
Ch.4 HEATING SYSTEMS 
Heat Emitters 

Radiators and convectors are the principal means of heat emission in 
most buildings. Less popular alternatives include exposed pipes and 
radiant panels for use in warehousing, workshops and factories, 
where appearance is not important. Embedded panels of pipework 
in the floor screed can also be used to create ` invisible ' heating, but 
these have a slow thermal response as heat energy is absorbed by 
the floorstructure. 



Radiators  
Despite the name radiator, no more than 40% of the heat 
transferred is by radiation. The remainder is convected, with a 
small amount conducted through the radiator brackets into the 
wall. Originally, radiators were made from cast iron in three 
forms: hospital, column and panel. Hospital radiators were so 
called because of their smooth, easy to clean surface, an 
important specification in a hygienic environment. Column 
radiators vary in the number of columns. The greater the 
number, the greater the heat emitting surface. 

 



Radiators  
Convectors have a steel casing containing a finned heat exchanger. 

About 90% of the heat emission is convected and this may be enhanced if a 
thermostatically controlled fan is also located in the casing. They are more 
effective than radiators for heating large rooms, and in this situation their 
extra bulk can be accommodated. 





Radiators (cont…..) 

In temperate and cold climates where there is insufficient warmth from 
the sun during parts of the year, heat losses from the human body must 
be balanced. These amount to the following approximate proportions: 
radiation 45%, convection 30% and evaporation 25%. 

Internal heat gains from machinery, lighting and people can contribute 
significantly, but heat emitters will provide the main contribution in 

most buildings. 



Radiant panels 



Panel Heating 
The system consists of 15 mm or 22 mm o.d. annealed copper pipes 
embedded in the floor, ceiling or walls. This has the benefit of avoiding 
unsightly pipes and radiators. Heat distribution is uniform, providing a 
high standard of thermal comfort as heat is emitted from the building 
fabric. However, thermal response is slow as the fabric takes time to 
heat up and to lose its heat. Thermostatic control is used to maintain 

the following surface temperatures: 

Floors : 27  C 

Ceilings : 49C 

Walls :43 C 





Panel Heating 
Joints on copper pipes must be made by capillary soldered 
fittings or by bronze welding. Unjointed purpose-made plastic 
pipes can also be used. Before embedding the pipes they should 
be hydraulically tested 



Underfloor Panel 
Heating – 1 

Current practice is to use jointless plastic pipe in continuous coils. 

Pipes can be embedded in a 70 mm cement and sand screed (50 mm minimum 
cover to tube). In suspended timber floors the pipe may be 

elevated by clipping tracks or brackets with metallic reflective support trays, 
prior to fixing the chipboard decking. Materials include: 

PEX: Cross linked polyethylene. 

PP: Co-polymer of polypropylene. 

PB: Polybutylene. 



Underfloor 
heating(cont…) 

These pipes are oxygen permeable, therefore, when specified for 
underfloor heating, they should include a diffusion barrier. 

Boiler flow temperature for underfloor heating is about 50 C, whilst 
that for hot water storage and radiators is about 80 C. Therefore, where 
the same boiler supplies both hot water storage cylinder and/ 

or radiators and underfloor heating, a motorised thermostatic mixing 
valve is required to blend the boiler flow and underfloor heating return 
water to obtain the optimum flow temperature. 



Underfloor heating 
(cont….) 



Underfl oor Panel 
Heating – 2 

Manifold or header † manifolds are discretely located on a wall or 
within a boxed unit. Manifolds comprise:- 
● Flow ports (2† 12). 
● Return ports (2† 12). 
● Drain valve and hose connection (may be used for filling). 
● Air ventilation valve. 
● Isolating valve to each bank of ports. 
● Visual flow meters to each flow port. 
● Lockshield balancing valve on each return port. 







Expansion Facilities in Heating 

Systems 
In any water heating system, provision must be made for the 
expansion of water. A combined expansion and feed cistern is 
the traditional means. This will have normal expansion space 
under usual boiler firing conditions of about 4% of the total 
volume of water in the system, plus a further third as 
additional expansion space for high boiler firing. Although the 
expansion can be accommodated up to the overflow 

level, there should be at least 25 mm between overflow and 
the fully expanded water level. 



Expansion Facilities 
in Heating 
Systems(cont….) 

Contemporary sealed systems have an expansion vessel 
connected close to the boiler. It contains a diaphragm and a 
volume of air or nitrogen to absorb the expansion. To 
conserve wear on the diaphragm, location is preferred on the 
cooler return pipe and on the negative side of the pump. 
System installation is simpler and quicker than with 

an expansion cistern. The air or nitrogen is pressurised to 
produce a minimum water pressure at the highest point on 
the heating system of 10 kPa (approx. 1 m head of water). 
This is necessary, otherwise when 

filling the system, water would fill the vessel leaving no 
space for expansion. 



Expansion vessels  



Expansion vessels  
Expansion vessels are produced to BS 6144. They 
must be correctly sized to accommodate the 
expansion of heated water without the system 
safety/pressure relief valve operating. The 
capacity of an expansion vessel will depend on 
the static pressure (metres head from 

the top of the system to the expansion vessel), 
the system maximum working pressure (same 
setting as p.r.v.) obtained from manufacturer's 

details and the volume of water in the system 
(approx. 15 litres per kW of boiler power). 



Expansion vessels capacity  



High Temperature, 
Pressurised Hot 
Water Heating 
Systems 

Pressurization allows water to be heated up to 200 C without 
the water changing state and converting to steam. This permits 
the use of relatively small diameter pipes and heat emitters, but 
for safety reasons these systems are only suitable in commercial 
and industrial situations. Even then, convectors are the 
preferred emitter as there is less direct contact with the heating 
surface. Alternatively, radiators must be encased or provision 
made for overhead unit heaters and suspended radiant panels. 
All pipes and emitters must be specified to the highest 
standard. 



High Temperature, 
Pressurised Hot 
Water Heating 
Systems (cont…) 

Water can be pressurised by steam or nitrogen. Pressurised steam is 

contained in the upper part of the boiler. To prevent the possibility 

of the pressurised water ` flashing' into steam, a mixing pipe is required 

between the heating flow and return. Nitrogen gas is contained in a 

pressure vessel separate from the boiler. It is more popular than steam 

as a pressurising medium, being easier to control, clean, less corrosive 

and less compatible with water. Air could be an alternative, but this is 

more corrosive than nitrogen and water soluble. 







Pipework Expansion 
– 1 

All pipe materials expand and contract when subject 
to temperature change. This linear change must be 
accommodated to prevent fatigue in the pipework, 
movement noise, dislocation of supports and damage 

to the adjacent structure. Expansion devices: 

● Natural changes in direction. 

● Axial expansion bellows. 

● Expansion loops. 

Bellows and loops are not normally associated with 
domestic installations. 





Bellows  
Bellows are factory-made fittings normally 
installed ` cold-drawn ' to the total calculated 
expansion for hot water and steam services.  

The bellows can then absorb all anticipated 
movement by contraction. 

Where the pipe content is cold or refrigerated 
fluids, the bellows are compressed during 
installation. 



Pipework Expansion 
– 2 



Example  



Heating Design – ‘ U ’ 
Values 

The thermal transmittance rate from the inside to 
the outside of a building, through the intermediate 
elements of construction, is known 

as the ` U ' value. It is defined as the energy in watts 
per square meter of construction for each degree 
Kelvin temperature difference between inside and 
outside of the building, i.e. W/m 2 K. The maximum 
acceptable ` U ' values vary with building type and 
construction method. 



Heating Design – ‘ U ’ 
Values 



Heating Design – ‘ U ’ 
Values 

Window, door and roof-light areas have been limited 
as a proportion of the overall floor or external wall 
area to reduce the amount of 

heat losses. These areas are no longer defined due to 
considerable improvements in glazing and sealing 
techniques. Nevertheless, provision 

of glazing should be with regard to adequate 
daylighting and the effect of solar heat gains in 
summer. 



EXAMPLE  



Heating Design, Heat 
Loss Calculations – 1 

A heat emitter should be capable of providing 
sufficient warmth to maintain a room at a 
comfortable temperature.  

It would be uneconomical to specify radiators 
for the rare occasions when external 
temperatures are extremely low, therefore an 
acceptable design external temperature for 
most of the UK is  1  C. Regional variations will 
occur, with a figure as low as  4  C in the north. 



Heating Design, Heat 
Loss Calculations – 1 

The following 

internal design temperatures and air infiltration rates are 
generally 

acceptable: 



Practical example  



Heating Design, Heat 
Loss Calculations – 2 

To determine the total heat loss or heating requirement for a 

room, it is necessary to obtain the thermal insulation properties of 

construction. For the room shown on the previous page, the ` U ' values 

can be taken as: 



Example  



Heating Design – Pipe 
Sizes 



Example  





Heating Design – 
Pump Rating 



Example  




