Solar Thermal Collectors for
Water Heating
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Introduction

Solar energy is a renewable energy which can
be used for generating electricity as well as for
heating purpose. Although electricity generation
by photovoltaic cells has gained its popularity in
the past few years as a result of advancement of
semiconductor technologies, using solar energy for
water heating is still the most common form of solar
energy application. This pamphlet aims to provide a
brief introduction on solar thermal collectors which
capture solar heat for water heating purpose. Solar
water heating technologies can be used for low
temperature hot water service or industrial process.
The latter usually requires higher water temperature
(e.g. 80°C - 250°C) and its utilization is currently
insignificant worldwide. Thus this pamphlet will
focus on solar thermal collector used for low
temperature hot water heating purpose.

Basic Principle of Solar Thermal Collector

The heat from the sun is transmitted in the form of
infra-red radiation with wavelength approximately
between 0.78um and 2.5um. The function of a
solar thermal collector is to capture the radiation
and transfer the thermal energy to a thermal fluid,
usually water, for heating use.

Solar thermal collectors, although may be designed
with different forms, usually consist of an absorbing
surface, thermal fluid piping and a thermally
insulated enclosure for housing these components.

The absorbing surface

The intensity of solar energy is usually measured in
Watt/m” or Mega Joule/m®. The absorbing surface
provides the required surface area to capture the
solar energy. Absorbing surface is usually a metal
with good thermal conductivity such as copper or
aluminium. Sometimes plastic such as polypropylene
is used for very low temperature operations. Since
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radiation heat transfer is heavily affected by the
absorption properties of a surface, the coating of the
absorbing surface is usually in dark colour. More
advanced coating, known as selective coating, which
absorbs radiation of a certain range of wavelength
is also available in some collectors to increase the
effectiveness of the absorbing surface.

Thermal fluid piping

Thermal fluid piping provides a passage to run
the thermal fluid through the absorbing surface
to extract the heat from the absorbing surface. It
is usually a system of thin metallic tube thermally
bonded to the absorbing surface for heat transfer.
For water heating applications, the thermal fluid is
usually water.

Thermal insulated enclosure

The enclosure houses all the components to form
the complete solar collector. The enclosure is
usually thermally insulated to minimize heat loss to
surrounding due to conduction and convection. It
is important especially during cold or windy seasons
when the temperature difference between the
absorbing surface and the surrounding air is large.
Solar collectors for high temperature application
usually need to have better insulation because
temperature difference between the thermal fluid
and the surrounding is the main driving force of
thermal energy losses.
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Types of Solar Thermal Collector

The majority of solar thermal collectors for low
temperature water heating fall in two types: (1) flat
plate solar thermal collector; and (2) evacuated tube
solar thermal collector.

Flat plate solar thermal collector

Flat plate solar thermal collector has been the
traditional design for solar thermal collectors for
decades. It has an overall collector dimension nearly
the same as that of the absorbing surface area. The
enclosure is thermally insulated with the front side
left un-insulated for exposure to solar radiation.
The un-insulated front side can be either glazed
or unglazed. Collector with a glazing in the front
can reduce thermal heat loss to the surrounding.
However, the glazing will incur transmission loss
to the solar radiation. The thermal fluid is running
through the piping bonded to the absorbing surface
to extract the thermal energy.

The whole of the solar water heating system can
be constructed by series and/or parallel connecting
modules of the flat plate solar thermal collectors.

Fig. 1a - Flat Plate Solar Thermal Collector
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The small channels on the absorbing surface
can be seen at a close look at the surface
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Appearance of Flat Plate Type Solar Thermal Collector
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Thermal Fluid Outlet
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Insulated Enclosure

Advantages of Flat plate solar thermal collector

The main advantage of flat plate solar thermal
collectors is their low equipment cost. Under the
current market, the cost of a flat plate solar thermal
collector is about 1/3 to 1/2 that of an evacuated
tube solar thermal collector. In low temperature
applications, since the temperature gradient
between the thermal fluid and the surrounding is
small, the efficiency may surpass that of evacuated
tube solar collectors. However, this competitive edge
diminishes rapidly as the temperature differential
increases or under windy or cold weather.

Evacuated tube solar thermal collector

Evacuated tube solar collectors are tubular in shape
and make use of vacuum for thermal insulation. The
vacuum forms good thermal insulation to minimize
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heat loss to the surrounding due to conduction
and convection while the clear glass surface allows
good transmission of solar radiation. Each module
of solar thermal collector panel is made up of 20 -
30 numbers of tubes thermally coupled to a header

pipe.

There are a number of varieties in the design of
evacuated tube solar thermal collectors. The
followings are two examples:

1.

Evacuated heat pipe solar thermal collector

In the evacuated heat pipe design, the
solar heat is conveyed by a heat pipe
between the absorbing surface and the heat
exchanging point (the condenser). The
whole set of heat pipe and the absorbing
surface are completely sealed inside a
vacuum tube. The condenser is located at
the top end of the evacuated tube which is
thermally coupled with the water common
header. The heat pipe is completely sealed
so that the thermal fluid inside the heat pipe
is separated from the thermal fluid of the
heating system.

The heat pipe transfers thermal energy by
a vaporizing/condensing cycle of thermal
fluid inside the heat pipe. The solar thermal
energy vaporizes the thermal fluid inside
the heat pipe to vapour phase which rises
to the top of the heat pipe due to buoyancy
where the condenser is fitted. The vapour
then condenses back into liquid phase after
the thermal energy is transferred to the
system’s thermal fluid.

Good quality evacuated heat pipe solar
thermal collector has efficiency comparable
with flat plate collector at low temperature
range (e.g. at about 40°C) and significantly
out-perform flat plate collector at moderate
to higher temperature range (e.g. at 60 -
80°C).
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Fig. 2a - Evacuated Heat Pipe Solar Thermal Collector [El2a - BERE =B AIGEL LR

The absorbing surface can be clearly seen
at a closer look of the evacuated tube
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2.

Evacuated jacket solar thermal collector

An alternative to the evacuated heat pipe
design is the evacuated jacket design.
The appearance of evacuated jacket is
looking very similar to the evacuated heat
pipe collector. Thus it is very easy to take
evacuated jacket collector for evacuated
heat pipe collector by mistake.

The construction of the collector is a
vacuum jacket formed by two concentric
glass tubes sealed with a vacuum space in
between. The absorbing surface and heat
pipe for the thermal fluid are inserted inside
the cavity of the inner glass tube. The jacket
forms a thermal insulation to reduce heat
loss due to conduction and convection. In
order to enhance the absorption of solar
radiation, the outside surface of the inner
glass tube is usually coated with a layer of
selective coating.

The market price range of evacuated jacket
collectors lies in between flat plate collector
and evacuated heat pipe collector. The cost
of evacuated jacket solar thermal collector
is about 20% - 30% higher than flat plate
collector. However, its efficiency is about
20-25% lower than the evacuated heat pipe
collector. In low temperature applications
(e.g. for applications with temperature range
at about 40°C), the drop in efficiency will
further diminish its competitive edge because
the efficiency of a good quality flat plate
collector may out-perform the evacuated
jacket solar thermal collector.
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Fig. 3a - Evacuated Jacket Solar Thermal
Collector
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Advantages of evacuated tube solar thermal
collector

Evacuated tube solar thermal collectors are more
expensive than flat plate solar thermal collectors.
However, they are more efficient for applications
with higher temperature difference between the
thermal fluid and the ambient air. Additionally,
the structural support for the panel can be lighter
because the gaps between glass tubes reduce the
uplift forces significantly in gusty weather.

Other advantages lie in the maintenance issue
because the thermal fluid is not running through
the whole panel area. This reduces the chance of
pipe blockage or leakage. Furthermore, failure of
one vacuum tube only entails limited deterioration
to the panel’s performance and the malfunctioned
vacuum tubes can be replaced individually instead of
replacement of the whole panel as in the case of flat
plate collectors.

A5 8E
t%%%ﬂ%ﬁﬁﬁﬂt
5

33 mwegﬁﬁ
¥

Rt
&
>|_
mt
H
Hu}T

! *K%%Eﬁﬁ

Fﬁ@ﬁoﬁﬁ BREE RN
ZRBDORNBEERN EES A
MR A RA KT o

HgEETE > TAEEH AR
ERARBIRERERERS &
ﬁmﬁiﬁﬁﬁéﬁuﬁ*°%

o XEBEZENETERSER
EEE’HEEETFEF'J\.# REWAEZE

ERERESR - MFREAERE
SASZHERBBATHREEARE
e

;( |§’m_ b/;fz-\t7k/%nyb \;lﬁ(;m%%

The following table summarizes the relative merits
and demerits of the two main types of solar thermal
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collector:

T e s

Flat-plate Collectors

FIREY

NCEZ S

Evacuated Tube

Capable to deliver moderate
temperature hot water (e.g. hot
water service, space heating,
indoor pool heating, process
heating etc.).
“%1$¢7mrm&mmmf
FEEVK « ZERIMERE « INEAEABTK
IR - Igﬂﬂ/\\\%)

Lower cost when compared with
evacuated tube collectors.

RABRAZEARGREERRE

Lower heat loss to surrounding

collectors B EBERUR R EIRE o
BT AGREHRSE o Capable to deliver moderate to

high temperature (60°C - 80°C)
water (domestic hot water, space
heating, process heating, etc.)
BEAHEREREER R RE (R
K60ZE80/E)HHIK(RAEVK -
AR - TENZE)
Lighter support structure
requirement

VS EREERE o
S|mpI|C|ty in maintenance.

MIERHE -

Heavier collector weight
KHBBARE o

Larger wind load under
windy condition.
ERBIRFRE R o
More susceptible to pipe
blockage and leakage.
EERASHERL
More complications in
maintenance issue.

RAETTEEBERE -

Higher capital cost
compared with flat plate
collector.
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Table 1 - Relative merits and demerits of the two main types of solar thermal collector.

1 - MEEERGERARNEINERE




olar Thermal Cc

Thermal Energy Output of Collectors

The thermal energy output that can be obtained
from the solar thermal collectors depends on the
available solar resources of the site, the efficiency
of the solar thermal collectors and the operating
temperature differential between the fluid running
through the collector and the ambient temperature.
As an indication, the approximate value of
theoretical thermal energy output with the operating
condition of low to moderate temperature (operating
range around 20 - 60°C of water temperature)
solar water heating application under local climate
condition is shown in the table below:
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Theoretical Annual 2,600 - 3,800 MJ/m?

Energy Output per Gross & 5K2,6002 3,800k &

Collector Area
EREMNIERTFREE
HE

2,100 - 3,400 MJ/m?
FIFFK2,100% 3,400k &

Table 2 - Approximate Theoretical Thermal Output of Two Types of Collectors Based on Application

Conditions of Local Weather Conditions
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Installation Considerations

When installing solar thermal collectors, there are
certain considerations that can help to assure better
performance.

Location of Installation

Location for installation of solar thermal collectors
should have abundant solar resource for capture by
the collectors. Surfaces facing south direction and
clear from shading of surrounding objects such as
trees or buildings etc. are more preferable for solar
thermal collector installations.
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Tilting Angle

Analysis has shown that a tilting angle equal to
the latitude of the geographic location produces
the best year round energy yield from the collector.
Therefore in Hong Kong, installing collectors tilting
at an angle 22°15' to the horizontal captures the
highest year round solar energy. However, it does
not mean that other tilting angles are not suitable.
If the solar thermal energy demand is on seasonal
base (e.g. the system is only used to assist winter
heating), the tilting angle can be adjusted to capture
the maximum solar energy for the season. For
example, one can install solar thermal collector at
a tilting angle larger than 22°15’ to capture more
solar thermal energy during the winter season. On
the other hand, it is found that evacuated tube solar
thermal collector is more flexible in tilting angles.

Flow Balance

In systems that consist of an array of solar thermal
collectors connected in parallel, it is easy to overlook
the importance of maintaining a balanced flow
through each solar collector. This will ensure
sufficient flow in the collector and avoid extreme
local high temperature build up as a result of flow
deficiency. Extreme high temperature in solar
thermal collectors may lead to local boiling and
steam generating which will further block up the
piping and choke the flow. Additionally, large
temperature swing will shorten the life span of
materials such as pipe joints.

Suitable piping layout such as using a “reverse
return” or installing balancing devices at suitable
locations can help ensuring suitable flow through
each collector in the array.
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Row Separation

For installation with a large number of solar
collectors connected in multiple rows, the row
should have sufficient separation in order not to cast
shadows to the rows behind.

Figure 4 below shows the end view of two rows of
collector with collector height a and row separation
b. In order to avoid significant reduction in amount
of energy that can be captured by the row behind,
it is suggested to have the a to b ratio be kept at
about 0.6 for solar collector mounting at a tilting
angle about 22°15'. If area available for installing
the panels is limited, such ratio should still be kept
as far as possible so as not to exceed 0.8.
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Fig. 4 - Row separation, b, should be sufficient to avoid shadows cast onto the row behind.
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Maintenance Considerations

Solar thermal collector itself requires minimal
maintenance. Regular surface cleansing and pipe
descaling can upkeep the efficiency of the collectors.
On the contrary, more maintenance efforts should be
directed to the fluid circulation system to ensure there
is no flow deficiency (e.g. due to scale formation in

BETHRAZENER

AGHEASHBERHE T
BEREXANREREBHKER
ARFEARE - BEITIEEER
RRBBERERES  UABEREHRS
BEBERREBERETR (flME

A BERKRRNERS

fluid channel, air entering the pipe work, or local
boiling) and leakage in collector panels. Flat plate
collector is more susceptible to water leakage and
oxidation of the absorbing surface due to exposure
to outdoor weather. Even though there is usually a
cover glazing, there may be water ingression into the
collector enclosure to aggravate the surface oxidation.
Evacuated tube collector on the other hand, should
regularly be checked for loss of vacuum due to
breaking of tube seals.

If the fluid of the whole solar heating system has
to be drained off for overhaul for a considerable
period of time, it is suggested to cover up the solar
collectors to avoid high temperature build up on the
absorbing surface which may accelerate material
aging and pipe joints leakage. It is also advisable to
avoid stagnant flow when the collector is exposed to
direct sunlight for the same reason.

For more information about solar thermal collector,
please contact the Energy Efficiency Office of the
Electrical and Mechanical Services Department.
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Fig. 5 - Flat Plate Solar
Thermal Collector is more
susceptible to water
leakage and oxidation of
absorbing surface
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