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Abstract
In the present work, a combination of the effect of solar energy and energy of the waste heat is studied to analyze the
variation in various fluid parameters. A parabolic trough solar collector is used for the capture of solar heat and a
copper tube with external fins is used as a hot gas carrier placed internally to the pipe carrying the test fluid. Flow
through the liquid carrier is laminar while gas flow through the internal tubing is highly turbulent. Glass as a glazing
material has been used for improvement of the rate of solar radiation heat transfer. The hot gas is generated in a
fabricated furnace and is forced flow through internal tube with the help of a blower. The length and diameter of hot gas
carrier is suitably chosen so as to fit with external fins and within the test fluid carrier. Sprocket materials are utilized as
fins at suitable intervals along the length of the copper tubing. Dimensions of the test fluid carrier are chosen suitably in
accordance with the size of parabolic trough. The volume of the main carrier is reduced due to the inserts but improves
the heat transfer at constant mass and volume flow rate. Addition of domestic or industrial waste heat or biogas
internally is able to provide a positive output in temperature variation by adding up with the solar heat.
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1. Introduction
The solar energy incident on the earth’s surface is massive. It is higher than any other source of energy
available on earth. But storing and proper usage is not readily very attractive. Efforts to develop new methods
and devices are being continued to harness this energy. Many designs are being developed to harness solar
energy and advancement has been made in optimization of these devices to achieve greater heat transfer to the
working fluid as well as in the field of waste heat recovery. Studies on use of parabolic collector and also on
heat transfer enhancement with extended surfaces can be found  in literature  that  have been conducted and
experiments done to capture solar energy. Most of these studies  were based on a one way approach i.e either
on solar collector or on heat transfer enhancement methods. Combining solar thermal energy with waste heat
recovery systems can serve to attain enhanced output of such conversion devices. This method of using dual
mode of heat transfer especially with the internal hot gas carrier with external fins is found to be a better way
to get higher conversion output. The effect of combining solar energy with the energy of waste heat has been
observed with the variation in Reynolds No., kinematic viscosity, Prandtl No., Nusselt No., heat transfer
coefficient, temperature etc. A. Mwesigye et.al. [1] evaluated the thermal performance of a parabolic trough
receiver with perforated conical inserts for heat transfer enhancement and obtained the numerical solution
using the finite volume method together with the realizable k-ε model for turbulence modeling. It was found
that the use of perforated conical inserts in the receiver’s absorber tube increases the thermal efficiency in the
range 3–8% for some range of geometrical parameters. A. Valentina [2] performed works on concentrated
solar power and developed a solar parabolic trough and obtained maximum temperatures in the range of
550°C to work with  a mixture of molten salts (sodium and potassium nitrate). J. Folaranmi [3] reported the
design, construction and testing of a parabolic solar steam generator working on solar energy and made a
concentrating collector to heat water by achieving temperature above 200°C. Ming Qu [4] worked on linear
tracking parabolic trough reflector focused on a surface treated metallic pipe receiver enclosed in an evacuated
transparent tube, and obtained fundamental radiative and convective heat transfer and mass and energy
balance relations. The efficiency and the outlet temperature of PTSC were 0.5529 and 181⁰C respectively.
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The heat transfer in a parabolic trough receiver was enhanced using wall detached twisted tape inserts by A.
Mwesigye, T. B.Ochende and J. P. Meyer [5]. They used Nusselt number, fluid friction and thermal
enhancement factors in the ranges of 1.01–3.36, 1.32–21.8, and 0.74–1.25 times those in a receiver with a
plain absorber tube and achieved reduction in the absorber tube’s circumferential temperature difference
within (4–76) % compared with a plain absorber tube. A. Choudhury and A. K. Banerjee [6] designed and
fabricated a Parabolic Trough Solar Water Heater and did a comparative study of heat transfer enhancement
methods. They used pin type and rectangular wavy fins for heat transfer enhancement. The efficiency and the
effectiveness of pin type fin were found to be 53.96% and 1.05 respectively and that for rectangular wavy fin
were found to be 89.29% and 2.56 respectively. Erika Y. Rios-Iribe et.al. [7] studied the moment and heat
transfers of a non-Newtonian fluid flowing in steady laminar regime through a circular tube with a twisted
tape at constant wall temperature using CFD. Their results indicate that the thermo-hydraulic performance
increases when the twist ratio decreases and the Reynolds number increases. D. Proctor [8] utilized the waste
heat from an industrial plant in a solar still which replaced the devices that controls the engine temperature.
They produced a solar water heater which used a heat exchanger to transfer the waste heat to the saline water.
The work of M. Sankaraiah and Y.V.N. Rao [9] resulted in a semi-empirical equation and a method to solve
the governing equations in terms of secondary flow stream function and axial velocity component for axial
pressure drop. They analyzed the steady laminar flow of an incompressible newtonian fluid through curved
pipes of small curvature and compared the theoretical results with the available experimental data on axial
pressure drop.

2. Methodology
2.1 Solar radiation intensity outside Earth’s atmosphere
The intensity of solar radiation on the earth’s surface varies with time of the year due to variation in distance
of the earth from sun. The solar constant K is found out at the mean distance between the earth and the sun
considering direct solar radiation in the outer limits of earth’s atmosphere so as to find the intensity of
radiation at a given location. The presently accepted value of the solar constant as determined by Thekaekara
and Drummond (1971) is 1353W/m2. The incident direct solar radiation intensity on the surface of the fluid
carrier in the parabolic trough solar collector has been estimated at 870.86 W/m2 as an average of the averages
of intensities found during equinox days and the longest and shortest days of the year. The solar radiative
intensities were found with solar azimuth angle- 26.3⁰ (sunrise) and 63.5⁰ (sunset) at the latitude of 26.63⁰ N.

2.2 Fluid Flow and Heat Transfer
The cold fluid is made to flow through the main circular pipe placed along the focal plane of the parabolic
trough solar collector. The flow Reynolds no. in both theoretical and experimentation are estimated for the
laminar flow at Re~165 and 126 respectively. The internal tubing placed concentrically inside the main carrier
carries external sprocket fins and flow Reynolds no. for the hot fluid under turbulent flow situation are found
similarly at the mean temperature as Re~3×103 and 5×103. The hot gases through the inner tube with external
surfaces add up to the solar energy raising the overall liquid temperature. The heat of the hot gas through
circumferential fins is transferred to the liquid under conductive and convective modes. The boundary layer
thickness for the laminar flow on liquid side is restricted by the presence of the inner tube and the fins on it. A
region of irregular velocity profile can be assumed to be developed over the external surface of the inner tube.

So the time-average velocity profile changes and flow is not fully developed i.e. . The wall shear
stress varies in such irregular regions. The pressure drops along the pipe length due to the decrease in liquid
flow diameter in the presence of internal inserts. Flow losses are incurred under these situations. On the gas
side, the turbulent boundary layer is opposed by the high momentum and energy transfer by the hot flowing
gas. The coefficients for mass, friction and heat transfer increased in the flow due to fast molecular diffusion.
Heat gets transferred laterally through the surface along the length of the inner tube. As the fins are fitted at
intervals, transfer of heat to the liquid is from two different surfaces in the internal region with different
distances from the central line. While the internal tube transfers heat only at its periphery, the fins were able to
transfer the heat from three surfaces on it.



766 Prabin Haloi

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 10
October 2017

3. Results and Discussions
3.1 Calculation of solar radiation
The present study is conducted at Tezpur which is located on 26.63⁰N latitude.

The actual sun’s position (ɖ) on a given day calculated using sinusoidal variation

ɖ =23.47 sin
The altitude angle is related to the latitude and sun’s position as a function of sines and cosines

The solar azimuth angle ( ) at sunrise and sunset were found  and obtain the altitude angle

and the intensity of solar radiation (Ix) on different days and time of the year.

3.2 Theoritical Considerations
The extended fins fitted on the outer periphery of internal hot gas carrying pipe consist of 13 triangular type
fins in each of the six sprockets. Assuming a mass flow rate of 18kg/hr for water and pipe diameter 6.4 cm,
the liquid velocity through the pipe is found to be 1.55×10-3 m/s. The property values of kinematic viscosity
and Prandtl no.(Pr= 3.6) at the mean water temperature are taken to get Re~ 165.25. The heat transfer
coefficient (h) for the laminar flow in plain pipe is 195 W/m2K. For turbulent flow, Nu is obtained by Dittus-
Boeter equation at Pr =0.75 and Re~2836 to get h= 3603 W/m2k. As the heat flux acts in parallel, the total
heat transfer coefficient ho is obtained as an addition of the two cases i.e. 195+3603 =3798 W/m2k. The heat
transfer rate through the plain pipe under solar heat is   estimated. After entering the earth’s atmosphere, the
solar radiation is scattered in all direction by air and water vapor molecules and dust particles and is also
absorbed by some of the gases in the atmosphere. In order to take the depletion into account, the concept of air
mass has been introduced. Unit air mass corresponds to the condition of a clear sky and the sun at the zenith,
when the sun is directly overhead or at an angle of 900.

3.3 Calculation for Total Solar Radiation Intensity
Geographically, Tezpur is located on 26.630N latitude. The parameter d is calculated which is given by the
sinusoidal variation

d=23.47 sin

where, N=day of year calculated from January 1

d=actual sun’s position

Therefore, d = 23.47sin

=23.4690N

Now to determine the altitude angle

(.99828)

-(26.630-23.4690)

air mass, H= 1/sinB=1.001622 units

To calculate the solar azimuth angle ( )

Since, it is exactly 00 azimuth angle in the southern direction (noon).
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3.4 Azimuth Angle at Sunset (γ)
To calculate the azimuth angle, we don’t know the exact clock timing of sunset. So we need to first calculate
the hour angle at sunset.Therefore,

(-0.2177)

Therefore, the hour hand is at

So, time of sunset hour after solar noon

As the time of sunrise is also the same but is negative of sunset time

Therefore, sunshine hours Now, solar azimuth angle at sunset is 63.50 when
measured anticlockwise from north direction i.e., 26.30 north of west. The solar azimuth angle at sunrise can
be found as 26.30 north of east.

Normal solar radiation ,

At 3 p.m (afternoon)

Therefore,

Normal solar radiation:

Now observing the sun on 21st September at 12 noon

l=26.3,     h=0, d=? ,  N=264

S

Therefore,

Normal solar radiation:

Observing the sun at Dec 21 (at 12 noon),

l=26.3⁰ , h=0, d=?, N =355

Observing the sun at March 21(12 noon),
, h=0, d=?   N=80

= S

And =0.08934

Taking average value of the intensities obtained on the above dates , the average intensity,

.
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4. Figures and Tables
4.1 Figures

Figure 4.1.1: Solar parabolic trough with external heat source

Figure 4.1.2:   Sprocket fin

Figure 4.1.3:   Hot gas carrier fitted with external surfaces
4.2 Tables
Table 4.2.1 calculates values of solar radiation intensities at outer atmosphere (I0) and at a given location (I1)
with the variation in values of z which is directly related to the latitude ( ) and the altitude angle B. I0 and I1

increases with the increase in z values towards its maximum limit, I0 and I1 are increased with I0> I1 in all the
cases. I0 and I1 are seen to be related non-linearly.
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TABLE 4.2.1: Variation of I0 and I1 with z

Table 4.2.2 shows the temperatures attained by the liquid carrier pipe surface in the absence of water under
the effect of solar radiation at equal intervals of time. The variation in the temperature were observed for an
interval of around 30 minutes under two different cases using glazing material in one case observations and no
glazing in the other. The temperature difference between the two cases increases with time though there is
temperature rise in each case at different time intervals (Figure 4.2.1).

Table 4.2.2: Temperature variation for plain empty pipe with and without glazing

Sl No. Time (mins)

Tempt. without
glazing (C)

Tempt. with
glazing    (C)

Tempt.
Difference (C)

1 0 30 30 0
2 4 34 35 1
3 8 37 40 3
4 12 41 45 4
5 16 45 49 4
6 20 48 54 6
7 24 51 58 7
8 28 52 60 8

Figure 4.2.1: Range curve for surface temperature difference of plain pipe with and without glazing

The temperatures attained by the liquid in pipe under the effect of solar radiation only at equal intervals of
time are arranged in Table 4.2.3. The variations in the temperature were observed in the absence of hot gases
for an interval of around 30 minutes using glazing material in one case observations and no glazing in the

z= 2B I0(z) I1(z)

0.0 1.00 0.00
0.2 1.0100 0.1005
0.4 1.0404 0.2040
0.6 1.0920 0.3137
0.8 1.1665 0.4329
1.0 2.2661 0.5652
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other. The temperature difference between the two cases increases with time though there is temperature rise
in each case at different time intervals (Figure 4.2.2).

4.2.3: Temperature variation of water in plain pipe with and without glazing

Figure 4.2.2:  Range curve for temperature difference of water in plain pipe with and without glazing

The temperatures of the liquid carrier pipe surface in the absence of water under the combined effect of solar
radiation and hot gas at equal intervals of time are shown in Table 4.2.4.. The variations in the temperature
were observed for an interval of around 30 minutes under two different cases using glazing material in one
case observations and no glazing in the other. The temperature difference between the two cases increases
with time though there is temperature rise in each case at different time intervals (Figure 4.2.3).

Table 4.2.4: Temperature variation of empty pipe in the presence of solar
heat and hot gas, with and without glazing

Sl
No

Time
(mins)

Tempt.
without glazing

(0C)

Tempt. with
glazing (0C)

Tempt.

Difference
(0C)1 0 25 25 0

2 4 28 29 1
3 8 30 32 2
4 12 34 35 1
5 16 36 37 1
6 20 38 40 2
7 24 40 43 3
8 28 42 46 4

Sl
No.

Time
(mins)

Tempt.
without

glazing (0C)

Tempt. with
glazing (0C)

Tempt.
Difference

(0C)
1 0 32 32 0
2 4 38 40 2
3 8 45 49 4
4 12 53 58 5
5 16 59 65 6
6 20 64 70 6
7 24 68 73 5
8 28 71 78 7
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Figure 4.2.3:  Range curve for surface temperature difference of finned pipe

with hot gas, with and without glazing

The temperatures of water under the combined effect of solar radiation and hot gas at equal intervals of time
are noted in Table 4.2.5. The variations in the temperature were observed for an interval of around 30 minutes
under two different cases using glazing material in one case observations and no glazing in the other. The
temperature difference between the two cases increases with time though there is temperature rise in each case
at different time intervals (Figure 4.2.4).

Table 4.2.5: Temperature variation of water in the pipe in the presence of solar heat and hot gas, with
and without glazing

Sl No. Time
(mins)

Temp. without
glazing(0C)

Temp. with glazing
(0C)

Temp. Diff.
(0C)

1 0 25 25 0
2 4 40 45 5
3 8 47 54 7
4 12 55 62 7
5 16 62 71 9
6 20 68 78 10
7 24 73 85 12
8 28 78 94 16

Figure 4.2.4: Range curve for temperature difference of water in finned pipe with hot gas, with and without
glazing
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The temperatures of the liquid carrier pipe surface under the effect of the hot gas in the absence of solar
radiation at equal intervals of time are shown in Table 4.2.6. The variation in the temperature was observed
for an interval of around 30 minutes (Figure 4.2.5).

Table 4.2.6: Temperature variation for empty liquid carrier pipe
in the presence of only hot gas flow

Time (mins) Temp. (0C) Time (mins) Temp.(0C)

0 32 16 41

4 34 20 43

8 36 24 45

12 39 28 48

Figure 4.2.5: Temperature vs time plot for finned empty pipe with hot gas

in the absence of solar radiation

The liquid temperatures under the effect of the hot gas and in the absence of solar radiation at equal intervals
of time are recorded (Table 4.2.7). The variation in the temperature was observed for an interval of around 30
minutes (Figure 4.2.6).

Table 4.2.7: Temperature variation of water with heat of hot gas only

Time(mins) Temp. (0C) Time(mins) Temp.(0C)

0 25 16 45

4 35 20 48

8 39 24 50

12 43 28 54

Figure 4.2.6: Temperature vs time plot for water-filled finned pipe with hot gas in the absence of solar radiation
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5. Abbreviations and Acronymns
B Altitude angle (°)

Direct solar radiation normal to the sun’s rays at
a location

(W/m2)

Direct solar radiation normal to the sun’s rays at
the outer limits of the atmosphere

(W/m2)

Direct solar radiation on vertical surface (W/m2)

Direct solar radiation on horizontal surface (W/m2)

Angle of incidence (°)
Azimuth angle (°)

6. Conclusions
The heat transfer combination from the solar and waste heat experimental arrangement is found to be effective
in generating and supplying higher heat fluxes to the working fluid. The arrangement tends to change the
parameter values giving the scope for newer applications. Selection of different materials including the flow
pipes and fins greatly affects the solar heat trapping capacity as well as transferring heat internally out. The
present case sees the effect on water. Different other fluids are to be tested in order to arrive at a
comprehensive conclusion. Simulation of flow through the system is another way of getting a proper picture
of the various changes during the flow and heat transfer processes. Study of the boundary layers gives the idea
about the flow profiles for both laminar and turbulent regions. The overall observations for the given
combination of heat sources provides an enhanced heat transfer rate for the purpose of achieving high
temperature fluids.
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