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ABSTRACT 

There is a growing interest into the effect of human 
behaviour on indoor airflow, and recently there has 
been a rapid improvement in our ability to simulate 
this within CFD. However, these models are still 
only appropriate for well-resourced research 
activities. As an alternative, approximate approach, 
this paper presents a simplistic momentum source 
method for use in CFD models to represent the draft 
from a door. The method is compared to experiments 
conducted in a small scale 1:10 water bath model. 
Good qualitative comparisons were found, although 
currently the CFD method over predicts the 
velocities, particularly in the x- direction parallel to 
the doorway. 

INTRODUCTION 
Computational Fluid Dynamics (CFD) is a valuable 
tool for understanding the transport of pollutants in 
indoor air, and evaluating the relative risk to 
occupant’s health of ventilation design strategies. It 
is particularly useful in high risk environments to 
establish the level of risk to occupants, and to 
improve the safety of designs. This may include areas 
where there is local extract ventilation designed to 
reduce risk (e.g. laboratories, or industrial settings) or 
where there is an aim to isolate contaminants (for 
instance from infectious patients in hospitals). Since 
the movement of people will interact with the 
airflow, potentially destroying the protection it is 
designed to provide, there has been increasing work 
in recent years to understand these processes and to 
represent them in CFD.  

The breakdown of isolation in hospitals has been 
particularly studied. There are several examples of 
small scale laboratory experiments used to observe 
flow patterns and the exchange of air between two 
rooms (Tang et al. 2005, Eames et al. 2009, Tang et 
al. 2013) as well as similar studies in  full scale 
environments (Kalliomaki et al. 2012). Some authors 
have also attempted to quantify the influence of the 
door and human motion on the indoor air flow 
(Kalliomaki et al. 2012, Eames et al. 2009, Fontana 
and Quintino. 2014). Clearly pressure differentials 
between the rooms due to a designed ventilation 
system, or temperature differences will also influence 
the flow and contaminant transport (Kiel and Wilson. 
1989). 

Alongside the experimental work there has also been 
growing interest in representing these effects in CFD 
models. The development of dynamic and moving 
meshes has made this possible. An early example, 
with a basic person constructed of multiple cuboids 
was demonstrated by Shih (2006) in order to observe 
how nursing staff entering an isolation room would 
interact with the airflow, and influence the 
distribution of contaminant. Poussou et al. (2010) 
used a dynamic mesh and a rectangular body to 
simulate the drag of pollutants through an airliner 
cabin. PIV in a small scale water tank was used for 
validation showing good comparison with the main 
flow features.  

More recently Choi and Edwards (2012) used CFD to 
study the transport of contaminants into a clean room 
through a lobby. The study incorporated a detailed 
geometrical representation of a human body 
incorporating a simplistic ballistic walking model. 
Large Eddy Simulation was used to describe the 
turbulence effects.  

The literature above demonstrates that developments 
in numerical modelling of moving objects, and the 
resulting impact on airflow, are progressing at an 
impressive rate. However, these models are still only 
appropriate for research, particularly when 
incorporating Large Eddy Simulation. Therefore, 
there is a requirement to develop methods to 
represent the airflow created by human activity  (e.g. 
walking, or opening and closing doors) in a simpler, 
and less computationally expensive manner. Both the 
velocity and air flow pattern are necessary outputs if 
there is concern that human activities might alter a 
designed ventilation regime (e.g. breaking down 
local extracts), and so there is benefit from using a 
CFD model. However, a simple, coarse grid 
simulation that is able to represent the draft from 
door motion, without using a dynamic mesh, may be 
more appropriate for early stage design as it will 
require less computational resource.   This would 
focus on the main interactions with the bulk flow, 
rather than attempting to simulate detailed flow 
patterns and turbulence generation. A CFD model 
that is quick and simple to implement would allow 
several design options to be compared before 
potentially carrying out more detailed simulations on 
one specific scenario.   

However, in order to investigate the role of human 
activity on ventilation performance without using a 
dynamic mesh it is necessary to represent the airflow 
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resulting from human movement in another way. 
‘Momentum sources’ are one way of representing the 
increase in the air’s momentum due to activities in a 
space, and they have been used previously to mimic 
the exchange of air due to nurses movements within 
operating rooms (Brohus et al. 2006). The idea of 
using sources to represent simply the effect of 
nursing activities distributing contaminants in the air 
has also been demonstrated through the zonal bio-
aerosol source (Hathway et al. 2012). A momentum 
source method inputs a source of x,y, z momentum to 
specific cells, and usually changes location and/or 
intensity with time.  

In this paper we focus on the potential draft effects 
generated by a door when it is opened and shut. We 
develop and test a door momentum source for use in 
CFD models designed to represent the exchange of 
air due to a door opening and closing. We use 
experimental data of the same scenario to ascertain 
whether this adequately represents the drafts 
generated when a door is moved. The aim of this 
paper is to assess whether a momentum source in 
CFD can adequately represent the resulting air flow, 
enabling the representation of these drafts when 
considering ventilation (particularly local extract) 
design.   

METHODOLOGY 
The study involves the development of the door 
momentum source applied to a CFD  model to 
represent the movement of air in a room when a door 
is opened and shut. The CFD model is validated 
qualitatively against visualisation experiments 
carried out in a small scale experiment. Although the 
CFD model and experiment are both small scale if 
the door momentum source can represent the effects 
of a small scale door it provides confidence that a 
larger scale model will imitate the effect of a full 
scale door opening and closing. For an initial study 
the experiment and CFD model are both designed 
with a floor to ceiling height door. This is in order to 
study the flow around the vertical axis of the door 
independently of the flow over the top of the door.  

Experiment 
The experiment consists of a Perspex tank (0.90m x 
0.70m x 0.2m), that is a 1:10 representation of two 
rooms separated by a wall, in the middle of which is 
a door (0.09m x 0.2m) (Figure 1). The door was 
controlled by a computer controlled actuator, opening 
to an angle of 90˚. Both the speed the door moved 
and the time it remained open before closing could be 
controlled. The tank was sealed with a lid, in which 
were four openings to allow dye injection and 
mixing. Qualitative understanding of the flow was 
developed by colouring one room with dye and 
observing the plume dispersing in room two via a 
camera located below the tank.  

Further details of the experimental set up can be 
found in Hathway et al (2015). Further, particle 

tracking velocimetry was carried out using a 
Nd:YAG double pulsed laser (power 200mJ/pulse) as 
a conical beam. This created a measurement volume 
surrounding the door zone of 140 x 140 x 100mm. 
Images were captured by 3 cameras at 7.25Hz, 
capturing 11 frames over the period of the door 
opening.  

 

Figure 1 The experimental apparatus 

 

Interpolation of the measurements was carried out to 
provide the images shown in the results section. 

CFD  

In order to validate the momentum source the CFD 
model is set up to represent the physical experiment.  
It is the same dimensions and the fluid modelled is 
water as in the experiment. However, the simulation 
is of only one of the two rooms. The door is then 
assigned as a boundary condition with a related door 
momentum source. It is the ability of this source 
(described in more detail below) to represent the 
airflow from a door moving that is being evaluated in 
this paper. 

CFD simulations were carried out using Fluent 14.0. 
First a relatively coarse mesh with 132,000 
tetrahedral cells and no refinements is used. The aim 
of this is to investigate how reasonable the results 
from a ‘quick’ mesh would be in representing an 
approximate door draft. A mesh of 504,000 cells is 
compared to this in order to identify grid dependency 
issues in the coarse grid option. For both the time 
taken to simulate on a standard desk top machine 
(Intel Core CPU 3.40GHz with 8.00GB Ram) was 
noted. In order to follow standard methods the k-ε 
model was used as this is well established for use in 
simulating indoor air. The doorway itself is modelled 
as a zero pressure outlet. Inline with the experiment 
there is no background ventilation and so there are no 
other inlets of outlets specified. The walls are treated 
as a no slip boundary. The case is treated 
isothermally.   
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Figure 2 Sketch in plan illustrating the door 
momentum source 

 

The door momentum source itself is incorporated 
through a user defined function (UDF). There are two 
parts to the source. The first applies a solid zone in 
the location of the door at each time step. In order to 
apply a zone in which there is no flow that moves 
location with time (without incorporating a dynamic 
mesh) the Porous Zone function is used. By applying 
a zone with 0% porosity a zone is applied through 
which there is no velocity. The UDF applies this 
zone in a different location at each timestep as the 
door opens.  

The second part incorporates two momentum sources 

(x and z) in a small zone around the solid door (as 
shown on Figure 2). The linear velocity in the x and z 
direction will vary along the length of the door. In 
order to incorporate this into the CFD the model the 
door is treated as a number (n) of discreet sections. 
The UDF then loops through each section from i= 0 
to i=n. For the door opening the x velocity is then 
calculated as: 

����� � ��	 
 �		cos	�	�/�       (1) 

The z velocity is: 

����� � ��	 sin �	�/�   (2) 

The door opens until it is at 90 degrees. At which 
point it stops and is held in this position for 0.5 
seconds. For this period the momentum source is set 
to zero as there is no movement from the door 
exerting a force on the fluid. However, the solid zone 
of door is still applied.  

The door then closes and as it changes direction the 
velocity changes in the x direction to: 

������ � 
��	 cos�� 
 ���/�      (3) 

In the z direction when closing the velocity is: 

������ � 
��	 
 �	 sin�� 
 ���/�      (4) 

d is the distance between each section (where a new 
calculation for velocity is carried out). i is a value 
between 1 and n through which the code loops to 
apply the relevant velocities along the length of the 
door. For this example the door speed is π radians / 

Figure 3 Top: view from below of the dye dispersion in the tank during (left to right) door opening, hold 
open and closing. Velocity vectors on central plane viewed from below at equivalent times for the coarse 

(middle) and  fine (bottom) mesh. An approximate position of the door is shown with a thick black line 
(vectors are scaled for visibility, the flow does not travel through the door) 
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second. The door angle � is therefore equal to ��, 
where T is the current time.  

The solid zone is set at 0.014m wide, and the 
momentum zone set at 0.03m wide. The timestep is 
set to 0.1 seconds 

For each timestep the velocity remains consistent (i.e. 
there is no acceleration or deceleration of the door 
accounted for).  

Results 

Figure 3 and figure 4 show the qualitative 
comparison between the experiments and CFD 
analysis. The experiments show images taken from 
below the tank at three times when the door is 
opened, held open and closed.   The movement of the 
flow from right to left in the images is clear in both 
CFD and the experiments. The two separate vortices 
that are beginning to be seen in the final picture of 
the experiment are also visible in the CFD.  

It is unsurprising that this method does not mimic the 
flow along the edge of the door (as this is the location 
where the momentum source is provided). This 
means that there is more recirculation in the region of 
the door. Air entering from the second room in the 
CFD models is quickly re-entrained into the door 
boundary and extracted, unlike the real experiments 
where a significant quantity of dye is dragged along 
the door and enters the room. Therefore, this method 
does not seem to be the most appropriate for 
simulating the exchange of air between rooms.  

 However, it does provide good qualitative 
comparisons for the general flow field. This indicates 
that it is likely to be suitable for studying the 
interactions of the drafts from the door with local 
extract devices within the room.  

 

Table 1: Single point velocity comparisons between 
experiment and CFD 

 

An average point measurement from the PIV at the 
point when the door reaches the open position is 
given in Table 1 along with the simulation time. 
These are compared to the same points in the CFD 
(co-ordinates: 0.32, 0.14, 0.07). With the finer mesh 
the overall velocity magnitude reduces to a value in a 

similar range to the experiments, although from the 
components it vastly over estimates the x-component. 
This may be because the source of momentum 
surrounding the door prevents the reduction in x-
momentum as the fluid hits it. More generally the 
velocities measured around the door from one 
experiment were in the range of approximately 0.1-
0.3m/s and results from the fine mesh were similar.  

CONCLUSION 
This paper presents a pilot study to develop a door 
momentum source for use in CFD that can represent 
the air flow generated by a doors movement. This is 
for use in initial, broad brush, investigations into the 
impact of door movement on the air-flow. It does not 
attempt to model in detail the air-flow and turbulence 
characteristics. 

However, promisingly, the results even with a coarse 
mesh show good qualitative comparisons to 
experimental results. The coarse mesh over-predicted 
the velocities. However, with a fine mesh the 
velocity magnitude and z velocity were closer to the 
experimental values, although the x-velocity is still 
largely over-predicted. Further work is required to 
look at the values in particular locations, such as the 
draft as the door is closed.   

Further work is required to investigate finer meshes 
and the related improvement in simulation versus 
computational time. It is also necessary to 
incorporate local extract regimes in the room to 
identify how well the model performs for a more 
realistic design task.  

NOMENCLATURE 
�����=  u velocity during door opening 
������ �u velocity during door closing 
�����=  w velocity during door opening 
������ �	w velocity during door closing 
�= Current time.  
� = door angle. 
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Figure 4. Vectors of velocity from the experiments (left), coarse mesh (centre) and fine mesh (left) for the 
door opening (top), held open (middle) and closing (bottom) 
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