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CHAPTER THREE
METHODOLOGY Yv

This chapter will introduce the method employed on this rcscarcl*ng {rom

desienine of the PTC. fabricating a prototype of the designed PTC an

Y

sscarch 1s on the

evaluating 1ts

thermal performance. The mmportant consideration on designing

low-cost materials without compromising its thermal performan

3.1 Design and Construction é

There are 2 important parts in designing C‘%z:lu
parabolic trough collector (PTC) design. Tl\%mrl 1S SR

h \\’%‘lubon

(g
3.1.1 Parabolic Collector z

second part is the thermal recerver. Bot

* "<ru:d here was carried out based

wire area of 0.06 m~ followed by the

on three designed steps

second model of m%

!
experimental evi that has §

)

@ and then a prototype used durine the

ca 0 0.96 m".




ik

n and fabrication of the PTC is

J<

Reason behind undergoing three steps in the desiy

(

to obtain the accurate fabricating reflector as well as the exact focal point, because the
performance of the PTC depends on the accuracy of the parabolic mold structure and the

exact focal point.

The basic identification of parameter used 1 the prototype collgefr d¥sign is
shown in Fieure 6. The design of the collector was developed us ®XUTOCAD

software. The dimensions required in designing the collector are sumn™ggZed in Table 2.

(refer Figure 6).

collector

vortex

Fioure h of the Parabolic Thermal Collector Parameter.
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Taken aperture width of the collector as 80 cm, theretore x = 40 cm and y = 20 cm.

Using the parabolic equations of 3.1 and 3.2, we can calculate radius, R and focal length, /

of the collector.

x2:2XR><y

(40) = 2 X R x 20

1600 = 40R
. _leoo
L — 10 = CImn

Using eq 3.2, I =

PTC parameter used in the design of this cherim ta

Parameter

Collector Width

Collector Area

Receiver Length
Recerver Inner Dia 0.02 m
Recerver Outer er 0.025 m
Rim Angle % 90 "
Collector RHEUS 0.4 m
1011 Ratio 10.2
0.2 m

(‘onccm\
Focal LE

0.094 m-
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Figures 7 and 8 show 2D and 3D 1llustration of the collector design respectively.

The mold structure was designed and fabricated into two equal parts for easy assemblies

and transportation. Mild steel (M.S) was chosen as the collector support mold. ‘eason

1ed out with

behind choosing the M.S sheet 1s due to 1ts light weight, availability at and 1ts

l
suitability for the mold reflecting film. Fabrication of the PTC mold watm

a higher precision, since the accuracy of parabolic trough collecmpends on the

accuracy of the parabolic mold structure. Aluminum foil was svw@ds an mnexpensive

reflecting material and attached to the constructed M.S mold.

800.0mm

H0.0mm-

50.0mm

47.0mm
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Fieure 8: 3D-Schematic Diagram of the !Qlecr(

The front and back view of the 1‘11[)NQ/ [.S re
oiven in Figure 9 (a) and (b) respectivgl maler;' i';

reflecting surface structure are made

mm thickness. The support rim chMde |
1 mnl:,

steel were painted with brown p

£y
&
,é\
N
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¢t Side and (b) Back Side of the Fabricated Mold Surface.
on

ieure 9:
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3.1.2 Thermal Receiver.
The thermal receiver consists of 2 components, which are the tube receiver and

receiver cover-box. The tube was inserted 1n a custom designed box fabricated from M.S

he focal

the thermal

*i\f’c" and cover-box

| gcr%grl of
| S
est i 1thermal

!zricg tlon are given

O

{ while¥

Copper receiver tube: 130 cm long LIN ni
Black resistance paint. z |
SCIews

Glass

Glue, silicon sealan

Insulator

Water {low %

N
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—

Recerver Cover-

box

Figure 10: Thermal ReC®Ver

3.1.3 Structures

The schematic diagram of \

Fiocure 11. The stand structurgowaRgonstrugged

" 1S glven In

N

'S square material. It consisted

(|

-

of two triangular shapes welded 4 : ec{ié;along the length of the supporting

|
ot

scen Jhothg *igureé\_. The materials and dimensions used for the

uéd E >s were mounted with a ball bearing

O

anj% allow the collector to rotate freely along

frame structures. The t

that connected the re
its axis of rotaty
stand strucCtudies

X
en below: ,$"’

| Bm\\‘idlh of the supporting stand: 136 ¢m

width of the supporting stand: 37 ¢cm

3. Mild steel square meter: for supporting stand 20 mm thickness
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Mild Steel (M.S) sheet square steel used were cut into three pieces according to
the above measurement and then welded together to form a triangular parabolic
supporting stand. Then two already fabricated parabolic supporting stand were joined

together 1n opposite side with the parabolic mold in between them along tl\g CIM

length of the supporting frame structure which form a complete PTC structu )

s

b Experimental Setup
The experimental setup used during the experimental t
system 1s shown schematically in Figure 13 and Figure 1

arrangement where the water tank A that was filled wit

43 lan@ that was

* 1u,l£21$and the water

(ru Hle were properly

solar collector so as to ensure a perpetual flow 1

placed on the ground. The PTC was oriented ale erh-s

flow rate was adjusted to the required value. A
f D? lwl

the receiver tube of the parabolic IIOUN ector

PTC onto the receiver will heat zwb o th

In order to ILLOId

checked before the water at ambient temp

laptop was used alon wo thermocouples were calibrated inside

a small hole drilleg ?hilvel for temperature measurement. Another

nbient 1unpual reading was also used. The signal from

®ould be sent to micro-controller board and MCP3424 to digital



the high accuracy data were monitored. The data of the ambient temperature, inlet
temperature, outlet temperature, solar insolation, humidity and wind speed was

continuously recorded every half an hour during the experiment. The experimental

with tracking provided to the PTC 1n the E-W direction.

[

—— T m—

i) J..@~

3

I 0 Hot Wate

& |
0_

‘ erin@x! Setup for Open System.
o

(j)

S

't S

S
\

Figure 13: Schemap MM "
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Figure 14: Experimental Setup of the CST Using

Application. T
14

Automatic tracking system waSRgESeR his exp mmc“;I &1 he tracking system

3.3 Tracking System Assembling

" — -

was designed to be single axis tré

cmb&é& based on the materials

given in Table 3.This method 18

érgnilabilily at low-cost, easy

mergy collection with the simple

(0 assemble. and cap:.lhili@.\'imilil
PTC. C} ¢

39
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Table 3: Materials for the Tracking System Assembling

Name Model Quantity
Integrated circuit (1C) LM339N

Integrated circuit (1C) .293D
Diode IN4148
[Light dependent resistors (LDR) LDR
Resistance |OK
Resistance 12K
Resistance 22K
Resistance 47K
Variable Resistance 47K & 100K
Shatt & Motor 12V 4

Supply

Circuit Board

holc axy adking system. The

Figure 15 shows the circuit diagrang 0% '
tracking system comprises the followinc. H-brid2 - IC 1293D (IC2).

comparator 1C LM339, Light-dependg sistdfs L and a few discrete

components. The light-dependent 1g x I
sensors to detect the collector‘%gn relagfve

fixed at the edges of the

used 1n the solar collector as

direction. These two LDR are

¢
g r

direction. This me a

(o 4
AnikSarker, 201 |
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. 1-—
& é i > b ICT(AT-A2) = LMNM339 L
Rk = D7T-D2 = 1TINg91Aa48
L IO <
% l e |
AV S E =
| 47K
-
-
llli%;‘@ o
_ g R2

-
’
| 12K *
| > | vR=2 M1 =
100K o -
| é 12V, 3SRPM - .

GEARED MOTOR

a T

[_ .
l

Figure 15: Circuit Diagram of Single @ar Trgck

N

»
N

Measuring Instruments and Devices ‘Vj

Data required in order to be able tg det™mnig

&

3.4.1 Temperature
rformance of the system, temperature

4

' na
4
lllngUl

Yrhe temperature of the water flowing through

< |

airs of thermocouple¥ type-K were fixed along the inlet and outlet of

In order to

measurement 1s

the receiver. lw

L oyglube. The thermocouples were directly connected to the analog mput

the rec

channch 0 and VI1). The analog input device has many channels in positive and
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negative terminals. For example, VIx+ represent positive terminal for the analog input
channel + while V1- represent the ground channel — and the analog mput channels is

connected to the PC via USB cable where the data will be displayed and recorded as

shown in Figure 16.

(a)

3.4.2 Solar Insolation

ay

1er iléé{“tam parameter that needs to be

solar thermal system. The direct solar

n ofA

)

Qlyr. The pyranometer from weather system

N

the designed collector system during the

At1oN Pvr;.ummclﬁfas connected to the PC via USB cable for data
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3.4.3 Mass Flow Rate
The mass flow rate was determined prior to the experiment. A simple gravity-

based system was designed and implemented for the water flow system. In this respect,

water at ambient source was positioned in a plastic container I m above %olar

collector with the second container positioned on the ground. At the SIie:,wf the

receiving tube. an empty 10-litre tank was placed. The ambient wate Sallowed to

flow in slowly through the plastic tube from the first container andw through the

ceer tube down to the

receiver tube inlet and then recollected through the outlet of the

cfu.&@ It 1s

ONne ur. This

1S ﬂd&m‘: was kept

(4

3.4.4 Wind and Humidity

Weather around experin ¢ experiment by the
readily available designed wgatheresl SI¥Kebangsaan Malaysia (UKM).
The compict westher syslg or and wind speed sensor that help

wind speed. The ¢ 1ﬁlcslf._.gn based on micro controller board and

MCP3424 wigh ™ yorammable gain@cd amplifier, which allow the micro controller

board to n a high accuracy analog 1nput. Those parameters were recorded directly
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from the PC. which connected to the system from weather station via USB cable as

shown in Figure 17.

Figure 17: Experimental Sc% ;he

PN System for 1
PN System for Water | leating

e

Us 'f
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3.0 Experimental Procedure
The experimental procedure for designing, fabrication and testing the PTC is

described 1n the flow chart below: The fabrication of parabolic trough collector reported

here was carried out based on three designed steps and four system analyses

Design and Fabrication of
PTC System

Not Successiul

Measurement |
. (%
a. Collector Design a”1)

b. System Design
c. Tube Recerver Def
Material Design

]

\4

N

Figure 18: Research Flow Chart
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3.6 Thermal Efficiency Calculation

To measure the CST design efficiency, rate of heat absorbed. Q by the water

through tube receiver must be determined. Rate of heat absorbed, O Cal% o
using equation: : %

Q =mC,(T, — T;)

3.3
where m 1s the mass ol water flowing through tube receiver, COWfs the specific heat

capacity of the water which 1s 4.184 J/g "C while T, and

outlet and inlet, respectively (Pradeep et al., 2013). Thgrma
then be calculated using: é
— ? '

A-XIpXR V

where A, 1s the area of the collector, I h’ sol

urface of the

=

collector and R 1s the ult angle for the g

The concentration ratio of the PTC &g

! e Qa
= z 3.5
The concentrationgr: -15jthe™gtio ofge effective aperture area A, to the area

&

- Plrl Ndrea is 0.96 m~ and the absorber area A=

of the absorber A, w

2xrl and 21 repres® Er d :‘l@)ﬂle absorber tube and / represents length of

sl oar e R Pl o > Wa 1 Pl . . "
the absorber tURg. e PIC ILpOI'lL,dd]}t;L In this research has a small concentration ratio

since 18 | \m'ch purpose. The value of the concentration ratio of PTC with 2 c¢m

tube receiver 1s 16.84.
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More details of the concentration ratio values calculation for different materials

used here are given in section 4.5. But for commercial three-dimensional system like a

parabolic dish system with a two-axis tracking system, which is focusing on one point,

the maximum concentration ratio 1s around 45,000. However, the parabolic 1 1S a

ched.

two-dimensional system, where a maximum concentration ratio of 200 ci | \‘d






