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Abstract

Solar domestic hot water systems are gaining aceeplance worldwide
including in Palestine. The svstem constitutes simple design and can be easily

manufacturing.

In this project many tests were donc to find the performance of the solar domestic
hot water system and increase its efficiency by increasing the thermal performance
ol the flat-plate solar collcctor, and by dividing the commercial storage tank into

mulli storage tanks.

However, this project developed a new model system that is more efficient than the
commercial one, because the period thal needed Lo heat the 50 liter storage tank is
less than the 200 liter, especially in the morning period. On other hand, the
management and the control panel added some efficiency to the system by storing

the hot water inside the tank and using it when the sun radiation is decreased.
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NOMENCLATURES

Amount of solar radiation received bv the collector. in (W)
Is the intensity of solar radiation. (W/m®).

Collector surface arca of in [mz}.

Rate of heat loss. (W),

Overall heat transler cogflicient, in (W/K).

The mean collector temperature. °C,

The ambient temperature, °C.

Is the ratc of useful energy extracied by the collector (W)
Thermal capacily of collector, (k)/K.m")

The elliciency of collector.
The mass flow rate and heat capacity for the Muid.(kJ/K).

I'he fluid temperature °C.

Storage tank temperature °C.
Thermal capacily [ur storage Lank

Efficiency of storage tank
Energy losscs from the storage tank
Time

Initial water temperature inside the storage tank, *C
Al




Final water temperature inside the storage tank after 48 hours “C

The product of the surface area and heat loss coctficient of the storage
tank. WK

Mass ol water inside the storage tank (according to the tank)

Specitic heat ol waler al constant pressure, (4.18 KI/kg®C)

Time constant for storage tank
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Chapter One

Praject overview

1.1 Imtroduction

The sun is the source of the vast majorily ol the energy uscd on earth. Most
of the enmergy used has undergone various transformations before It is finally
wtilized, bul il is also possible to 1ap this source of solar energy as it arrives on the

earth’s surface. and it is the world™s largest energy resource. Solar encrgy 1s a form

of renewable energy. which is abundant in our environment more importantly.

The use of solar eneroy can reduce the use of fossil fucls as well as reducing

harmful environmental cmission resulting from the buming of fossil luels.

The Solar Frergy use is not something new: it has been used for several centuries
ago for different functions. But it was replaced for crude oil in the Industrial

Revelution.

Currently. due Lo high crude oil costs and its greal negative environmental
impact. it has been decided to return to the use ol solar energy. If crude oil had not
replaced the solar energy. surely that nowadays, |he researchers would have more

technology in renewuble energy.




Solar energy can be uwtilized in many wavs; the most common mcthod is to convert
sunlight into heat energy to produce hot water. This technology has been in use for

long peried ol time and sutficient products ure available commercially.

lixperience in the recent vears proved that most of the people consider solar
energy as a prolitable investment, Solar heating technology is the oldest and most
developed branch of all renewable enerpy systems. Nowadayvs, solar collectors are
very good in quality and efficiency. Some implementations operate with more than
80% cfficicney. The developments of these solar devices are continuous and
progressive. In order to improve the cfficiency. powerful simulations of solar
svstem operation are required. Computer aided software arc available to help in
designing these syvstems. The possibilities to predict the operation of the system in
different circumstances facilitates reducing the ecost and to enhanee the
productivity are real. A solar heating svstem can be divided into some basic
subsvstems like the solar collector, the water storage tank, the heat-cxchanger, the
solar pump and the control system. Research and development of ways to increase
useful heat from these systems is being considered by many active research groups

and companies, which also the main objective of this project.

1.2 Project’s idea

The main idea of this project is how o increase the efficiency for the hol
water solar collector system. The idea will be realized by considering two
variables, the first is static which is the storage capacity, and the second is a
dynamic one, which is managing the water that goes to the user by conveys the
sun’s energy. The indicator of efficiency will be based on compare the outlet

temperature of the callector by using sensor with the optimal temperature that the

researchers will get from ealeulations and design.




1.3 Project’s objectives

This praject aims to improve the benefits of the renewable energy to produce
hot water by increasing the efficiency of the hot water solar vollector.
The importance ol this project can be summarized in the following points:

1. Developing a dynamic mathematical model for an active fal-plate solar
collector with single glass cover working in parallel channel arrangement
under transient conditions.

2. Propose a solution method 1o the derived model has the capability (o
compute the transient temperature distributions.

3. Building an experimental prototype for the purpose of producing hot water
by solar collector,

+. Study the increasing of heat transfer between the flow water and the
collector’s tube,

3. Increasing the use of thermal solar encrgy as renewable energy and friendly

for the environment.

1.4 Recognition of the need

Because of the most default hot water flat plate solar eollector can only reach

23% of efticiency ", so this project will develop the system (o incresse the

cificiency of the hot water solar collector.




1.5 Literature review

Hot water solar collector and all related issues are well studied
internationallv. Some literature review like [1], [2]. and [3] provide some studies
about the hot water solar collector like optimal control of Mow in solar collectors
for maximum excrgy extraction. robust control of solar plants with distributed

collectors. and modeling and simulation of a solar absorplion cooling system.

I. Optimal control of flow in solar collectors for maximum exergy
extraction|1]

This article talks about which the control of temperature and flow rates in solar
thermal engineering, is an important [actor for performance increasing. The
suthors stated thal, in many instances, energy-hased performance measures can be
misleading, and that exergy-based performance measures provide a more realistic
svaluation of thermodynamic svstems. FExergy analysis is @ useful mean for
understanding how we use energy o perform a specific task. For instance, analysis
o exergy Tlows in solat-driven systems can lead to idenlification of inefficient
sarts und optimum operating conditions.

The article refers to optimal operation strategies for exergy gain meximization
= open loop thermal solar energy collection systems. 'The water mass-{low rate in
the collectors is the control parameter. The main contributions consist in improving
e energv conversion model and the solar collector model. Also, an optimal
control approach was adopted here instead of the variational approach used in
srevious work. Indirect optimal control methods are rather difficult 1o implement

secause explicil acdjoined equations cannot be casily built for the realistic flat-plate

solar collector mowlel adopted in this projeet.




2. Robust control of solar plants with distributed collectors |2]

[he design of a robust control scheme has been presented in this paper to
conirol the outlet temperature of a solar collector field despite system uncertainties
and disturbances. First. a nonlinear series feed-forward was used to compensale for
the disturbunces coffect, and then a set of uncerlain linear systems was oblained
capturing (he svstem dynamies in the [orm of an uncerlain second-order svstem
plus dead lime. Afierwards. the Quantitative Feedback Theory (QFT) technique
was used to design o robust control structure fulfilling different robust time-domain
and svstem stability specifications. and resulting in a robusi 1wo degree of frecdom
(2Dok) scheme with a reference prefilter and a proportional-integral-derivative
(P1)) with fixed parameters.

A maodified antireset-windup scheme plus a reference governor was used to face
nputl saturation problem. The proposed control structure was lested through
several real experiments showing promising results. The results oblained presented

i this article will be useful to our project, but lincarized svstem will be useq.

3. Modeling and simulation of a solar absorption cooling system for Indin 13]
This article talks about that the hot water inlet temperature is found to affect the
surface area of some of the system components. Increasing this temperature
decreases the absorber and solution heal exchanger surface area, while the
dimensions ol the other components remain unchanged.
Although high reference temperature increases the system coeflicient of
perlormance and decreases the surface area of system components. lower reference
femperature gives betier results for the fraction of the total load met by non-
purchased encrgy than high reference temperatures do. For this study, a 353 K
reference temperature is the best choice, The obtained (echnical data will be used

as indicalor for project’s resulls,




1.6 Project budget

The apparatus requirements are [luids (water), solar flat plate collector,

storage tanks, sensors, valves. piping. and [illings.

I'he budget of the project also includes printing cost, local study, and survey. The

following table shows the estimated cost of each one.,

Table 1.1: Project budgel

Deseription DSR Grant (NIS)

Solar flat plate collector 400

Two storage tank 600

Four solenoid valves &00

Piping and fitting 550

Fleclironic elements 650

Total enst




1.7 Project schedule
The ume plan views the stages of establishing the project with its

componcnts, divided into two semesters ds shown in the following tables.

Table 1.2: Timing schedule ol the |irst Semester

Process

IR

Cullecting data

| and literature

Analyzing of
data

Developing the
muadel

Process
calculation und
simulation
Writing the
documentation
rﬂﬂ'elup scheme
for the proposed

gystem




Table 1.3: Liming schedule of the Second Semester

Process

Full
Designing

Purchasing the
Components

System
Implementation

Solar heat
thermal lesting
annhvsis

Documentation




1.8 Project layout

This chapter presented the general idea of the project and its importance in
the field of application and specialization, in addition conduct the literature review
ol the previous studies about this projecl. this chupter alse includes (he time plan
tor all over the project. and the tools, equipment, and materials that are used in the
project, and finally the total cost.

Chapter wo presents an introduction aboul solar energy, the definition of solar
cuergy with the advantages of it. the renewable and nonrenewable energy,
radiation intensity, and the solar time.

Chapter three discusses the domestic hot water principles, the main syslem
components, and the design for the solar flat plate. solar storage tank, and the
control panel.

Chapter four shows the experimental sctup for the project and the design for each
component as build in the prototype. also derivate the analvtical study for the
svstem.

Chapter five discusses the experimental results and the tests that done on the
svstem’s components, and analysis the data for the ¢fficiency.

“mally, chapter six presents the conclusion and recommendation for the project.
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Chapter Two

Solar Energy

1.1 Introduction

The sun produces an enormous amount of light, It generates 3.38 » 0%
watts of power in the fornm of light, In comparison. an incandescent lamp emits 60
0 100 watts of power, The temperature of the outer, visible part ol the sun is
33007°C (9900°F). Light from the sun takes about eight minutes to reach earth. This

tzht is still strong and useful enough when it reaches the carth.

The earth is aboul 150 million km from the sun and has a radius of ahout
5360 km. The total surface arca of the carth is whout 510 million km®. of which

only about 21% is land. The carth rotates around the sun in an elliptical orbit at a
mizan rate of abour 30 km/s and at the same time revolves at a rate of 0.8 km's. The
carth's uxis of rotation is tilted at 23.45° with respect to its orbit about the sun.
1his orienlalion is maintained by the carth in its orbital movement. This tilted
position together with its daily rotation and yearly revolution secounts for the

distribution of sular radiation over the earths and the change in day length!,

o e




2.2 Renewable and nonrenewable energy

Natural resources are grouped inlo two categories, renewable and
nonrencwable. A renewable resource is the energy that does not change or vanishes

with the time and still for ever so we can use it all the time.

| e non-renewable energy can be change or vanish with the 1ime so we cannot
depend on it all the time so we must find other resources. According to the law of

Conservation of Energy:

o Encrgy can only change [rom one [orm o another,
» Energy cannot be created or destroved, and it can be Tound in various forms

such as: solar radiation. wind energy. tide power, hiomass, elc.

2.2.1 Renewable Energy

Renewable encrgy today provides about 9% of the world energy, However
m many parts of the world these pereentages are increasing signilicantly, Wind
snergy is the fastest growing energy resource in the world wday. Some recent
wudies suggest that renewable could rise to a 30—40% share by 2050, assuming

= obal policy efforts are made to address environmental issues, especially climate
change,

Renewable energy resource can be categorized into the forms of radiant
sodar, wind, hyvdropower, and biomass and geothermal. Each of these forms has
ey uses. Renewable energy resources offer many advantages to the energy
warket. They can be used in many ways. offer minimal environmental problem.

wd can be harnessed with appropriate technology, They particularly oller hape to

—¥%=




the developing countries whose cconomic growth rates are seriously hampered by

hugh energy costs.

Every dav._ the carth receives many limes more energy from the sun than that
is consumed from all other resources. ‘The primary reason for low use of solar
snerey is economics. especially when the cost of renewable energy generation is

viewed in comparison with lower priced commereial fuels.

Renewuhle energy sources will be available long after our fossil luels rum
out. They are economically and politically less risky than many conventional

supplies, whose costs are much less predictable.
2.2.2 Non-renewable Energy

Non-renewable energy source come out of the ground as liquid, gases and
solids, Right now crude il is the naturally liquid commercial fossil fuel. Nawral
225 and propane are normally gases. and coal is a solid. Coal, petroleum. natural
sas. and propang are all considered fossil fucls because they [formed the buried
semains of plants and animals that lived millions of years ago. Uranium are, a

wolid, is mined and converted to a tuel and 1s not a fossil fuel.

Ihese energy sources arc considered nonrenewable because they cannot be

seplenished in a short period of time, Renewsble energy source can be replenished

sturally in a short period of time.




2.3 Solar energy

The sun is a big ball of heat and light resulling from nuclear fusion at its
core. Sunlight is the major type of solar energy that reaches the carth as heat and
light. Solar energy is often called “alternative energy™ Lo fossil fuel energy sources

such as oil and coal

Example of our usc of solar heat energy is lor waler heating system as
shown in the figure (2.1). A solar pancl is used (0 collect heat, The heat is
transferred Lo pipes inside the solar panel and water is hemed a5 it passes through
e pipes. The hot water, heated by the sun, can then be used for showers. cleaning,

or healing vour home,

g
; N Sclar Panel to Heat Water
< e

o
,éi} W Q Sun Rays (Heat Energy}

¥ %.} .
o

Cenl Water In

In—

Water Pipe Warm Water Out

Figure (2.1): The principle operation of the sun collector
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The researchers also use solar thermal encrgy through passive solar designs,

Windows or skylights in your home can be designed to face the sun so that they

feat into the house keeping vou warmer in the winter.

The light energy from the sun can be transformed into clectrical energy and used
mmmediately or slored in batteries. Photovaollaic (PV) pancls are the devices that

<onvert light cnergy into elecirical energy.

Salar Cell Chrcuit

(== WEF RN >

—— S - T i L

Figure (2.2): How the energy change from one source to another

The solar energy can be controlled by a lot of method:

. The indirect method:

People can make indirect use of solar energy that has been naturally
collected. The sun’s energy, acting on the oceans and aumosphere, produces winds
“at for centuries have turned windmills and driven sailing ships. Modern
windmills  are  strong, light, woeather-resistance, aerodvnamically designed

=iachines that produce electricity when attached to generators.




2. The direet method:

People have devised two main tvpes of artificial collectors to directly
capture and utilize solar energy: Mat plate collectors and concentration collectors.
Both require large surface areas exposed (o the sun since so little of the sun’s
energv reaches carth’s surface. FEven in areas that receive a lot of sunshine. a
collector surface as hig as a two-car garage floor is needed to gather the energy that

one person typically uses during & single day.

5. Energy changes from one torm to another:
Solar powered vehicle runs on cleetricity directly from solar energy as a
simple example in the transtormation of enerey from one form to another.
= Sunlight hits the PV panel and the panel transforms the light energy into
electrical encrgy as shown in figure (2.2).
o |he electrical energy passes through the wire eireuit (o the motor.

* The motor transforms the electrical energy into mechanical energy to turn

the drive shall which turns the wheels.
* The wheels rotate on the ground to move the vehicle transforming

mechanical cnergy into vehicle motion.
Solar vehicle ideal energy chain:
“izht knergy >> Electrical Energy = Mechanical Fnergy >> Kinetic Cneray

Cocrgy translormation is not perfect. the above case is ideal hecause not all

stems are perfect and in reality there will be losses of energy from our system.

= 2 simplified view of this case some losses will be from:

e £




¢ Friction of electrons passing through the wires; this is released as heat

energy.
+ |riction of the drive shaft or wheels in the ground; this is released as either

heut or sound energy.

Even with these losses the law of conservation of energy still halds. The amount of

cnergy into a system will always equal the amounl of energy out of a svstem.
2.4 Solar time

Solar lime is the time interval between two sucecssive passases of the sun

across the meridian of the observer.
Solar ime will be different from watch rime due to two main reasons:

o The watch time is dependent on the standard meridian of the country or region
and since there could there be difference between the local longitude (L.,) and the

standard meridian (1.) and this is laken care ol by the following expression:

A= 4L —L;,) I8 (230

= The rotational and angular velocities of the earth are not always constant. This
correction is known as the equation of time (ET). this describes the position ol the

wn during cach day of the year, and only the day of the year is needed as the input.

“he values of the equation of time as a function of the day of the vear (N) can be

cotained approximately from the following equations:

ET = 9.87sin(28) — 7.53 cos(B) — 1.5sin(B) ¥ ... (2,2)
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where ﬁ i%:
f# = (N—81)360/364 e (2.3)

The solar time is the time specified in all sun-angle relationships and all

calculations in solar energy are bascd on solar time only and to an observer at any
location on the surface of the earth, the movement of the sun is symmetrical abour

solar noon.

Hour angle is the angular displacement of the sun east or west of the local meridian
due o the rotation of carth on its axis al 13° per hour. At solar noon (the time when
e sun is directly overhead) the hour angle is zero. In the morning it is negative.
while in the afternoon. it's positive. The variation of the hour angle over a day at
=" per hour, the hour angle can, therefore. be calculated from the following
equation:

£ = 15(t - 12) degrec voens (2.4)

where, tis solar time in hours

cour angle tells us how close we arc ta solur noon indicating the radiation, as the
solar intensity is maximum at noon and hour angle is always with reference to a
pericular location or site. It does not depend on any other parameters

" =cogzraphical or otherwise) such as GMT. latitude, ere.




2.5 Derived angles of the sun

Derived angles are used (o deline the sun’s position in relation to the surface of

e earth.
 Ihe Declination Angle(d) :

The plane that includes the earth’s equator is called the equatorial plane. IT a line
s drawn bhetween the center of the earth and the sun, the angle between this line
sl the carth's equatorial plane is called the declination angle (8). as depicted in
Sazure (2.3). At the time ol year when the northern part of the earth's rotational axis
= inclined toward the sun, the earlh’s equatorial plane is inclined 23 45 degrees to
e ecarth-sun line. At this time (about June 21). we ohserve that the noontime sun
s al its highest point in the sky and the declination angle 6 = =23.45 degrees. We
=l this condition the summer solstice, and it marks the beginning of summer in

e Northern Hemisphere.

As the earth continues its vearly orbit about the sun. a point is reached about 3
wonths later where a line from the garth to the sun lies on the equatorial plane. At
s point an observer on the equator would observe that the sun was directly
vorhead al poontime, This condition is called an equinox since anvwhere on the
=t the time during which the sun is visible (daytime) is exactlv 12 hours and the
“we when it is not visible (nighttime) is 12 hours. There are two such conditions
Sarng a vear: the autumnal equinox on about September 23, marking the start of
e fall; and the vernal equinox on about March 22, marking the beginning of

g At the equinoxes, the declination angle (8) is zero




The variation of the solar declination throughout the year is shown in fgure (2.3).
the declination () in degrees for any day of the year (N) can be calculated
spproximalely by the equation

d = 23.45sin {L‘*f{%ﬂ} degrees S i g

#’ Nfaein
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Figure (2.3): The declination angle (). The carth is shown in the summer solstice
position when (8)= +23.45 degrees. Note the delinition of the tropics as the
wicrsection of the carth-sun line with the surface of the earth at the solstices and

e definition of the Arctic and Antaretic circles by extreme parallel sun rayst,




2 Angle of Incidence ()
The solar incidence angle () is the angle between the sun’s rays and the normal
on @ surface. For a horizontal plane, the incidence angle (o) and the zenith angle

‘&) are the same. The angles shown in [igure (2.4)

@n - «— Normal to horizontal surface

Normal to surace
» consideration

Projection of normal to Plan view showing
surface on horizontal surface solar azimuth angle

Figure (2.4): Incidence and Zenith angle™'

Where
© =Surface tilt angle from the horizontal
.~ Surface azimuth angle, the angle between the normal to the surface from true

south, westward is designated as positive.




3. Altitude angle (o)

The solar altitude angle () is defined as the angle between the central ray from
the sun. and a horizontal plane containing the observer. as shown in figure (2.5).
As an alternative. the sun's altiude may be described in terms of the solar

zenith angle () which is simply the complement of the solar altitude angle or
a=90—d¢ eerad (G2

“he other angle defining the position of the sun is the solar azimuth angle (Z). It is
e engle, measured clockwise on the horizontal plane, from the north-pointing

coordinate axis o the projection of the sun’s ecntral ray,

e other angle defining the position of the sun is the solar azimuth angle (Z). 1t is
“ie angle, measured clockwise on the horizontal plane, from the narth -pointing

=oordinate axis to the projection of the sun’s eeniral ray,

Zenith

o =
.J,V tar
il ;
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Observer e
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Figure (2.5): Larth surface coordinuie svstem showing the solar azimuth angle (Z).

e solar altitude angle (a) and the solar zenith angle () 1
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= Azimuth angle (Z)

Azimuth angle (Z) is the angle on the horizontal plane measured from south to
the horizontal projection of the sun’s rays and is shown in Figure (2.6). East of

south is taken as negative and west of south as positive.

1 a sputh-facing rool is unavailable. or the total solar array is larger than the arca
ot a south-facing roof section, an east or west-facing surface is the next hest
option, Be aware that solar power output decreases proportionally with a hotizontal
smgle, or “azimuth™, greater than 157 from due south. The decrease in annual power
sutput from latitude-tilted cast or west-facing array may be as much as 13% or
wwre in the lower latitudes or as much 25% or more in the higher latitudes of the
Lmiled States.

A void directing vour tilted solar panels northwest, north or northwest, north or

sortheast, as you'll get little power output,

Zenith

Figure (2.6): Azimuth angle’ !




3. Slope (f) or Tilt angle

Tilt angle is the angle the collector surface makes with the horizontal plane and
15 shown in ligure (2.7).
1o eaplure the maximum amount of solar radiation over a year, (he solar array
“ould he tilted at an angle approximately equal 1o a site’s latitude. and tacing
within 15" of due south. To optimize winter performance, the solar array can be
“lted 157 more than the latitude angle, and to optimize summer performance, 13°
‘=ss than the latitude angle. At any given instant. the array will outpul maximum

*vailable power when pointed directly al the sun,

Sun's rays hit collector at
approximately 90°

Tilt Angle

Selar Alflide ; -

Sclar Altitude

: Tilt Angle : fm_“’l";__ —
/) /)7 ViV

Figure (2.7): Collector tilt angle!"™!
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Chapter Three

Solar Domestic Hot Water System

.1 Domestic hot water principles

% a solar domestic hot water system there are two circuits:

I. Primary circuit that colleets the solar encrgy and transfers it to a water tank
i which it is stored:

o |

- Secondary cireuil that transfers the heat stored in the tank to the domestic
hot water supply to be consumed al taps ete.

The primary and secondary circuils sometimes use the same wilter — simply
soving it from the solar collector via pipes and tanks 1o the taps. | his arrangemen
= called a “direct” system, [lowever, in most systems the primary and secondary
“rcuits use different and transfer the heat from one liquid 10 the other via a heat
Sschanger as shown in figure (3.1.9),

“ieat exchangers are normally constructed of a series of metal pipes or plates. This
wemngement is called an Cindirect’ system. There can be more than one heat
Suchanger, The water is circulated over and over ugain in a loop. bul the heal
Sones in one dircction only as shown in figure (3.1.b). Heat exchangers can be
=ide the storage tank. inside the collector or separale. The dircetion of higher
~smperature iquid leaving a solar collector is called the Now whereas the direction

o lower lemperature liguid refurning to a heat gencrator is termed the return,

2 S




I hese terms are often confused but the trick 18 w consider where the source of heat
s as this is where the heat starts to flow. In the same way. the hotlesl pipe leaving
2 gas or oil boiler is called the flow.
A solar water heating primary circuit consists of:
I. Callector to capture the solar radiation.
. Heal transler Hluid to move heat to the secondary svstem.

. Separate storage tank or a collector-integrated storage tank.

3
4. Heal exchanger (in zome svstems),

3. Pipework to circulate the fluid.
A solar water heating secondary circuil consists af:
I. Cold fresh water (drinking quality) source.
. Pipe or heat exchanger Lo conngct with primary cireuit.
3. A back-up heat source (usually).

. Discharge points (taps. showers etc.).

imacinary line
bretwensn primary
and saonndary

(a). Indirect Tank _ (h). direct Tank

Figure (3.1): The movement of liquid in different parts of a svstem.
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¥
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Figure (3.2): The movement ol heat in different parts ol a system.

The primary or secondary eircuil should include a tank dedicated to storing
war-heated water as shown in figure (3.2), The position or absence of a heat
cr will determine if this solar storage tank is part of the primary or

' cireuit. Selur heat warms the temperature of incoming fresh cold water —

¢ inside the solar storage tank. This is called solar preheating: dry

sequent back-up heating is known as after-heating. The solar storage tank will

contain the water to be ultimately consumed as domestic hot water (DHW).




3.2 System components and functions

-
-
-

reure (3.3) show the main component groups in solar water heating syslems such

Solar colleetor.
Water storage tank of solar heat.

Iipes containing water or other fluids.
Controls tor satety, efficiency and information,
»  Water supply.

» Back-up heating and electricity.

Figure (3.3): A schematic example of a solar (DHW). showing the
characteristic component.




Collectors can take various shapes and forms, ranging [rom simple dark coloured
surfaces o glazed pancls, tubes or a combination involving mirrors and lenses.
they arc bes! fitted where no shading exists. bul can work acceptably if shading is
minor, intermitient or scasonal. A larger collector array (ficld) may be made up of

smaller individual collectors.

Secause the collector gradually heats a store of water the solar heal can be used at
“mes when solar irradiation is low or non-present. Figure (3.4) shows the solur
“radiation has been converted into heat. the heated liquid moves into the storage
“nk and then on o other locations by either water or water containing chemical
sdditives such as antifreeze. All pipes and ducts usually require insulating to help
Tetain heat,

A salar collecior

- Controls for safety,
1 ...-- ?ﬂﬂl_

Fizure (3.4); A complete solar water heating system is made up of a sequence of
funclional groups.




1he heat generated by the sun’s radiation can cause solid and liguid materials 1o
reach high temperatures well over 100°C (212°F). Such temperatures cause
Sxpansion and so pressure can build up, A liquid can become o gas (e.g. water to
sizam), and its volume can increase a thousand-fuld, Correcily designed equipment
will be designed to withstand this, but safety eontrols are also needed to ensure the
phxsical limits of materials are not exceeded and that the risk of scalding and
“iplosion is reduced. Controls can be a combination of mechanical (passive) or
“ectrical. They can also improve the solar collector ellicicncy by ultering pumped
“rculation fluid rates and changing the order of heating exira storage tanks.
“ontrols can also provide an indication of correct functioning and provide exira

serformance information,

23 Solar collectors d esign

Solar energy collectars are special kinds of hea exchangers thal transform
“ie radiation encrgy to intemal cnergy of the transport medium, The major
ssmponent ol any solar syslem is the solar collector. This is a device that absorhs
e incoming solar radiation, converts it into heal, and transfers the heat 1o a fluid
- wsually air, water, or oil) flowing through the collector. The solar cnergy collected
= carmied from the virculating fluid either directly to the hot water or can be drawn
- use al night or on cloudy days.

=3F-




223 1 General construction

Figure (3.5) shows how heat (rom the sun is collected by the absorber and is
carmied away by the fluid flowing through the tubes attached 1o the absorber. Since
Sse collectors are located outside and nermally in a cooler environment. the
Sested whsorber can lose heat to its surroundings. To reduce this heat loss, a cover
= placed over the absorber and the sides and back of the ahsorber are insulated.
8¢ cover must allow solar radiation to penetrate and. since glass is typically used,
some of this radiation will be reflected and radiated out to the atmosphere. The
Slowing seetions will provide a brief overview and details of the solar collector

gusts.

BN casing

insulation
material

fromglass
pane

absarber

thermo! power output

Fizure (3.5): A schematic of a flat plate collector (FPC) showing the heat gain and
“oss mechanisms thal play a role in determining the thermal efficiency of a
collector




2.3.1.1 Absorber

The part of the collector that rcecives the solar radiation is called the
sbsorber. This is dark-colored. often hlack, since lighter colors tend to reflect
“sher than absorb, Special coatings on the absorber surface assist the collectar’s
“hciency by reducing ‘re-emittance” — the amount of radiation that is lost from the
“sorber as it gets hol — just like when vou hold your hand over 4 car on a sunny

== you can feel the heat ‘bouncing off” the surface and heing lost 1o the air.

“Sese special coatings are called “selective” coatings. Black paint is a cheap option

o crealing a darkened absorber surfuce; however. this can also result in high re-
“utated losses and can lose adherence over time and peel away from the absorber
& becomes hot. Selective coalings are preferable. These are factory-applied and
S 2 chemical bond at the surface of the metal, sometimes with a blue/black hue
5 no visible thickness. Although darker colors are better than light colors at
“bing radiation, dark colors alsa make good radiation emitters when hot. B3y
ming a dark, selective surface and maintaiming a lower absorber temperature,

ctor efficiency can be optimized. One interesting phenomenon is that on clear,
mights. a black-colored absorber can become colder than the ambient air or
lghter malerials surrounding it, This happens when the night sky is “blacker’

tie absorber, producing a net loss of radiation. This can waste heat should a

» be accidentally left switched on. Glazed collectors are predominately used
sotar domestic hot water (DHW) heating because they can easily operate at a
higher temperature than the surrounding ambient air. This is because the

ol the absorber is coverad with a transparent shiect that reduces uir
wments and conseguent heat loss, This cover, often made of glass or plastic,

= most of the solar radiation to pass straight through but also reduces the

of re-emittance heat loss from the absorber. In colder climates. the

- 3=




“mperature of DHW that is to be heated is significantly higher than the ambient
“r 50 only glazed collectors can be used. In some very hol climates, glazing may
“ot be needed. Glass covers have the advantage of durabilitv and ease of recyeling,
st tend 1o be heavy and can sometimes crack when impacted. Plastic covers have
¢ advantage of lower weight. bui can sulfer from thermal and ultraviolet

“ezradation in the long torm: the cover becomes discolored and causes reduced

“olar radiation transmission,
~%.1.2 Housing

The housing of a collector must provide the necessary mechanical strength
= proteet the absorber and the insulation to minimize heat loss to the environment.,
= wwust withstand wind and snow loads that occur in the area where the collector is
ialled. 1t also must be tight enough against rain penctration, These features need
= 5c ensured over the entire lifelime of the system (20 to 25 vears). Housings are
~ocally made from aluminum sheet stock or extruded sections, galvanized and

esiad steel, molded or extruded plastic parts. or composite wood products,

1.3 Insulation

Insulation is added behind the absorber plale and on the sides of the collector
seduce thermal heat losses. The insulation must use a minimum of binders
“sase it is infended for high temperatures (up to about 400 °F [204 *C] for Nat

collector slagnation); otherwise. the binders will outgas and form a (ilm on
sncerside of the collector glazing blocking solar radiation, Common insulating

wals include, for example, mineral fiber, ceramic fiber, glass fiberglass. and
toams. Sometimes polyurethane foam is used, though its resistance to

erature and meoisture is limited so it should not be allowed (o contact the

=35




#5sorber plate inside the collector. The insulation provides low heal conductivity,

wume mechanical strength, and temperature and fire resistance.
3.2 Types of solar thermal energy eollectors

Figure (3.6) shows the four ditferent lypes of solar hot water collcetors. The
~oe of collector chosen for a certain application depends mainly on the required
Sperating lemperature and the given ambient lemperalure range. Due to the design
sl simplicity of design each type has a maximum temperatare that they are best
Saied o provide:

= Unglazed LPDM collector - below 90 °F 32y
5 plate - below 160 21 (71 ) 171

“vacuated tube - up to 350 °F (177 U g

= Fsabolic trough - up Lo 570 °F (299 °C), 7

Unglazed EPDM Collactor Flat Plate

Figure (3.6): Tvpes of solar thermal energy collectors.




S3L1 Glazed flat plate
Flat plate collectors (FPC) are essentially insulated boxes that have a [lat
ok plate absorber that is covered by a transparent cover figure (3.7). The solar
sserzy heats the absorber and heat is carricd away by a heal transfer fluid that
s through riser tubes (hat are connected to the absorber. The riser tubes are
wached (o the absorber in 4 parallel pattern or they meander from one side to the
ey
e cover (usually a sheet of glass) is held in place by a frame above the absorber.
%= frame also seals the colleetor al the sides and at the back. It must provide
wechanical strength and rain tighiness, and must be designed 1o enable simple
and facade attachment or even integration into these building clements. The
& and sides of the collcctor are insulated. Flat plate collectors are usually
“alled in stationary systems, i.e., they do not rotate lo follow the path of the sun.
advantages of flat plate collectors arc their simple. robust, low-maintenance
weven. and their large and effective aperture arca.
plate collectors are most commeonly used for commercial or residential
sestic hot water systems, These collectors generally increass water temperature
s much as 160 °T (71 “C). Special coatings on the absorber maximize

wohon of sunlight and minimize re-radiation of heat.




Figure (3.7): Flat plate collector with sclective coating on the ahsorber. The
surallel lines indicate where the riser tubes are connected to the absorber by ultra-
wonic welding,

2312 Evacuated tube

Lvacuated tube collectors figure (3.8) can be designed 10 increase

Water steam temperalures to as high as 350 °F (177 °«¢y17, They may use a variely

 coaligurations. bul they generally encase both the absorber surtace and the tubes
¢ heat transfor fluid in a vacuum sealed tubular glass for highly efficient
“sslation, Evacuated tube colleclors are the most efficient collector type for cold

wates with low level diffuse sunlight. There are threc types of evacuated tube

ors: (1) direet flow, (2) heat pipe, and (3) Svdney tube 1ype.
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Figure (3.8): Evacuated-tube collector,

= direct flow type has the heat transfer Nuid flowing through copper tubes
“=iched to an absorber plute mounted inside the evacuated tube, The heat pipe
o= uses a heat pipe allached to the absorber plate. The heat pipe transfers the
Seming energy to the condensing section of the heal pipe where the collector fluid

warmed. This occurs in the header where the evacuated tubes are connceted,

- last type has an evacuated lube called a Sydney tube that encapsulates a heat
—uclor sheet (absorber) with heat transfer fluid carrying tubes. The Sydney tube
= aver the absorber section und locks infe the collectors header forming a tight
Within the Sydney tube the space belween inner and outer glass tube is
~uated. The selective coating is spultered onto the outside of the inner glass
A heal conductorfransfer sheet is located inside the inner glass tube that
the heat from the glass into the U-form tubes carrying the heat transfer

The Syduey tube type collector's performance can be enhanced through the
o1 a compound parabolic concentrator located behind cach tube. This device
seflect the solar radiation that passes between each evacuated tube back 1o the

=side of the cylindrical absorber in the collector tubes. There are various other
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sonstruction methods like flat or round absorber, and single- or double-walled

“vacuated tube collectors have only insulated tubes and a pipe header to which the
“vacuated are connected. The collector fluid tubes use copper and typically black

“Srome is used as the selective absorber coating, The pipc header is insulaied and
s a proteclive cover.

e evacualed tube collector is used when there is a need for hotter water than
ould be necessary for domestic hot water heating, Holler water is needed for
“eplications that have cooling in the summer as a requirement and in some cases
“here building heating is a major need. Solar assisted cooling uses an absorption

¢ sdsorption chiller, which requires hot water lemperatures in the range of 130 ta
S0 F (5510 180 “Q).

An evacuated tube type collector may also be chosen s an alternative for a
8 plate collector in areas where winter time freezing occurs. In this case, water
Wid be uscd as the heat transfer fluid in the collector and wartm water would be
umped into the outside piping and collector when [reezing of those components is
watened. This would require a small amounmt of heated waler due to the
“ating quality of the evacuated tubes, As a result, the cost and inferior heat
msfer characteristics of a water glveol mixture arc avoided. Also the o hotter
= could be produced in the collector providing a lower heat transfer Nuid fow
=0y reducing distribution pipe and storage tank sizes, Also. the heal exchanger
ween the collector and the storage tank could be avoided thus reducing the

wed leaving collector temperature. As a fotal system. the evacvated tube

=wtor could have a total cost competitive with a flat plate collector system. The

Y




e of evacuated tube type collectors ohviates most of the stagnation concerns

sociated with an anti-freere heat transler Quid.

+.3. 3 Solar hot water collector efficiency

The efficicney of the solar collector is directly related 1o heat losses from the
wstace of the collector. Heat losses are predominantly governed by the thermal
wadient between the temperature of the collector surface and the ambient
“mperature. Efficiency decrcases when either the ambient temperature [alls or
when the collector temperature increases. This decresse in efficiency can be
izated by increasing the insulation of the unit by seuling the unit in glass (for
S collectors), or providing a vacuum seal (for evacuated tube collectors). Figure

%1 shows efficiency curves of these collectors.

Optical losses

Instartansans Collectar EFclenay [

1] i ik | 016
Qifferance to amblent Tempermner normeized to iradiation dT/G [Krsim

{3.9): Typical solar collector efficiency curve with losses and useful
heat indicated.
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“hen comparing collector efficiencies. it is important to ussume the same tvpe of

=23 (nel vs, gross). and the same irradiation level
“he thermal performance of solar hot water col lsctors is characterized by:
* The power curve as shown in figure (3.9). parameler: v,

* Incidence Angle Modifier (IAM) because of the oplical efficiency of the

collecior,

* Thermal capacity (C.y). which is the measure of thermal response to

heating and cooling.

* The quantity of heat input into the collector 1t heat it by -457.87 “F (1 °K),
This information would be available from the collector manufacturer. This
value is used in the solar collector simulation computer programs as it
relates to the small time steps in the program to the estimated heal removed.

he larger the C.y. the more encrgy that will be lost when switching off and

on the solar heat transfer pump. which can happen as the weather changes

during the day.

Solar storage tank

Water is the most common medium used to store solar heat because it is
sbundant and has an excellent capacily to contain heat. Hot water tanks

o called “cylinders®) are usually made of copper, coatcd steel or stainless steel.
wver they can also be made from glass-fiber. polvmers or even concrete. In
countries the construction of water tanks in buildings is regulated by codes.

- tanks should be insulated to reduce hear loss, using materials such as
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wimeral wool and expanded foam. Some solar tanks only work with indirect
circuits and so contain water that is continual ly recirculates. These can be made
cheaply with mild sicel. The warmer the elimate the more likcly the solar storage
“ak will be located outside. and in some cases it will be integral with the collector.

“he solar tank may not be the only hot warer tank connected to the water svstem.

sce hack-up heating equipment can also use tanks. Some tanks will he heated by

wilar alone. but some will also have other internal heal sources (electrical
sistance immersion elements, heal exchanger coils). These dual healed, twin-coil
o bivalen! tanks have to be designed so that interference from one heat source by
S other is avoided. Tn these tanks the return pipe to the callector is best connected
& fow as possible in the tank and as close as possible to the fresh cold water {eed
- present) in order to reduce the risk o ["losing heat from other heat sources back

ot o the solar collector.

Het water load

1

Sclar
slerage
E=Tald

Fram collectar Internal ooil
o

Bty

Tocoliector . C

controber 4~~~ %
1—__— —

To collector T

Cold waler supply
Immersad coil haat exchanger

Figure (3.10): Pressurized storage with internal heat exchanger




The most important consideration for solar tanks is the volume of cool water
Svailable to be heated by the solur collector @t the start of the day. This should be
“arze enough to hold the heat produced on a hot sunmy day without the temperature
wsing ahove safety limits. As DHW is used up it is replaced by fresh cold wuer,
“lowing more heat to be added. This means that the more people who use hol
water during the davtime. the smaller the tank volume can he If people are
sormally absent during the day, a larger tank is required, A tank that is too smal
=<is hot too guickly and wastes the availahle solar energy. This makes the solar
sollector Jess efficient. Solar tanks are available in volumes of between 50 and 500
55 (13 and 130 gallons). Diameters range from 300 10 600mm (12 24 inches),
Seighis from 900 to 2000mm (35-79 inches). m ecither vertical or horizontal

“wmats, Several tanks can be linked together to create the necessary tolal volume,

SScmpting to use a tank that can be heated completely [rom other heal sources

s 2 high risk of poor solar eonlribution. This is because if the water is already

W it becomes very hard to add heat more without causing uverheating or high

et losses, Whilst it is theoretically possible for the owner to adjust switches and
e 1o avoid too much hot water in the tanks a1 the start of the day, this can
Jeve unreliable unless the owner is very committed. 1T tank that is connected 1o
W solar heating systemn has to be heated from other non-solar sources. then this is
e done late in the afternoon to minimize the negative cffect on solar
—=mbution, When hot water is heated in a tank its expansion <an causc
o ponents to rupture or explode. Local building codes often require extra satety
~eponents Lo either absorb the hot water expansion or allow it o discharge 1o
weie. The extra volume of expansion of heated water is not normally allowed two
= Sack into the cold water supply pipe, as this could cause contamination of

sking water. If this pipe is fitted to the tank. contamination is prevented by

S 7.




sring-loaded one-way valves or a scparate tank of cold water that is [illed by a
Soat valve. A key difference between hot water tanks is whether they are designed
0 operate using a pipe open (o the atmosphere or kept sealed and under a higher
wressure. A solar tunk will have purpose-made locations for dltaching temperature
semsors. It is useful 1o have at least Iwo sensors, one near the lop and one near the
“wtiom of the tank. These sensor locations have small ‘pockets’ or tubes buili into
¢ side of the ank. They are lefl open at one end to inserl the sensor.
SSematively, the tank will have open threaded holes that can be fitled with special
emsar packelts. It sensor locations are not used. they can be blocked off. Tanks can

rmode and eventually the metal will fail and leak depending on the water quality.

“wecial metals, chemicals or coatings are sometimes added (o inhibit corrasion, If

¢ water is a problem. local plumbers and plumbing shops can give advice.
wmmatively, a water sample can be tested at specialist laboratories and the resuits
cussed with tank manufacturers, Some manufacturers will not guaraniee their
= unless the water quality is within specified limits, If lime scale is a problem,
= very likely to form when heated in a solar (ank. The mosl reliable way 10
e iis effect is (o be able to inspect and clean inside the ank. An inspection
5 fitted in the lower part of the tank can enable (his. These are bolted or
=d onto the tank’s side and opened after draining the water oul. These

=5 can also allow removable internal heat exchangers to be fitted and cleaned.
colder the climate, the more sensible it is 10 keep the storage tank inside the
~“ing. Nout only does this reduce the risk of freeze damage but any heat loss will

“ully add heat to the building. Internally located tanks are more cfficient,




3.5 Required domestic hot water temperature

The proportion of fuel that the solar will replace varics according to the
wiended DHW temperature, sometimes called the “target” DHW temperature, and
= measured at DHW outlets. The temperature produced may vary between thesc
utlets, so an average is ussumed. Most peaple use DHW between 40°C (104°F)
m=d 60°C (140°F),

‘%¢ DHW in the distribution pipes. tanks and boilers will be at g higher
~mperature than the targct DHW. which is why cold water is often added to “mix
“own’” the lemperature. Somelimes the target DHW temperature i3 fixed by the
soplier or manufacturer of the taps and the shower mixer valve to reduce the risk

¢ sealding, More often, the temperarure is adjusted by the user.

5 higher the target DHW temperature the more total energy will be required. and
o the smaller the solar fraction and fractional energy saving for a given size of
e collector. In general, both annual fractions will reduce by about 10 per cent
hen water s at 60°C (140°F) as compared (o the lower temperatare of 45°C
BRI5°F).

~cally, the target DHW temperature should always be stated alongside any solar
ance figurcs. When comparing theoretical solar performance between

s then the target DHW temperature should be assumed to be the SHME, CVen

her factor affecting the proportion of solar-replaced fuel is the temperature in
“stribution pipes, tanks and boilers. I it is higher this will ineur greater losses,




The temperature of the cold water can vary between winter and summer, as well as
netween ditferent locations. This has two effects, If the feed temperature is low, for
example in winter, the lotal energy demand [or DHW will increase and therefore
“oth fractions will be reduced. However, a colder feed temperature improves solar
fficiency as there will be less heat loss from the collector. This results in 2

complex balance that may actually cancel itselt out,
3.6 Controls for safety, performance, and information

Controls enhance a system’s operation. They sense deviations in a particular
characteristic of the system (for example, an unwanled rise in lemperature) and
ten either set off an alarm or automatically initiate action. Control devices arc
wsed to improve safety and performance or to provide information. They may be
clectrical or mechanical, automatic or require manual operation. They can also
snticipate operational problems and provide long-term monitoring of performance.
Where a control is a salely leaturc, it should be readily accessible and verifiable in

seeration during commissioning and maintenance. All solar water heating systems

“equire temperature-based safely controls to reduce the risk of very hot fluids

“osching vulnerable components end water outlers (like showers). Electrically
sowered differential thermostat controls (DTCs), which use tcmperature sensors
Se=d into the collector and solar tank to control the pump, are very common. They
wwaitor and compare the information provided by these two sensors, and then use
s information to decide when to turn the pump on or off. The sensors arc wired
 the DTC with thin cable and work at a low voltage. The DTC uses a small lamp
“de 1o indicate whether the pump is on or off, and can also show an electronic

~sdoul of temperatures. If the solar storage becomes loo hot. the DTC can also

wwatch the pump off.




47 Heat Circulation and Pumps

Solar heat can be moved from collector to tank by an electrical pump, a
“wtural thermo syphon pressure, meoming cold water pressure or scl f-pumping
shase change. Elcctrically driven pumps are often used to circulate heat transler
“ds (HITs) in a closed loop circuit, Pumps can also be used in open-ended
wstems, for example to boost the flow rale and pressure of a shower. Because a
Sl or pipe-loop is elosed, the HTF always comes back to its starting point so
Be pump doesn’t need continually 1o work as hard s in open-ended systems.
“nps are not simply lefi running all the time — this would waste electricity and
“operse useful heat already in the storage tank. Pumps have a range of

“oecilications that need to he considered.

Most pumps in solar circuits are ‘centrifugal’ pumps, Thev use a
Ssadynamic centrifiigal mechanism such as an ‘impeller’ shaped like a wheel with
&ed blades. The term ‘centrifugal force” refers to an outward [oree away from
==nler of rotation. The centrifugal force in a pump drives the H'IF against the

of the spinning wheel. The HTF is then caught by the angled hlades of the
weiler, which compresses the HITF and shoots it forward in g jet of liquid inside
sutlet port. Centrifugal pumps are especially common in solar circuils due to

* ability to spin freely. cven if the circuit becomes closed duc to a valve or
slockage. Positive displacement pumps, which must use a safety bypass

10 relieve pressure in the event of'a cirenit blockage. are not commaon,




sighly diffuse light conditions, because a sufficient temperature difference mav not
wecur. Pumps provide more flexibility in the solar layour, higher rates of heat
“reulation and improved controls such as overheating prevention and [frost

groteciion,
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Chapter Four

Experimental System Setup

4.1 Layout of the system

Figure (4.1) shows the complete layout of the proposed system. lor
cxperiments half the system is used. which has two hot water storage 1anks, and
one flat-plate solar collector. every tank comsist of one scnsor to measure the tank's
temperature, and two valves, one is connecling the pipes that comes from collecior
sad the other one is conneeting the pipes thal comes from home. Also. the colleclor
“as two sensars one for inlet water temperature and the other one for outlet waler
‘emperature. In addition, the system has a control panel (o control and manage the
solar domestic hot water,
he system’s prototype that the experimental exceuted scaled by 2:1 from the
“=yout, so it consists of lwo hot water storage tank, and one [at-plare solar
collector as shown in lgure (4.2).
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4.2 Prototype compunents

4.1.1 Hot water storage tank

I'he prototype has two storage tanks that have 50 Tiler capacitv of water as
shown figure (4.3): tank 1 has four temperawre sensars, one sensor [or
management process, and the other three sensors used [or experimental process
at different levels to study the thermosyphon phenomenon. and tank 2 has two
mperature  sensors. one for managemen! process, and the other for

experimental process,
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ssure (4.3): Hol water storage tank design that shows inside temperature sensors
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4.2.2 Flat-plate solar collector

The prototype has one typical flat-plate solar collector that has an effective
area of 1.62m?2, and this collector hus two temperature sSensors and one
difterential pressure measurement device. one temperature sensor and the
pressure sensor exists on the inlet of the collector. and the other temperature

sensor exists on the exit of the collector as shown in figure (4.4).

Collector

tleet s B

ITedl water
o bank

181 em

Figure (4.4): Flat plate solar collector




4.2.3 Contrul panel

The project control panel is used to minage the tunks in the system by timing
the open and close for each valve according to the tank temperature. and it
consists of some devices as shown in figure (4.5) such as:

1. Arduino UNO: it is used to control the valves by getting data from

lemperalure sensors that exists in the tanks.

2. 1.CD display: it is used to display the tanks temperature,

3. Relay: it is used to interface the Arduine with the valves,

Figure (4.5): Control Panel

s




4.3 Measuring and controlling instrumentation in the project

4.3.1 Temperature measurements

Ten temperaiure meusurements are required  during  testing  and

management:

1. Fluid inlel temperature to the system (Toq)-

F=d

Fluid inlel temperature to the collector (T ).

3. Fluid outlet temperature from the collectar (1 .u0).
4. Six storage tanks temperature (To. Tygsem. Tocoesn Loidsca:
Tﬂ(l.!vﬁi!-.- L .I_TH_ME:TJ:L

3. Ambient temperature (1,).

The measurements were performed using 12-bit Temperature Smart
Sensor fitted in the corrcet places. The probe used to measure the

storage tank and collector lemperature is fitted as shown in figure

(4.0).




4.3.2 Irradiance measurements

A Pyranometer. used to measure the irradiunce over the lest plane.
When measure the irradiance the device should be parallel to the (lat-

plate solar collector as shown in figure (4.7).

Figure (4.7): Pyranomeler

4.3.3 Pressure measurement
Meusure the difference between static and dynamic pressure at the
mlet of the collecior as shown in the ligure (4.8), and il wvsed to

calculate (he change in the flow rate by using special equation.

Figure (4.8): Differential Pressure Manometer

o




4.34 Wind speed meusurement

Measure the wind speed [or the svstem. which can be measured

by Anemometer model (AM-42178D) as shown in fizure (4.9).

Figure (4.9): Anemomeler model (AM-42178D)

4.3.5 Data Logger
A data logger is an clectronic device that records data over time
or in relation to location cither with a built in instrument or sensor or
via external instruments and sensors. Increasingly. but nol entirely,
they are based on digital processor (or computer). They generally are

small, ballery powered and portahle.

All sensors and measuring instruments were connecled to the data
loggers system, which consists ol a data reception device that takes the

signals generated by the sensors and convert it to a suitable signal and

= &0




transmit il 0 a computer device. lo use it in the program which
calculates the coelTivient Lo predict the performance of SDHW system,
The data loggers used in the system are:

1. HOBO Energy Logger Pro as shown in the ligure (4.10a).

2. Squirrel Data Togger(SQ2010)as shown in the ligure (4. 10b).

R R COATA, | DG T

.

Figure (4.10b); Squirrcl Data | ogger
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4.4 Project programs

In this project four programs were used, four programs are already exist used
to getling the data [rom measurement instruments, thesc programs are (HOBOware

pro pragram, Squirrel View, MANOMETER 5PS1 and Microsoft Excel program),

1. HOBOware pro program

HOBOware pro program is sofiware for easy launch readout of

HOBO data logger as well as flexible plolting of data as shown in fizure
(4.11). data can be exported [or more in depth analysis using other programs
ineluding spreadsheets. The softwarc allow to set launch parameters such as
which channels to record, sample interval, und start type (immediate,
delayed. interval, or triggered): monitor battery level: and svnchronize
logger clocks to computer clock. With the eraphing capability. il can be
view multiple paramcters from a single logger on one araph, zoom in on
data of interest, set axes ranges, display data in different formats. and display
recorded events in graphs or file exports. It can be also verify logger
operation before launch or during logging, as well as displaying real time
sensor reading. memory used and battery vollage. One click conversion
allows for easy data upload into Microsofl Excel or other programs.

The windows version offers enhanced feature which allow for the
combination of data from multiple loggers or deployments. saving of current
data for future usec, lincar scaling lor external inputs listing of recently-
accessed files, and automatic inlemet updates. Sofbware, USB interface

cable and manual included.
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Figure (4.11): HHOBOwarc pro program sollware

2. Squirrel View

Squirrel View is a universal software package that works with any

Grant Squirrel data logger and is included free with every new logeer as
shown in figure (4.12). Tt enables easy sctup of the logger, speedy download
ul data, and direct exporl 10 lixcel spreadsheets. Squirrel View Plus gives
you the additional benefits of graphically analyzing your historical and on-
line data, along with advanced reporting.
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3. Manometer 1.5 SPsl

Figure (4.13) shows the Manometer universal snftware package that
works with HD-700 differential pressure measurement.
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4. Microsaft Kxcel program
Microsoll Exeel program is a famous program using in calculations of
large numbers of data and applied many mathematic and statics operation as
shown in figure (4,14),
Also. it is an important program in this project. because the HOBO program

send the data to the excel sheet.
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4.5 Experimental system maodeling

Figure (4.15) shows a schematic drawing of the

heat flow through a
collector. The question is how to me

asure its thermal performance, i.e. the usefyl
energy gain or the collector efficiency.
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Figure (4.15): Heat flow through a [lat Plate solar collector

Thus it is necessary 10 define step by step the singular heat
10 find

flow equations in order
the governing equations of the eollector system.

Figure (4.16) shows the schematic of a typical solar system emplaving a flat plate

solar eollector and a storage tank,
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| I[Tis G the inlensity of solar radiation, in W/m’, incident on the aperture plane of
the solar collector having a collector surface area of

A in m’. then the amount of
| solar radiation received by the collecior is:

an b EI"A

However, a8 it is shown in figure (4.15), a part of this radiation is

the sky, another component is absorhed by the

reflected back to

glazing and the rest is transmitted
through the glazing and reaches the absorber plate as short w

ave radiation,

Therelore the conversion faclor indicates

the percentage of the solar ravs

er of the collector (transmission) and the percentage

senetrating the lransparent cov
“eing absorbed.

Sasically, it is the product of the rate

of transmission of the cover and the
SSsorption rate of the ahsorber,




As the collector absorbs heal ils lemperature is getting higher (han that of the
swrrounding and heat is lost to the atmosphere by convection and radiation. The
ratc of heat loss (@, ) depends on the collector overall heat transfer coelficient (L, )

and the collector temperature,
Gy =ULA(T, - T,) BTN eea

Thus, the rate of uscful energy extracled by the collector (Q,, ), expressed as a rate
of extraction under steadv state conditions, is proportional o the rate of useful
entergy absorbed by the collector, less the umount lost by the collector to its

surroundings,
This 15 expressed as follows:
Qy = Qi — Qo = (G A) = (U, A(T, = 1},)) -sone (4.3)

It is also known that the rale ol extruction of heat from the collecior may be
measured by means of the amount of heat carried away in the fluid passed through

it. that is;

Qu = (M0). (T, —T) o (44)

Analytical swdy of performance characteristic of solar thermal energy using
dynamic system. modeling modified to account heat transfer efficiency in solar

panel, pipes, etc.

Solar plate internal heat change rate:

(me), £ = Acllr — Ul = T)] = n,(e,) (T ;) ... (45)

= 6E -




Where:

1,.: The mean collector temparature.

(me).: The mass and the heat capacity of collector,
A.: The areq of collector.

Gr: The solar radiation comes from the sun.

[/, : Overall heat transfer coelTicient.

15t The ambient temperature.

n. : IThe efficiency of collector.

(e, ), The mass flow rate and heat capacity for the fluid.
£

T The fluid temperature.

dT, AUy + I‘?E(ﬁ‘tl’.‘p)f vc(jﬁrﬁ')r A Gy + U,T,)
(mc). ¢ “Ditine), Y (mc),

Where Ty is the temperature of the tank

J?L'(Jﬂcﬁ)‘rri + A Gy + U T,)

(me), (mc),

TRl

C

aT, (-Ac.auf + 1, (rhec) ;)

gt (me),

&T, (*’lr"-’e + ’Fc(m‘fp)_,)T » (’?:(ﬁwn)f)T . ( A, )G " ( AU, )T
B — T e S £ T T e il

gt (mc), (mc), (mc),. (me),
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Where is:

(me),
e (e, ) f
P (me jc

A
Us = ( {m;)e) (ry Input from the sun radiation

e (A_.: U+, (mcp)r)

AU :
Uy = (-*—’"—‘) T, Input from ambint tempreature
(me)e

g1 h
E‘=‘_WTr,+ﬁ.Tr+us+uu ciim (4.6)

Storage tank internal hcat change rate with 1, to account for heat exhange

cfficiency and pipes losses:

dT,
imc), d_tt = ?It{:mtp)r{?}. — )8

n.(ricy) B me :] _
ar. _ _ ndmep), ; A el e (4.7)
dt (mele (me)e (me),
i),
- (me),
N, = — Qt- wher @, is the losses from tank
(me);

=T0=
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From equation (6) and (7)., convert (o slate space modle

Ug
f=0 SAER 5 3l

Characteristic equation

0 - B =
b -1 fv|:|—; s+ﬁy|=52*‘:““'?3-‘-""{&—&}?:(1

The equations (4.7) and (4.5) will be used later in chapter five 1o measure the heat

capacity for the Hut-plate collector. und the heat capacity for the hot water storage

tank.
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Chapter Five

Experimental Result

5.1 Introduction

This chapter will introduce the test methods tor the solar domestic hol water
system and its condition for each component, and also make some calculation for
them such as the thermal capacity for hot water storage tank, the thermal capacity
for the flat-plate solar collector, the heat losses and etficiency for the whole solar
domestic hot waler system. and the thermosyphon phenomenon and its effect on
the tank at three different level and its effect on the flow water that enter to the [lat.
plale solar collector. These tests shows that the system used in this project is more
cfficient than the commercial system that currently used, because this project is
supplied with control panel that used to manage and control each tank slone, so its
focus on the morning period when the sun is about to shine. on other hand the user

can reduce using the electrical heating elements that consumes a lot of energy and

money,




5.2 Testing overview

Before starting tests provess there are pracedures must be done such us:

* Exposc the collector in working position without liquid to sun radiation tor
three days. during this period the sun radiation measured over the collector
plate must be not less than 17000 kJ/m’ day.

* The collectors must be assembly in a place frec from any unwanted reflected
radistion over the collector.

® The thermal efficiency test must be done between 11:00 am. — 13:00 p.m.
And the collectors should assembly in a degree that the falling sun radiation

over the collector be perpendicular in the noon period.

Ihe wind direction must be known, and the wind speed should be measured
over @ level equal half the collector height, and the wind speed must nol

more than 4.5 m/'s.

The ambient temperature should be not more than 30° C at the test period.

3.3 Hot water storage tank tests

I. Storage tank heat loss test

The test is carried out 1o determine the storage heat loss coefficient (UA,).
The test method adopted is described by the Furopean Commission-Collector

System Testing Group second international drafi (1987), where the storage is

charged 10 a temperature greater than 50 °C and allowed to cool tor ahout 48
hours. During charging, no fuid is added to or untracted from the system;
hourly measurement is performed for the store temperature and the ambicnt air

temperature.

i




The equation for the product of the surfiace area and heat loss coefficient of the
storage tank as tollow:

UA_q' -_ -Tl M_g' CP ]n '-1 e {TSI_ Tﬂ}}

Ta=Typ) k)

where:

Tyi: Initial water temperature inside the Storage tank, °C

Tep: Final water temperature inside the storage tank afler 48 hours, °C

1 Ambient air temperature, =C

UA: The product of the surface area and heat loss coeff

cient of the storage tank.
W/K

M. Mass of water inside the storage tank (according 1o the tank), (kg}

€, Speeific heat of water at constant pressire, (4.18 kIfkg*C)

The temperamure taken from the data logger is summarized in the table (5.1). and
the result is plotted in char (5.1).

Table (5.1): Data of Storage tank test

e Mo Darttion - UAL M,
(°C) BE s R LR MmO (WIK) . (Keg)
38 35.529 24.73
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Chart (5.1); Storage tank emperature
1 =48 Hours*60 minutes* 60 second =1 72800 second
Ta = average of ambient lemperature for a long time of test.

I'he overall heat transter coefficient for the storage tank ( VA

355 —81.35]
UAs = —(1\172800 ) X45X4.18X1n |1 — ( :'} = 1.BOGS W /K

(24.73 — 81.35)




2. Thermal capacity for hot water storage tank test

This test is prepared fo caleulate the thermal capacity (mC,) for the 50 L
tank, the procedure thal done in this test is charged water inside the tank is heated
by clectrical element up to 80 "C, and allowed to eoal for about 24 hours. During
test, o fluid is added to or extracted from the system; hourly mcasurement is
performed for the store temperature and the ambient air temperature, After
(inishing this test the table (5.2) has been generiled.

Table (5.2): Dula for thermal capacity for the tank

S42013 1301 80,423 /52013 101 57,339

o SAR201314:01 | 77868 | S/5/2013 201 6,028
| siakoi3 sl 5678 SISP013 300 54754
5402013 16:01 73.551 5/5/2013 4:0 51,516
51442013 17:01 71308 SS2013501 | 52410
54020105 18:01 69299 | 552013 6:01 51277
S42013 1901 67339 51512013 7:01 50.266
S/M/2013 20:01 65375 552013 801 | 49479
5/4/2013 2101 £3.504 5/5/2013 901 48.604
/472013 22:01 ' 61807 552013 10:0) 48.007
51412013 2201 60.22 SIS0 1101 47.515

5/5/2013 0:01 | SE6S1 | S/S2013 1201 | 47.06




STORAGE TEMPERATURE
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Chart (5.2): Time constant data [or storage tank

From chart (5.2). the thermal capacity for the storage tank can be calculated by
using equation (5.2). By calculating the time constant where is required for a
syslem whose performance can be approximated by a first-order differential
equation, to have its output changed by 63.22 % of its final change in output

following a step change in input

Storage tank internal heat change rate:

' ’?L{Em‘fﬂ)f L 'J'r{m‘f':ujf — 5.2)
ar {mcls x {me), 22 (me), s (3

SR




For this lest the mass Mow rate (e, ) . for water is zero, because the inlet and
J

outlet Irom storage tank is closed to cach other.

Step input = 81.35 — 47,06 = 34.29°C

Rising time = 0.63 x 34.29 = 21.062°C

Time constant (7,,) at 81.35 — 21.062 = 59.74°¢
AL T=59.74°C

T+ —=23:16—12:36 = 10.8 A

After substitute these parameters the thermal capacily for the storage tank:

(me), = 1296 kW /K




3. Temperature at differant level in storage tank :
Chart (3.3) shows the change in tomperature al three different level inside the

storage tank. This test aim lor studying the heat transfer process which help to

increase the heat capucity.
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Chart (5.3) : Change in temperature at three different level
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5.4 Flat-plate solar collector tests

1. Collector thermal performance test

Ihe transient response of the thermosyphon collector and the change of the
heat transfer Muid tlow rate with the change in the incident irradiance, represent
the difficulties associated with the development of a standard lest procedure for
testing thermal performance of a system. However. the method used (o test
collector operating with constant flow rate is (he steady state method. The
method was first proposed by Hill and Kausuda (1974, and the published by
ASHRAE standurd (1974) and later ANSIVASHRAE (1993 2003}, The method
has been adopted for use by the international eneray (IEA) and the Furopean
commission (1980) working groups. Later (he British standard institution has
published the method in BS 6737: (1986) there was recommendation for a

testing procedure using the solar simulator was included.

The steady state method testing depends on measuring the instantaneous

parameters of collector that should correspond the stationary condition over &

period of time. A straight line presentation could then be plotted using the

relationship: |
n=ng—U =1l S S i |

|

where: '

n: Derived value of collector efficiency for steady indoor condition, |

dimensionless

ng: Zero loss colleetor elliciency, dimensionless



T Is the reduced temperature different; which takes the form

"= (Te-Ta)G,

{¢: Mean plate operating temperature, °C

T e -r T (2

Gy: Fquivalent normal solar itradiance on o collector plane, w/m®
Lt Water inlet temperature, °C

Tyt Waler oullet temperature, <

The slope U in the equation (3.1) represents the collector heat loss

coefficient,
® Energy of collector

The energy output of the collector is caleulaled as:

Qout = mf::rr{:Tuut = Tin)
Also. @y, = (V. AT, = T,)

substitute equation (5.3) in equation (5.4)

_ MGy (Toye=Tin)
L ey

where :

e =(Tin+ Tout) /2

i = GrAc

% = Qin = Qour = (Gr.A0) —mcy (Tin — Tout))




The resulting of instantanoys cfficiney # . is represented by the ratio of the
QUIPUL Lo input (@, /0, ) was plotted versus the reduce emperature difference 7*
in the straight line presentation. This enahle the determination of the collector

petformance parameters,

Chart (5.4) 1o chan (5.8) shows the daty getting from this calcualtion drawn
in the charts, and shows the collector thermal performance testing, where it can be
seen that all the steady state points and all the temperature of the system iy
table(5.3) .

The flow rate caleulation done by measuring the difference between the dynamic

and static pressure as shown in figure (5.1).
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where: v is velocity of water insid the pipe (m/s)

f:'.‘f ==1;'*}1._- L [5.-”}}
where: Q@ is flow of water insid the pipe (m'/s)
m =Q=p e e

where: 11 Is flow rate of water insid (he pipe (ka's)

£ = 1000 kg /m*

B4




Tables (5.3): Collector performance testing
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COLLECTOR TEMPERATURE
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2. Thermal capacity for the collector test
This test is prepared 1o caleulate the thermal capacity (me,). for the flat-plate
solar collector, The procedure that done in this test is charged the water inside
the collector by sun radiation up to 83 U C_ and allowed to cool by covering the
collector as shown in ligure (5.2). During charging, no fluid is added to or
extracted from the sysiem: hourly measurcment s performed for the store
lemperature and the ambient air temperature. Afler finishing this test (he table

(5.4} and chart (5.9) has been ecnerated,

Figure (5.2): Covering the collector

21




Table (5.4): Temperature of collector and the ambient air

SI62013 12:57 53T | M0NSAT | Zmaser | eoaee

SO13 13:32 57218 | 40,92 694 49069
562013 14:07 48,737 30,182 27063 | 39.4845
/62013 14:37 14165 27.628 26.1%2 | 35.8965 |
5602015 1507 1813 26818 7505 343655
37672013 15:37 39,943 23137 | 27061 | 3284
562013 16:07 37.811 21833 26304 30822
36251637 | 35022 | 2003 28532 | 28508
62013 1707 = T S 5 U S e T B
S0 2 17:37 30.925 19,336 23084 254305
SI6/2013 18:07 28493 R4 22681 | 234675
SE2013 18:37 23,963 ITT48 | 21488 | 218555
5162013 19:07 25569 16.63 20222 20,0995
| aeR0131937 | ais1s | (5419 1946 | [8.867
| SH0013 2007 20,841 15366 | 19318 181035
| Se30132057 | 2005 | 5475 19508  17.6625
| SiR0132047 | 20007 15228 | 195 | i7eis
S/6/2013 20:57 19888 | [5247 19579 | 175675
62013 2102 19.841 15.247 19.579  17.544
S/6:2013 21:07 19.793 15223 | 19570 | 17.508
S620132012 (4746 15223 19603 174845
5/6/2013 21:17 19698 15313 19.627 174605
36020132122 19651 | 15221 | 19530 17439
SI6/2013 21127 19.603 15.199 19579 | 1740
SGR012132 | 9SS | s . W3 17365
2UR0IAUIF | 18508 - | 15151 | 10365 | 17.300%
SI62013 21322 19484 15181 19365 173175
SI62013 21347 19.436 15.103 19.413 172605
50672013 21:52 1938 15079 19175 17234
SE013257 | 19365 | 13085 19365 17.21
5/612013 22:02 19.31% 15031 19475 15075
562013 22:07 19246 14984 19032 | 17,115
92




FTEMPERASTUR OF COLLECTOR AND AMBIENT
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Solar plate internal heat change rate:

T, (AU + '-"'c(ﬁ“?)_r ’fc(ﬁl‘:ﬂ)f , A,
P (me), et (me), s ({mc),,J Cr
AU,
+ (E’?-'-f__}:) T - (5.11)




For this test the mass Mow rate {msp)f for water is zero, bagause the inlet and

outlet of collector is closed so that the temperature of tank is zero ( ¢ ). and the 7.

for collector 1s zero losses colleetor efficiency.

dT. _ A6y — Uy(Tc - Ta)
dr (me),

Where Te = (Ty,, + T,,0)/2

_ A (Gy— U (Te—r i)

a
{mc),
By observing Bq. (5.11), we find it has lhe same form as that of a tirst-order

system has,

@ =a(l- e_?tj e (5.12)
From chart (5.9) the following caleulation are obtained-

Step input at steady stale = 84.4 — 17.6 = 672G

AL0.63X67.2°C = 423

To lind time canstant at (B44 — 423 = 424°C )

t=1332-1257 = 35 minuts

T=2100 second

The thermal capacity can be caleulated from equation (5.12), when a = 29, 16

The thetmal capacity (me), = 47,5 W /K




5.5 SDHW system with management

Chart (5.10) shows the change in water temperature inside one 50) liter storape
tank in the morning pericwd at 7:00 a1, so by 30 minutes the water lempcrature
reach 30 T C that the consumer ean use this hot water in multi rasks instead of

using the electrical heating that cost & lot of money.
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Chart (5.10): SDHW svstem (for 50 liter tank)
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Conclusion and Recommendations
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Chapter Sjx

Conclusion and Hecummendaﬁuns

6.1 Conclusion

There are many tests done in this project to find the performance of the solar
domestic hot water system and increase its efficiency by increasing the thermal
performance of (he flat-plate solar collector, and by dividing the commercial

storage tank into multi storage tanks,

However, the conclusion that obtained from this project that the new model systein
is more efficient than the commercial one, because the period that needed to heat
the 50 liter storage tank is Jess than the 200 liter. especially in the morning period,
On other hand. the management and the control panel added some efficiency to the
systern by store the hot water inside the lank and using it when the syn radiation is

decrease,

a7




6.2 Challenges

While designing and testing the system, there are many challenge were faced, sych
as:

* Notall the sensors locations were fitted correctly.

* The flow meter was not read the data,

* lhe cloudy weather condition in (he Jast two weeks.

6.3 Recommendations

In this project, the svstem has been designed to acquire more elficiency for the
solar domestic hot water system by incrcasing the performance for the flat-plate
collector. and dividing the solar storage tank into mulii tanks and managing them.

but these issues did not cover all the things,

This project recommends miaking additional processes that add a pump to the
system und controlling it to control the flow inside the collector, and also add three
pipes inside the tanks at (hree different levels to get a suitable water temperature as

uzer desired.
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APPENDIX




Appendix (A)

Arduino UNO:

Connection of circuit as shown in the figure()

LED)




IR F T
1 AL

Program;
#Finelude <LiquidCrystal.h=

LiquidCrystal led(7.8,9,10,1 112y
const int valvi=1:

const int valv2=2:

const int valv3=3;

const inl valy4=4;

const int led=5;

int sensorl;

int sensor2;

int st=();

void setup()




i

led.begin(16, 2):
T—nd.amCurmr{S, R
led.print("Desi gn By: ");
IGd.SE’fCllI‘Sﬂl’{ﬂ, 13
led.print(" Yahva & Mousa");
delay(3000);

led.clear();

led.setCursor(3. 0y;
]cd.print{”ﬁup_cwiaior:"):
[cd.selﬂursur{ﬂ, L)
led.print("Momen Zughayver");
delav(3000);

led.clear);

pinMode({valv] .UUTPUT_);
pinMndefvaivE,DUT'PUTfl;
pinMﬂdﬂ{valﬁ,DUTPUI}:
pinMnde{valvﬁf,E}'[T]‘PUT');
pinModel_‘lei_DUTPUTj;

H
void loop()

{




digital Write(led HIGH);
/f digitalWrite(valv,HIGH):

f/digital Write(valv2 HIGH):
sensorl=analogRead(0)*25.24:
sensor2=analogRead(1)*25.24;
led.setCursor(0, 0);
led.print("Temp. Tank1="):
led.setCursor(0, 1);
lcd.prinL{T'Temp.'I'ﬂnkE=");
led.setCursor(11, 0):
led.print(sensor! /204);
led.setCursor(11, 1);

led. print(sensor2/204);
led,setCursor(135, 0);

led. print("C");

led setCursor(15, 1);
led.print("C");

switch(st)
{
c&se[ﬂj:

digital Write(valvl HIGH);



digital Write( val vZ, HIGH);

Lligi[aI'Llf'ritc{_'ualtf'}:, HIGH):;

digital Write(valy4 HIGH );
st=1:

break:

case(1):
i’r'{(nnaiug!-{ead{l]_}"‘ﬂﬁ.l-#;'ﬂ{m] ==30 && (analogReady 1)*25.24/204) < 50)
St=2:
i analogRead(0)*25.24/204) < 50 && (analogRead( | )*25.24/204) >= 501
st=3;
If[{m‘lﬂ?ugﬁﬁadf'ﬂ_]*_’ﬁ.E4.f’204} = S0 && (analogRead(1)*25.24/ 4} > 511)
st=4;
if{ (analogRead(0 )*25.24/204) < 50 & & (analogRead(1)*25.24/204) < 50)
St=5

break:

case(2):
digital Write(valv].H IGH);
digital Write(valv2, LOw {3
digilalWritaivai&’B:LOWJ:

digital W rite(valvd HIGH ):

st=1;




hreak:

case(3);
digital Write(valv] LOW):
digital Write(valv2, HIG] 1);
digital Write{valvi HIGH ¥;
digitalWrite(valvd LOWw );
st=1;

break;

caze(4):
digital Write(valvl HIGH )
digital Write(valv2, HIGH ¥
digital \"r’rit:?{vahfii.fﬂGHj:
digital Write( valvd, LOW);
st=1;

brealk:

case(S):
digital Write(valvl 1. OW 5

digital Write(val V2, HIGH);

digital Write(val v3, HIGH):




digital Write(valvd.LOWY);

gi=1:

break:




LCD display

* General specification

Item Dimension Unit

Number of Characters 16 characters x 2 Lines 0
Module dimension 84.0 x 44.0 x 13.5(MAX) mm
View area 66.0x 16,0 mm
Active area 36.20x 11.5 mm
Dot size 0.55 x 0.65 mm
Dot pitch 0.60 x 0.70 mm
“haracter size 295x5.55 mm
‘f‘h:lmcmr pitch 3.55x 595 mm
LCD type STN, Positive, Transtlective, Gray
Duty 116

View direction

6 o'clock

acklight Type

LED Yellow green




e [ntertacing pin function

Pin No.| Symbol Level Description
I Vss 0V |Ground
2 Voo 5.0V |Supply Voltage for logic
3 VO (Variable) [Operating voltage for LCD
4 RS H/L H: DATA, L: Instruction code
5 R/W H/L H: Read(MPU—-Module) L: Write{MPU—-Module)
6 E H.H-L [Chip enable signal
7 DBO H/L  |Databit 0
5 DBI H/L Data bit |
9 DB2 H/IL  [Data bit 2
10 D33 H/L  [Databit 3
11 DB4 H/L  |[Databit 4
12 DB3 H/L  |Databit 5
13 DB6 H/L  |Databit 6
14 DB7 H/L  |Databit 7
15 A O ILED +
16 K O LEDO
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