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Abstract
There have been many studies to improve the performance of the solar water heater. The long term goal of research is to obtain
scientific information, teaching materials and as the foundation of scientific development of energy conversion. The specific objective
of this study isto find or develop new models and models that can improve the efficiency of the solar water heater.

Research methods; research conducted using the experimental method, which is to test the amount of cover glass, flow rate and
preheat a working fluid that can improve the efficiency of solar water heater.

Research output: 1) The efficiency of the best solar water heater is the sum of three layers of glass cover compared to the cover glass
number two layers and one layer, 2) The greater the water flow rate, the efficiency of the solar water heater increases, 3) initial
heating on water entry, exit and cause the water temperature absorber plate temperature is relatively the same, so the efficiency of the

solar water heater closeto zero.

Keywords:number of glass cover, flow rate, initial heating, solar water heater

1. INTRODUCTION

Background

According to Mustafa (2008), The efficiency of als@n of

solar heat on the double plate heater is highen ttee

efficiency of conventional heater solar heat abompand

heat absorption efficiency of the (Ti-Ta) / Gt dyddte solar
heater decline more sharply than a conventionaletiieeater.
Mustafa (2009), In each test variation of the flate on the
heat absorption efficiency solar heater doubleepiathigher
than the efficiency of absorption of solar heat aad
conventional heater temperature solar water hgaste out
double in the afternoon decline is slower thantémeperature
of the water out of conventional solar heater .dgr(2008),

examined the absorber plate absorber double amtesise
concrete in a simple solar water heater, solar wheater
efficiencies simple dual absorber plate is high®nt single
absorber plate. Farid and Ismail (2010), concrdisoeber
plate waveform generating efficiency of solar wateater is
higher than flat plate absorber.

According to Farid and Ismail (2006), the amountgtdss
cover three layers with a thickness of 5 mm prodhbiggh
efficiency solar water heater is higher than using or two
layers. According Anggraini (2001), using a thickseof 3
mm glass solar water heater has an efficiency hitgte that
using a 5 mm glass thickness and spacing of thes glith the
best absorber plate is 20 mm.

From the research, more research needs to be tong the
amount of cover glass, water flow rate and inii@hting plate
solar water heater double.

2. LITERATURE REVIEW
2.1 Solar Water Heating

Solar water heating systems can be broadly dividedthree

main parts:

1. Solar collector that receive and transfer the staxiant
energy into thermal energy in the working fluid.

2. System of working fluid channel or pipe divertehieh is
the part that connects the collector to the staorage

3. Fluid storage tank that is part of the store antil Hmt
water.

Based on the shape desired heat temperature Hiegt@ocan

be broadly grouped into three parts:

1. Centering collector with a low concentration ofveeén
80°C - 150C

2. Flat plate collectors for temperatures lower th&tC8

2.2 Flat Plate Solar Collector

Solar water heaters generally consist of a thegoatuctive
material selembaran called absorber plates thahembnthe
pipes carrier heat transfer fluid, usually watesla® radiation
transmitted through transparent pipes and convéntedheat
in the absorber plate and the bottom and sideatésbl
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2.3 CollectorsFlat Plate Collector Efficiency

Collector panel efficiency is the ratio betweenhe rates of
useful heat(QU) is transferredto a fluid divided by solar
radiation onthe cover plateEfficiency can beshown in the
equationof Duffie JA andBeckmanw.A. (1980) as follows

Q.
= AG,

From theequationabove caralsouse thecollectorefficiency
equatiorbelow:

(-ri _Ta)
G

7 = FR(Ta) - FRUL

t

,7 - mCP (Tout _T‘n)

| G A
Description:
Q. = The energy absorbed by the collector, (j/m
A. = The size of the collector,, fin
Fr = Collector heat loss factor
U. = Overall heat loss (W/A1C)
G Total solar radiation intensity (W/n
T The temperature of the incoming waté€)(
Tout = The temperature of the water o)
T = Transmissivity glass cover
a = Absorptivity of absorber plate

2.4 Older Studies

Research solar water heater and absorber plates theen
made by researchers. Some of them are used asisatbas
support the implementation of this study. Bhidealet(1982),
introduces a simple method for comparing the thérma
performance of flat plate collectors which is caoatgith a
layer of a known value and power absorption redéct
sunlight. This is a simple way to get the value #rright to

a certain selection of collector surface. This rodtBhows the
limit on the ratio of the inner layer and selectsafue and will
benefit the total energy used in the selection g@dad coating.
Rahmad (2001), conducted research on the absoldter fpr
seawater distillation From some of the materiadset@ in this
study, obtained copper coated with matte black tpaipes
have good heat absorption coefficient, ie 0.82his research,
also carried out observations on the performancsolatr still
with a size of 1 x 1 m with the addition of grawel top of the
absorber plate, the test results showed absorbtr piith the
addition of gravel on top of it has a good efficgn

Kris and San (2001), parameters that affect theopaance of
the collector including the thickness of the absonblate and
the distance between the pipes collector calletectolr fin
efficiency. The results showed the thick absorbateg and

the smaller the distance between the collector spigi
efficiency of the optimum collector.

Anggraini (2001), research was to determine thectfdf the
temperature range kepelat glass plate statinggherkceived.
Glass used for research are clear glass and frgkied with a
thickness of 3 mm each and 5 mm. The results fabhatthe
highest temperature is achieved when the glas® plaed
types of clear glass with a distance of 3 mm gia&s plates
20 mm.

Sambada (2004), circulation water from collectdiakgki the
IAR solar heating termosifon occur naturally, due t
differences in the type of water dikolektor timeghwvater in
the tank so it does not require a pump, but kegaps
performance can be better than a solar water lgeatistem
pump receipts. Research using simulation graphaf thas
used to estimate the performance of the water igatystem
with forced circulation pump The simulation showse t
number and wide collector, the number of daily Water use
and the volume of water in storage tanks affectfthetion of
solar water heating systems termosifon.

Rahardjo (2005), using two glass cover obtainedtebet
efficiency than using only one glass. The tempeeatu
difference between the water out into the colleand the
collector glass cover with 2 layers could be higherabout 17

° C compared to the collector with a glass cover.

Ismail (2005), water flow rate on the solar heatke faster
the flow, the resulting warm water has a lower temafure,
and the type of solar water heating collectors fiddte
collectors with tilt angle 0 ° produces the optimwaater
temperature is by average temperature of 59 375ah@ a
maximum temperature of 71 ° C.

Farid and Ismail (2006), the amount of glass ctleze layers
with a thickness of 5 mm produce high efficienclasavater
heater is higher than using one or two layers.

Mustafa (2006), The efficiency of absorption ofasdheat on
the double plate heater is higher than the effyjemf
conventional heater solar heat absorption and dgsdrption
efficiency of the (Ti-Ta) / Gt dual plate solar texadecline
more sharply than a conventional diesel heater.

Ismail (2007), examined the rate of water flow irsienple
solar heater using a single absorber plate, reguiii the
faster the flow rate the performance of solar wdieater
produces lower.

Ismail (2008), examined the absorber plate absodoeble
and single use concrete in a simple solar watetehesolar
water heater efficiencies simple dual absorberepisithigher
than single absorber plate.
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Mustafa (2009), In each test variation of the flmate on the
heat absorption efficiency solar heater doubleepiathigher
than the efficiency of absorption of solar heat aad
conventional heater temperature solar water hqatte out
double in the afternoon decline is slower thantémeperature
of the water out of conventional solar heater .

Farid and Ismail (2010), concrete absorber plateefoam
generating efficiency of solar water heater is bigthan flat
plate absorber.

3. METHODS

3.1 Stages of Research

Based on the background research on innovative sater

heater, this study originated from the research liaa been
done, either by the lead researcher, a researeteksas by
other researchers. From these studies, then cadiuesearch
to analyze the amount of cover glass double pldtes

number of glass cover slip testing is one layen tayers and
three layers. The best results of testing the amotiglass
followed by analyzing the flow rate of the workifigid and

the most recent test analysis preheat the workind fo see
the maximum performance of solar water heater.akhestage
of testing and data collection, and performed gatecessing,
graphed, analyzed and then summarized.

3.2 Researchrools

Research equipment using solar heater plate cotkectual,
namely:
» Absorber plate of aluminum with a thickness ofman
and painted matte black.
« Plate heat storage of PVC, thickness 10 mm.

* Glass covers 5 mm thick one side and north-facing

orientation.

« The distance between the absorber plate anddrege by
20 mm

« Insulation of 3 cm thick Styrofoam material.

» Angle Glass 150.

« Drains using PVC pipe 25.4 mm.

e Pump using aquarium pump
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Figurel. Schematic experimental tools solar water heater
(side view)
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Figure2. Schematic experimental tools absorber plate agpd zi
zag grooves (top)

3.3 The Testing Procedure

Observations were made starting at 10.00 WIB ukil00
WIB (peak time) directly under the sun with the ation of
data recording is done every 10 minutes. Laboratesying
location in Solar and Alternative Energy Departmaeit
Mechanical Engineering Faculty of Engineering Unsity of
Brawijaya Malang
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Testing Outcome Indicator

The number of Retrieved amount Scientific
double glass cover of cover glass with articles /
plate a solar water National Journal
heater efficiency / Proceedings
of the highest

The flow rate of| Retrieved working
the working fluid| fluid flow rate
using a number of efficiency  solar
the best double water heater with
glass cover plate | the highest
preheat thg Retrieved
working fluid | maximum

using a flow ratg efficiency of solar
of the working| water heater

flud and the
number of double
plate glass cover
best

4. RESULTSAND DISCUSSION
4.1. Testing Total Absorbent Glass Cover Plates Dla
use

The data taken in this study to test the amourglags cover
plate solar heater consists of multiple solar r#ali@intensity,
water temperatures are in, the water temperatusesid, the
temperatures are absorber plate, glass cover tatoperand
ambient temperature. Data recording is done evemihutes
to determine the time of data storage on DAl safewa
Furthermore, the data is calculated, graphed aalyzed.

1. Temperature and total solar radiation intensity
average From the test result data can be graphed
average temperature and total solar radiation
intensity on the average number of glass cover tésg
as follows:

Graph the a = om the averags total smmber of

T Drmngs Tl Sl it (W)

s Taperta [o7)

Description:

1.1 = Tests using 1 piece of glass cover the diast
1.2 = Tests using 1 piece of glass cover day two
2.1 = Tests using 2 pieces of glass cover thediagt
2.2 = Tests using 2 pieces of glass cover day two

3.1 = Tests using 3 pieces of glass cover thedagt
3.2 = Tests using 3 pieces of glass cover day two

Figure3. Graph the temperature and intensity of solar
radiation on the average total number of glass rctating

Solar radiation recorded by the data logger visapymeter
during the test varies, so does the temperatuggask cover,
absorber plate temperature, ambient temperature,

temperature and water temperature go out. Datangotdrom

10:00 am until 14:00 in total then averaged andréselt can

be seen in Figure 3. From the graph looks the sityof total

solar radiation on average have the same patterthes
average temperature (temperature of glass covesoriadr

plate temperature, the temperature of the incomwvager

temperature and water out). Thus the amount of ggner
absorbed by the solar water heater will be in ataoce with
the energy source is solar radiation. For not &lthe same
ambient temperature with solar radiation patteris because
there are other factors that affect the temperatine wind

speed and humidity.

2 The Efficiency of Heat Absorption Test Using a
Number of Glass Cover Plate Solar Water Heater
Double

From the research then calculated double plater sudder

heater using equation Kreith, 1982, 56 and Duff@g0, 252.

Sample calculations using cover glass number oui¢ &s

follows:

m =0.01 kg/ detik
C, =4100 J/k§C

T =37.82°C
Tout = 46.45C
A, =1.62 (M)

G, =918.98 (W/M)
r.n XCp x (Tout -Tin)

n = x100%
Gi-Ac
= 00LX4100X (4645-3782) ) 00
918.98 x 162
n, = 2377%

These calculations (Ti-Ta) / Gt dual plate solaatbe as
follows:

Given:
Tin = 37.82°C
T, =31.48°C
G =918.98 (W/M)
(Ti -Ta) _ (37.82 - 31.48)
G, 918 98
(i -Ta) = 0007

t
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From the results of these calculations can be madaection
graph of the efficiency of solar water heater (&)}7 Gt. as
follows:

Graphshowing the relationship of the efficiency ofithe solarwater
heater Ti-Ta/Gton iesting the amoumtofglasscover

Efficiency(%)
N
5

0002 0nos 0003 0011 0014 007 0020

+ efflz + effll 4 eff2l s eff22
o off3l 3.2 — Linear(sf¥.1.2) — Linear(=f 1.1}
— Linear(=fF2.1) Lineaz (ef£.2.2) Linear (ef¥.3.1) —— Linear(=ff, 32

Figure4. Graph showing the relationship of the efficien€y o
the solar water heater Ti-Ta/Gt on testing the amhotiglass
cover

From the graph above it can be seen the efficiefcgolar
water heater double plate glass cover with the raunttree
can produce high efficiency solar water heater, héig
efficiency and more gentle decline compared witke th
efficiency of the solar water heater with coversglaaumber
one and two. This condition is caused by a glas®rcthat
serves as transmisifitas energy solar radiationasa serves
as an insulator, so the number three glass coveincprove
the efficiency of solar water heater.

4.2 Flow Rate Testing with Three Fruit Absorbent
GlassCover PlatesDual use

From the results of testing the amount of glass ltlkeat cover
the amount of 3 pieces of cover glass used in ¢kéng of
water flow rate. From the data obtained is thenwdated, and
the results can be graphed.

1. Temperature and intensity of solar radiation on
average total flow rate testing

Data from the test results, it can be graphed terage

temperature and the intensity of total solar raoliiabn the

average water flow rate testing, as follows:

Graphs of temperature and intensity of solar radiation
on average total flow rate testing
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Description:
0.01.1 Tests using flow rate = 0.01 (liters / € ftinst day

0.01.2 Tests using flow rate = 0.01 (liters / s§@wl Day
0.02.1 Tests using flow rate = 0.02 (liters / ® finst day
0.02.2 Tests using flow rate = 0.02 (liters / s3@al Day
0.03.1 Tests using flow rate = 0.03 (liters / ® finst day
0.03.2 Tests using flow rate = 0.03 (liters / s3@al Day

Figure5.graphs of temperature and intensity of solar taxfia
on average total flow rate testing

Solar radiation recorded by the data logger visapgmeter
during the test varies, so does the temperatuggast cover,
absorber plate temperature, ambient temperature,
temperature and water temperature go out. Datangotdrom
10:00 am until 14:00 in total then averaged andréselt can
be seen in Figure 5. From the graph looks the sittenf solar
radiation on average total have the same patteth thie
average temperature (temperature of glass coveriadr
plate temperature, ambient temperature, air tenyrerand
water temperature log out). Thus the amount of gner
absorbed by the solar water heater will be in ataoce with
the energy source is solar radiation. Decline i@ #verage
temperature is more visible on the test flow rdt8:03 liters /
s compared to the rate of water flow underneath.

2. Efficiency of solar water heater at the test flow ate
of water using solar water heater with three double
plate glass cover

From the research then calculated using a mulgfaee solar

heater equation Kreith, 1982, 56 and Duffie, 19882, and

the results can be seen in the following graph:

Graph showingthe relationship of the efficiencyof the solar water heater Ti-T a3t
the flow rate testingusing solar heater double plate with 3 pieces of gdass cover
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Figure6. Graph showing the relationship of the efficien€y o
the solar water heater Ti-Ta/Gt the flow rate testising
solar heater double plate with 3 pieces of glasgico

From the graph above it can be seen the efficiefcgolar
water heater double plate with flow 0:03 Itr / sngsthree the
number of cover glass to produce high efficienchaiswater
heater, higher efficiency and decreased more shénph the
efficiency of the solar water heater with a watemwf rate of
0:01 Itr / s and 0:02 Itr / s. This condition isusad by the flow
rate itself, in which the flow rate in the calcutet as a
multiplier, so the efficiency of the solar wateraker is higher,

ai
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but the decline in the efficiency of the solar wdteater (Ti-
Ta) / Gt sharper.

4.3 Initial testing using a plate absorber double
heating

This test uses preheated %0 40°C, 50°C and 6(°C with a
solar water heater equipment uses three piecgsrklaf glass
cover with different flow rates (0.01 (I/ s), 0.(2 s) and 0.03
(liter / s)).

1. Temperature and Solar Radiation Intensity Total
average on Warm Early Testing

From the data pre-heating test results, can bengthpverage

temperature and total solar radiation intensity rage

preheating testing, as follows:

Graphsof temperature and intensity of solar radiation on average totalte st

M

EvaragesTamparatura (o

The Evarage TotalSolar Radiation

30.0.01
30.0.02
30.0.03
40.0.01
40.0.02
40.0.03
50.0.01
s0.0.0
50.0.03
60.0.01
50.0.02
50.0.03 I

Preheating inC)

——Ta. —#-Tin. ——Tout. —@—Tp ——Thk —o—Gt({N/m2)

Description:

30.0.01 Testing preheating = 8G with a flow rate of 0.01
(liters /' s)

30.0.02 Testing preheating = 30 oC with a flow rated.02
(liters / s)

30.0.03 Testing preheating = 30 oC with a flow rate).03

(liters /' s)
40.0.01 Testing preheating = 40 ° C with the flaterof 0.01
(liters /' s)
40.0.02 Testing preheating = 40 ° C with the flaterof 0.02
(liters / s)
40.0.03 Testing preheating = 40 ° C with the flaterof 0.03
(liters /' s)
50.0.01 Testing preheating = 50 ° C with a floweraf 0.01
(liters /' s)
50.0.02 Testing preheating = 50 ° C with a floneraf 0.02
(liters /' s)

50.0.03 Testing preheating = 50 ° C with a flonerat 0.03
(liters / s)
60.0.01 Testing preheating = 60 ° C with a flower&01
(liters / s)
60.0.02 Testing preheating = 60 ° C with a flower&02
(liters /' s)

60.0.03 Testing preheating = 60 ° C with a flower&03
(liters /' s)

Figure7 Graphs of temperature and intensity of solar tauha
on average total test

Solar radiation recorded by the data logger visapgmeter
during testing is quite varied, so did the temperatof the
glass cover, absorber plate temperature, ambiemgdeature,
temperature of the incoming water temperature aatkmout.
Data obtained from 10:00 am until 14:00 in totakrth
averaged and the result can be seen in chart 505n Ehe
graph looks the intensity of total solar radiation average
have the same pattern with an average ambient tatope,
but the temperature of the glass cover, absorbate pl

temperature, the temperature of the incoming water

temperature and water out different patterns. Ticeselitions
are caused by pre-heating the water in the regervoi
Preheating water in a given reservoir will resulta rise in
water temperature into the solar water heater gystdis

influence will be seen in the temperature of theoaber plate
a sharper decline, especially with the rate of geam the
flow of incoming water. The greater the additionhoft water
gets inside the tank to 60 ° C decrease in temperawill

cause the absorber plate and the water is gettiiadjes.

2 The efficiency of the solar water heater preheats
incoming water testing (in the reservoir) using dual
plate solarwater heater

From the research then calculated using a mulgifgee solar

heater equation Kreith, 1982, 56 and Duffie, 19882, and

the results can be seen in the following graph:

From the results of these calculations can be nsadaection
graph of the efficiency of solar water heater (&)}7 Gt. as
follows

Graph showing the relationship of the efficiency of the solar water heater
Ti-Ta/Gt on testing the addition of pre-heating solar water heater using
100 double plate
] [
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Linear (Eff. 0.01}—— Linzar (Eff. 0.02)—— Linear (Eff. 0.03)

Figure8. Graph showing the relationship of the efficienéy o
the solar water heater Ti-Ta/Gt on testing the timtdiof pre-
heating solar water heater using double plate

From the graph above it can be seen the efficiericgolar
water heater, dual plate preheat the incoming wat&0 oC
has a higher efficiency than the preheater 40 6@G& and 60
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oC, and it all happens at all flow rates. Thus, ith@ming
water temperature greatly affect the efficiencytioé solar
water heater and water inlet temperature the gretite
efficiency of the solar water heater efficiency eggzhes zero,
the temperature of the water in and out relatitieéysame.

DISCUSSION

Of testing the amount of cover glass to look mand enore
layers of glass cover up to three layers of leadteahent
transmissivity is relatively small, and the functiof the larger
glass as an insulator. Such conditions can recheéeat of
solar water heater equipment that comes out throlglylass
cover to the environment, this increasing the &fficy of
solar water heater.

From the test results of water flow rate, the gredthe flow
rate of water through 0:03 Itr / s, the efficierafysolar water
heater increases. This condition is caused by thet®n,
where the rate of water flow is used as a multiplg the
efficiency of solar water heater increases.

From the results of initial testing of incoming teaheating
located within the reservoir, the greater the wagmnseen in
the reservoir water temperature absorber plateaodt the
temperature is relatively the same. These conditiead to
high efficiency solar water heater close to zerad Avith a
variety of flow rates, there was a similar pattetmere is a
difference scale efficiency of solar water heawhere the
greater the flow rate the greater the efficiencysofar water
heater, because the flow rate is used as a maltipli the
equation system.

CONCLUSIONS

From the results of the study can be summarizédllasvs:

1 Efficiency of Solar Water Heater is best to cotles
amount of three layers of glass compared to theuaino
of cover glass and one layer of the bilayer.

2. The greater the water flow rate, the efficiencytioé
solar water heater increases.
3. early heating on the incoming water, causing thteewa

exit temperature and the temperature of the absorbe

plate is relatively the same, so the efficiencytloé
solar water heater close to zero

REFERENCES

[1] Arismunandar. W (1995)Teknologi Rekayasa Surya
PT. Pradnya Paramita.

[2] Anggaraini E. H. (2001)Pengaruh jarak kaca ke pelat
terhadap panas yang diterima suatu kolektor surya

pelat datar, Jurnal Teknik Mesin, Universitas Kristen

Petra.
[3] Bhide V. G. et. al, (1982)Choice of selective coating for
flat collector, solar energy, Vol. 29, No.6, pp. 463-465.

[4] Duffie J.A. dan Beckman W.A. (19803plar Engineering
Of Thermal ProcessedNew York : John Willey & Sons.

[5] Farid A. dan Ismail N.R (2006Rengaruh jumlah kaca
penutup dan volume air terhadap kinerja solar heater
sederhana PHK-A2. Teknik Mesin. Universitas
Widyagama Malang.

[6] Holman J.P. (1995)Perpindahan Kalor , Jakarta :
Penerbit Erlangga.

[7] Ismail N.R (2005),Kecepatan aliran air pada solar
water heater LPPM. Universitas Widyagama Malang.

[8] Ismail N.R (2007),Pengaruh jenis pelat penyerap dan
laju aliran terhadap kinerja solar heater sederhana
PHK-A2. Teknik Mesin. Universitas Widyagama Malang.

[9] Ismail N.R (2008) Pengaruh pelat penyerap ganda dan
tunggal menggunakan beton cor terhadap kinerja
solar heater sederhana LPPM. Teknik Mesin.
Universitas Widyagama Malang.

[10] Farid A. dan Ismail N.R (2010)Pengaruh pelat
penyerap bentuk gelombang dan reflektor terhadap
kinerja solar heater sederhana PDM 2010 Teknik
Mesin. Universitas Widyagama Malang.

[10] Kreith F and Kreider. F. Jan.Sblar Heating And
Cooling Active And Passive Desing’New York :
McGraw-Hill.

[12] Mustafa (2008), Studi eksperimen perbandingan
kolektor pelat ganda dan kolektor konvensional
terhadap kinerja solar water heater Thesis,
Pascasarjana Unibraw Malang

[13] Mustafa (2009)Pengaruh pelat ganda dan laju aliran
air terhadap kinerja solar water heaterPDM-Dikti.

[14] Rahardjo T. dan Ekadewi A.HUnjuk Kerja Pemanas
Air Jenis Kolektor Surya Plat Datar dengan Satu dan
Dua Kaca Penutup”, Jurusan Teknik Mesin - Universitas
Kristen Petra

[15] Sambada R.FA (2004)Fraksi Surya Pemanas Air
Surya Termosifon”, Prosiding, Seminar Nasional,
Pengembangan Riset dan Teknologi dibidang industri.

Jurusan Teknik Mesin - Universitas Sanata Dharma

Yogyakarta

[16] Kristanto P. dan San Y.K., (2001Pengaruh Tebal
Pelat Dan Jarak Antar Pipa Terhadap Performansi
Kolektor Surya Pelat Datar, Jurnal Teknik Mesin,
Universitas Kristen Petra.

[17] Rahmad Subarkah (2001)Pénelitian Absorber Solar
Still Untuk Distilasi Air Laut ”, Skripsi, Malang:
JurusanTeknik Mesin FT Unibraw Malang

Volume: 02 Issue: 09 | Sep-2013, Available @ htthwvww.ijret.org 470




