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ABSTRACT:

A numerical study of the performance of a solar
Parabolic Trough Collector (PTC) has been done
focusing on its receiver. The receiver consisting of a
glass-shield enclosing a Heat Collector Element (HCE)
with vacuum in the annular space has been subjected
to seasonal and diurnal variations of solar radiation
along with the concentrated heat flux reflected from
the parabolic trough mirror for conditions at
Visakhapatnam, India. Different parameters of the
system such as receiver tube diameter, material of the
receiver tube and heat transfer fluid are chosen for the
study and evaluating the performance of the system. In
the present work stainless steel with mirror finish is
taken as the reflecting material for the trough. Stainless
steel and copper are taken as the material for the
receiver tubes.

Tubes modeling is done in CATIA V5 R20 and
Meshing simulation has been done using ANSYS
FLUENT software. Properties of water and nano fluid
has been Calculated with equations given On the basis
of recorded parameters efficiency of the system was
calculated. Fluid as water and nano fluid (TiO2) are
taken as medium in the tube, by using these fluids the
experimental work is proceeded. Overall heat loss
coefficient (U.) and Heat removal factor (Fr) and
thermal efficiency also calculated. By comparison
between theoretical and experimental values it was
concluded that nano fluid (TiO2) performs better than
water.

1Solar Spectrum:

Sun’s radiation is a combination of different layers
which absorb and emit radiations that differ in
wavelengths. Harmful portion of these wavelengths i.e.
is the Gamma and X-rays are filtered out by the
atmosphere.
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About 48% of the sun’s radiation falls in visible
region, whereas about 45.6% is in the infrared region
[2] and the rest is in ultraviolet spectrum.

The solar spectrum is shown in the figure 1.1 [2]. 1.2.2

Direct and Diffuse solar radiation:
The solar energy that reaches the earth is further
categorized in the form of direct and diffuse radiations.

Diffuse:
As the white light passes through the sun’s atmosphere
it gets scattered, reflected and absorbed by various
elements such as the clouds, pollutants, dust, air
molecules etc. This radiation is known as diffuse
radiation.

Figure 1.1: Solar Spectrum

1.3 Sun and Earth angles:
Various important sun and earth angles are shown in
the figure 2 below are as follows:

Altitude angle (a):
Angle formed between a horizontal surface and sun
rays.
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Zenith angle (0):
Angle formed between a line which is perpendicular to
the horizontal plane and the sun ray
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1 Parabolic Trough Collector

A parabolic trough collector system consists of a
reflecting surface which resembles a parabolic shape.
This reflecting surface is mostly made of reflecting
mirrors or anodized. Aluminum sheets. The solar
radiations falling on the reflecting surface is
concentrated on the focal line of the parabola where a
receiver tube carrying the heat transfer fluid is placed.
Absorber tube either painted black or electroplated
with nickel or chromium in order to increase the
absorptivity of the tube. The heat transfer fluid picks
up the heat from the absorber tube which is utilized
later in the desired way. The temperature in this type
of system can reach as high as 400%, depending upon
the type of reflecting surface, absorber tube materials
and heat transfer fluid.
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Figurel.4: Design specification of a reflector
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SNO. COMPONENTS

1. Heat generating units with Speciation
trackingsystem
Parabolic reflector
length 4ft
Arclength Gt
Depth 0.689f
Focallength 195ft
Material 8= with mirror film
Sun Tracker Single axis

Absorber tube

length 4ft
diameter 1inch
Absorbermatenal Copper . 88
Insulation material PUF
Piping material GI & Copper

] Storaze unit speciation
Storage tank One for water and other fornano fhid
capadty 46(lit)for water , 10 lit of nano fluid
Pipe msulationthickness lem
Tank insulationthickness Zem
Working fluid Water and nano fluid
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PARAMETERS OF PARABOLIC TROUGH

COLLECTOR
TABLE 2
parameters values units
Air kinematic viscosity () 1.60%10"-6 M5
Thermal conductivity of air 0.026 wmk

Emmisivity ofreceive tube 0.66

coating{ & )

Stefan bolzman constant () 3.67*10"-8 Wim'
Extemal diameter of abzarber | 0.023 m

tube (D)

an

EXPERIMENTAL DATA WITH CFD ANALYSIS

5.1 Parameters used for Analysis:

5.2 Evaluation of water and thermo physical
Prosperities: 15°C < T, <70°C

Density of Water:

(TW —4.0)2
119000 +1365*T, —4*(T, )’

p, =1000%(1.0-

Viscosity of water:

’ 1.37 Tlf 2t dl —0.A33E al 1737
k, = k 08938(1+ 2 )71+ L 14+ 22 1+ %
v = T A S T A v 20
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Thermal conductivity:
H, =0.00169—425263%e(T)y — 492552 *(T)* — 2.09935047 (T, )°

Specific heat of water:
C, = 4217.629-3 J88(T ) - L09SIS* (, - DAIS2HE, Y 49 14258 P2 1y - 15410 (T,

5.3 Evaluation of thermo physical properities of
nano fluid:
c . 0=8)rC) ., (pC),
=
(A-#)py +dpp

dP —_061

¢ 113 Tnf 0038
o #a +100) ( +70) ( +17()

001737
$ RT 4, omi| %
k,=k08938(1+"— 1+— 1+—— —
k. ( 100) ( 70) ( 150) a,

Experimental data of inlet temperature of water

Table . 4. Temperature of water at inlet and exit

mass
flow mass
rate flow hei Cp L
T To Tm |(Lpm) | rate(Kg's)| (w'm2) TkgK) Dext | (mts) | Tr(EXF)
308 | 338 323 06 0.01 T06.62 4187 0025 1.2 341.8707
293129422037 15 0.025 | 83.913043 4187 0.025 1.2| 306.6654
2038 2052044 1.54 | 0.025667 | 93.913043 4187 0.015 12| 3089773
294412956| 295 1.5 0.025333| 93.913043 4187 0025 12| 309388
2952962 2956 ] 0.025 | 93915043 4187 0025 1.2 306.7987
2957(2972| 2963 23| 0.041667 | 93913043 4187 0013 1.2| 326.0303
21966 (2979 2973 25| 0.041833 | 83.913043 4187 0025 12 322989
207120842078 EN] 00593913043 4187 0025 1.2 3285138
2074|2088 2981 31| 0051667 | 93913043 4187 0025 123323345
2977 299 2084 31| 0051667 | 93913043 4187 0025 1.2 330.1392
297912992 2086 31| 0051667 | 93913043 4187 0025 123303392

5.4Temperature profile in absorber tubes at :

Temperature profiles in absorber tube are analysed
using ANSYS PACKAGE with inlet temperature of
water and nano fluids , analysis is general purpose
software used to simulate fluid dynamics and heat
transfer aspects for engineers , so anasys , was used to
simulate tests according to the working conditions , to
test in virtual environment Inlet temperature of water
at 350c we have highest efficiency theoretically ,
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EFFICIENCY = 202400*mfr*(To-Ti)/lb

efficiency
mass mass flow To Tonano efficiency | ofnano
flowrate | rate Ti water fluid radiation | of water | fluid
Lpm KEg/'sec oC oC oC (Tbh
0.6 001 308 338 34472 1000 60.72 743
13 002492031 2042 2057073 334 1042 247
1.54 0.0256| 2038 203 20633 330 11.76 247
13 002532044 2056 29695 587 1048 222
13 00249 205| 2962 206871 358 10.88 169
235 0.0416| 2957 2972 297.76 360 2258 310
235 0.0418|2066| 2979 208 580 1897 204
31 004992971 2084 2083 363 2336 215
31 005162974 2088 2083 360 26.14 16.8
31 0.0516| 2977 200 2004 533 2541 332
31 003162979 2992 20006 340 2517 308

6.20ver all heat transfer coefficient of water

/2 Centous of Total Tempeature (K 0\

¥ ', Table 6 :Over all heat trans fer of water .
28 > Wind
¥ i wel Tr Ta Re(a) | Nufa) hw hr m
& ol 1 3054| 2931 13623 74740 75730 7013 | 2074
Q 290 _ — S— -
A S 01 3065| 2968 13623 247407 25.730 1109| 2084
29702
@ 202 01 3066| 2006 15625| 2474077 25730 1168| 2089
B
a 2902 01 3075| 2087 15623| 2474077 25730 1169| 2989
- 2%ed2
= 2902 01 3082| 2084 15623| 2474077 25730 F177| 2990
295042
20502 01 3081| 2085 13623| 2474077 25.730 F177| 2990
= \
28ie2 i 01 3086| 2089 15623| 2474077 25.730 1196| 2092
2%+ 2 >
P 0.1 308| 2086| 13623 24.74077 25730 I177| 2980
8x
02 3088 2083| 3125 375 39 7188| 4318
02 3094| 2081| 3123 375 39 1196| 43.19

6.3 Over all heat transfer coefficienct of nano fluid

(TlOZ)
mass
flow mass . .
T |To Tm  |nate | fowrate |hci ¢ |Dext [L | Table 7: Over all heat transfer rate of nano fluid
Lpm | Kg'sec exp.
30
~ | | m efficiency of water
308 34472 32636 0.6 0.01 T06.62 3078 0.025 123390040 7o
_ _ _ _ W zfficiency of nano fluid
2031 | 2957073 | 294.4037 135 0.025 [ 9301304 ( 3078 ( 0.025 123322019 &0

2938 29633 | 293.063 154 | 0023667 (9391304 3078 | 0.023 12]331.8803

2044 20605 295673 1.5 0025333 9301304 | 3078 0.025 12 340.0361

205 | 206.871 | 2959355 13 00259391304 3078 | 0.023 123295603

efficiency ()
kS

2957( 297.76| 296.73 25| 0041667 | 9391304 3078 | 0.023 121 333.7613 30
2066 108 1973 2.5]0.041833| 0301304 3078 | 0.0235 123224660 20
2971 2983 2977 il 0053 (9391304 3078 | 0.025 12 2977

10

2074 2083 20785 31| 0031667 | 9301304 3078 | 0.023 12| 29785

2077 20041 29855 31]0.031667| 9301304 3078 | 0.023 12| 29855 0
1 2 3 4 5 [ 7 8 g 1o 11 12 13

2075 290096 | 29893 31| 0031667 | 9391304 3078 | 0.023 12| 29893
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Conclusion :
The solar parabolic trough collector system is used for
generation of power as the system is caple of
producing high temperature . This system is also
employed for water heating , process steam
application and air heating as well , with the estimation
of data of average global solar radiation at
visakhapatnam , from this we have done a temperature
profile are analyzed using ANSYS PACKAGE, from it
we theoretically calculated the properities of water
and nano fluid physical properities

1. In experimentally study it was concluded that at a
significant temperature the efficiency of nano fluid
and water are noted.From that resultant values
peak efficiency of nano fluid is clearly observed.

2. In analytical study , the efficiency of nano fluid is
more compared to water when subjected to same
experimental temperature.

3. Fig.7.1. Efficiency of water and nano fluid (Tio2)

70 [ | m=fficiency of water

W efficiency of nanao fluid

1 2 3 4 5 6 7 & 9 10 11 12 13

Fig.7.1 . Efficiency of water and nano fluid (Tio2

FUTURE SCOPE:

There is a lots of future investigation that can be

carried out which are as followes Parametric analysis

can be performed on the fabrication system with a

different type of reflecting surface .

1. Other type of nano fluids also can be used, such as
aluminium , copper oxide and many other ,

2. Different absorber coating materials can be tested
to see their effects on the performance of the
system.
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3. Different diameter of tube for experimental
investigation with various mass flow rates can also
be employed.
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