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Heating Systems – Heating Surfaces

Heating Surfaces

Piping system

Regulation

Heat Source

Alternative Source

Heat Loss
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Heating Surfaces – Radiators 

 Prefer to have position of 

radiator under the window 

(cooled wall)

 Prefer to have radiator 

that matches the length of 

the window

 Determine optimum mean 

temperature of radiator 

surface

 Cover the heat loss 

through the heat output of 

radiator

Principles of radiator design – convective heating
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Heating Surfaces – Overview

Panel radiatorsTubular radiators

Floor (wall) heating

Convectors

Sectional radiators
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Heating Surfaces – Radiators 

Panel radiators

Classic

Compact

 small water volume

 thin sheet metal

 low weight
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Heating Surfaces – Radiators

Panel radiators
1x flow chamber

1x metal lamellas layer

TYPE 11

2x flow chamber

1x metal lamellas layer

TYPE 21

2x metal lamellas layer

TYPE 22

2x flow chamber

Flow Chamber

Lamellas
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Heating Surfaces – Radiators

Tubular radiators

 standardized profiles (circle, rectangle, …)

 high design variability

 higher weight
The whole radiator is one welded piece!
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Heating Surfaces – Radiators

Sectional radiators

 material variability (grey iron, steel, aluminium, cooper,…)

 higher weight (especially by grey iron radiators)

Demountable by sections!!!
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Heating Surfaces – Radiators

Convectors – floor convectors

Forced convection

Without ventilator => significant 

decrease of heat output !!!
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Heating Surfaces – Radiators

Convectors – wall-mounted convectors

 XXX
Forced convection

Without ventilator => significant 

decrease of heat output !!!

Under-sill convector
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Heating Surfaces – Floor heating

Principles of floor heating design – radiant heating

 Prefer maximum use of 

the floor area

 Usable for low Heating 

water temperatures

 Significant share of heat 

transfer by radiation (up to 

95 %)
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Principles of floor heating design

Heating Surfaces – Floor heating

Floor surface temperature

MAXIMUM FLOOR SURFACE TEMPERATURES

tP = 27 to 28 °C 
at rooms for permanent stay (living rooms, offices, 

...)

tP = 30 to 32 °C 
at service rooms, where people are just temporary

(halls, corridors, stairs, …)

tP = 32 to 34 °C 
at rooms where people mainly walking barefooted 

(swimming pools, bathrooms, spa, …)
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Heating Surfaces – convective vs. radiant
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Heating Surfaces – convective vs. radiant
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Heating Surfaces – Heat output

1. Condition 

Real heat output of any appliance (i.e. radiator) have to be, at minimum, 

equal or greater than calculated heat loss

Heat LossHeat Output ≥
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Heating Surfaces – Heat output

2. Selection

Nominal conditions - i.e. parameters of inlet and outlet temperature of the

water 75/65 °C and air room temperature 20 °C.

Heat output during this standard conditions is designated as „Nominal

heat output QN“

tw2

tw1

ta
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Heating Surfaces – Heat output

3. Recalculation

Nominal heat output is only an ideal case (measured in the calibrated test

booth for nominal conditions).

Real case (design) means mainly different temperatures of inlet and outlet

water, temperatures of air, position of radiator, connecting,…

...N t x o pQ Q f f f f     

fΔt correction factor for temperature difference [-]

fx correction factor for connecting of radiator [-]

fo correction factor for change of environment [-]

fp correction factor for placing of radiator in the room [-]
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Heating Surfaces – Heat output

Correction Factor for Temperature Difference

 
 

 

 
REAL

NOMINAL

n n
k S t t t t t skQ L wm i wm i

Q t t tk S t t NwmN iNN LN wmN iN

      
     

         

• floor heating (surface) n = 1,10

• panel radiators n = 1,26 to 1,36

• tubular radiators n = 1,20 to 1,30

• sectional radiators n = 1,22 to 1,30

• convectors without fans n = 1,30 to 1,50

• convectors with fans n = 1,05 to 1,20

Temperature Exponent
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Heating Surfaces – Heat output

Correction Factor for Temperature Difference
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Temperature Ratio Factor
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Heating Surfaces – Heat output

Example 1:

Heat Loss = 680 W
Heat Output = ???

20 °C

55 °C

65 °C
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Heating Surfaces – Heat output

Example 1: Heat Loss = 680 W65 / 55 / 20 °C

 

 





Q

725 680 

NOMINAL REALQ W

W
725 W valid for 75 / 65 / 20 °C !!!!!!
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Heating Surfaces – Heat output

Example 1: Heat Loss = 680 W65 / 55 / 20 °C
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Heating Surfaces – Heat output

Example 1: Heat Loss = 680 W65 / 55 / 20 °C

 

 





Q

725 680 

NOMINAL REALQ W

W

1 2

1 2

65 55
20 ...

2 2

75 65
20 ...

2 2

w w
i
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  

    
        

  

 
1,3

...
.... 

...

n

t

N

t
f

t


   
      

   
n = 1,3
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Heating Surfaces – Heat output

Example 1: Heat Loss = 680 W65 / 55 / 20 °C

 

 
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 
680

....... 
.......

REAL
NOMINAL
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f
  
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Heating Surfaces – Heat output

Example 1: Heat Loss = 680 W65 / 55 / 20 °C
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Heating Surfaces – Heat output

Correction Factor for Connecting of Radiator
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Heating Surfaces – Heat output

Correction Factor for Connecting of Radiator
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Heating Surfaces – Heat output

Correction Factor for Connecting of Radiator
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Heating Surfaces – Heat output

Correction Factor for Connecting of Radiator
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Heating Surfaces – Heat output

Correction Factor for Change of Environment

-4 % -8 % -13 %

-10 % -15 % +10 %

100 to 150 mm

100 to 150 mm

Ideal Position

Without Obstacles, Shielding,…

OPEN (FREE) SPACE
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Heating Surfaces – Heat output

Correction Factor for Placing of Radiator in the Room
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Heating Surfaces – Heat output

Example 2:

..... ...... ...... .......1000REAL N t x o pQ Q f f f f         
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Heating Surfaces – Floor heating

Heat distribution layer (the one with tubes)

Characteristic floor number

 2 Λ Λ

2
m

π λ d

a b

d

 


 

a heat transfer coefficient upwards from the 

tubes (on the fig. red arrows) W/m2∙K

b heat transfer coefficient downwards from the 

tubes (on the fig. yellow arrows) W/m2∙K

λd thermal conductivity of heat distribution 

layer material (the layer with the tubes) 

W/m∙K

d external tube diameter m
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Heating Surfaces – Floor heating

1
Λ

1



a

i

i P

s

λ α

/

1
Λ

1



b

i

i P

s

λ α

Heat distribution layer (the one with tubes)

si - particular thicknesses of layers above the tubes m

λi - thermal conductivities of layers above the tubes W/m∙K

αp - summary heat transfer coefficient on the W/m2∙K (heat

transfer coeff. by convection and by radiation)

si - particular thicknesses of layers downwards from the tubes m

λi - thermal conductivities of layers downwards from the tubes W/m∙K

αp´ - summary heat transfer coefficient on the W/m2∙K (8 W/m2∙K)
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Heating Surfaces – Floor heating

 
Λ 2

2

a
P i m i

P

l
tgh m

t t t t
lα

m

 
 

     



tp floor surface temperature [°C]

tm mean water temperature °C
ti indoor design temperature °C
m characteristic floor number m-1

a heat transfer coefficient upwards from the

tubes W/m2∙K

P summary heat transfer coefficient by

convection and radiation upwards W/m2∙K

l tubes‘ distance m

36/38

Principles of floor heating design

Heating Surfaces – Floor heating

Floor surface temperature

MAXIMUM FLOOR SURFACE TEMPERATURES

tP = 27 to 28 °C 
at rooms for permanent stay (living rooms, offices, 

...)

tP = 30 to 32 °C 
at service rooms, where people are just temporary

(halls, corridors, stairs, …)

tP = 32 to 34 °C 
at rooms where people mainly walking barefooted 

(swimming pools, bathrooms, spa, …)
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Heating Surfaces – Floor heating

Heat distribution layer (the one with tubes)

The specific thermal heat flux to the room

Specific heat flux of the floor surface downwards
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