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VISUAL VALIDATION OF 

3D TRANSIENT HEAT TRANSFER 

1. Introduction 

At first sight a visual validation of heat transfer seems to be a contradiction: only the 

infrared radiation and not the visual light emitted by surfaces is related to the 

temperature.  

However, as surface condensation is visual and depends on the surface temperature, a 

visual validation of heat transfer is possible by comparing the pattern of drying surface 

condensation to the simulated isotherms on the surface. 

2. Visual observations 

A summer morning, at 8h a man enters his bathroom and switches on the light (lamp of 60 

W). After brushing teeth and shaving, he takes a shower at 8h10. 

Leaving the shower at 8h15, there is condensation on all wall surfaces, including the mirror 

(figure 1).  While he is drying himself (8h16), the condensation on the mirror starts 

disappearing from top to bottom in a kind of lower lip shape (Figure 1). How this shape 

can be explained ? 

The infrared radiation from the lamp heats up the mirror, more on top than to the bottom, 

and more centrally than left and right, which explains already part of the drying shape. 

The small bright metallic fixing centrally on top of the mirror has 2 thermal effects: 

- a relative high reflection of the infrared radiation from the lamp, 

- through the metal fixing some heat conduction to the wall. 

Therefore the mirror heats up less locally, which explains the central part of the drying 

shape.  

   

Figure 1.  Drying surface condensation, at 8h16 (left) and 2 minutes later (right). 
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3. 3D transient thermal simulation  

VOLTRA data mirror_condensation_evaporation.vtr 

 

Figure 2.  Part of the VOLTRA data interface. 

The situation described above was simulated using the program VOLTRA (with RADCON 

module). Part of the data interface is shown in Figure 2. 

At 8h, the bathroom can be considered as quite isothermal, and also afterwards it can be 

assumed that the room stays isothermal because of the limited heat sources present. 

Therefore the room is simulated at a BC_SKY condition with a constant air temperature 

and a constant radiation temperature of both 20 C. A convective heat transfer 

coefficient hc = 2.5 W/m2K is assumed. 

In reality the lamp is situated in a glazed box. The glazed box is modelled with a BC_FRE_S 

boundary condition for which a power of 0 W is assumed at t = 0 and of 60 W at t > 0. 

The wall is modelled as a single stony material with an adiabatic condition at the back 

side. 

Between the mirror glass and the wall a non-ventilated air cavity is assumed. 

All materials have an emissivity of 0.9, except the bright steel for which an emissivity of 0.2 

is assumed. Through the BC_SKY type used the non-linear infrared radiation between the 

surfaces is considered using the view factors between the elementary grid surfaces (Figure 

3). 

The simulation uses a time step of 1 minute. 

 

Figure 3.  Simulation grid and view factor indication. 

mirror_condensation_evaporation.vtr
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Figure 4 shows the simulated surface isotherms 16 and 18 minutes after switching on the 

light. 

The isotherm shapes on the mirror correspond very well to the observed border between 

condensed and dried zones. 

The animation file mirror_condensation_evaporation.mp4 shows the surface isotherms as a 

function of time. 

 

  

Figure 4.  Isotherms (range 20 C – 22 C) 

16 minutes (left) and 18 minutes (right) after switching on the light. 

2 effects contribute to the drying shape: radiation and conduction. To isolate the radiation 

effect, on another morning, a small piece of aluminium foil was put on top of the mirror, 

left of the centre.  

Figure 5 shows the result. The radiation effect is clearly relevant on its own. An additional 

simulation assuming a high emissivity (0.9) for the metal fixing can show that also the 

conduction effect is relevant. 

 

 

Figure 5.  Drying surface condensation experiment  

with additional small aluminium paper foil. 

mirror_condensation_evaporation.mp4

