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Introduction 

Given the high energy demands of traditional mechanical ventilation systems such as humidifiers, 
de-humidifiers and air-conditioning units, since the 1980’s there has been a rise in demand for 
natural ventilation: methods of introducing fresh air into buildings by utilising the natural power of 
wind flowing over the building and buoyancy caused by temperature differences. 

Natural ventilation has two main uses: to ensure indoor air quality (removal of pollutants) and allow 
cooling if necessary.  It relies in part on the residents of the building to follow some simple 
procedures, such as leaving windows open at certain times.  In theory, this should be no more 
difficult than following the procedures needed to use mechanical ventilation systems. 

One method of natural ventilation, so far not commonly used in the UK, is the double-skin facade.  
The “double-skin” refers to a double layer of wall and windows on at least one side of the building.  
A gap exists between the two layers where fresh air can pass through: entering the facade through 
noise cancelling ducts and travelling upwards to the roof where wind and temperature buoyancy 
forces cause negative pressure.  Residents of the building are free to open their windows and 
receive fresh air from the gap, while not being host to noise and pollution from traffic.[1, 2] 

Background 

This mini-project focuses on a specific double skin facade building called Jessop West, a newly built 
addition to Sheffield University.  Its double skin is built on the west side of the building, adjacent to a 
section of the fairly busy ring-road.   

 
Figure 1: Window from inside 

 
Figure 2: Exterior of double-skin 

facade 

 
Figure 3: Mesh of office for use in CFD 

with low window opening 

Double facades are relatively new and their performance unknown, so the purpose of this project is 
to model the airflow in an average office in the building using CFD.  The physical data was recorded 
in June and July of 2010 previous to the starting of this project, and yielded the following results: 

Data Average Measurement 

Wind speed into ducts 0.66 m/s 

Temperature of room 25˚C (298K) 

Temperature of double-skin 21˚C (294K) 



Temperature of roof 19˚C (292K) 

Wind speed on roof 2.84 m/s 

Wind direction 180˚  

Table 1: Data used for input in CFD modelling 

The negative pressure on the roof created by the wind was calculated using the dynamic pressure 
equation 

� �
1

2
��� 

where air density ρ=1.2kg/m3 and wind speed v=2.84 m/s. 

The wind was primarily blowing from the south, and the vents were west and east facing, so the 
resulting pressure was multiplied by 0.5 to account for this, giving a result of -2.42 Pa pressure at the 
top of the double-skin façade. 

Methodology[3] 

The software used was ANSYS Fluent Workbench 12.1.  The viscous model used was RNG k-ε, with 
enhanced wall treatment, viscous heating and full buoyancy effect all turned on.  The turbulence 
model k-ε is standard for CFD in buildings and has been used in other double-skin façade models.[4]  

Given the short amount of time for the project, the room was approximated to a 2D model.  This 
simplifies the problem and allows the program to run faster.  A number of geometries were used, 
the main variation being the position of the window opening.  This was necessary to establish the 
most realistic positioning, as the 3D window could not be perfectly represented in 2D space.  It was 
decided that the lowest opening was the best representation, as the air enters the room as early as 
possible.  The window is supposed to be only open a crack, so modelling it as fully open would be 
misleading in most cases. 

The door into the room was also varied between being open or closed.  It is recommended to 
residents that they leave their doors ajar to allow fresh air to circulate, but in practice many shut 
their doors.  Examining how big a difference this makes was one of the aims of the project. 

  



Results 

The CFD modelling yielded results on air speed, temperature and particle streams, as shown below. 

Results with door open Results with door closed 

 
Figure 4: Wind velocity shows a strong stream into room 

 

 
Figure 5: Wind velocity shows none directed into room 

 
Figure 6: Temperature contours show cooling of room 

 
Figure 7: Temperature contours show less cooling 

 

 
Figure 8: Six particle streams interacting with airflow, most 

leave through the door 

 
Figure 9: Same particle streams cannot leave through 

window 

 

Using particle streams in the double-skin facade as a tracer it could be seen that roughly 25% of the 
air entering the vents passes through the window into the room.  Given that the vents are 1.4m x 
0.25m in size (taking into account that the grating reduces area) and the initial wind-speed of 
0.66m/s, this gives the flow rate into the room as 0.058m3/s. 



Conclusions 

The results validate suspicions that closing the door prevented the air from entering the room, and 
pollutants from exiting the room.  This is confirmed further by the result when the window is wide 
open, as shown below in figs. 10 and 11. 

 
Figure 10: Velocity magnitude with wide open window 

 
Figure 11: Particle traces with wide open window 

  
Despite the large window opening, the particles still cannot enter the double-skin facade to leave 
the room.  However, there is a small amount of air entering the room. 

The room is sufficiently well ventilated if both the window and the door are left open. 

Limitations to results 

The results from the CFD can only be considered applicable to the summer months, given that the 
weather data was all taken in June and July.  While the summer is the most important season to 
address, others should also be examined. 

The difficulties in translating the 3D office into a 2D mesh meant that some details of the room, such 
as the actual shape of the window and door, were sacrificed.  This was considered worth it to get an 
uncomplicated result showing how much air passes in and out of the room, but the results of the 
particle streams are more strongly affected by the position of the window, and cannot be considered 
conclusive. 

There were no results showing the impact of human movement in the room. 
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