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Abstract 
A novel thermographic techniques is proposed to measure simultaneously the thickness and the temperature of a 
layer that is semi-transparent to infrared radiations. The layer may be a thin solid or liquid film, like in the 
presented experiments, but the technique can be also used with minor modifications to a suspension of particles 
or droplets or a solution of different fluids. The technique can be applied when the measured layer reaches a 
minimum thickness such to be detected by an infrared sensor, like a camera, but it is not too thick to become 
totally opaque in the sensor wavelength range. These limits depend on the fluid investigated, on the precision of 
the measured temperatures, and on the accepted accuracy of the results. In the present work, we illustrate the 
working principles of the technique developed in a real situation, and present preliminary results on a new 
application. 

Introduction 
The development of techniques to measure the thickness and the temperature of a liquid film is an interesting 
topic for many two-phase flow studies. Various methods based on different physical principles have been 
proposed in the literature depending on the range of thickness investigated, fluid properties, wall material, and 
interface properties, many of them are able to measure the two properties by independent techniques or 
instruments [1, 2], more rarely by the same instrument [3]. We present here an original technique aimed at 
measuring the temperature and the thickness of a film, by a unique thermographic imaging device with a relatively 
simple set-up.  

Theoretical development 
The proposed technique starts from the observation that when measuring with an IR camera the temperature of a 
film, whose thickness makes it semi-transparent to IR radiations, the measured temperature is a weighted  
average between the film and the background temperatures, where the background is partially attenuated by the 
thin film depending on the film thickness and optical properties. In a typical application for direct measurement of 
layer temperature, the residual IR background visibility is an unwanted signal contribution. Even when the 
background temperature is known, the detected signal is influenced by both the film's temperature and thickness. 
Consequently, neither value can be accurately measured.  
By a simplified application of Beer-Lambert’s law, with an appropriate average absorption coefficient ξF of the film 
in the waveband of interest, when omitting some instrument constants, and neglecting the reflections, the film 
transmissivity and emissivity can be written as: 

transmissivity      τF = exp(-ξF ∙ LF ) (1) 

emissivity      εF = 1-τF (2) 

and the expression for the measured temperature can be derived as: 

 TMeasured = (εBG ∙ TBG
4 ∙ τF + εF ∙ TF

4)0.25 (3) 

It shows that the measured temperature is a function of the film temperature TF, of its thickness LF, and of the 
other physical parameters involved: the background temperature TBG, the film absorption coefficient ξF. Since two 
variables are unknown, at least two equations are needed to calculate them: this can be obtained by changing 
one parameter in the last equation. In the present work, the chosen variable parameter is the background 
temperature TBG; the use of different absorption coefficients may also be achieved by using cameras with different 
spectral ranges or appropriate spectral filtering. A more detailed calculation including some parameter omitted 
here can be found in [4] and [5]. 
The proposed technique was developed and tested on a water film of known variable thickness and 
homogeneous temperature, formed between two sapphire windows which are highly transparent to the IR 
radiation. As mentioned, two different background surfaces are used, two plates of high emissivity and known 
homogeneous temperatures TBG1 and TBG2, mounted on a rail to easily switch them behind the film.  
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zero-G aircraft. The presented frame shows a periodically wavy structure in the annular flow; the noisy ripples at 
the maximum measured thickness indicates the range limit of the technique, the red markers shows some details 
captured with high accuracy, that with a visible light technique may seldom appear with only qualitative 
information. 

Future developments 
Possible development of the TBS technique may include: 

- infrared stereoscopy using two cameras targeting the same film region but with different background 
surfaces. Like in PIV, the two camera may be positioned on the same side of the target surface, or on 
opposite sides. 

- Use of structured background, to alternate stripes or spot of different temperatures 
- Use of reflecting background, also in stripe or spots, to avoid the necessity of a transparent substrate 
- Use of high-speed IR LEDs to generate the desired apparent background temperature 
- Adapt the TBS principles and algorithm to measure concentrations inside mixtures of liquids and 

solutions: with more parameters and equations, it could be possible to determine concentration 
gradients, solute distribution, and mixing efficiency in different systems. 

- Adapt the TBS principles and algorithm to measure suspensions in air of particles or droplet, to measure 
the average liquid temperature across a semi-transparent spray 

- Tomographic TBS reconstruction of temperatures profiles across a spray 
- Integration with complementary technique (like SLIPI) for full spray characterization 

 
Conclusions 
The novel technique named TBS, Twin Background Subtraction, has been developed and successfully tested. It 
is able to measure simultaneously the temperature and the thickness of an IR semi-transparent layer in the range 
of thickness where the film is semi-transparent to IR radiation. When tested with water the technique shows 
promising accuracy in the range of 10-300µm, with a precision that could make it complementary to traditional 
optic techniques more suited for thicker films. 
The technique can be exploited with different configurations, and is promising for the study of optically thin films, 
both solid or liquid, like in multiphase flows involving film evaporation or condensation. 
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Nomenclature 
TBG, TBG1, TBG2, Temperature of BackGround, BackGround1, BackGround2 [°C] or [K] 
TF, Tfilm  Film Temperature [°C] or [K] 
LF, Lfilm,  Film Thickness [m] or [mm] or [μm] 
TM, Tmeas Measured Temperature [°C] or [K] 
τ transmissivity [-] 
ε emissivity [-] 
L Length, thickness [m] or [mm] or [μm] 
L0 reference length, reference thickness [m] or [mm] or [μm] 
ξ attenuation coefficient [m-1] or equivalent 
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