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Section IV:  
MEASUREMENTS IN THE INDUSTRY

Introduction
The need for information on thermophysical 

properties (TPP) of thermally insulating materi-
als arises during the design of new technological 
processes, during product quality control in real-
time operating production processes, as well as in 
mathematical modeling and in solving problems 
of optimizing modernized industries [1-6]. The 
main approach to obtain knowledge about TPP of 
new substances and materials is the experimental 
measurement [7].

Relations for calculating estimates of root-mean-
square relative errors in TPP measurements
A mathematical model of the temperature field 

[T(x,τ) –T0] is formulated in a flat semi-infinite 
sample, to which a constant heat flux qc = const 
is applied in the plane х=0 for a time interval  
0 ≤ τ ≤ τи. Based on this model, taking into account 
the introduced dimensionless parameter

γ =(T(x,τ) – T0 )/(Tmax– Т0 ),	 (1)
the following ratios are obtained for calculating the 
measured (desired) values of the thermal diffusivity

a=x2/(4 τ(U(τ’))2),	 (2)
and the heat conductivity 

λ=[(qcx)/(T(x,τ(γ)) –T0 )]F(γ),	 (3)
where x, τ - the spatial coordinate of the sample and 
the time; Т0 - the initial temperature of the material 
(at time τ = 0), taken as the origin of the temperature 
scale in each experiment, that is, Т0 = 0; 

U(τ’)=x/(2(aτ’)1/2)
F(γ)=Ф[U(τ’), τи , τ’]=ierfc[U(τ’)]/ U(τ’)-
-ierfc[U(τ’) (τ’/( τ’- τи ))1/2]/[U(τ’) (τ’/( τ’- τи ))1/2], 
- the values of analytical functions at the time 

( )τ τ γ′ = ′ , depending on the dimensionless param-
eter γ(1), which is the ratio of the current value of 
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the temperature difference [T(x,τ) –T0] at the time τ 
to the maximum value Tmax–T0 of this difference at 
the time τmax; τи – is the duration of the thermal pulse.

In accordance with the recommendations of the 
theory of errors of physical quantities measurement 
and based on the dependencies (2) and (3), the rela-
tions for the calculation of estimates of root-mean-
square relative errors for the measurement of the 
thermal diffusivity has been obtained as follows

(δa)ск=(4(δa)2+[ΔT/(τ’{d[T(x,τ)–T0]/dτ’})]2+ 
[(1/U’)(dU’/dγ)(γ+1)1/2 δ(Tmax–T0 )]2)1/2	 (4)
and for the thermal conductivity 

(δλ)ск=[(δqc)2+(δx)2+{[1/F(γ)][∂F(γ)/∂γ] 
[1+ γ2]1/2 δ(Tmax–T0 )}2+(ΔT/(T(x,τ)–T0 ))2]1/2	 (5)

The following symbols are used in the ratios 
(4) and (5): 

δx=Δx/x, δτ’=Δτ’/τ’, δU(τ’)=ΔU(τ’)/U(τ’) – the 
relative errors for determining the corresponding 
physical quantities x, τ, U(τ’); ΔT – the absolute error 
in measuring the temperature differences; δ(Tmax–T0)- 
the relative error in measuring the maximum value 
of the temperature differences (Tmax–T0).

Results
Using ratios (4) and (5), the following findings 

have been obtained. 
1. To minimize errors (δa)ск during the thermal 

diffusivity a measurement, the experimental data 
processing should be carried out at the values of 
dimensionless parameters in the range 0,45<γ≤0,47, 
and the values of the main structural size of the 
measuring device  should be chosen within a range 
of 4,0 mm<x≤4,5 mm.  

2.  The minimum values of root-mean-
square relative errors (δλ)ск of the heat conduc-
tivity measurement λ occur at 0,95<γ≤1,0 and  
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4,0 mm<x≤4,5 mm 
3. The smallest sum of root-mean-square relative 

errors [(δλ)ск + (δλ)ск] is achieved when the duration 
of the thermal pulse lies within 19 < τ < 23 seconds.

The use of the proposed approach for the selec-
tion of the optimal dimensionless parameter value 
γ, the rational structural size x of the middle plate of 
the sample material and the duration of the thermal 
pulse τи – reduces the measurement error of the 
thermal diffusivity a and heat conductivity λ from 
12…14%  to 5…7 %.
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