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Abstract— Solar thermal system is important energy for us
because of its gain energy free from atmosphere. Solar energy
is a non-polluting energy and also play important role for
global warming effect. India is a most favourable country for
this energy and in India, Gujarat and Rajasthan have the
potential for wide spread application of parabolic through
solar collator to harness the solar energy. In solar water heater
normally temperature is 80°C during mid-day. When high
rises building has a solar water heater system on terrace so
heat losses in pipe for below side floor because of very long
length of pipe. Below side floor has not get good temperature
during morning and cloudy days. In order to maximize
temperature heat transfer in receiver tube need to be
augmented. In past research using a technique like inserting
porous media, twisted tap, Design parabolic collector etc. in
this research review paper solar parabolic collator use with
some changes in receiver tube. Iron net insert into the receiver
tube for reduced pressure drop. This experiment occurring at
Rajkot (Gujarat-India).
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I. INTRODUCTION

A. Concentrating Collectors

In order to be consistent in the use of terms, we will use the
phrase ‘concentrating collector’ to denote the whole system.
The term concentrator will be used only for the optical
subsystem which directs the solar radiation on top the
absorber, while the term receiver will normally be used to
denote the subsystem consisting of the absorber, its cover and
other accessories.

B. Classification of Concentrating Collectors

Concentrating Collectors are of various types and can be

classified in many ways. The Concentrating ratio is also used

as a measure for classifying concentrating collectors. And

Classification of different type of collector is listed below and

its various types depends temperance range.[1]

1) Flate Plate Collector with plane reflectors

2) Compound Parabolic Collectors

3) Cylindrical Parabolic Collector

4) Collector with fixed circular concentrator and moving
receiver

5) Fresenal lens concentrating Collector

6) Parabolic dish Collector

1) Cylindrical Parabolic Collector

The basic elements of the Cylindrical Parabolic Collector are

1) The absorber tube located at the focal axis

2) The Reflector

3) The support Structure

4) Tracking system

The collectors are available over a wide range of aperture area

from about 1 to 60m?and with widths ranging from 1 to 6 m.

concentration ratios range from 10 to 80, and rim angles from
70° to 120°.[1]

Absorber tube is a copper tube, aluminum tube or
Stainless Steel Pipe and it’s coated with black colors because
black colors have a high absorptivity. The liquid heated into
the receiver tube and its path is inlet to outlet side.
Augmentative device in the form of twisted or central plugs
are therefore used to increase the value of the heat transfer
coefficient.

Il. METHODOLOGY

In this research, some modification in receiver tube like
porous materials inside the tube and decrease the pressure
drop. Data compare to numerical study and experimental
study.

I11. DESIGN OF COLLECTOR

For designing, using a different design book and past research
paper and some related data of solar parabolic collector. Here
geometric parameter is width and length, aperture length, rim
angle, receiver length.[2]

Dimension and other parameters Calculation Concentrator

—  Aperture length, D = 1110 mm

— Length of trough, L = 1828 mm

— Length of Tube = 1828 mm

— Rimangle [3],® = 80°

— Reflecting surface is made by Stainless Steel sheet

— Reflectivity of concentrator [6] p = 0.92

— Absorber absorbance [4] a = 0.92

— Intercept factor y = 0.70

—  Optical efficiency [5] n, = pya = 0.59

—  Tracking [6] : Manually (North-South orientation)

A. Concentration Ratio, C

Concentration ratio of PTC could be calculated by following
equation (1) [7]. Higher concentration ratio gives high solar
radiation flux at receiver surface.

C= Ac _ D-do _ 1110-20

Ay mdo T™X20

B. Focal Length, f

Receiver should be placed exactly at the focal length. Once
the aperture width and rim angle (@) is fixed, the focal length
(f) of parabolic trough could be calculated by following
relation (2) [7].

)

o D
- 4 tan (g)

C. Height of Trough, Y

The equation of parabolic curve the height of trough could be
calculated form following equation (3)
2

Y = @ . 230.75 mm 3)

af

=17.188 (1)

= 327.73 mm
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D. Rim Radius, R,
The distance between rim and focal point is called as rim
radius, which can be calculated by following equation (4) [7].

D
R =5 5 =55848m (4)

E. Fluid Circulating Pump

For Experiment when needed circulating fluid than, 0.5 HP
pump is used. The maximum fluid flow capacity of pump is
1000 LPH for water. During the experiment to maintain
proper volume flow rate, a regulating valve is connected at
the outlet of the pump.

F. Chlorinated Polyvinyl Chloride (CPVC) Pipe

Chlorinated polyvinyl chloride (CPVC) is a thermoplastic
produced by chlorination of polyvinyl chloride (PVC) resin,
which is significantly more flexible and can withstand higher
temperatures than standard PVC. Uses include hot- and cold-
water pipes and industrial liquid handling. Its melting point is
150°C.[8]

G. Water Storage Tank

In our case we use 50L tank. Tank in normally and use only
for experimental data.

H. Solar Location data [9]

— Latitude of location Rajkot ¢, = 22°33'N,

— Longitude of Rajkot, L, = 70°80'N

— Standard meridian for the local time zone, Ly =
82°30'.

I. Measuring Device for Experimental work
No. | Measuring Unit How to measure it

1 Solar Radiation | Android App “Solar Radiation
Intensity Finder and Solar Tester’’

2 Temperature Using K Type Thermocouple

Table 1: Measuring Devices

J. Porous Material

Porous medium inserts for experiment study to enhance the
heat transfer in PTC receiver different available porous
medium inserts is shown figure. In first case spherical ball is
filled in the receiver tube without any attachment. In second
case uniform aluminum chips is filled in the receiver. In third
case iron 2mm net roll is fully filled in receiver.

3 S YD
Fig. 1: 2mm Iron Net

Fig. 2: 2mm Iron Net Insert into the Tube

K. Experiment Setup

The experimental setup for experimental study is shown in
below figure with measuring devices. Inlet, outlet, tank and
ambient temperature are simultaneously measure during the
experiment.

Solar Parabolic [

Temp In Collector Temp Out

Pump +
SOL Water
Tank

Flow Regulating Valve
Fig. 3: Schematic Diagram of Experimental Work

Pyranometers is used to estimating the direct normal

solar radiation [10]. In the storage tank 50 liter water is filled

and during experiment the temperature rise of the water is

observed at every 10 minute interval from the starting of

experiment. Experiment is carried out until the system

reaches the stagnation condition. During experiment, tube
temperature varies in between 90 °C.

Different parts of the experimental setup. PTC

during the experiment and the concentration of solar radiation

on the bottom side of receiver is shown in Fig. 4.and 5

Fig. 4: Different parts of Experimental Setup
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30 51.00 389 36.38 11
40 56 411 36.38 18
50 64.30 397 36.50 12
60 69.50 389 37.10 11
70 74.30 362 37.36 13
80 79.60 365 37.39 23
90 83.10 366 37.80 29
100 85.10 357 38.10 18
110 88.40 351 38.44 15
120 89.70 349 38.61 10
130 90.10 348 38.69 10.1
140 91.03 340 38.72 8.5

. Fig. 5: PTC during experimént

L. Experimental Model Cost

Actually, the cost analysis of this solar heating system
depends on the number of family members, quantity of hot
water required, and also the cost of heating sources. A
comparative cost analysis is made among different energy
usages systems for a family consisting of four members. It is
assumed that the family requires about 50 liters of water per
day including 16 liters for shower, 12liters for clothes
washing, and 10 liters for faucet.in below Table 2 described
cost

. Total

No. Component Unit Cost Cost
1 Copper Tube 170],5:,[ per 1200 Rs
5 SS Sheet 202,0.35 220 Rs per 1660 Rs

gauge Kg

3. Frame Fabrication (15 :::;ran 0850 Rs
4, 0.5 HP pump 1000 Rs
5. Other 0500 Rs
Total 5150 Rs

Table 2: Experimental Cost

IV. RESULT

A. Performance of Parabolic trough Collector

Parabolic collector absorbs solar radiation and it’s
transmitting on to the receiver tube. Effect of angle of
incident and collector time constant is also important for the
collector to evaluate the performance of PTC.[2]
Experimental data has been collected with prototype
parabolic trough solar collector made of Stainless steel with

Table 3: Experiment Data

B. Effect of Efficiency on Temperature

According to experimental data the maximum Efficiency has
been achieved when sun was perpendicular to the absorber
plate of solar water heater and Solar Radiation maximum
absorb by collector thermal efficiency increases. Below graph
is Thermal Efficiency vs. Temperature.
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Fig. 6:

C. Effect of Solar Radiation on Thermal Efficiency

Solar radiation is important for thermal efficiency. Not only
solar radiation is important but also right tilt angle of
collector. Direct Radiation is coming on the upper side tube
directly. It’s approximately cover are of tube is 180° and
Diffusive radiation is contract on the tube from below side.
Its approximately cover 160° of tube.

D. Effect of Temperature on Time

In solar water heater time is important. Our target temperature
is 80°C or above in our case we get maximum temperature is
91 °C.Its take a time 140 min for target temperature.

thickness 0.4 gauge as a reflective surface. During 100
experimental performance of collector, copper receivers have 90 ‘//—: s
been no coated. The experiments have been carried out to o il
check the reproducibility of the results. e o~
Instantaneous efficiency for water as heat transfer £ EE <«
fluid is calculated shown in Table 3 g 10 ——Temp
Date 22/5/2018 1:00PM § 30
Water Solar Atmo- 20
Time Tank Radiation, spheric Efficie- 10
(min) | Temp. Is Temp. ncy 0
Ttank (W/mz) Ta (OC) ’ ” Time (min) B =
0 41.80 383 35.80 23
10 44.30 387 36.10 16 Fig. 7:
20 46.20 399 36.19 32
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V. CONCLUSION

Maximum water temperature is 91.03°C.

When Tilt angle is 20° that time give maximum
efficiency.

The maximum water temperature is because of higher
heat transfer area, high effective thermal conductivity
and turbulence.

For improvements the performance of porous receiver
Performance evaluation criteria (PEC) is considered.
2mm iron net shows highest value of PEC at low fluid
velocity.

Low velocity is more preferable for higher temperature
water.

Most important is Design of solar parabolic collator.
Stainless Steel is best reflective material for medium
level temperature solar water heater
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