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3.

Thermic Solar Energy for Heating

3.1

Conversion of Solar Energy (Solar Radiation) into Thermal
Energy
Solar radiation (energy) impinging on solid bodies increases the oscillation of atoms
(absorption of the solar radiation)
à heat energy is being generated
à irradiance depends on the position of the sun = sunset (latitude, season) and
direction (azimuth, deviance to the south)
The atoms of black colour are only loosely bound to each other
à very intense oscillation of atoms
à very good conversion of solar radiation into heat energy
The conversion of solar radiation into heat energy takes place inside the absorber of
solar panels.
The absorption of “short wave” radiation results in an emission of “long wave” heat
radiation (infra-red radiation).
Absorptance = 1 (100%) à radiation is entirely absorbed
Actual absorption of solar radiation with the black absorber: 92% - 98%
Actual emission of heat radiation with black bodies: 75% - 85%
à “selective” surface coating of absorbers reduces emissions to only 3-5%
(especially titaniumoxinitrid-coating on copper or aluminium and ceramic
coatings)
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3.2

Design Configuration in Principle and
Function of Solar Power Systems
Configuration of a Solar Power System for the Heating of Drinking Water in Principle

The thermal solar collector dissipates global radiation into heat energy and warms
an anti-freezing liquid. The liquid is transported to a heat store.
There are two ways of heat transmission:
1. A facility with a circulation pump
2. Gravitational turnover
(Natural circulation)
Facility with a circulation pump and regulation (cf. scheme)
The heat carrying medium is being circulated by a pump which is turned on and off
by electronic temperature difference controls. The electronic controls compare the
temperature of the store at the solar heat exchanger with that of the collector and
turns on the pump only if the collector is some degrees warmer.
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Gravitational turnover facility
The warming inside the absorber specifically
lightens the solar medium compared with the
medium inside the colder return line. This
process generates an ascending pressure forcing
the collector liquid into the store. Here, the
medium releases warmth and, having gained
in weight, sinks back to the absorber.
This metabolism works self-sufficiently, as long
as the temperature of the absorber exceeds
that of the store.
If the collector and the hot water tank can be
arranged in a position allowing for a gradient
ratio of the connection lines greater than 3%,
ll.
neither pump nor regulation are necessary at all.
Due to its weight and its short lines, this type
of facility suits best for small units (such as
one-family houses) and can be installed on
top of or underneath roofs.
It is compact and very economical.
This type of system is popular in Mediterranean
regions, especially on top of the flat roofs common in those countries.
The fact that climate conditions permit the simple use of drinking water without
additional anti-freezing protection further contributes to the regional popularity
of this system.

3.3

Solar Collector

3.3.1 Absorber and Collector
Absorbers are the most important components of solar panels and more or less
determine their capacities. The following criteria are essential for the efficiency of
absorbers:
- maximal absorption of solar radiation
selective coating
- minimal heat emission
(cf. chapter 3.1)
- good transmission of heat to the heat transmitting liquid (copper, aluminium,
steel)
- short heating period (small volume of liquid, max. 1 l/m²)
- limited flow resistance for the transmitting liquid (pump capacity as low as
possible)
- corrosion resistance (esp. copper, high quality steel, synthetics for swimming
pool absorbers)
- temperature and pressure resistance (temperatures of more than 200°C and
pressures of more than 6 bar occur, use of metals)
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An absorber becomes a collector if losses of energy can be avoided best possible.
poss
- reduction of power losses induced by radiation by means of selectively coated
absorbers or transparently covered absorbers (“greenhouse effect”)
- reduction of power losses due to convection by means of heat insulation,
vacuum isolation (q.v. vacuum tube collectors),
transparent heat insulation (q.v. storage collector)

However, it is not possible to avoid
losses of energy completely
(see illustrated
example alongside).

Hence, components have to
be improved constantly.
Today, for example, glass covers
in use are not only very transparent
(iron-free glass). More and more
of the glass covers are provided
with a special anti-reflection-coating
(only 3% reflection on the glass
surface).
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3.3.2 Types of Solar Collectors

Flat-Plate Collector
The selectively coated absorber is inside an insulated box covered by a highly
transparent glass panel.
- The box is usually made of fibre-glass reinforced plastics, anodised aluminium,
or high quality steel.
The insulation has to be temperature-resistant since the heat surrounding the
absorber can reach at least 160°C. Often, mineral fibrous wool with a heat
conductivity of = 0.035 – 0.040 W/m²K is in use.
The highly transparent glass covering consists of iron-free special glass (safety
glass) with anti-reflection-coating to minimize energy losses due to reflection.

Evacuated Tube Collector
The boxes of these collectors consist of evacuated glass tubes. The vacuum within
the tubes reduces heat losses of the absorber. Since there are no air molecules in
the evacuated tubes, no convection takes place.
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Heat Pipe Collector
Inside the absorber is a liquid which
evaporates at low temperatures.
The steam rises, condenses inside
a heat exchanger and emits
evaporation heat to the storage liquid
flowing by.
The condensate flows back into the pipe.
Installing a heat pipe collector requires a
minimal angle of inclination.
The tubes can be directed to the sun and
may be replaced individually.

Flow-through Vacuum Collector
The solar fluid is pumped right
through the collector. Conductor
fluid directly washes round the
absorber, so the tubes may be
installed in a flat position as well
(e.g. on flat roofs).
Compared with the flat-plate collector,
the heat output is approx. 30% higher,
whereas costs, however, are twice as high.
Hence, the cost-benefit ratio of vacuum
collectors is, especially if they operate on
low temperatures, worse than that of
flat-plate collectors. However, vacuum
collectors are particularly efficient if they
are installed on flat roofs. Further advantages
are the tubes which can be directed southward.
When higher temperatures are demanded, e.g. for supplementary
heating or solar air conditioning systems, vacuum collectors are efficient devices.
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The selective coating of CPC-collectors
(“Sydney”-type) is affixed to the
inner glass tube inside the
vacuum.
The vacuum is permanently sealed
between inner and outer glass
tube.
The concentrating reflectors
on the back side bundle solar
radiation even at an oblique angle
of incidence (up to a max.
deflection of 70°).

Storage Collector
Storage collectors combine the functions of flat-plate collectors and water storages.
The water storage inside the collector, e.g., consists of two coated tubes with a total
capacity of 140 litres (for drinking water!). A so-called “transparent heat insulation”,
a translucent honeycomb structure, is placed underneath the glass cover. This
insulation, which can be made of polycarbonate, noticeably reduces heat losses
emitting through the glass cover. The large heat quantity of 140 litres of water
stored inside the collector makes this reduction of heat losses particularly important.
A collector with a capacity of 140 litres of hot water and a collector area of approx.
2m² can meet the daily demands of a household with three members.
Storage collectors are rather simple and safe constructions. They can be operated
without glycol-water-mixtures (anti-freeze protection!) and they need neither
pumps nor automatic control systems.
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Solar Air Heater
Air heaters are different kinds of flat-plate collectors using air instead of water as
heat carrier medium. The constructions are very similar. However, the metal heat
storage of air collectors, which is placed under the glass cover, has, due to the
vo
characteristics of air, a comparatively large volume.
As a result, air heaters are less
flat than water collectors.
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3.3.3 Collector Efficiency
The degree of efficiency is defined as the proportion of solar radiation energy (H in
kWh/m²) a collector is able to convert into serviceable heat energy (Q in kWh/m²).

Q availableheat energyin kWh / m²
H solar radiationenergyin kWh / m²
The quantity of serviceable energy equals the energy impinging on the collector
(global radiation) minus optical and thermal losses.
The degree of efficiency alters, depending on the intensity of irradiance and the
temperature difference between absorber and environment. So, the efficiency of a
collector is indicated by a curve in a diagram, not by a constant value.
The optical degree of efficiency, 0 , equals the efficiency with only optical losses
(reflections, etc.) being accounted for and the temperature difference (heat losses,
etc.) being defined as zero. The optical degree of efficiency is the maximal efficiency
of a collector. It is a sign of quality and informs about the state of the transparent
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cover and the absorber. (
absorbers)

0

0.8...0.83 with collectors;

0

0.88 with swimming-pool

The higher the heat losses of collectors, the more will the curves indicating
efficiency plunge down. Convection and radiation losses are indicated by the loss
factors k0 in W/m²K and k1 in W/m²K².

k

0

k0

T

k0

T

k1

k1

T²

(relevant T 40 K)

T ² applies to collectors.

Heat loss factors inform about quality as well. Good collectors show the following
properties:
Flat-plate collectors
Evacuated tube collectors

k
k

3.5 W/m²K
1.1 W/m²K

Given T= 40 K and a global radiation of H = 800 W/m², good collectors perform as
follows:
Flat-plate collectors
Evacuated tube collectors

0.62 (60%)
0.73 (75%)

The key value to determine the quality of a collector is the heat output generated
and measured in tests (with the same test facilities and the same test procedures!).
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3.3.4 Applications of Collectors
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