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Schematics
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Solar Absorber Panel 

o Solar collectors are the key component of active solar-heating systems.

o Types of solar collectors:
 Flat-plate collectors (Residential and commercial building <80 degree Celsius)

 Evacuated-tube collectors (building > 80 degree Celsius)

 Integral collector-storage systems

o Active Solar Water-Heating Systems

 Direct-circulation systems (or open systems)

 Indirect-circulation systems (or closed systems)

 Drain back systems

o Passive Solar Water-Heating Systems

 Integral-collector storage systems

 Thermosiphon systems
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Panel Specifications 
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o Cover plate/Glass: cover plate shall be toughened 
glass and thickness of 4.0 mm (min) conforming to 
section -1 of IS: 12933(pt-2)/2003

o Collector box/Body : collector box shall be made of 
aluminium sections only type grade, size, 
workmanship and finish of the material used shall be 
as per section-2 of IS: 12933 (pt-2)/2003: the 
minimum thickness of aluminium shall be as: Channel 
section for sides 1.6 mm, Sheet for bottom 0.7 mm, 
Support for glass retaining 1.2 mm, Sheet for entire 
body 1.0 mm

o Insulation: Materials - Polyurethane, glass wool and 
Rockwool of 50mm thickness, 48Kg/m3 density.

o Absorber: Consists of riser, Header and black chrome 
plated Sheet. Type grade, size , workmanship and 
finish of the material used shall be as per section- 3 of 
IS : 12933 (pt. -2 ) /2003. Riser and header assembly 
designed for working pressure up 2.5 to 4 kg/ cm2 and 
shall be tested for leakage at a minimum hydraulic 
pressure of 11 kg/ cm2

Type of absorber tube Copper Tube

Pressure Drop
68.95 (1 psi) per 

collector

Absorption efficiency (n0) Greater than 78%

Absorptivity Greater than 0.95

Emissivity Less than 0.2

Transfer medium volume 3.8-4.2 lit/collector

Gross area of collector 2.0-2.5 sq.m

Absorber Area 1.73 – 1.75 sq.m

Stagnation temperature 

maximum
160 Deg.C

Tested for Maximum 

Pressure
11.023 Bar (160 psi)



Flat Plate Collector  (Assembly) 

o most common solar collector for solar water-heating systems in homes and space heating. 

o A typical flat-plate collector is an insulated metal box with a glass or plastic cover (called 
glazing) and a dark-colored absorber plate
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Flat Plate Collectors

o Selective Coatings (max absorption and minimum emission)

• Black chrome, nickel, cobalt, titanium oxide, S.S. with carbon, tungsten or molybdenum 
doped aluminum nitride, etc.

• Typical efficiency between 45 to 70% (water, air or other medium)

• Temperatures up to 70 or 90 °C

SeeGreen 2017 8SOLAR THERMAL SYSTEMS - LECTURE-2&3

Copper Fin

Copper Tube

Nickel Plating
Black Chrome Coating

Welding / Brazing



Thermal Conductivities of Select Materials
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Material Thermal Conductivity, W/mK

Copper 401

Silver 429

Gold 317

Aluminum 237

Steel 60.5

Limestone 2.15

Bakelite 1.4

Water 0.613

Air 0.0263



Flat plate collectors components

o Enclosure: A box or frame that holds all the components together. 

o Glazing: A transparent cover over the enclosure that allows the sun’s rays to pass through 
to the absorber. Most glazing is glass but some designs use clear plastic. 

o Glazing Frame: Attaches the glazing to the enclosure. Glazing gaskets prevent leakage 
around the glazing frame and allow for contraction and expansion. 

o Insulation: Material between the absorber and the surfaces it touches that blocks heat loss 
by conduction thereby reducing the heat loss from the collector enclosure. 

o Absorber: A flat, usually metal surface inside the enclosure that, because of its physical 
properties, can absorb and transfer high levels of solar energy. 

o Flow Tubes: Highly conductive metal tubes across the absorber through which fluid flows, 
transferring heat from the absorber to the fluid.
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Evacuated Tube Collectors 
o can achieve extremely high temperatures (80- 150 °C), making them more appropriate for 

commercial and industrial application.

o collectors are usually made of parallel rows of transparent glass tubes. Each tube contains a glass 
outer tube and metal absorber tube attached to a fin. 
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o fin is covered with a coating that 
absorbs solar energy well, but 
which inhibits radiative heat loss.

o air is removed, or evacuated, from 
the space between the glass tubes 
and the metal tubes to form a 
vacuum, which eliminates 
conductive and convective heat 
loss.



Integral Collector Storage (ICS) Systems

o In an integral collector storage (ICS) system, both collection and solar storage are combined 
within a single unit.

o Most ICS systems store potable water inside several tanks within the collector unit. The 
entire unit is exposed to solar energy throughout the day.
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o The resulting water is drawn 
off either directly to the 
service location or as 
replacement hot water to an 
auxiliary storage tank as 
water is drawn for use.



Comparison and Selection Criteria

Cost 

o Cost is typically the primary consideration. Collector for collector, evacuated tubes can 
cost around 20% to 40% more to buy than flat panel collectors. However when comparing 
price one should consider cost per BTU capacity, and consider year round performance. In 
cool climates, evacuated tube collectors will have a lower cost per BTU.

o Shipping costs can be more with flat panels than with evacuated tubes as well, especially 
when ordering a package system. Evacuated tubes are modular, and can be shipped 
vertically, maximizing the usable space on a pallet. It always takes 2-3 people to install a flat 
panel collector whereas a evacuated tube collector can be installed by one person.

o Location is also an important consideration to cost. In some regions, it make take more or 
less of one type of collector vs the other to heat the same amount of water. For example in 
a cool climate, you could need 2 or 3 flat panel collectors to produce the same heat as 1 
evacuated tube collector. In really cold (under 10°C) weather, flat panel collectors collect 
little or no heat
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Performance (FPC vs ETC)

o Generally, evacuated tubes perform better in colder and/or cloudier conditions than their 
flat panel counterparts. This is because of the vacuum in the glass tube, which allows tube 
collectors to retain a high percentage of collected heat. They work well in freezing 
conditions where flat panels will not work.

o However, in areas where heavy snowfall can be an issue, evacuated tube collectors will not 
leak much heat from the collector, and therefore will not melt snow and heavy frost as 
quickly as a flat panel collectors. Evacuated tube collectors in cold climates can be installed 
at a higher angle to better face the sun, and this, along with a separation between the 
tubes, allows snow to slide off more easily.

o A flat panel collector, on the other hand, will collect some heat through the reflected 
sunlight off snow & ice, rising above freezing and therefore melt the snow or heavy frost 
much quicker, even though it may not be able to produce any hot water in cold conditions.

o Due to the self-tracking design of evacuated tube collectors, they collect heat fairly evenly 
throughout the day starting within minutes of sunrise. Flat panel collectors must collect 
nearly all of their heat in the middle part of the day.
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Design

o Flat panels are typically designed with an unsealed enclosure. This can make them prone to 
condensation over time, which can result in corrosion. However, this largely does not 
impact the actual performance of a flat panel unless corrosion results, and is mainly a 
cosmetic downfall.

o Flat panel collectors – if damaged, will continue to function, and can at times be repaired. 
Other times, the entire flat panel must be replaced.

o Evacuated tubes, on the other hand, are sealed with a vacuum. This gives them their high 
heat retention properties, however, without this vacuum an evacuated tube collector 
performs very poorly. If a tube were to lose it's vacuum, it is generally very easy to correct, 
and can be done easily by simply replacing the tube.
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Comparison and Selection Criteria



Installation

o Evacuated tubes are typically less sensitive to sun angle and orientation than their flat 
panel counterparts. Their circular design allows sunlight to pass at an optimal angle 
throughout the day – from morning to night.

o Flat panel collectors are more sensitive to sun angle, and may require the use of racking 
systems, or other elevations to maximize their production.
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Hot Water Tank (Without Heat Exchanger) 
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Maintenance

o inspection of the collector front cover, i.e. the glass (for breakage, dirt/dust, shading)

o inspection of the components fastening the collector with the support structure 

o inspection of the water tightness of the collector (sealing material of the glazing, the pipes, 
etc.) 

o inspection of the insulation

o Corrosion and Scaling in Solar Water Heating Systems
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Hot Water Tank – (With Heat Exchanger) 

Solar water-heating systems use heat exchangers to transfer solar energy absorbed in solar 
collectors to the liquid or air used to heat water or a space

Sizing

A heat exchanger must be sized correctly to be effective. There are many factors to consider for 
proper sizing, including the following:

o Type of heat exchanger

o Characteristics of the heat-transfer fluid (specific heat, viscosity, and density)

o Flow rate

o Inlet and outlet temperatures for each fluid.

o Usually, manufacturers will supply heat transfer ratings for their heat exchangers (in Btu/hour) 
for various fluid temperatures and flow rates. Also, the size of a heat exchanger's surface area 
affects its speed and efficiency: a large surface area transfers heat faster and more efficiently.
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Types of heat exchangers

Liquid-to-liquid heat exchangers

o use a heat-transfer fluid that circulates through the solar collector, absorbs heat, and then flows 
through a heat exchanger to transfer its heat to water in a storage tank. Heat-transfer fluids, 
such as antifreeze, protect the solar collector from freezing in cold weather. 

o have either one or two barriers (single wall or double wall) between the heat-transfer fluid and 
the domestic water supply.

 Single-wall heat exchanger is a pipe or tube surrounded by a fluid. Either the fluid passing 
through the tubing or the fluid surrounding the tubing can be the heat-transfer fluid, while the 
other fluid is the potable water.

Double-wall heat exchangers have two walls between the two fluids. Two walls are often used 
when the heat-transfer fluid is toxic, such as ethylene glycol. Double walls often are required as 
a safety measure in case of leaks, helping ensure that the antifreeze does not mix with the 
potable water supply. 

While double-wall heat exchangers increase safety, they are less efficient because heat must 
transfer through two surfaces rather than one. To transfer the same amount of heat, a double-
wall heat exchanger must be larger than a single-wall exchanger.
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Air-to-liquid heat exchangers

o Solar heating systems with air-heater collectors usually do not need a heat exchanger 
between the solar collector and the air distribution system. Some solar air-heating systems 
are designed to heat water if the space heating requirements are satisfied. These systems 
use air-to-liquid heat exchangers, which are similar to liquid-to-air heat exchangers.
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Types of heat exchangers



Typical heat exchangers
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Coil-in-tank heat exchanger

o The heat exchanger is a coil of tubing in 
the storage tank.

o It can be a single tube (single-wall heat 
exchanger) or the thickness of two tubes 
(double-wall heat exchanger). 
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Shell-and-tube heat exchanger
o The heat exchanger is separate from (external 

to) the storage tank. It has two separate fluid 
loops inside a case or shell.

o The fluids flow in opposite directions to each 
other through the heat exchanger, 
maximizing heat transfer. 

o In one loop, the fluid to be heated (such as 
potable water) circulates through the inner 
tubes. In the second loop, the heat-transfer 
fluid flows between the shell and the tubes of 
water. 

o The tubes and shell should be made of the 
same material. When the collector or heat-
transfer fluid is toxic, double-wall tubes are 
used, and a non-toxic intermediary transfer 
fluid is placed between the outer and inner 
walls of the tubes.
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Tube-in-tube heat exchange

o In this very efficient design, the tubes of water and the heat-transfer fluid are in direct 
thermal contact with each other. 

o The water and the heat-transfer fluid flow in opposite directions to each other. 

o This type of heat exchanger has two loops similar to those described in the shell-and-tube 
heat exchanger.
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Types of Heat-Transfer Fluids

o Water- Water is nontoxic and inexpensive. With a high specific heat, and a very low viscosity, it's easy to pump.
Unfortunately, water has a relatively low boiling point and a high freezing point. It can also be corrosive if the pH
(acidity/alkalinity level) is not maintained at a neutral level. Water with a high mineral content (i.e., "hard"
water) can cause mineral deposits to form in collector tubing and system plumbing.

o Glycol/water mixtures- The most common fluid used in closed solar water heating systems is propylene glycol.
Glycol/water mixtures have a 50/50 or 60/40 glycol-to-water ratio. Ethylene and propylene glycol are
"antifreezes." Ethylene glycol is extremely toxic and should only be used in a double-walled, closed-loop system.
food-grade propylene glycol/water mixtures can be used in a single-walled heat exchanger, as long as the
mixture has been certified as nontoxic. Make sure that no toxic dyes or inhibitors have been added to it. Most
glycols deteriorate at very high temperatures. The pH value, freezing point, and concentration of inhibitors
should be checked annually to determine whether the mixture needs any adjustments or replacements to
maintain its stability and effectiveness.

o Refrigerants/phase change fluids-These are commonly used as the heat transfer fluid in refrigerators, air
conditioners, and heat pumps. They generally have a low boiling point and a high heat capacity. This enables a
small amount of the refrigerant to transfer a large amount of heat very efficiently. Refrigerants respond quickly
to solar heat, making them more effective on cloudy days than other transfer fluids. Heat absorption occurs
when the refrigerant boils (changes phase from liquid to gas) in the solar collector. Release of the collected heat
takes place when the now-gaseous refrigerant condenses to a liquid again in a heat exchanger or condenser.
Evacuated tube heat pipe solar collectors use this kind of fluid.
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Hot Water Tank with Heat Exchanger 

o Ready to install Play & plug design with 
Capacity 1000 litres and insulated with 
foaming polyurethane/ Rockwool of 
thickness 85mm, All the elements of heat 
exchanger shall be as per relevant Indian 
Standard or as per TEMA Class C 
construction, with overall technical 
specifications as

o Heat exchanger of 316 stainless steel, 
titanium, copper-nickel, or brass, with a 
capability of withstanding temperatures of 
at least (160OC). Tube-in-tube copper side-
arm heat exchangers are acceptable for 
appropriate system types.
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Average efficiency Greater than 60%

Max standby loss in 24 

hours
2.5 kWh

Heat exchanger (if 

applicable)

Copper/SS 304/IS 1730 

grade

Minimum thickness
1 mm for 500LPD and 

1.6mm for 1000 LPD

Heat exchanger efficiency >92%

Working pressure 3-6 Pa

Inlet/Outlet pipe (primary 

loop)
3/4” dia

Inlet/Outlet pipe 

(secondary loop)
1/2” dia

Stagnation temperature 160 Deg. C

Pressure relief 

value/safety value
6 bar

Cladding and insulation As per specification



Storage tank

o A storage tank is necessary to hold water heated by the solar water heating system. 

o a storage in the form of a well insulated metal/polymer tank is necessary to store the water 
heated by solar energy. Usually the storage is designed for overnight storage i.e. the hot 
water generated is available for use till next day morning. 
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Storage tank- Maintenance

o replacement of the combined “safety (pressure) and one-way valve” in the inlet of the cold 
water to the tank 

o inspection of the inside of the tank and removal of any mineral deposits from the domestic 
water 

o inspection of the electric heater and the thermostat 

o inspection of the anode 

o inspection of the metal flange with the electric heater, thermostat and the anode 

o replacement of the sealing flange of the above metal flange 

o inspection for leaks at the connection points of pipes which were dismantled 

o replacement of washers (blue, red) in the tank at the points of the inlet and outlet pipes.
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Cold Water Tank

o This tank provides cold water supply to the solar storage tank. It can be a normal plastic 
tank. 

o The capacity of OHT depends on the size of solar water heating system. Normally OHT size 
should be greater than the size of solar hot water tank.
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> 6’’
Bottom of over head cold 
water tank should be at 
least 150 mm (6 inches) 
higher than the top of 
solar tank. 



Thermal Conductivities of Select Materials
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Material Thermal Conductivity, W/mK

Copper 401

Silver 429

Gold 317

Aluminum 237

Steel 60.5

Limestone 2.15

Bakelite 1.4

Water 0.613

Air / vacuum 0.0263

Rockwool 0.044



Insulation

o Insulation is required for hot water tank & every part of hot water line including vent pipe.

o Every inch of hot water pipe & storage tank should be properly insulated. The insulation 
should be properly clad with aluminum cladding.
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Insulation of solar tanks Insulation of hot water pipe 

Commonly used insulation material 
 Rock wool: density 48 kg/m3 
 Glass wool 
 PUF: density 28 – 32 kg/m3 

Minimum thickness* 
 50 mm for PUF 
 100 mm Glass wool or Rock wool 
 Aluminum cladding of 24 or 26 SWG 

Commonly used insulation material 
 Rock wool: density 48 kg/m3 
 Glass wool 
 Nitrile rubber 

Minimum thickness* 
 50 mm Glass wool or Rock wool 
 12 mm Nitrile rubber 
 Aluminum cladding of 24 or 26 SWG or PVC 

pipe cladding 

*Thickness of the insulation should be doubled for sub – zero regions



Thank You 

WORLD INSTITUTE OF SUSTAINABLE ENERGY (WISE) 

PUNE, INDIA 
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• Pol icy  research and advocacy

• Energy Regulat ions and Tariff

• Energy Eff ic iency 

• Renewables  - Solar,  Wind,  B iomass

• Climate change and Sustainabi l i ty  

• Training and Capacity  Bui lding


