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Abstract. Expertise of innovative materials by non-destructive techniques is a key-goal in 

process engineering development. In this context, if identification of thermal diffusivity of 

liquid is a crucial requirement to develop a reliable mathematical model of knowledge, it is 

essential to propose a complete and valid methodology. Based on the analysis of thermal 

waves propagation (generated by a periodic excitation), an experimentation is developed in 

order to avoid the implementation of a pyroelectric sensor required in usual photopyroelectric 

techniques. The proposed approach is investigated in a trilayer system. Theoretical aspects of 

the identification of thermal parameters in the frequency domain are presented. A feasibility 

study is discussed in order to justify this approach for liquids. A sensitivity analysis is 

implemented in a particular case to provide an optimal experimental bench. Finally 

experimental results for several liquids are presented and discussed.  

Keywords. Parametric identification, non-destructive technique, frequency domain, phase lag 

analysis, optimal design. 



1. Introduction 

In the field of thermal engineering, implementation of identification methods based on the 

analysis of thermal wave propagation (periodically generated by a heater device) presents 

various attractions [1]-[4]. These are illustrated by many applications and can include, for 

example identification of thermal conductivity tensor of orthotropic materials [5] or that of 

thermal diffusivity of fibbers embedded in matrices [6]. Finally, in [7] several experimental 

devices based on periodic methods allowing investigations from micrometer scale to 

decimetre scale are presented.  

In the specific framework of liquid thermal expertise using frequency domain approach, 

literature is less abundant than for investigations of solid materials. The greatest number of 

related references is devoted to photopyroelectric methods (PPEM) using different 

configurations. Such approaches have been used to obtain with great accuracy and sensibility 

thermal diffusivity in liquid samples. Considering the past decade, one can refer to the 

following studies. In [8] an application of PPEM at very low frequencies for thermal 

characterization of organosilane compounds is investigated. In [9], an original sample’s 

thickness scan has been performed in order to identify thermal diffusivity of well known 

liquids as well as water-alcohol mixtures. Vegetable oils thermal diffusivity has been 

identified in [10] using a new liquid-state design of the thermal wave resonator cavity 

(TWRC). Experimental TWRC setup for fluid thermophysical properties measurements has 

been developed in [11] with a specific focus on 1D and 3D model comparisons. 

Photopyroelectric thickness scanning method is proposed in [12] for liquid thermal diffusivity 

identification (silicon oil). In [13], simultaneous determination of thermal effusivity and 

conductivity has been successfully carried out for several liquids in small quantity (water, 

paraffin oil, ethanol, choline) using a self-calibrating approach. Last, a methodology using 



more than three layers has been recently reported in [14] and seems quite attractive in PPEM 

context. 

One of the major difficulties in the thermal characterization of liquids lies in the sample 

setting and its geometry. In the following, an experimental approach is proposed in order to 

avoid the use of a pyroelectric layer such as Lithium Tantalate (LiTaO3), polyvinylidene 

fluoride (PVDF) or lead zirconate titanate (PZT, 0.3 0.7 3PbZr Ti O ) films. Thus, an ordinary cell 

can be considered and the induced experimental simplicity is quite attractive in the framework 

of specific liquids potentially sources of biological hazards or used in medical context. In fact, 

characterization of thermal properties of biological fluids must be regarded with the utmost 

attention given the disparities in the literature. For example, the thermal conductivity of the 

blood may vary between 0.49 and 0.75 -1 -1W.m .K    according to the authors [15], [16], [17], 

[18], [19]. If the temperature rise in the skin induced by a burn or by a medical procedure 

(treatment of tumours by lasers, for example) has to be predicted using numerical models, the 

ignorance of the thermal conductivity of blood can be insurmountable. This key role has been 

pointed out in the prediction of skin burn induced by laser occurrence in [20], [21]. 

In this paper, the feasibility aspects and the optimal design are discussed in order to define an 

experimental configuration allowing the identification of the considered thermo physical 

parameter using an unsophisticated cell. The paper is organized as follows. The next section is 

dedicated to the mathematical model proposed in order to estimate both phase and modulus of 

thermal wave in a three dimensional geometry. In the third section, feasibility study is 

proposed. Then an optimal configuration is determined in fourth section in order to fulfil 

identification requirements. In section 6, experimental device is presented and several results 

are shown in order to discuss about the validation of the proposed approach. Then several 

concluding remarks and outlooks are drawn up. 

 



2. Modelling in the frequency domain 

Let us consider the following notations: 3Ω∈ℝ  is the space domain, ( ), ,X x y z= ∈Ω  is the 

space variable, t T∈  is the time variable. The periodic heat flux on the surface Γ ⊂ ∂Ω , 

boundary of Ω  is expressed in the form:  

 

( ) ( ) ( )0,X t X F tφ φ=      (1) 

 

where 0φ  is the heat flux amplitude ( )-2W.m , ( ) ( )0
1

cosn n
n
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∞

=
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pulsation ( )-1rad.s . Considering initial temperature in the domain equal to the ambient 

temperature, evolution of temperature rise ( ),X tθ  in Ω  is described by the following system 

of partial differential equations: 
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where C  is the volumetric heat capacity in -3 -1J.m .K   , λ  is the thermal conductivity in 

-1 -1W.m .K   , n
�

 is the normal vector exterior to the boundary ∂Ω  of Ω , h  is the convective 

heat transfer coefficient in -2 -1W.m .K   . Since the heat flux is periodic, temperature 

variations in Ω  will be periodic as well. Considering that the steady-state is obtained, the 



notion of complex temperature ( )Xθɶ  can be used. Thus, a new system of partial differential 

equations is considered:  
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where ( ) ( )0 1X X bφΦ =ɶ . The solution of the system (3) leads to determine at each point of 

the domain the modulus ( ) ( )M X Xθ= ɶ  (amplitude) and the phase lag ( ) ( )( )argX Xϕ θ= ɶ  

(delay) of the heat wave resulting from the fundamental harmonic of the input signal ( ),X tφ . 

It is important to notice that system ( )3  becomes time independent which greatly reduces the 

computational time. From the numerical point of view, finite element method is implemented 

using Comsol® order to solve system (3). This is illustrated below for the following 

configuration: the domain Ω  is a 0.1 m side square stainless steel thin plate and 32.10 m−  

thick. The thermal excitation produced by a periodic heat flux is centred on its lower face. Let 

us consider that this flux excitation has a homogeneous “top hat” space distribution of radius 

32.10 mR −=  and that excitation frequency is 1Hz
2

f
ω
π

= = . The thermal stainless steel 

conductivity is -1 -144.5 W.m .Ksteelλ  =   , the volumetric heat capacity is 

6 -3 -13.710 J.m .KsteelC  =    and the convective heat transfer coefficient is -2 -110 W.m .Kh  =   . 

It is obvious that the amplitude of temperature oscillations depends on heating flux 

parameters which are quite difficult to quantify. Thus, if these parameters are not well known 



and controlled, any identification based on modulus observation is impossible. However, the 

phase lag does not depend on the heating flux amplitude but on excitation frequency. Thus it 

appears as the relevant data for identification purposes. In figure 1 the phase lag between a 

point of the upper face and the centre of the upper face versus the distance is plotted. 
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Figure 1. Simulated phase lag. 

It is well known that the phase lag observations are used to characterise materials and in 

particular their thermal diffusivity 2 -1m .s
C

λα  =   . Then, the following system is considered: 
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In a case of a liquid, the proposed approach is to keep the unknown liquid between two plates 

of reference materials (thermal properties of reference material have to be accurately known). 

At the fluid-solid interface (inside Ω ), conditions of continuity in heat flux and temperature 



are assumed to be satisfied. In the following paragraph, the considered design options are be 

discussed. 

 

3. Feasibility study  

In order to accurately identify the thermal diffusivity, it is essential to correctly take into 

account the thermal wave propagation in the tri-layer material (reference + liquid + 

reference). Then, it is necessary to introduce the concept of diffusion length [ ]m
f

αµ
π

= . 

In thermal sciences, it is commonly accepted that at a distance up to 3µ  at least 95% of the 

thermal wave has disappeared. It means that the signal is too weak to remain informative. 

Then, several approaches can be implemented and the following options have to be 

considered: 

- transmission or reflection: considering transmission, observable measurements and 

excitation are performed on opposite faces of the plane sample. In some situations where 

the opposite side of the sample is not accessible to measurement observations have to be 

obtained on the same sample side (such methodology is called reflection). 

- spatial scanning or frequency scanning: the phase lag of the thermal wave can be plotted 

versus the distance to the excitation at constant frequency, it is called spatial scanning. If 

observations are performed for a fixed point but for various frequencies, it is called 

frequency scanning.  

Two distinct classes of material are considered for the reference material constituted the cell: 

thermal insulator or thermal conductor. One material of both classes will be tested: a glass cell 

or a stainless steel cell. Moreover a mix cell (one glass layer, one steel layer will be 

investigated.  

 



3.1 Spatial scanning: transmission or reflection 

Let us consider that the liquid within the cell is water: -1 -10.6 W.m .Kwaterλ  =   ; 

6 -3 -14.210 J.m .KwaterC  =   . The reference material (cell) is a [ ]4510 mrefe −=  thin sample 

while the thickness of the liquid is [ ]310 mwatere −= . In the following figures the phase lag in 

transmission and the phase lag in reflection are plotted for different frequencies: 

[ ] [ ]0.05 Hz , 0.1 Hzf f= =  and [ ]0.5 Hzf =  versus the distance from the centre of the 

excitation (spatial distribution of the periodic heat flux has been applied homogeneously on a 

[ ]32.10 mr −=  radius disk). 
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Figure 2. Simulated phase lag in transmission for a stainless steel sample and a glass sample 

at different frequencies considering a spatial scanning. 
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Figure 3. Simulated phase lag in reflection for a stainless steel sample and a glass sample at 

different frequencies considering a spatial scanning. 

 

For a mix cell (one glass layer, one steel layer) two cases are studied for transmission 

analysis: case A for the heating flux applied on the steel layer while observations are 

performed on the glass layer; case B for the heating flux applied on the glass layer while 

observations are performed on the steel layer. Corresponding results are shown in figure 4. It 

is shown that case A and B are similar and that phase lag magnitude can be compared with 

those obtained with steel cell (see figure 2). 
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Figure 4. Simulated phase lag in transmission for a mix cell at different frequencies 

considering a spatial scanning. 



For a mix cell (one glass layer, one steel layer) two cases are studied for reflection analysis: 

case C for the heating flux applied on the steel layer; case D for the heating flux applied on 

the glass layer. Corresponding results are shown in figure 5. It is shown that results obtained 

in case C are similar to those obtained with steel cell (see figure 3). If the heating flux is 

applied on the glass face of the mix cell (case D), effect of the opposite steel face has to be 

taken into account since phase lag amplitude is quite different compared with phase lag 

obtained with glass cell (see figure 3). 
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Figure 5. Simulated phase lag in reflection for a mix cell at different frequencies considering 

a spatial scanning. 

 

3.2 Frequency scanning: transmission or reflection  

Let us consider the previous studied configurations namely the tri-layer material. In order to 

perform a frequency scanning, a decade [ ]0.05;0.5f ∈  is covered. The phase lag evolution at 

the centre of the heated surface [ ]( )0 mz =  in reflection configuration and in transmission 

configuration [ ]( )32.10 mz −=  (relative to that obtained at [ ]0.05 Hzf = ) is plotted versus 

frequency.  
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Figure 6. Simulated phase lag in reflection and in transmission for a stainless steel sample 

and a glass sample considering a frequency scanning. 

 

In figure 7 a mix cell is studied (stainless steel + water + glass). It has been previously shown 

that transmission results are similar whatever the heated face is. Then the following cases are 

presented:  

- case E (transmission) : heated steel face + water + glass, 

- case F (reflection) : heated steel face + water + glass, 

- case G (reflection) : heated glass face + water + stainless steel. 

 

Considering figures 6 and 7, one can note that the phase lag is much more significant in 

transmission configurations than in reflection configurations and that a glass cell would allow 

to obtain more signal than a stainless steel cell. Moreover, a mix cell can be used in 

transmission. 
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Figure 7. Simulated phase lag in reflection and in transmission for a mix cell considering a 

frequency scanning. 

 

3.3 Effect of liquids thermal properties 

The previous analyses are performed according to numerical simulations considering that cell 

is full of water. In order to extend the previous analysis to other kinds of liquids, let us 

consider the following thermal properties (see [13] and [19]). 

 

Table 1. Some liquids thermal properties 

 thermal conductivity -1 -1W.m .K    volumetric heat capacity -3 -1J.m .K    

water 0.6λ =  64.2 10C =  

paraffin oil 0.15λ =  61.7 10C =  

ethanol 0.26λ =  62.6 10C =  

blood 0.49λ =  64.4 10C =  

 



In the following, phase lag is investigated in the previous studied configurations for each 

liquid in order to study spatial scanning (S) and frequency scanning (F) ; in transmission (T) 

or reflection (R). Comparisons with water are performed considering results drawn on figures 

2 – 7. 

 

Table 2. Comparison with water: maximum of the relative difference 

cell (T) (R) (S) (F) previous figure paraffin oil ethanol blood 

steel x  x  figure 2 10% 6% 1% 

steel  x x  figure 3 14% 12% 4% 

steel x   x figure 6 19% 12% 9% 

steel  x  x figure 6 4% 3% 2% 

glass x  x  figure 2 20% 16% 6% 

glass  x x  figure 3 33% 22% 14% 

glass x   x figure 6 24% 18% 10% 

glass  x  x figure 6 146% 100% 20% 

mix x  x  figure 4 10% 9% 3% 

mix  x x  figure 5 22% 14% 8% 

mix x   x figure 7 18% 14% 9% 

mix  x  x figure 7 40% 34% 15% 

 

 

Considering the maximum of relative differences given in Table 2, and results shown in 

figures 2 – 7, the following partial conclusions are valid for several kinds of liquids (water, 

paraffin oil, ethanol, blood). 

 



3.4 Partial conclusion 

This feasibility study has ensured that a spatial scanning analysis (figures 2, 3, 4 and 5) or a 

frequency scanning analysis (figure 6 and 7) could provide enough informative signals to test 

tri layers cells containing the unknown material. The insulating cell made of glass would be 

more appropriate than the conductive cell made of stainless steel and only an analysis in 

transmission is possible in frequency scanning. A mix cell (glass face and steel face) can be 

used and provide different phase lags (than steel cell or glass cell) in frequency scanning 

(only in transmission) or in spatial scanning (in reflection, phase lag is greater if the glass face 

is heated). In the following paragraph, an optimal configuration will be proposed. 

 

4. Optimal design for the identification purpose 

In order to estimate the effect of the parameters uncertainties, it is essential to achieve a 

sensitivity analysis. While the evolution of the process state is obtained by solving the 

forward problem, the sensitivity analysis is performed by computing the sensitivity functions 

which are solution of the sensitivity problem derived from the direct problem. A sensitivity 

study of an observable (in this case the observed phase lag ( ) ( )( )argX Xϕ θ= ɶ ) on the n  

model parameters [ ]1 2, ,..., nβ β β β=  allows either to reduce the forward model or to discuss 

the possibility of an accurate physical parameters identification. Sensitivity functions are 

defined as the absolute variation of the observable induced by an absolute variation of the 

considered parameter. In order to compare these coefficients with each others, the reduced 

sensitivity functions of ( ) ( )( )argX Xϕ θ= ɶ  versus parameter iβ  are defined by: 

( )*

i i
i

X β
ϕ β

β
β

∂
=

∂
     (5) 

It is important to notice that this reduced sensitivity function contains not only the amplitude 

variation but also its sign. The considered parameters identification will be all the more easier 



and accurate since this function amplitude is high. In fact, for a given application, if the 

reduced sensitivity function versus an unknown parameter is weak on the considered domain 

(space, or frequency domain….) then information on this parameter contained in observable 

measurements are poor. It comes that if this reduced function is equal to zero, then the 

considered parameter can not be identified from this observable. Moreover, if the reduced 

functions versus two parameters are linearly dependant, it can only be possible to identify a 

relationship between them. This sensitivity study has to be performed for the unknown 

parameters but also for the known parameters (which are a priori known with given 

uncertainties). Thus, the sensitivity functions analysis leads to determine satisfactorily 

conditions in order to accurately identify thermal diffusivity of the unknown liquid. However, 

it is necessary to consider a nominal state of the system. Three configurations are studied: 

unknown liquid is water and cells are made of glass { }; ; ; ; ; ;i glass glass water glass waterh e e rβ β α α ω∈ =  

or made of stainless steel { }; ; ; ; ; ;i steel steel water steel waterh e e rβ β α α ω∈ =  or a mix cell 

i glass steelβ β β∈ ∪ . 

Considering the partial conclusions drawn up in paragraph 3.3, sensitivity study is limited to 

frequency scanning in transmission and spatial scanning in both transmission and reflection. 

 

4.1 Frequency scanning in transmission 

In figure 8 are plotted the reduced sensitivity functions for a cell made of stainless steel. 
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Figure 8. Reduced sensitivity functions of phase lag to parameters for a stainless steel cell 

considering a frequency scanning. 

 

Figure 8 analysis leads to the following remarks: 

- the reduced sensitivity function of the phase lag to waterα  is higher than those to 

; ; ;steel steelh eα  and r  

- it is quite important to accurately control the periodic excitation frequency 
2

f
ω
π

=  and the 

internal cell thickness watere . 

 

In figure 9 are plotted the reduced sensitivity functions for a cell made of glass. 
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Figure 9. Reduced sensitivity functions of phase lag to parameters for a glass cell considering 

a frequency scanning. 

 

Figure 9 showed that the sensitivity functions of the phase lag to the glass thickness glasse  of 

the cell and to its thermal diffusivity glassα  are not neglectable even if the identification of the 

thermal diffusivity of water is possible by accurately controlling the periodic excitation 

frequency 
2

f
ω
π

=  and the internal cell thickness watere . In figure 10 are plotted the reduced 

sensitivity functions for a mix cell (glass face is heated) and phase lags are observed on the 

steel face. Results are in good adequacy with figures 8 and 9. Thus, analysing figures 8, 9 and 

10 in the studied configuration, it seems that using a cell made of stainless steel is more 

relevant than using a cell made of glass or a mix cell. 
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Figure 10. Reduced sensitivity functions of phase lag to parameters for a mix cell considering 

a frequency scanning. 

 

4.2 Spatial scanning for a cell made of stainless steel 

For this configuration, the excitation frequency is fixed ( )0.05f Hz= . In the following 

figures 11 and 12 the reduced sensitivity functions of the phase lag to all the parameters are 

plotted versus distance from the centre of the non heated face. 

This reduced sensitivity analysis (figures 11 and 12) leads to put in evidence that the phase 

lag obtained by a spatial scanning for a cell made of stainless steel both in transmission and in 

reflection is sensitive to a large number of parameters. In particular, the reduced sensitivity 

function to the unknown parameter waterα  is weak on the considered domain compared to 

, steelω α  and r  ( steele  in transmission). Then, information contained in observable 

measurements on this parameter is too poor in order to achieve an accurate identification.  
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Figure 11. Reduced sensitivity functions of phase lag to parameters for a stainless steel cell 

considering a spatial scanning in reflection. 
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Figure 12. Reduced sensitivity functions of phase lag to parameters for a stainless steel cell 

considering a spatial scanning in transmission. 

 

4.3 Spatial scanning for a cell made of glass 

This reduced sensitivity analysis (figures 13 and 14) leads to put in evidence that the phase 

lag obtained by a spatial scanning for a cell made of glass both in transmission and in 

reflection is sensitive to a lot of process parameters. In particular, the reduced sensitivity 



function to the unknown parameter waterα  is weak on the considered domain compared to 

, ,glass watereω α  and r . Then, as previously, information contained in observable measurements 

on this parameter are too poor to achieve an accurate identification.  
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Figure 13. Reduced sensitivity functions of phase lag to parameters for a glass cell 

considering a spatial scanning in reflection. 

 

h

r

ω

Distance (m)

R
e

du
ce

d
se

n
si

tiv
ity

fu
nc

tio
n

(°
)

glassα

waterα

glasse

watere

h

r

ω

Distance (m)

R
e

du
ce

d
se

n
si

tiv
ity

fu
nc

tio
n

(°
)

glassα

waterα

glasse

watere

 

Figure 14. Reduced sensitivity functions of phase lag to parameters for a glass cell 

considering a spatial scanning in transmission. 

 



4.4 Spatial scanning for a mix cell 

Let us consider results obtained with a mix cell heated on the glass face (figure 15 in 

transmission and figure 16 in reflection). 
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Figure 15. Reduced sensitivity functions of phase lag to parameters for a mix cell considering 

a spatial scanning in reflection. 
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Figure 16. Reduced sensitivity functions of phase lag to parameters for a mix cell considering 

a spatial scanning in transmission. 



It is shown in figures 15 and 16 that (in transmission as well as in reflection) phase lag 

sensitivity to the unknown parameter waterα  is in the same magnitude that numerous 

parameters such as the heating source radius, the steel thermal diffusivity, the excitation 

frequency, the internal layer thickness (watere ) and the observed face thickness (glass face in 

reflection; steel face in transmission). 

 

4.5 Partial conclusion 

The results of the reduced sensitivity analysis have put in evidence that optimal configuration 

for liquid thermal diffusivity identification is obtained when a steel cell is considered and 

when a frequency scanning in transmission is performed. In fact, in this experimental 

configuration, phase lag measurement is sensitive to the unknown thermal parameter but does 

not dramatically depend on other parameters (assumed to be known with a given accuracy). 

 

5. Numerical validation considering noisy disturbed simulated phase lag 

In the following paragraph, an example of thermal diffusivity identification of a liquid is 

implemented in the optimal case (cell made of stainless steel and frequency scanning in 

transmission). Phase lag are defined at upper face centre as the difference between phase lag 

obtained at a given frequency and phase lag obtained at frequency ( )0.05f Hz= . Simulated 

phase lag are obtained considering frequency range [ ]( )0.05,0.5f Hz∈  and for the following 

set of input parameters:  
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A finite element method is implemented in order to solve the system of partial differential 

equations (2) satisfied by complex temperature. A Levenberg-Marquardt numerical algorithm 

for the resolution of the identification problem has been implemented in order to identify the 

unknown parameter waterα . The following quadratic criterion ( )J α  describing the difference 

between measured phase lags ˆ
iϕ  and simulated phase lags iϕ  has to be minimized:  

 

( ) ( )( )2

1

ˆ
N

i i
i

J α ϕ ϕ α
=

= −∑      (5) 

 

where N  is the number of experimental frequencies. Identification results considering initial 

value 5 2 -110 m .sliqα −  =    are presented in figure 17. Convergence is achieved in few 

iterations and identified thermal diffusivity is 6 2 -110 m .sliqα −  ≈   . 
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Figure 17. An example of identification results 

 

In experimental cases, phase lag are noisy disturbed. So, it is necessary to ensure that 

identified thermal diffusivity value remains coherent considering noise [22]. Thus, robustness 



of this approach is investigated while a realistic noise is generated on simulated phase lag (a 

Gaussian random generator is used ( )0,N σ ). In Table 2, relative error compared to 

6 2 -110 m .sliqα −  =    is indicated for several noise levels: 

 

Table 2. Errors estimation. 

Standard deviation 1σ = °  5σ = °  10σ = °  

Relative error % 1.88 2.66 4.44 

 

In figure 18, identification results are shown in the most disadvantageous case: disturbances 

law ( )0,10N . 
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Figure 18. Identification results considering disturbed phase lags. 

 

Results are quite satisfactory since even if noise is overestimated, convergence is fast (7 

iterations) and error on identified parameter is less than 5%. Considering previous sections, an 

experimental bench dedicated to the identification of the thermal diffusivity of an unknown 

liquid has been developed. Early results are shown in the following section. 



 

6. Experimental validation 

The following elements have been selected for experimental implementation. Heating flux is 

provided by a halogen lamp (power-adjustable, maximum 1500 watts). A Köhler optical 

assembly is proposed in order to obtain a uniform spatial distribution on a disk (radius 

adjustable by a diaphragm) of the heat flux on the lower face of the sample. To heat the 

sample by a periodic way, two different procedures are possible: at low frequency (period 

longer than 5 seconds) the power of the lamp is controlled by a mechanical power switch 

while at higher frequency (period less than half a second) an optical chopper with adjustable 

and controlled speed is used (the lamp being switched on continuously). These choices allow 

to overcome the delay induced by the heating of the filament which may not be reproducible 

at high frequency. Temperature observations are obtained on the upper face of the sample by 

an infrared camera. The spatial distribution of the temperature on the sample recorded by the 

IR camera is representative of the material’s nature and could inform about defects in the 

trilayer sample (bubbles inside the liquid, for example). The signal processing allows to 

extract the amplitude of the signal and the phase lag between periodic input and thermal 

response of the material, even if the noise level is high. Spatial distributions analysis is 

performed in order to define the maximum temperature, the excitation frequency and the 

distance between IR camera and the observed face. A 200× 200 pixels square area is usually 

considered and it is necessary to record at least 50 IR pictures during more than 10 periods (in 

steady state) in order to calculate modulus and phase lag. Thus, considering a period of the 

heating excitation lower than 1 second, an IR camera allowing data acquisition frequency up 

to 50 Hz is required.  

The proposed cell is shown in figure 19. The resulting cell structure defines a cavity - which 

thickness is accurately known - to contain the liquid. Once the liquid in, the cell can be held 



horizontally or vertically. Care should be given to viscous liquid to avoid air bubble or thin air 

layer. Considering a vertical configuration, it is well known that convective exchanges vary 

along the height of the sample. Thus, IR images will have to be carefully analysed before 

taking into account a possible simplifying assumption in axisymetric geometry.  

 

   

  

 

  

 

Figure 19. Proposed experimental steel cell (dimensions are in mm). 

 



The experimental device and the whole approach is validated thanks to several 

experimentations using liquids considered as reference (water and ethanol). Frequency 

scanning in transmission are performed for steel cell filled with investigated liquid. In the 

following table average identified thermal diffusivity is given (considering several 

experimentations and phase lag measurements).  

 

Table 3. Experimental results: identified thermal diffusivity -2 -1m .s     

 Reference value Identified Relative error  

water 71.4 10α −=  71.52 10α −≈  9%≈  

ethanol 710α −=  70.94 10α −≈  6%≈  

 

Considering relative error given in Table 2, both the experimental bench and the identification 

methodology are validated for further investigations. 

 

7. Concluding remarks  

In this communication identification of the thermal diffusivity of a liquid has been studied 

under constraint of a weak heating flux. Indeed, for fluids, a too high temperature irrevocably 

alters the material. One can mention the example of blood thermal properties which are input 

parameters of numerous mathematical models in life science and which are very difficult to 

find in literature with a great accuracy. Considering this constraint, a methodology based on 

the analysis of thermal waves generated by a periodic heating has been proposed. In this 

context, an optimal design has been investigated thanks to a sensitivity study based on a 

mathematical model describing heat transfer (module and phase lag of temperature 

oscillations) in a 3D geometry by a system of partial differential equations. A minimization 

procedure has been implemented and the effect of measurement noise has been analyzed. 



Thus, an experimental device has been developed and presented (some technical aspects have 

been briefly developed). Several liquids (considered as references) have been investigated and 

results obtained for thermal characterization validate the proposed approach. 

In a further step, an experimental campaign will be conducted on biological materials whom 

thermophysical parameters are not accurately defined in temperature (blood …). Then 

considering correct input parameters, predictive mathematical model for heat transfer 

simulation in human skin can be developed.  
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