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PRACTICE EXERCISES



Exercise 1: Radiators
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 The heating demand of a 4x4 m2 room to maintain operative temperature of 20oC is 80 W/m2.
 What should be the inlet water temperature (𝑻𝑻𝒘𝒘𝒘𝒘 ) of the single-wall radiator Type 10 when it

is undersized vs. oversized?
 Use a table provided from a manufacturer’s catalogue.
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 Depending on the space available for the radiator
and a designers choice, there could be the following
options available from the table:

𝑸𝑸𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 = 𝑸𝑸𝒇𝒇𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 ∗ (
𝜟𝜟𝑻𝑻𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂
𝜟𝜟𝑻𝑻𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

)𝒏𝒏

A
B

Option A:

𝜟𝜟𝑻𝑻𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 = (𝑻𝑻𝒘𝒘𝒘𝒘+𝑻𝑻𝒘𝒘𝒘𝒘)
𝟐𝟐

− 𝑻𝑻𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 = (𝑻𝑻𝒘𝒘𝒘𝒘+𝑻𝑻𝒘𝒘𝒘𝒘−∆𝑻𝑻)
𝟐𝟐

− 𝑻𝑻𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓

𝑻𝑻𝒘𝒘𝒘𝒘 = 47.7 + 25 = 72.7oC

𝜟𝜟𝑻𝑻𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 = ⁄𝑸𝑸𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝑸𝑸𝒇𝒇𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂
1/𝑛𝑛

� 𝜟𝜟𝑻𝑻𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

 The following correlation should be applied (slide 33):

𝜟𝜟𝑻𝑻𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 = 𝑻𝑻𝒘𝒘𝒘𝒘 −
∆𝑻𝑻
𝟐𝟐
− 𝑻𝑻𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 = 𝑻𝑻𝒘𝒘𝒘𝒘 − 𝟓𝟓 − 𝟐𝟐𝟐𝟐 = 𝑻𝑻𝒘𝒘𝒘𝒘 − 25

equal

 For given room temperature and assuming the maximum temperature drop of water (10 K): 

𝑻𝑻𝒘𝒘𝒘𝒘 − 25 = ⁄𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 1/1.3242 � 𝟓𝟓𝟓𝟓 𝑻𝑻𝒘𝒘𝒘𝒘 = 50.3 + 25 =75.3 oC

Option B: 𝑻𝑻𝒘𝒘𝒘𝒘 − 2𝟓𝟓 = ⁄𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 1/1.3215 � 𝟓𝟓𝟓𝟓

 Inlet water temperature can be found as:

“Oversized” radiator
B has a larger heat
exchange area
leading to a lower
supply water
temperature

Exercise 1: Radiators
 Total heat required is 

𝑸𝑸𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 = 4 × 4 × 80 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝑊𝑊

• Option A (undersized): 1271 W, 750 x 1800 mm
• Option B (oversized): 1356 W, 900 x 1650 mm



Exercise 2: Radiant Embedded System (Type A)
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 Indoor temperature: 𝑻𝑻𝒐𝒐𝒐𝒐 = 20oC
 System Type: type A
 Pipe spacing: W = 15 cm
 Pipe diameter: D = 25 mm
 Thermal resistance of the floor covering: 𝑹𝑹𝝀𝝀,𝑩𝑩 = 0.15 m2K/W
 Thickness 𝒔𝒔𝒖𝒖 = 10 mm
 Design heat load: 𝒒𝒒 = 80 W/m2

 Parameters of the system are provided (see next slide)

Determine:
 Difference between average temperature and room (∆𝑻𝑻𝒉𝒉)
 Supply water temperature (𝑻𝑻𝒘𝒘𝒘𝒘) *
 Compare the supply temperature of the embedded

system with the temperature of the radiator

* Water temperature difference between supply and outlet 
of embedded systems is typically limited to 𝑻𝑻𝒘𝒘𝒘𝒘 − 𝑻𝑻𝒘𝒘𝒘𝒘 = 5K

1 – floor covering
2 – weight bearing and thermal              
diffusion layer (cement screed)
3 – thermal insulation
4  - structural base
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Source: ISO 11855-2

Exercise 2: Radiant Embedded System (Type A)
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∆𝑻𝑻𝒉𝒉= 𝑞𝑞/(𝐵𝐵 � 𝑎𝑎𝐵𝐵 � 𝑎𝑎𝑊𝑊
𝑚𝑚𝑤𝑤 � 𝑎𝑎𝑈𝑈

𝑚𝑚𝑢𝑢 � 𝑎𝑎𝐷𝐷
𝑚𝑚𝐷𝐷) = 𝑞𝑞/(6.7 � 0.491 � 1.134−1 � 1.03053.5 � 1.0241.24)= 80/3.3188 = 24.1 K

o 𝒎𝒎𝒘𝒘 = 1 − ⁄𝑊𝑊 0.075 = 1 − ⁄0.15 0.075 = 1 − 2 = − 1
o 𝒎𝒎𝒖𝒖 = 100 � 0.045 − 𝑠𝑠𝑢𝑢 = 100 � 0.045 − 0.01 = 3.5
o 𝒎𝒎𝑫𝑫 = 250 � 𝐷𝐷 − 0.020 = 250 � 0.025 − 0.020 = 1.24

o 𝑩𝑩=6.7 W/(m2K)
o 𝒂𝒂𝑩𝑩 = 0.491 - surface covering factor
o 𝒂𝒂𝑾𝑾 = 1.134 - the pipe spacing factor
o 𝒂𝒂𝑼𝑼 = 1.0305- the screed covering factor
o 𝒂𝒂𝑫𝑫 = 1.024 - the pipe external diameter factor

1. Find heat-exchanger specific factors using the tables from the standard ISO 11855-2:  

2. Find ∆𝑻𝑻𝒉𝒉 from the relationship 𝒒𝒒 = 𝑩𝑩 � 𝒂𝒂𝑩𝑩 � 𝒂𝒂𝑾𝑾
𝒎𝒎𝒘𝒘 � 𝒂𝒂𝑼𝑼

𝒎𝒎𝒖𝒖 � 𝒂𝒂𝑫𝑫
𝒎𝒎𝑫𝑫 � ∆𝑻𝑻𝒉𝒉

3. Find water supply temperature 𝑻𝑻𝒘𝒘𝒘𝒘 using the definition of ∆𝑻𝑻𝒉𝒉 for a given (𝑇𝑇𝑤𝑤𝑤𝑤−𝑇𝑇𝑤𝑤𝑤𝑤) = 5 K 

∆𝑻𝑻𝒉𝒉= 𝑇𝑇𝑤𝑤𝑤𝑤−𝑇𝑇𝑤𝑤𝑜𝑜
ln[ �𝑇𝑇𝑤𝑤𝑤𝑤−𝑇𝑇𝑜𝑜𝑝𝑝 𝑇𝑇𝑤𝑤𝑜𝑜−𝑇𝑇𝑜𝑜𝑝𝑝 ]

= 5
ln[ ⁄𝑇𝑇𝑤𝑤𝑤𝑤−20 (𝑇𝑇𝑤𝑤𝑖𝑖−5)−20 ] 𝑻𝑻𝒘𝒘𝒘𝒘 = 46.7oC

4. Supply water temperature for the embedded radiation system is lower compared to radiators. The 
temperature reduction is mainly attributed to the larger surface area occupied by the radiant system (16 
m2 vs 1.485 m2 , case B).

𝑎𝑎𝐵𝐵 =

1
𝛼𝛼 +

𝑠𝑠𝑢𝑢,0
𝜆𝜆𝑢𝑢,0

1
𝛼𝛼 +

𝑠𝑠𝑢𝑢,0
𝜆𝜆𝐸𝐸

+ 𝑅𝑅𝜆𝜆,𝐵𝐵

Exercise 2: Radiant Embedded System (Type A)

𝒂𝒂𝑩𝑩 =
1

10.8 + 0.045
1

1
10.8 + 0.045

1.2 + 0.15
= 𝟎𝟎.𝟒𝟒𝟒𝟒𝟒𝟒
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