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Abstract— In the present work, an attempt has been made to validate a simulation procedure for the analysis of transient heat transfer in a 

building facade cavity. In principle, the convection and radiation heat transfer between the facade cavity and the surroundings are calculated 

using relevant correlations without modeling the air domain surrounding the building facade. Different turbulence models have been tested and 

compared with the experimental results. The presented approach gains the importance when it is required to analyze building heat transfer 

problems using CFD simulation tools like CFX, FLUENT etc as it reduces the computational time. 
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I.  INTRODUCTION 

Analysis of heat transfer in the case of buildings is 
important as far as thermal comfort is concerned. Thermal 
comfort essentially is the range of temperature and humidity 
which is comfortable for any individual. Earlier studies have 
shown that the factors like weather conditions, wall surface 
properties, occupants' activity, clothing insulation, and air 
exchange rate influence the thermal environment inside a 
building [1]. However, there are many other factors for which 
one can refer to the standard literatures like [2].  

 
The present work is limited to look at the CFD validation in 

capturing the effect of weather conditions on the building 
facade cavity temperature. As it has been mentioned earlier, the 
thermal comfort analysis heavily depends on the local weather 
conditions. For example, a building in Ottawa, Canada needs to 
be thermally insulated to avoid any heat leakage from inside to 
outside and some heater to heat the inside air; whereas, a 
building in Rajasthan India may need to have thick walls and 
some cooler to cool the inside air. Influence of external weather 
conditions is crucial and hence the use of CFD in the field of 
building heat transfer has become a necessity. Most of the 
earlier studies pertaining to this have been carried out under the 
steady state assumption as the transient analysis of the same is 
complex and time consuming. Computational time can be 
reduced under some genuine assumptions. The objective of the 
present work is to check for the validity of the assumptions. 
The simulations have been compared with the available 
experimental measurements [3]. 

II. METHOD DETAILS 

This approach differs from the conventional approach as far 
as heat transfer between the building envelope and the 
surroundings is of concern. In the conventional approach [4], in 
addition to the building, air surrounding the building is also 
modeled as a fluid domain (atmospheric air) to account for 
convection loss/gain. This increases the total grid size for the 
simulation of such problems and hence demands more 
computational time and space. In the present study, we have 
used  relevant equations to calculate the heat transfer to or from 
the external surfaces of the building envelope instead of 
carrying out simulation over the surrounding air domain. 

The considered geometry of the fluid and the solid domains 
are as shown in fig 1 for which the experimental results are 
available [5]. The considered geometry has basically one fluid 
domain (air gap of 0.05m) and one solid domain (wooden plate 
of 0.025m). A thin opaque facade (steel plate) with negligible 
thermal mass is assumed as a surface being subjected to 
transient heat flux boundary condition. This assumption further 
simplifies the computation by avoiding the need for solving 
transient conduction equation for the facade material. Bottom 
of the air cavity is open to the atmospheric air and the top is 
connected to the indoor. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Considered experimental geometry cite{fernando}. 

III. BOUNDARY AND INITIAL CONDITIONS, AND SOLUTION 

PROCEDURE 

The incident Solar radiation (qinc) over vertical facade 
surfaces, ambient air temperature, wood surface temperature at 
mid height and cavity outlet temperature are shown in fig 2. 
These values have been used as a transient boundary conditions 
for present simulation. The details of applied boundary 
conditions are shown in table 1 where - Qnet is the total solar 
radiation on vertical surface; Patm is the atmospheric pressure; 
Tambient is the ambient air temperature respectively; and Twood is 
the wood surface (indoor side) temperature. The above said 
were taken from [3]. Simulations were started with initial 
conditions and were carried out untill the key variables started 
repeating. Tcavity air, Tfacade, and, Twood (surface exposed to cavity 
air) were the key variables which were monitored for 
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repeatability.  The procedure of the simulation is given in flow 
chart (refer fig 3. 

TABLE I.  DETAILS OF THE BOUNDARY CONDITIONS  

Boundary / surface Conditions 
Facade Incedent solar radiation (qinc) 

Inlet opening Patm and Tambient 

Exhaust Patm and Toutlet 

Wooden plate Twood 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Applied boundary conditions. 

The net heat flux qnet on vertical facade surface is calculated 
using equation 1. Convection loss qconvection or gain of a facade 
surface is calculated using dimensionless co-relations for 
vertical surface. Radiation loss (or gain) to the sky (qradiation) is 
determined using equation 2, where Tsky = Tambient-6. As the 
facade has negligible thermal mass, the net heat flux (qnet) at 
the outer surface of the facade is assumed to be same at the 
inner surface of the facade. All the other calculation procedure 
is as usual like for any other transient heat transfer problem. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Flow chart of CFD procedure and calculation of boundary 

conditions. 

 qnet = αqincedent - qconvection - qradiation  

qrad = σεsky(Tw
4
-Tsky

4
) 

IV. GRID DEPENDENCY, TIME STEP AND COMPARISON OF 

DIFFERENT TURBULENCE MODELS 

The details of grid used are given in table 2. For grid 
independent study, K-epsilon turbulence model has been used 
and all surface emissivity (ε) is considered as 0.8. Adaptive 

time step has been used. For the selected four grid sizes, the 
key variables (mentioned in previous section) were found to be 
grid independent. The case 2 grid size was used for further 
analysis with first element height = 0.5mm.  K-epsilon, K-
omega, and, SST turbulence models have been tested and 
compared. The present problem is transient in nature and hence 
numerical calculations are carried out for 2D model to reduce 
computational time and space requirement. For a comparison, 
some 3D simulations have also been carried out. 

TABLE II.  DETAILS OF GRID USED. (𝚫X - REFERS TO THE FIRST ELEMENT 

HEIGHT) 

Mesh 2D or 
3D 

Region 𝚫x (m) 
X10-3 

Number of nodes 
x y z 

Mesh 1 2D Air 
cavity; 
wooden 

wall 
thickness 

0.5; 1 19; 14 357; 196 1; 1 
Mesh 2 2D 0.5; 1 40; 14 520; 196 1; 1 
Mesh 3 2D 0.1; 1 80; 14 720; 196 1; 1 
Mesh 4 3D 0.5; 1 10; 10 136; 280 49; 29 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Facade temperature at mid height for different turbulence models. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  Air cavitry temperature at mid height for different turbulence 

models. 

Figures 4, 5, and 6 show the comparison of Facade, Cavity 
air and Wood surface (cavity side) temperatures with the 
experimental results for different turbulence models. It is 
observed that the simulated temperatures match well with the 
measured temperatures. But in the case of cavity air 
temperature, during peak radiation hours (11am - 3 pm), the 
simulated results differ from measured temperature (about 3

0
C) 

and has consistently repeated in all the simulated cases. The 
similarity between fluctuations in measured solar radiation and 
measured cavity air temperature during these peak hours hint at 
the possibility of radiation error in the measurement. However, 
the presented approach could work effectively. 
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Figure 6.  Cavitry wall (wood) surface temperature at mid height for different 

turbulence models. 

On the other hand, comparison of 2D and 3D model has 
been done to check whether  the simplified 2D assumption is 
valid or not. The grid details used for 3D simulation is given in 
table 2 (Mesh 4). 3D problems demand higher mesh resolution 
which intern increases computational time and hence, only 10 
elements are used along x-direction for 3D simulation. Figures 
7, 8, and 9 show the comparison of Facade, Cavity air and 
Wood surface (cavity side) temperatures with 2D and 
experimental results. There is no appreciable difference 
between 2D and 3D simulations. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Comparison of facade temperature for 2D and 3D cases 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.  Comparison of cavity air temperature for 2D and 3D cases 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.  Comparison of cavity wall (wood) temperature for 2D and 3D 

cases 

V. CONCLUSIONS 

Numerical simulations have been carried out to capture the 
transient variations in the case of a building heat transfer 
problem. Unlike 3D grids, 2D grids were sufficient to capture 
the experimental observations. K-epsilon model seems to be in 
more agreement when the temperatures are high. Whereas, SST 
/ k-omega model seems to be more suitable when the 
temperatures are low. Hence for building heat transfer 
problems, a proper blend of k-epsilon and SST/k-omega 
models could be justifiable.  
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