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Alternative Measurements of Heat Flow Density in Space  
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Abstract : The article is focused to alternative measurement of heat flow density in space. There is  describe the 

construction of this equipment. The device will be used to determine heat loss through walls in buildings, pipework, 

cold stores, heat storage systems ( U value), further to calorimetry, measuring the thermal characteristics of 

substances and technical applications in which temperature difference is used as a control variable. The device 

allows measurements in situ conditions. 
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1 Introduction 

       Thermal comfort or thermal discomfort are two 

diametrically opposed conditions, which one feels in 

the internal environment of buildings. Boundary 

between the subjectively perceived states of perception 

of the human satisfaction with the environment should 

be verified by objective measurements. The purpose of 

this paper is to describe a measuring system for 

determining the density of heat flow in the 

environment. 

 
Table 1 Interaction of person with thermal environment – 

their elements [1,2] 

Thermal comfort = balance between person and 

environment should be ensured by: 

- Indoor temperature 

- Medium radiation temperature 

- Air velocity   

- Isolation of human clothing   

- Resistance of clothing against the 

evaporation of sweat   

- Human metabolism 

- Occupation – activity 

Thermal discomfort creates 

- Heat radiation asymmetry 

- Excessive temperature gradient of air 

- Draught, air flow 

- Too hot or cold floor 

- Too hot or cold ceiling 

 

 

 

Table 1 shows the thermal discomfort such as too cold 

or hot floor or ceiling. This may be also a cold window 

glass in winter or hot radiator or technology or 

excessive radiation through the same glass in solar 

radiation. What are these values in relation to 

legislative requirements? - It is necessary to determine 

it by measurements. 

 

 

2     Heat transfer in the space and the 

reasons for the measurement of heat flows  
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In the interiors of buildings, the heat spreads by 

convection, conduction and radiation. Imagine a three-

dimensional space of coordinates (x, y, z) and there 

a person in an activity. Climatic conditions of space are 

non-stationary by the influence of: 

 non-stationary conditions in the exterior and 

adjacent interiors; a heat flow takes place 

between our three-dimensional space and 

surrounding through building structures,  

 in the interior of the considered space, there can 

be made a fluctuation of climate conditions by 

machines̓ activity or other technology of 

environment (heating system, lighting, 

ventilation, air conditioning, etc.), thereby it also 

changes the heat flows in the interior.   

Spread of heat flows in the space (in the air) may be 

varied. Heat flows have the following parameters [3]:  

a) its size - value (W.m-2), 

b) direction (with respect to coordinates x, y, z), 

c) spatial distribution, 

d) exposure – contact time, 

e) features: what is the nature of the heat flow – 

the heat flow by circulation (convection) Qc 

or the heat flow by radiation Qr. 

The measurement of the total heat flow density by 

convection and radiation in situ may be performed by 

using heat plate to measure the heat flow density. Heat 

flow sensor was originally designed to measure the 

value U in building structures (walls).  

 

3   Measuring principle, heat flux sensor 

plates (wall for measuring U value) [4] 
 

Heat flux plates are sensitive sensors permitting precise 

measurement of heat flow densities (q) (= energy per 

time and surface). A heat flux sensor plate laid on the 

measuring point to be tested generates a resistance to 

the heat flow it thus restricts. As heat passes through 

the thickness of the plate a temperature gradient is 

formed proportional to the density of the heat flow. 

Heat flux sensor plates comprise a meander array of 

numerous inversely connected thermocouples 

embedded in a substrate. With thick substrate materials 

the plates are designed with a margin round the 

meander array sufficient to prevent free lateral 

circulation of the heat flow. The heat flow values 

obtained always refer to the surface covered by the 

meander array; they are averaged over this surface. 

These active sensors provide signals in the millivolt 

range that can be evaluated fairly easily. 

 

 
 

Figure 1 : Measuring principle U value [4] 

 

TLi = Air temperature, inside [°C] 

TLa = Air temperature, outside [°C] 

TWi = Wall temperature, inside surface [°C] 

TWa = Wall temperature, outside surface [°C] 

q = Heat flow density [W.m-2],  

R = Thermal conductance resistance of the wall 

layer(s) [m2K.W-1] 

Ri = Thermal surface transfer resistance on the inside 

of the structural element [m2.K.W-1] 

Ra = Thermal surface transfer resistance on the inside 

of the structural element [m2.K.W-1] 

αi = Thermal surface transfer coefficient, inside    

[W.m-2.K-1] 

αa = Thermal surface transfer coefficient, outside 

[W.m-2.K-1] 

λ = Thermal conductivity of the wall layer(s)       

[W.m-1.K-1] 

s = Thickness of the wall layer(s) [m] 

U = Thermal transmittance coefficient [W.m-2.K-1],  

U = q : (TLi –TLa) 

 

Alternative use of heat flux plates ALMEMO 

 

Heat flux plates are used in a wide variety of areas in 

the natural sciences and applied technology. 

1. To determine heat loss through walls in buildings, 

pipework, cold stores, heat storage systems (U value). 

2. Calorimetry, measuring the thermal characteristics 

of substances. 

3. Technical applications in which temperature 

difference is used as a control variable. 

4. Another suggested possibility according to Figure 

no. 2 is the determination of the heat flow density of q 

(W.m-2) in workplace air, the heating and convection 

element at a certain distance from the surfaces, which 

radiate them. 
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Figure 2 Measuring principle q value [5] 

 

 

4   The sequence of development of system 

for the measurement of q- value 

Plate is used for the system (type of the marked plate 

FQ A018C + ZA 9007-FS) to the measuring system 

ALMEMO 2290-8 of Ahlborn Company. 

It is possible to construct the system for measuring the 

value in one direction in space (e.g. x direction), or in 

two or three directions of the considered point in space:  

1. Prepare 1, 2 or three plates, according to the 

measuring need. 

2. Construct a structure to attach the plates of 

heat insulting and heat resistant material for 

two or three plates. Fix the plates to the side 

frame so that the sufficient space remains 

between them for airflow (Figure 4). If only 

one plate is applied, only one hanging hitch is 

made on the stand (Figure 3). 

3. Join together the cable line from the plates. 

4. Integrate the connectors to the device 

Almemo 2290-8. 

5. Take measurements (immediate or 

continuously recorded) 

 

 
 
Figure 3 A measuring system for determining the value of q 

in one-way circulation of heat flow 

 

 

 

 

Figure 4 A measuring system for determining the value of q 

in the two directions of circulation of heat flow 
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5    Conclusions 

 

The above mentioned system can be used for:  

- measuring the heat flow density in the residence 

(action) of person, at one point and in one direction 

of heat flow (e.g. xy – parallel to the floor) and 

comparing with requirements to ensure thermal 

comfort - system 1D (dimension), 

- measuring the heat flow density in the residence 

(action) of person, at one point and in two 

directions (e.g. xy – parallel to the floor, xz – 

parallel to the outer wall 1) and comparing with 

requirements to ensure thermal comfort – system 

2D, 

- measuring the heat flow density in the residence 

(action) of person, at one point and in several 

directions (e.g. xy – parallel to the floor, xz – 

parallel to the outer wall, yz – parallel to the inner 

wall 1) and comparing with requirements to ensure 

thermal comfort - system 3D, 

- measuring the heat flow density in the residence 

(action) of person, at several points simultaneously 

(multiple systems) and continuous recording of 

changes and for the subsequent creation of the map 

of heat flows in space. According to the choice of 

the system 1D and 3D, there are also given the 

possibilities of image, 

- determining the integrated operation of heat flows 

from multiple sources that may be affected by a 

radiation component. Determination of the 

influence of different heat flows to devices or 

sensitive equipment or technology, where the 

stationary climatic conditions are necessary, 

- verifying the program solutions (simulations of the 

size and direction of heat flows) with the real state. 
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