure 7 shows
also the energy absorbed by the absorber tube
only from refractive radiation of Fresnel lens
showed to compare all these energies. Branch
A of figure 7 shows the incidence beam
radiation on collector with different tracking
system and shows the effect of tracking model
on the incidence radiation. As for branch B, it
shows the energy absorbed energy by the
absorber tube by using Fresnel lens and

ol
w |
-
w |
|
.."

without Fresnel lens with effect of the tracking
systems on the absorbed energy. For full
tracking system, the absorbed energy by using
Fresnel lens was more increased in the
maximum radiation by about 12 % than that
without using Fresnel lens, for the tracking
about North-South axis with continuous
adjustment, the absorbed energy is the same as
full tracking approximately and for the tracking
about East-West axis with continuous
adjustment, the absorbed energy with using
Fresnel lens was more increased in the
maximum radiation by about 12 % than that
without using Fresnel lens at the noon time.

Figure 3: The energy absorbed by absorber tube compared with incidence beam radiation on collector

As for the increased temperature of the glass
envelope is shown in branch A of figure 8 at
the output by using Fresnel lens compared
without lens with full tracking model. The
temperature of glass by using Fresnel lens is
more increased in the maximum by about 8%
than that without Fresnel lens in the last hour

"~

of the day. Branch B shows the increased
temperature of the absorber tube by using
Fresnel lens and without Fresnel lens with full
tracking system. The temperature of absorber
tube by using Fresnel lens is more increased in
the maximum by about 9% than that
without Fresnel lens at the output.

Figure 4: A - The variation of the glass envelope temperature B - The variation of the absorber tube

Increased temperature of the water, figure 9
shows the variation of water temperature by

198

using Fresnel lens as enhancing collector
compared to without Fresnel lens with the

Albaydha University Journal 6 (1), 2024



22024 Jugnil - (1) daddtel - (6) aebitud] - shuimd| e b ket

incidence angle is zero, in other word full
tracking system. The temperature of water by
using Fresnel lens is more increased in the

maximum by about 13% than that without
Fresnel lens at the output.

Figure 9: Temperature of water with and without lens at the output in June

At the end of the year, November month was
taken to show the incidence beam radiation on
the aperture area compared to the absorbed
energy by the absorber tube by using Fresnel
lens and without lens as figure 10 shows, Also
the energy absorbed by the absorber tube only
from refractive radiation of Fresnel lens shows
to compare all these energies. The effect of
incidence angle on the absorbed energy by
using the different tracking model is shown.
Branch A of figure 10 shows the incidence
beam radiation on collector with different
tracking system and shows the effect of
tracking model on the incidence radiation. As
for branch B, it shows the absorbed energy by

the absorber tube by using Fresnel lens and
without Fresnel lens with effect of the tracking
systems on the absorbed energy. For full
tracking system the absorbed energy by using
Fresnel lens was more increased in the
maximum radiation by about 19 % than that
without using Fresnel lens, for the tracking
about East-West axis with continuous
adjustment, the absorbed energy is the same as
full tracking at the noon time and for the
tracking about North-South axis  with
continuous adjustment, the absorbed energy
with using Fresnel lens was more increased in
the maximum radiation by about 26 % than that
without using Fresnel lens at the noon time.

Figure 5: The energy absorbed by absorber tube compared with incidence beam radiation on collector at different tracking system in November

Increased temperature of glass envelope at the
output is shown in branch A of figure 11 by
using Fresnel lens compared to without lens
with full tracking model. The temperature of
glass by using Fresnel lens is more increased in
the maximum by about 16% than that without
Fresnel lens in the last hour of the day. Branch

B shows the increased temperature of absorber
tube by using, Fresnel lens and without Fresnel
lens with full tracking system. The temperature
of absorber tube by using Fresnel lens is more
increased in the maximum by about 26% than
that without Fresnel lens at the output.
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Figure 6: A - The variation of the glass envelope temperature B - The variation of the absorber tube temperature with full
tracking system at the output in November

As for the temperature of the water, figure 12
shows the increased temperature of water by
using Fresnel lens as an enhancing collector
with compared to without Fresnel lens with full
tracking system which means the incidence

angle is zero. The temperature of water when
using Fresnel lens is more increased in the
maximum by about 11% than that without
Fresnel lens at the output.

Figure 7: Temperature of water with and without lens at the output in November

In general, some months are chosan to
approach all months of the year to describe the
enhanced temperature using Fresnel lens.
Therefore, the difference of temperature of all
components of receiver with using Fresnel lens
and without Fresnel lens was tested in January,
June and November in middle of each month.
Figure 13 shows the temperature difference of

~

receiver components with using Fresnel lens
and without Fresnel lens in middle of Jan.
Branch A shows the temperature difference of
receiver components with length of the
absorber at the noon time and branch B shows
The temperature difference of temperature
through the day at the output.
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Figure 8: A -The variation of temperature along x at 12:00 B -The variation of temperature along the along the day at output in Jan
Also figure 14 shows the temperature difference of receiver components with using Fresnel lens and
without Fresnel lens in middle of June .

A "

Figure 9: A -The variation of temperature along x at 12:00 B -The variation of temperature along the day in June
Also figure 15 shows the temperature difference of receiver components with using Fresnel lens and
without Fresnel lens in middle of November.

...........

Figure 10: A -The variation of temperature along x at 12:00 B -The variation of temperature along the day in November

Table 6 gives more detail for the variation of temperature for the glass envelope, absorber tube and
water with 8; = 0 at a day of each month of the year. T denotes the average temperature at output.
Table 6: Variation of temperature for glass envelope, absorber tube and water in each month by using

Tt °C T? °C TL,.°C T9,.°C AT, °C Day Month
Glass envelope
30.5993 28.3487 47.9024 43.8478 4.0546 15 Jan
33.1282 30.7001 51.4353 47.1095 4.3257 47 Feb
35.4036 32.8108 54.4093 49.8098 4.5995 75 Mar
37.9748 35.3403 57.2153 52.5510 4.6644 105 Apr
39.9421 37.2851 58.9955 54.3252 4.6703 135 May
41.7062 39.0720 60.5922 55.9482 4.6440 163 Jun
42.5685 39.9378 61.4170 56.7889 4.6281 198 Jul
41.6606 39.0280 60.7623 56.0916 4.6706 228 Aug
39.4177 36.8046 58.4812 53.8182 4.6630 258 Sep
35.5045 33.0262 54.0182 49.5864 4.4319 288 Oct
31.1982 28.9032 48.8037 44.6983 4.1054 318 Nov
29.3340 27.1012 46.3479 42.3550 3.9929 344 Dec
Absorber tube
53.6675 49.1332 67.5303 61.5547 5.9756 15 Jan
56.8133 52.0478 70.5809 64.3505 6.2304 47 Feb
59.1764 54.2427 72.8687 66.5253 6.3433 75 Mar

I ———————————
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61.0430 56.1076 74.8407 68.4597 6.3810 105 Apr
61.9728 57.1212 75.8297 69.4581 6.3717 135 May
63.0302 58.2135 76.9598 70.6410 6.3188 163 Jun

64.1397 59.3329 78.0263 71.7568 6.2696 198 Jul

64.0187 59.1171 77.8396 71.5362 6.3034 228 Aug
62.5085 57.6000 76.3608 69.9176 6.4431 258 Sep
58.9287 54.0815 72.8171 66.4075 6.4096 288 Oct
54.3161 49.7188 68.1241 62.0821 6.0421 318 Nov
52.2013 47,7258 66.0383 60.1562 5.8821 344 Dec

Water

37.7292 34.4739 48.4816 44,0631 4.4185 15 Jan

40.3342 36.9194 51.0212 46.4672 4.5540 47 Feb
42.4007 38.8612 53.0387 48.3521 4.6866 75 Mar
444571 40.9389 55.0510 50.4063 4.6447 105 Apr
45.8441 42.3889 56.3861 51.7941 4.5920 135 May
47.3008 43.8777 58.0524 53.2606 4.7919 163 Jun

48.4118 45,0097 58.9160 54.4012 45148 198 Jul

47,9578 44,4878 58.5015 53.9117 4.5898 228 Aug
46.1715 42.6897 56.7755 52.1274 4.6481 258 Sep
42.5700 39.1005 53.5874 48.6046 4.9828 288 Oct
38.1983 34.8967 48.8860 44,4348 4.4512 318 Nov
36.3206 33.1073 47.0401 42.6747 4.3654 344 Dec

1: The temperature calculated at average at output and max denotes to maximum value at output
2 : L and O denote to Fresnel lens and without Fresnel lens

7.Conclusion by about 6% . The optical efficiency of Fresnel

This paper attempted to discuss the effect of
the curved Fresnel lens when it used as a
second collector mathematically. This model
tried to find a solution for the low thermal
performance of PTCs especially those that have
small field by adding curved Fresnel lenses to
them. The effect of curved Fresnel lens on the
temperatures of the receiver’s components of
PTCs as well as the water increased when the
curved Fresnel lens was used as a second
collector compared to that without Fresnel lens.
The results of the model show the rising of
water temperature used as heat transfer fluid.
Therefore using other heat transfer fluids such
as thermal oil or that with nano-technic will
have more thermal efficiency. The PTCs can be
enhanced by many methods which means it an
open field. The results of receiver components’

lens besides geometric dimensions of the lens
such as the width, radius of lens and have
effect on the thermal performance . The
important thing which must be taken in
consideration is the effect the lens on the
aperture area of parabolic trough collector to
avoid the interception of solar radiation to
reach the reflective mirror of PTCs. The
dimensions of Fresnel lens have important
effect on the heat transfer and the slope of the
parabolic trough collector furthermore to
tracking system which can be studied and
investigated with different characteristics of
Fresnel lens. The location of supposed installed
place have also affect if the climate and air
temperature are taken in consideration.
Therefore we recommend that the behave of
heat transfer of parabolic trough collector in

temperatures shows that the temperature of different climates should be studied
glass envelope has increased in an annual by experimentally.
about 12 % where the absorber tube had References

average increased in an annual by about 11%
and water had average increased in an annual
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