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The central tower solar receiver system is comprised of a number of small tracing mirrors
that focus the beam radiation onto a huge tower in the centre. The tracing mirrors are placed
as well as adjusted in such a manner that the light is always reflected at the top of the tower.
The major goal of this study is to carry out a mathematical assessment of the central tower
solar receiver where solar load calculation and heat transfer analysis has been carried out.
Solar load is calculated for the location of Pune, India. Mathematical modelling is
performed for the solar central receiver system Results of the mathematical modelling
reveal that the estimated average sunshine hour for the year ranges from 10.9 hours in the
month of December to 12.9 hours in the month of July. The maximum incident beam
radiation of 1050.9 w/m2 has been estimated in the month of April at 1200 hour. After
computing the variables, the matrix equation can be generated and the system can calculate
the energy under the first-order differential equation. The system’s thermal efficiency can
be computed once the maximum temperature of the heat transfer fluid, ambient air as well
as copper tube is known.

NOMENCLATURE
D, outside diameter of the tube
Di inside diameter of the tube
L length of the tube
Q theoretical heat rate
A,,  mirror area (m?)

solar beam radiation (w/m?)
global radiation (w/m?)
diffuse radiation (w/m?)

heat absorbed by receiver (W)

heat absorbed by working fluid (W)

convective losses (W)

heat transfer coefficient (w/m? K)

the receiver absorber area (m?),

the Ambient temperature of air (K)

generating electricity with the use of standard thermodynamic
power cycles. CSP-based systems focus the sun's direct solar
energy on a receiver, it is made to effectively absorb all
radiation that comes into contact with it. The thermodynamic
power cycle operating fluid then receives the heat that was first
absorbed, and this fluid drives the power block to produce
electricity. It is preferable for the receiver to absorb as much
incident radiation as possible for increasing the Heat Transfer
Fluid temperature. This may increase the working fluid's
temperature when it is pumped into the turbines, increasing
their capacity to produce work. Because of the high
concentration ratio, point-focus-based technologies obtain
greater temperatures at the receiver (700—1000 °C), whereas
technologies based on line-focus achieve lower temperatures
as heat losses in HTF transit [J P Bijarniya 2016].

1.2 Working principle of central tower solar receiver

mean temperature of tube surface (K)

is the outlet temperature of working fluid (K),
the Inlet temperature of working fluid (K),

Ip
Ig
Ip
Q:
Qa
Qc
Qy radiation loses (W)
h
A
T,
Ty
T
T,
m

mass flow rate (Kg/sec)
Cp specific heat (kJ/Kg k)
® Hour Angle
p Density of fluid
m’ Mass Flow Rate
n_th  Thermal Efficiency

1. INTRODUCTION

One kind of concentrated collector system is named as a
power tower. The beam emission in this system is focused onto
a large tower in the middle by a collection of tiny tracing
mirrors. The positioning and adjusting of the tracing mirrors
ensure that the sunlight is continually mirrored at the tower's
highest point. The tower receives a concentrated solar flux that
ranges in value from 200 to 1000 kw/m2, allowing for
operation at temperatures as high as 15000C on average. In
Figure 2, a power tower is seen.

Solar thermal technologies work by concentrating solar
energy to make steam, which may then be utilized for
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Figure 2: Working Principle of central tower solar receiver

2. LITERATURE REVIEW

Adoption of renewable energy technologies for India's
sustainable development is a critical approach in scientific
research in the energy generation field, particularly
technologies that generate such types of energy. According to
literature surveys, a significant amount of scientific research
has been conducted by Laporte (2021) in order to expand the
system's functionality that generates energy from these
resources. Manzoo's work on time resolution assessment was
used to estimate the central solar receiver (2021)

A theoretical study of convection in volumetrically
absorbing solar thermal receivers, Mishra (2020) Evaluation
of three methods to establish the slant path meteorological
intensification of the center receiver, Madjid (2020).
Satyavan's work on the novel hybridization of the solar central
receiver system (2020) A quantitative analysis of the spiral
solar receiver's thermal evaluation for such a centralized
transmitter system is required, Chen (2019)

An investigation into the high temperature features of
chemical vapor-deposited AIN coatings for solar central
receivers, Fang (2019) An air curtain-equipped solar central
cavity receiver's natural convective heat loss is being
investigated numerically, Ayad (2018) Create a New Detector
for the Solar Energy's Prime Tower, Danyela (2018) Based on
observed data of direct direct sunlight, ocular risks are
assessed in a central transmitter solar power facility, Andreas
(2017) Utilizing molten salt and liquid metals, solar central
reception tubes’ transient CFD and FEM computations are
compared, Danyela (2017) Examining the cumulative and
instantaneous skin radiation exposures in central receivers
solar systems, Danyela (2016) An analysis of solar levels of
exposure at work in concentrating solar power systems, Reyes
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(2016) A pressurized carbon dioxide cycle's optimization for
a cutting-edge central receiver, Alberto (2015)

A projection approach for an analytical function to
determine how solar radiation will affect central receivers, J.
Coventry (2015) An analysis of central receiver potassium
receiver technologies, Bruno (2014) optimization of a primary
radio transmitter for environmental air volume, Maria (2014)
Study and comparison of CFD simulations for molten salt
external receiver and streamlined thermal performance models,
Pacio (2013) An assessment of liquid metal technologies is
needed, as well as future directions for using them as effective
heat transfer medium in solar central receiver systems, Huang
(2013) Forecasting and improving the effectiveness of the
parabolic solar dish concentrating, Erminia (2012)
examination of the solar power gathered in a beam-down
centralized receiver in great detail system, Qiang (2012)
Performance modeling and central cavity receiver analysis.

3. MATHEMATICAL MODELLING OF RECEIVER

Mathematical modelling is used for the solar central
receiver system. First part of the mathematical study is focused
on calculating the solar load for a specific site. The second part
is focused on formulating system heat transfer and calculating
constant variables to build the matrix equation.

3.1 Analysis of central power receiver System

For the analysis of the central receiver collector, first of all,
considering the N number of mirrors having the area of Ay
(1x1= 1 m?) and the width is w that covering the ground area
A, around the central tower. In the present work total of 7 & 9
reflecting mirrors have been used for the calculation of ground
area. The value of fraction for the ground area covered is 0.4
[SP. Sukhatmne 2008]. Remember that the placement of the
mirrors must prevent incident or reflected radiation from one
heliostat from being blocked by another heliostat, as shown in
figure 3.

NA,, = YA, )
Calculation of area of ground

Agfor N=7, (7 X 1 = 0.44,)
Ay =17.5m?

Calculation of area of ground A, for N=9

9x 1 =0.384,
Ay =22.5m?

In the present work spiral tube is chosen for the focal point
0.6 m*0.6 m with tube diameter 10 mm and gap between each
turn is 6 mm, the spiral tube has a total of 16 twists and
measures 13.8 meters in length, the heat transfer fluid is water
and tube material is copper and have been utilized for the
calculation. It is assumed that the receiver is mounted at 1.8 m
height and the farthest mirror is 10.8 meters away [SP digole
2020].
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Tower

Outermost heliostat area A

Figure 3: Central Power receiver System [1]

3.2 Calculation of size of the image L;at the absorber

Li= s O+ 6.) +w @

Where L; is the size of the image formed by the outermost
mirror at the receiver, 6, is earth sun angle (0.53°) (0.00925
rad), H is the tower height, w is diameter of mirror, 6, is the
total angular error associated with the reflection due to factors
like mirror surface imperfections and mirror orientation (0.002
rad) and ¢, =is rim angle.

The rim angle can be calculated as:

H
¢, = cos™t (M between the outermost mirror)
= 80.4°
And the Length of the image due to the mirror span
L; =1.0211m

and the receiver

3.3 The concentration ratio:
NAm

c = 3)
NA
C= m 4
%{Li}2(1+sin¢r—coszﬁ) )
or
YrH?.tan? ¢,
C = T cos 5
E{Li}2(1+sin¢r—%) ( )
C =45.77

3.4 Calculation of solar radiation

The geographical setting of Pune, Maharashtra, India lies
within Latitude (18.5187 °N), Longitude (73.8158 °E). The
climate of the Pune is subtropical where summer is hot and
humid and winter is cool and dry, the average temperature is
around 20°C and 28 °C during the day and in the summer, it
gets up to 420, while the Monsoon usually from June to
October. May is the highest recorded, December-January is
the coldest, and July is the wettest.

8§ = 23.45 sin [% (284 + n)]

(6)
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(7

w = hour angle w = cos™![—tan@.tan §]

Table 1: Estimated declination angle, sunshine hour and
monthly average radiations at Pune, India.

monthly monthly
Declin avg. avg. beam
Month | ation Sunshine | radiation | radiation
s angle | Hour Smax | Ho Hp [KJ/m?-
) [KJ/m?- day]
day]

Jan -20.92 | 11.019 27723.09 | 21012.61
Feb -12.95 | 11.411 31338.93 | 21302.36
Mar -2.42 11.892 35145.31 22092.80
Apr 9.41 12.424 37993.33 | 21156.80
May 19.03 12.885 39121.25 | 21277.42
Jun 23.39 13.111 39214.09 | 21486.56
Jul 21.18 12.994 39015.01 21674.88
Aug 13.45 12.613 38229.46 | 21569.00
Sep 2.22 12.099 36029.84 | 21053.40
Oct -9.60 11.567 32334.32 | 20539.92
Nov -1891 | 11.121 28502.2 18668.83
Dec -23.05 | 10.907 26587.81 14767.16
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Figure 4(a): Estimated declination angle for different solar

months at Pune, Maharashtra.

The angular displacement of the sun from the plane of the
equator of the earth has been shown in the above graph. It has
been remarked that on June 21 and Dec 22, the maximum
declination angle is +23.450 while, figure 4 demonstrates that
the declination angle is zero on 22 March & 23 September.
Due to the tilt of the rotation of earth's axis of along with the
revolution of the sun, the declination angle changes seasonally
around the sun and estimated using equation 6. The average
sunshine hour for the year ranges from 10.9 hours in the month
of December to 12.9 hours in the month of July for the selected
location due to its geographical location [Table-1].

3.5 Incidence beam, Diffuse and Global radiations on
horizontal surface under cloudless skies

®)
(€)

Ig = Ib + Id
I, = I, cos 9,
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Iy, = Aexp(—B/ cos0,) (10)

Ig = Clpn (11)

Incidence beam, Diffuse and worldwide radiations on the
horizontal plane under cloudless skies have been estimated
using equation 8, 9, 10 & 11 with the help of table-2 for the
whole year. The incident beam radiation has been calculated
for the solar time 0700 hours to 1700 hours as shown in figure-
4. Molecular and particle scattering from the dispersed
radiation in the atmosphere estimated and shown in Figure-5
while in figure-6 the global radiation showed, which the sum
of incident and diffused radiation.

Table-2: Constant A, B & C for predicting hourly solar
radiation on clear days [SP Sukhatmne 2008]

Months |[A (W/m?) |B C
Jan 1202 0.141 0.103
Feb 1187 0.142 0.104
Mar 1164 0.149 0.109
Apr 1130 0.164 0.120
May 1106 0.177 0.130
Jun 1092 0.185 0.137
Jul 1093 0.186 0.138
Aug 1107 0.182 0.134
Sep 1136 0.165 0.121
Oct 1136 0.152 0.111
Nov 1190 0.144 0.106
Dec 1204 0.141 0.103
»
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Figure 4(b): Estimated beam radiation on horizontal surface
for different solar time at Pune, India

3.6 Solar radiation on an inclined plane surface

IT =1b.1'b +Id.Td+(1b+Id)Tr (12)
__cosf _ sind.sin(@—pB)+cos §.cos w.cos(P—f) 13
™ = cos 6, - sin @.sin §+cos @.cos §.cos w ( )
1+cos B
Ty =—" (14)
1—-cosf
n=p(=57) (3)
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Figure 5: Diffuse radiation on a horizontal surface as
estimated for various sun times at Pune, India.
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Figure 6: Estimated global radiation on horizontal surface

for different solar time at Pune, India.

Solar rays hitting an inclination surface have been estimated
using equation 12, 13, 14 & 15 with the help of table-3 for the
whole year. The Solar radiation on an inclined plane surface
has been calculated for the solar time 0700 hours to 1700 hours
as shown in figure-7.

Table 3: Estimated values of tilt factors at 1y, rgandr, Pune,
Mabharashtra using equation 13, 14 & 15

I'n at | o at
Months | 0700 & | 1000 & ;"200 1?: ra I
1800 hr | 1800 hr
Jan 29225 | 1.3344 | 1.2800 | 0.8536 | 0.0293
Feb 1.7228 | 1.1577 | 1.1320 | 0.8536 | 0.0293
Mar 0.9984 | 0.9846 | 0.9838 | 0.8536 | 0.0293
Apr 0.5278 | 0.8207 | 0.8406 | 0.8536 | 0.0293
May | 0.2863 | 07115 | 0.7434 | 0.8536 | 0.0293
Jun 0.2052 | 0.6696 | 0.7058 | 0.8536 | 0.0293
Jul 0.2787 | 07077 | 0.7400 | 0.8536 | 0.0293
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Aug 0.5224 0.8185 0.8386 | 0.8536 | 0.0293
Sep 0.9885 0.9816 0.9813 | 0.8536 | 0.0293
Oct 1.7712 1.1670 1.1399 | 0.8536 | 0.0293
Nov 2.9835 1.3411 1.2856 | 0.8536 | 0.0293
Dec 3.7327 1.4125 1.3445 | 0.8536 | 0.0293
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Figure 7: Estimated Solar radiation on an inclined plane
surface for different solar time at Pune, India.

3.7 Monthly Average hourly, beam diffused and global
radiation:

H, = 3600 X = I, [1.0 +
0.033 cos (%)] (cos ¢ cos § cos wg + w,sin§ sing)  (16)
And

Hg _

a+b(

=)
Smax

Where S = average number of days per month with sunny
sunshine and a & b are the regression parameters for particular
location.

For Punea=0.31,b=0.43

Smax = (%) Wy

Where S;.x = average of the greatest number of hours of
bright sunshine per day each month

For Indian conditions where the diffused component is
relatively large, the following correlation is used to predict the
diffused radiation.

(17

()

(18)

E _ _ N
5= 0.8677 ~ 0.7365 (Smax) (19)
Hb = Hg - Hd (20)

Average daily global, beam and diffused radiation
have been estimated using equation 16, 17, 18, 19 & 20
for the whole year and also calculated for the solar time
0700 hours to 1700 hours as shown in figure-8.

Useful heat gain by considering concentration ratio.
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Once the incidence beam radiation and average tilt
factors have been known one can compute the useful
heat gain using equation no. 21.

U;
qu = wAg [y (1) qup-T. ] — ?(Tpm - Ta) (21)
B
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Figure 8: Estimated average daily global, beam and diffused
radiation for different solar month

4. ENERGY BALANCE EQUATION OF RECEIVER

The following transient equation that relies on the time t and
space X, expresses the energy balance of the fluid circulating
via the inside tube.

OT fluid

or (x.t) +

0T fluid
%(x- t) = Qconv(x' t)

Pruuia- Cp fruia- Aftuia

Vfluid
Pfluida- Cp,fluid- N
recewer

(22)

Where pfpyiq is density of fluid, Cp, £1:4 18 specific heat of
fluid, Agyyiq is area of fluid, Vfluid is velocity of the fluid,
Nyeceiver = number of receivers.

Heat transfer by convection between the flowing fluids
inside the tube at unit length is:

Qconv (x- t) = htube&fluid-Areceiver- (Treceiver - Tﬂuid) (23)

Where  hiypeg pruia 18 heat  transfer coefficient by
convection between the tube and the fluid, A, 4ceiver 1S area of
inside surface by length of the tube, Tyoceiveris temperature of
receiver tube and Ty 4is temperature of flowing fluid.

The variation of the energy transfer in the heat transfer fluid is
written as:

anluid htube &fluid-Areceiver
—( . ) = - - - (Treceiver - Tﬂuid) (24)
ot Pfluid-Cp,fluid-Afluid
a1
aT
f —
e (x- t) - all(Treceiver - Tﬂuid) (25)

at
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The above equation is a first-order differential equation
describing the variation in fluid temperature as a function of
time and the receiver.

4.1 Energy balance for the receiver

aTreceiver —
Preceiver Cp,receiver- Areceiver at (x- t) - Qsolar (x- t) -

Qinlet(x- t) - Qconv (x- t) (26)

Where Qgoiqr(X.t) represents the amount of solar energy
absorbed by the collector or receiver,

Qintet (x. ) is the amount of heat transfer at inlet between
absorber tube and heat transfer fluid and

Qconvy(x.t) is heat transfer through convection between
absorber tube and heat transfer fluid.

Qsotar(x.1) = Iy 1. T & DeppMopt- ¥ 27)

Where I, is the incident solar beam irradiance which is
calculated for selected location, 13 is tilt factor, pis reflectivity
(0.89), Tis transmissivity (0.9), Dosfis the effective width of
the receiver, 7,,, is optical efficiency (0.98) and yis the dirt
factor on the mirrors (0.8).

4.2 Heat transfer by conduction and radiation between the
tube and surrounding

Qinlet(x- t) = Qinletrad (x- t) + Qinletcom} (x- t)
(28)

Where Qe “(x.t) the heat is transfer at inlet through
radiation and Q;.:“°™(x.t) is the heat transfer at inlet
through convection.

d 4 4
Qinletra (x- t) = 0. Stube-Areceiver(Treceiver - Ta ) (29)
Where o is Stefan Boltzmann constant (5.67x10°® W/m?K*#),

Aeceiver 18 inside surface area of the absorber tube throughout
of the length and &;,,;,.1s emissivity of tube surface.

21K gir(Treceiver—T glass)
conv _ air\! receiver —! glass
Qinlet (x- t) - (Rtube Out) (30)
n —
Rtube.in
Where K, is thermal conductivity of air and
Riube,in&Riupe oue iNner and outer radius of the tube.
— 4 4
Qinlet(x- t) = 0. gtube-Areceiver(Treceiver - Ta ) +
ZnKair(Treceiver_Tglass) (3 1)

(Rtube,out>
Rtube,in

Modeling of the heat transfer equation for the receiver is
hard as well as complicated because of large number of
variables and parameters. Now it has been tried to formulate
the mathematical model for the heat transfer through the
receiver as mentioned below.

49

aTreceiver
— (.t
TG
= Ib' Tb' T.(X. Deffr]opt. Y
4 4

— 0. gtube-Areceiver (Treceiver - Ta )
_ ZnKair (Treceiver - Tglass)

Rtube,out

ln( ube,ou >
Rtube,in

_htube & fluid- Areceiver- (Treceiver - Tﬂuid)

Preceiver Cp,receiver- Areceiver

(32)
Divided by preceiver Cp receiver- Areceiver ON both side

aTreceiver (x. t)

at
Ib' p.T. Q. Deffnopt- Y

Preceiver Cp,receiver- Areceiver

0. Eype- Areceiver T 4 T 4
- C A ( absorber ~ fglass )
Preceiver p,receiver- {ireceiver

ZnKaiT

(Tabsorber

l tube,out C A
i receiver “p,receiver- {lreceiver
Rtube in P

htube & fluid- Areceiver

- Tglass) - (Treceiver - Tﬂuid)

Preceiver Cp,receiver- Areceiver

IpTpT.0DefNopt¥

OTreceiver
—TECAET (x. t) = +
at Preceivercp,receiver-Areceiver
P
Rtube & fluid-Areceiver T,
fluid —
preceiverCp,receiver-Areceiver
a2
0.Etube-Areceiver T .4
. C R A R receiver
PreceiverCp,receiver-Areceiver
az1
21K gir + Rtube & fluid-Areceiver
Rtube,out . C . A .
ln(m)preceiverCp,receiver-Areceiver PreceiverCp,receiver-£ireceiver
azz
0-Etube-Areceiver Tor 4 +
o C A ) fluid
PreceiverCp,receiver-Areceiver
as31
2nKqir

m<Rtube,out Tfluid (33)

3 PreceiverC ,receiver-Areceiver
Rtube,in ) P

asz

After solving this long theoretical equations, the receiver’s
energy balance equation can be written as:

OTreceiver (X L') — 4

at l,lJ + aqa. Tfluid — d7;- Treceiver
4
Az Treceiver + A3 Tfluid + A32. Tfluid (34)
The above equation is utilized for the prediction of heat
transfer from the receiver by putting characteristic parameters
such as emissivity, absorptivity and transmission factors etc.

4.3 Energy balance that transforms solar energy between
tube and atmosphere

There are the transformations by conduction and radiation
between the air and glass envelope.
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Qoue (x. 1)
(35)

= Qin(x- t) —

OTtype
ptubecp,tube-Atube ot (x.t)

Where py,peisdensity of tube material, Cp, 1, peisspecific heat
of tube material, A.,piscross sectional area of tube, Q;;, (x.t)
is the heat transfer rate at tube’s inlet, and Q,,,; (x. t) is the heat
transfer rate at tube’s outlet.

The total thermal energy output by convection and radiation
between the tube and the surrounding is the sum of heat
transfer rate through radiation from the tube and through
convection as written as.

Qout (X. 1) = Qoue ™ (x. 1) + Qoue ™ (x.£) (36)

Where Q,y¢ **(x.t) is the heat transfer rate through
radiation from the tube and Q,,,.“°™" (x.t) is the heat transfer
rate through convection from the tube.

4 4
Qout(x- t) = O-Stube'Atube,out(Ttube Ta ) +

ahtube,amb- Atube,out (Ttube - Ta) (37)

aTtube —
ptubeCp,tube-Atube at (x- t) -

4 21K qir(T iver—Ta)
)+ air\'receiver"1a)

R
ln( tube,out)
4
T,*) -

Reup ejin
To)

0. Etybe- Areceiver (Treceiver

4
O &tybpe- Atube,out (Ttube

0-ha.ir,amb- Atube,out (Ttube - (3 8)
For creating the partial differential equation for the heat
transfer through the tube and surrounding by dividing

:ptubeCp,tube- Atube~

6Ttube (X t) —

0.Etube-Areceiver T .4 +
at recewver

PtubeCp,tube-Atube
- 7 0
B11

( ) 2”Kair T . _
R recewver
Ptubecp tube-Atube ln(M)

Rtube,int

B12
0.Etube-Areceiver + 0.Atube,out T 4 +
c A c A a

Ptubelp,tube-Atube Ptubelp,tube-Atube
B21
0.hybeout-Atube,out T +
c A a
Ptubelp,tube-Atube
B2z
0.Etube-Atube,out )T 4 + (U-htube,amb-Atube,out) T
a
PtubeCp tube-Atube

PtubeCp,tube-Atube

( O&tube-Atube,out

(39)

PtubeCp,tube-Atube

B31 B3z

After solving these long theoretical equations energy
balance that transmits solar energy between atmosphere and
tube can be written as:

0T g1, 4 *
gtass (X. t) = .BllTreceiver + .812Treceiver - BZthube +

BazTeuve + Ba1Ta™ + B3aT, (40)

It has been observed from the above equations the
parameters «;; and f;; are constant depends on the
characteristics of the fluid used. From these variables the
matrix equation can be formed and can be calculate the energy
possessed by the system.

50

P Triyia —a;; 01 0 Ttiuia
& Treceiver | =¥ +| Q12 —Qz2 32| |Treceiver
Ta 0 312 ﬁZZ Ta
0 0 0 Triuia®
+(0 —az —as, Treceiver4
0 Bu B21 T,*

+B31Ta* + B3 T (41)

In the above matrix equation, there are three variables
(Triuia» Treceiver» Ta) Will use to calculate the energy possess
under first order differential equation.

o | Truia
6t re;:;wer
=0.165
—(0.0055)  0.0055 0 Triuia |
0.00733 _(0-0085) 0.00117 Treceiver
0 0.00117 420433 x 1072l T,
0 0 0 [ Truia”
+10 —(4973x107%)  —(4.973 X 107 )| | T, omver”
0 4.973x10712 9.946 x 10712 T,*

+4.973 x 10~ 12T,* + 415.46107 12T,
Thermal efficiency of the central tower solar receiver

h-Asur,inner-(Tout_Tin)

Nen = = “2)
Asurinner = 2T Tj,. L
And Electrical efficiency
Preceiver
Mel = G aer, (43)

Where Ppeceiper iselectrical power in the receiver, Agffis
effective area and Gis solar irradiation

5. CONCLUSION

This article presented the study of a central tower solar
receiver which comprises of a central tower with a receiver
and a number of heliostats around the tower. The major goal
of this study is to perform a mathematical analysis of the
central tower solar receiver where solar load calculation and
heat transfer analysis has been carried out. Solar load is
calculated for the location of Pune, Maharashtra, India, Results
of the mathematical modeling reveal that the estimated
average sunshine hour for the year ranges from 10.9 hours in
the month of December to 12.9 hours in the month of July. The
maximum incident beam radiation of 1050.9 w/m2 has been
estimated in the month of April at 1200 hour. The estimated
average daily global, beam and diffused radiation for the
different solar months are maximum in the month of May &
June.

It has been observed from the mathematical modeling for
the heat transfer from the fluid, copper tube and surrounding
parameter aij and [ij is constant and depend on the
characteristics of the fluid & metal used. After calculating the
variables, the matrix equation can be formed and calculate the
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energy possess under first-order differential equation by the
system. Once the maximum temperature of the heat transfer
fluid, copper tube and ambient air will know one can find the
thermal efficiency of the system.
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