WORKING PRINCIPLES OF
SOLAR THERMAL SYSTEMS



How do solar systems work

* Plant components

* Closed and open circuits

* Natural and forced circulation

 Drain back and integrated storage technology

* How to chose the most suitable technology



Plant classification

water to final user
flows in the collectors

. J

: Closed:

water to the final user

is separated from fluid
flowing in the
collectors.
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Open cycle

Water to final user flows in the collectors:

« Simple circuit

* less heat exchanges, higher efficiency

Disadvantages:
 calcification

* Freezing



Calcification

Calcification occurs in hot water ( ), especially in
running water.

Limestone is an material: it basically reduces heat
transfer efficiency to fluid.

In the hydraulic circuit increase until the pipes
are completely blocked.



Freezing

Freezing risk cannot be excluded even in mild climates: short
periods at temperatures around 0 °C can cause freezing, but
even at temperatures little higher than 0 °C freezing may
occur due to radiation towards the sky.

Volume increase of the fluid can damage the pipes inside the

collector.
Solutions:
» Use of anti freezing fluid
. at night

. of hot water inside the collectors at night



Closed cycle (or double circuit)

Consist of circuit and circuit
(primary for

* heat transfer fluid can be mixed with antifreezing fluid

Disadvantages:
« Complex circuit

* More heat transfer reduce system efficiency



Closed cycle

: GMP Engineering



Closed cycle

Source: GMP Engineering



Which fluid?

The fluid should:
* have a small volume (pipings should be as small as
possible): high density and high specific heat
* not be corrosive

* be chemically inert and stable until 100°C

* not lead to high calcification



Which fluid?

1. WATER (disadvantages: calcification, freezing)
2. Water and ETHILENE GLYCOL (disadvantege: toxic)
3. Water and PROPYLENE GLYCOLE




Heat exchangers

Every closed cycle requires a HEAT
EXCHANGER.

L Heat exchangers for solar systems need
- L high transfer areas, in order to enable the
| plants to work with low temperature
differences.

Most widespread:
* Immersion coll
 tube bundle
e plate




Types of systems

According to the fluid in the collectors:
e open cycles
» closed cycles

According to the type of circulation:
» natural circulation: fluid flow is self regulating due to convection
 forced circulation: a pump and a control unit are required.




Natural circulation

Tank is higher than the .
collector. o RS

The fluid inside the collector 'g'g'TfA"’_C
heats up due to solar
iIrradiation and becomes

lighter, thus flowing towards
the tank.
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Natural circulation

Heat exchangers

Hot water

Cold water
Solar

collector




Natural circulation




Forced circulation

Collectors are higher than the tank @
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Forced circulation

Source: Target/DGS
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Forced circulation




Drain back




Integrated storage




Integrated storage

Collector and storage in one single component:
« flanked pipes (about 10 cm diameter)
« water to end user remains inside the collector
Water content: 80 + 100 |/m?
(0,6 = 2 I/m? for collectors with external tank)



Integrated storage

Source: GMP Engineering



Forced circulation vs natural circulation

Forced circulation

Natural circulation

sabejuenpy

* SUIts to evey size
» flexible hydraulic scheme

« easy to integrate in
buildings

 easy to install
» easy to maintain

* N0 need for external energy

sabeijuenpesi

* higher installation effort
required

 needs centralised heating
system

* higher energy losses

* Suits to decentralised heating
systems




Which system?

CIRCULATION CYCLE MAIN APPLICATIONS

Natural Open « Small systems for domestic hot water (DHW) in
warm climates

« Summer based applications (campings, bathing

facilities)
Natural Closed * DHW systems
Forced Open « Summer based applications (campings, bathing
facilities)
* Pools
Forced Closed « Small DHW systems

* Collective DHW systems

* Pools




