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CALORIMETRIC METHOD FOR MEASURING THE EMISSIVITY 

OF COATINGS AND MATERIAL SURFACES 

Summary: The aim of the work is to demonstrate the possibility of using the calorimetric 
method for measuring the emission factor without vacuuming the volume of the measuring 
chamber, taking into account the heat exchange from the radiator to the surface of the sample 
through the air layer, is substantiated. 
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KALORYMETRYCZNA METODA DO MIERZENIA EMISYJNOŚCI 

POKRYĆ ORAZ POWIERZCHNI MATERIAŁU 

Streszczenie: Celem pracy było pokazanie możliwości użycia metod kalorymetrycznych do 
pomiaru emisji czynnika bez pomiarów z zastosowaniem komory próżniowej.  
W zaproponowanej metodzie uwzględnia się wymianę ciepła z radiatora na powierzchnie 
próbki przez warstwę powietrza; to podstawowa idea proponowanego podejścia. 
 
Słowa kluczowe: pomiary emisyjności, metoda pomiarów kalorymetrycznych, współczynnik 
emisyjności 

1. Introduction 

For real bodies, the emissivity is a complex function that depends on the nature of 
the radiating body, its temperature, the surface condition, and for metals - on the 
degree of oxidation of this surface. 
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Determination of the emissivity is relevant for a lot of research cases, in particular 
when determining the properties of energy efficient windows, coatings and composite 
materials in space technology, in pyrometric measurements and thermal imaging  
[1 ... 6]. 

Among of the emissivity measurement experimental methods are worth to point 
the following: radiation method, calorimetric method, a method of regular mode, 
continuous heating method with constant speed. 
The radiation method is a relative method [7]. It based on the comparison of the 
radiation of the body under study with the radiation of an absolutely black or other 
reference body with a known radiation coefficient.  

The calorimetric method based on the direct measurement of the radiation flux from 
the examined sample [7]. This method is absolute. The emissivity of sample is 
determined by the Stefan-Boltzmann law. 
In all methods, the heat exchange by convection and the heat conductivity of the air 
should be very small compared with radiation. 

Stationary laboratory devices, as a rule, provide measurements in a wide 
temperature range with vacuuming a working chamber [8] for reduce the conductive-
convective component of heat exchange. In this device, the radiating surface with 
known characteristics and the receiving surface of the test sample are parallel and 
placed at relatively small distance (several millimeters) in the vacuumed space. 

The aim of the work is to demonstrate the possibility of using the calorimetric 
method for measuring the emission factor without vacuuming the volume of the 
measuring chamber, taking into account the heat exchange 

2. Method description and Simulation model 

Device without vacuuming the working chamber, which includes the emitter and 
the reference and tested samples placed on the heat flux sensors installed on the cooled 
heat exchanger. The working chamber of such device is formed by a top emitter, a 
bottom heat exchanger and polished side walls which have a heat-exchanger 
temperature. In such device, the emitter is placed at a sufficiently large distance from 
the sensors with samples, so the influence of conductive heat exchange is greatly 
reduced. 
The simplified equation for heat flux measuring with the radiation method of 
supplying thermal energy is written based on the Stefan-Boltzmann law [5] under the 
assumption that conductive-convective heat exchange through the air is absent and 
boundary effects and distortions of the thermal field are not taken into account through 
them: 

4 4
1 3( )comq Т Тε ϕ σ= ⋅ ⋅ ⋅ −  (1) 

Where ϕ – angle coefficient of radiation, which takes into account the shape and size 
of the surfaces involved in the heat exchange, their mutual arrangement; σ – Stefan-

Boltzmann constant; 1Т  – a temperature of the upper end surface; 3Т – a temperature 
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of the bottom end surface; εcom – complex emissivity which can be found by equation 
(2): 
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Formation of the heat flux occurs by maintaining the difference in temperature of 
the source of thermal energy and heat transfer, taking into account the energy emitted 
by the surfaces of heat exchange, their mutual arrangement and thermal radiation 
characteristics. 

The accuracy of measurements in devices of this type depends on the influence of 
conductive-convective heat transfer, and on the homogeneity of the measured density 
of the heat flux. To minimize the methodical component of the measurement error, it 
is necessary that the samples and sensors be in the zone of one-dimensional heat flux, 
so that the measured density of the heat flux will be equal to the density of the heat 
flux through the sample. 

Simulation of radiation-convective heat exchange in the device was done to 
determine the zone with the permissible unevenness of the heat flux and to estimate 
the influence of conductive-convective heat transfer on the accuracy of measurement. 

The simulations were carried out using the ANSYS CFX software package. The 
object of the simulation is a closed cylindrical cavity, which simulates the device [9]. 
The cavity is filled with atmospheric air.  

The radius of the cylinder is r = 95 mm, the height H = 260 mm. The top surface 
was heated, and the bottom perceived heat (radiation, conductive and convective). 
Material of the side surface - polished aluminum. 

An unstructured combined grid, built using the ANSYS CFX Mesh and object of 
the simulation are presented on Fig. 1. 
 

Figure 1. Object of the simulation and Grid mesh 
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Simulation mesh parameters shown in Table 1. 

Table 1. Simulation mesh parameters  

Inflation 

Method Smooth transition 
Transition Ratio 0.2 
Maximum Layers 15 
Growth Rate 1,2 

Max Face Size, m 1,0 Е-2 

Max Size, m 1,0 Е-2 
Number of Nodes 47 thousands 
Number of Elements 125 thousands 

 
The boundary conditions of the simulation are given in Table 2. 

Table 2. Boundary conditions 

Border Temperature, К Emissivity 
Top Surface 393 … 1000 0,95 
Side Surface 300 0,1 … 0,2 
Bottom Surface 300 0,95 

 

The air was considered an ideal gas. The dependence of isobaric heat capacity on 
temperature was determined by a polynomial dependence: 
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where R – gas constant; a0…a4 – polynomial coefficients. 
The dependence of the coefficient of dynamic viscosity and the thermal 

conductivity of air on the temperature was given by Sutherland's formulas: 
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where µ0, λ0 – base values of the coefficients of dynamic viscosity and thermal 
conductivity; Т0 = 273,15 K  – base temperature of the air. 

The Navier-Stokes equations averaged by Reynolds were solved for viscous heat 
conducting gas in stationary formulation using a complete energy conservation 
equation as a heat exchange model  
The effect of gravity was taken into account in the direction of the Z axis.  
Radiation heat exchange was modeled using the Discrete Transfer model. 
The required diffusion reflection coefficient Rd for the side surface (aluminum) is 
taken to be equal to 0.1, according to the results showed in [10]. 
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3. Simulation results and verification of the model 

The vector field (Fig. 2) and the field of values of air velocity (Fig. 3) shows in 
the central section of the cylinder. As can be seen from Fig.2, a vortex structure is 
formed in the lower angular zone. Near the side surface there is a downstream, and in 
the central zone - lifting. 

Near the bottom surface, the field of velocity along the longitudinal axis is fairly 
uniform, with the value w being about 1.5 mm/s. It should be noted that the impact of 
convection on the total heat flux is rather insignificant. The total contribution to the 
total heat exchange of convection and the thermal conductivity does not exceed 0.1%, 
that is, it can be assumed that the entire heat flux is transferred by radiation. 
The temperature field of the air medium at the central intersection of the cylindrical 
cavity at a temperature of the upper end surface Т1 = 175 ° C. As can be seen from the 
Fig. 4, the main longitudinal temperature gradient is located near the Top end surface 
and at a distance from it, the air temperature changes slightly.  

 

Figure 2. Air velocity in the central section of the cylinder 
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Figure 3. The value of the axial velocity in the central section of the cylinder 

 

Figure 4. Temperature field in the cylinder cavity (central section) 

Number of rays in the proposed simulation model n = 32 was used [11]. 
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For verification of the simulation, the results of experiments were taken [9],  
a comparison of the results of the experiment and the simulation at a temperature of 
the upper face surface 175 °С and a variation in the calculations of the side surface 
emissivity was made: its values were set to 0,1 and 0,2. The results are shown on 
Fig.5. 

 

 

Figure 5. Radial distribution of the heat flux on the bottom surface of the cylinder at 

a temperature of the Top surface T1 = 175 ° C and diffuse reflection coefficient Rd = 

0,1: 1 - experiment; 2, 3 - calculation at the value of side surface emissivity  ε2, 

respectively, 0.1 and 0.2. 

First, it should be noted that the distribution pattern is practically the same for 
experiments and calculations. As can be seen from the Fig. 5, the quantitative 
coincidence of the calculated and experimental results takes place when the level of 
emissivity of the side surface ε2 = 0,2.  

It can be assumed that in the central zone of the bottom heat exchanger  
with a radius of 0.06 m, which is 63% of the radius of the side polished cylinder, the 
uneven distribution of the heat flux does not exceed ± 2%, and this area is suitable for 
measurement. 

In real conditions, sensor only partially covers the lower end surface of the 
cylinder (Fig. 6, green). At the same time, emissivity of the surfaces differ 
significantly: for the sensor surface ε = 0.95 and the rest of the surface ε = 0.2. Despite 
the low temperature of the lower end surface (300 K), this difference, however, can 
affect the total beam heat transfer in the cylinder cavity due to the redistribution of 
heat fluxes. To calculate this case, a computer model was modified - with a selection 
of 0.19x0.03m on the lower surface of the calculation area. 
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Figure 6. Variant where the sensor only partially covers the lower end surface 

The results of simulations and their comparison with the results of experiments 
and preliminary calculations (for the case where the sensor model occupies the entire 
lower surface) for different heater temperatures are shown in Fig. 7 

As can be seen from the Fig. 7, taking into account the difference in the degree of 
blackness of the sensor and the rest of the lower surface of the cylinder leads to an 
increase in heat flow, but this increase is negligible, and amounts to 3.8… 3.9%. 

 

Figure 7. Radial distribution of the specific heat flux on the lower end surface of the 

cylinder different values of the temperature of the upper end surface T1.  

1 - experiment; 2 - calculation at the emissivity of the entire lower surface ε3 = 0,95; 

3 - calculation for the emissivity of the sensor surface ε = 0,95 and the rest of the 

surface ε = 0,2 
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4. Calorimetric device for measuring the emissivity of coatings and 

material surfaces 

Taking into account the results obtained during simulation, modernized the 
measurement system RGU-2 Fig. 8 for calibrating the heat flux sensors and measuring 
the emissivity of coatings and material surfaces. Technical Specifications presented 
Table 3. 

After modernization increased range of measured emissivity coefficient up to 
0.040…0.99. 

Table 4. Technical Specifications 

Thermal radiation Heat flux density range 10 … 10⁴ W/m2 

Range of operating temperature values 300…450 K 
Emissivity 0.040…0.99 

 
Experimental studies of various coatings of energy-efficient glasses have been 

conducted. Results presented in Table 4. 
 

 

Figure 8. Measurement System RGU-2 for calibrating the heat flux sensors and 

measuring the emissivity of coatings and material surfaces 
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Table 4. Experimental Results 

Material Emissivity ε 

Glass: 
k - glass 
i - glass 
Films: 
“Solis-85” 
“Solar-guard 35” 
“Solar-guard 50” 
“Heat mirror 77” 
“HPR 

 
0,23 
0,11…0,12 
 
0,38 
0,31 
0,35 
0,071 
0,045 

5. Conclusions 

A Simulation model for calculating heat exchange in the cavity of a cylinder  
is developed in relation to the modeling the calibration heat flux sensors  
and measurement of the emissivity of coatings and material surfaces. The model 
includes radiant, convective and conducting heat exchange. 

It is shown that the convective and conductive components play a small role  
in the overall heat exchange (up to 0.1%), and their contribution can be neglected. 

The radial distribution of heat flow is practically the same for experiments and 
calculations. 

A good coincidence of the experiment results and calculations  is obtained for  
a variant where the emissivity of the sensor and the rest of the bottom surface  
of the cylinder is ε = 0,95. In the central zone of the bottom heat exchanger with a 
radius of 63% of the radius of the side polished cylinder, the uneven distribution of 
the heat flux does not exceed ± 2%, and this zone is suitable for measurements. Taking 
into account the difference emissivity of the sensor and the rest of the lower surface 
leads to an increase in heat flow, but this increase is negligible, and amounts  
to 3.8… 3.9% 

Modernized the measurement system RGU-2 for calibrating the heat flux sensors 
and measuring the emissivity of coatings and material surfaces. 

Experimental studies of various coatings of energy-efficient glasses have been 
conducted. 
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