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Abstract. Thin film evaporative cooling is one of the liquid cooling technologies, capable of 

removing high heat flux with lower junction temperature due to the utilization of latent heat of 

vaporization. To understand the various transport processes involved in vapour phase during 

thin film evaporation, evaporation from a heated well cavity of diameter 3 mm and height 2 

mm is studied using Digital holographic interferometry technique. A flat disk-shaped vapour 

cloud is appeared for heated as well as not- heated well surface case. This signifies radial 

outward natural convection instead of pure diffusion. A higher vapour concentration is 

obtained at each time instants for heated surface case due to the higher evaporation rate as 

compared to non-heated, ambient case. 

1.  Introduction 

Electronic cooling has become a serious design concern while designing the next generation high 

performance electronic i.e., microprocessors, Radars, Laser diodes etc. As the number of transistors 

are increasing heat generation inside the chip also increases and the heat flux from the device is 

reaching a magnitude of an order of 1000 W/cm2. Conventional air-cooling technologies are not 

capable of removing such a high heat flux. 

Much larger heat flux can be dissipated while keeping the junction temperature below an allowable 

limit by utilizing the phase change heat transfer via evaporation from a free liquid surface of thin film 

over a heated chip [1-3]. So, the thin film heat transfer has been studied by the many researchers to get 

understanding of this complex phenomenon. Thin film evaporation is different from the boiling as 

phase change occurs at the free surface of liquid instead of nucleation at the heater surface as in case 

of boiling. Now the rate of evaporation from a thin liquid film depends upon conduction and 

convective heat transfer within the film and mass transfer in vapor phase from the liquid-vapor 

interface. Various convective flow i.e., buoyancy induced convection and Marangoni convection also 

influences the convective heat transfer resistance. So, the understanding of vapor phase transport from 

a thin liquid film evaporating from a heated surface is necessary to reveal the underlying physics of 

the process. 

2.  Problem Statement 

In present work digital holographic interferometry technique is used to study the effect of well bottom 

surface (substrate) temperature on the evaporation and vapor phase transport of a heavy volatile 

hydrocarbon from circular well cavity of small depth. Vapour cloud of liquid evaporating from the 

heated well cavity is compared with the non-heated case. Spatial as well as temporal characteristics of 
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vapor cloud originating from a circular well cavity whose bottom surface is heated (35 ˚C) is 

compared with non- heated case where well bottom surface is kept at ambient temperature. 

3.  Methodology 

The layout of the experimental setup is shown in figure 1(a). A Mach-Zehnder interferometer with 

finite fringe setting has been used. The laser beam is divided into two beams by the first beam splitter 

which splits the beam into an object and a reference beam as shown in figure 1(a). The object beam is 

passed though the vapor cloud originating from the well cavity while reference beam passes through 

the ambient air. Finally, these two beams are recombined by the second beam splitter and hologram is 

recorded on a CCD camera (782×582 pixels with resolution of 8.30 µm) using a Zoom lens. The 

Schematic of heated well cavity setup has been shown in figure 1(b). 

 

 

Figure 1. (a) Mach-Zehnder interferometer setup and (b) Heated well cavity setup. 

 

 A 5 mm external and 3 mm internal diameter plexiglass capillary of height 2 mm is fixed by an 

epoxy glue on an ITO coated side of Boroflaot glass (25×25×1.1 mm3) substrate. Bottom surface of 

the well cavity is restively heated by passing current through a DC power supply. Two T type 

thermocouples are placed at the bottom of well surface. One thermocouple is connected to the 

temperature controller (SELEC 320) as a feedback signal to precisely control the bottom surface of the 

well while other one is used to record the temperature change during evaporation. PDMS insulating 

layer is casted around the capillary to reduce the heat loss from the substrate. Constant well bottom 

surface temperature of 35 ˚C is maintained for heated surface case. Ambient pressure and temperature 

were 1 atm and 18±0.5 ˚C, respectively. 

Before filling the liquid inside heated well cavity, interferometer is set to the wedge fringe setting 

and reference hologram is recorded. After this cyclohexane is filled inside the cavity by a micropipette 

and holograms are recorded at the time interval of 1 sec until liquid is fully evaporated from the 

cavity. A Fourier Transform Profilometry [4] algorithm is used to extract the phase at each pixel of the 

image. The phase of each pixel of object hologram is then extracted and subtracted from the phase of 

reference hologram of same pixel. This yields the total phase shift at each pixel for an object 

hologram. But the obtained phase shift is called wrapped phase difference as the phase shift values lies 

only between 0 to 2π. This wrapped phase is then unwrapped by Goldstein algorithm [5]. This 

unwrapped phase shift (Δф) is proportional to the optical path difference created when the laser beam 

passes through the refractive index field above the well cavity. 

The obtained unwrapped phase field needs to be tomographically reconstructed to obtain the three-

dimensional refractive index field. Since field above the well cavity is axis-symmetric, an inverse Abel 

inversion can be applied to unwrapped phase, to yield a 2D cut of refractive index field [6]. The 

refractive index difference field (∆n) at a given height z is given by: 
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Δ𝑛(𝑟) =  
−𝜆

2𝜋2
∫

Δф′(𝑥)

√(𝑥2 − 𝑟2)
𝑑𝑥

∞

𝑟

 
(1) 

 

Here, 𝜆 is wavelength of laser beam and Δф′(x) is first order derivative of unwrapped phase shift. 

Fourier- Hankel algorithm is used for Abel inversion [7].Finally, this refractive index field is 

converted into vapour mole fraction field (𝜒) . Following equation can be used for relating refractive 

index difference field with unknown local temperature (𝑇) and mole fraction [6]. 
 

𝜒 =  
1

∆𝑛𝑟𝑒𝑓

𝑇

𝑇𝑎𝑚𝑏
[∆𝑛 − (𝑛𝑎 − 1) (

𝑇𝑎𝑚𝑏

𝑇
−  1)] 

(2) 

 

∆𝑛𝑟𝑒𝑓 =  (𝑛𝑣 − 𝑛𝑎), here 𝑛𝑣 (1.001728) and 𝑛𝑎 (1.0002743) are the refractive index of pure vapor 

of liquid and air respectively at ambient temperature (𝑇𝑎𝑚𝑏) and pressure [8]. If temperature impact is 

marginal, then equation (2) reduces to 𝜒 = ∆𝑛 ∆𝑛𝑟𝑒𝑓⁄ . Detailed procedure of digital holographic data 

analysis can be found in ref [9].  

4.  Results and discussion 

In figure 2 wrapped phase maps of cyclohexane evaporating from circular well cavity are compared 

for non-heated and heated case at the start of evaporation (t ⁓ 0 sec). Due to the heated bottom surface 

evaporation of liquid is higher and more vapour of cyclohexane is present in the vapour phase, which 

resulted in higher change in refractive index and eventually more iso-concentration contours are 

present in the heated bottom surface case (figure 2b) as compared to non-heated case, where bottom 

surface is maintained at ambient temperature.  

 

 
Figure 2. Wrapped phase map at initial time (t ⁓ 0 sec) of evaporation (a) at ambient temperature and 

(b) at 35 ˚C. 

 

Figure 4 compares vapour mole fraction fields at various non-dimensional time instants (t* = t/te, 

where te is total time of evaporation) for non-heated and heated case. Since liquid is heavier than the 

surrounding medium a flat disk shaped vapour cloud is obtained instead of hemispherical vapour 

cloud, which forms in case of pure diffusion limited case as can be seen in figure 4. 

At every time instants vapour concentration is higher for the heated bottom surface case and spread 

of cloud in radial direction is also higher in heated case. This can be clearly seen in figure 3a where 

vapor mole fraction is plotted along a line in radial direction at the top surface of well (z = 0) at 

various time instant for both cases. Figure 3b shows the variation of refractive index change in normal 

direction at the center of the well (r = 0) at various time instants. It shows that vapour concentration is 

always higher for the for heated case in both radial and normal directions irrespective of time. Higher 
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values of vapor mole fraction in case of heated cavity can increase the density gradient required for the 

natural convection in the vapor phase which can lead to the higher evaporation rate compared to pure 

diffusion model even for the smaller radius droplets/cavity. 

 

 
Figure 3. The refractive index (∆𝑛) profile for different normalized time instants (t* = t/te): (a) at the 

surface of the well (z = 0), along the radial direction and (b) at center of the well (r = 0), along the 

normal direction. 

 

 

Figure 4. Vapor mole fraction maps at various time instants. Left- hand side represents the case when 

well bottom surface is maintained at ambient temperature while for right- hand side, well bottom 

surface temperature is kept at 35 ˚C (a) t* = 0, (b) t* = 0.25 and (c) t* = 0.75. 
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5.  Conclusion 

A flat disk-shaped vapour cloud is obtained for heated as well as non- heated well surface case. This 

signifies the presence of radial outward convection instead of pure diffusion. A higher vapour mole 

fraction is obtained at each time instants for heated surface case because of higher evaporation rate as 

compared to non-heated, ambient case. This may lead to the higher convective contribution on 

evaporation rate. 
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