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Abstract - Modern commercial buildings consist of some sophisticated systems such as HVAC technology that delivers 
thermal comfort environment to all occupants, which is based on thermodynamic principles. This paper investigates a new 
indoor airflow closed system strategy defined as non-directed airflow and its significant improvement on the some of the 
main factors (temperature uniformity – air movement) that determine the thermal character of an indoor environment. The 
main aim of this study is based on comparison between the new approach and the conventional systems throughout 
conducting a series of CFD (Computational Fluid Dynamics) simulations with changes in boundary conditions, various inlet 
air velocities and different outlet air scenarios. The multiple outcomes would quantify the improvement of thermal comfort 
conditions, and the graphical results would exhibit the advantages of the new indoor airflow mechanism such as the 
uniformly distributed temperature, elimination of short circuits and local drags by decreasing air volume, and the reduction 
in fan speed. Sequentially the novel airflow mechanism could potentially result in a significant reduction in ventilation and 
cooling in energy consumption.  
 
Keyword: HVAC Non-directed airflow, Indoor airflow CFD simulation, - Pressurised ventilation system - Thermal comfort 
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I. INTRODUCTION AND BACKGROUND 
 
1.1 Thermal comfort condition 
As known, it is estimated that the urban population 
spend up to 90% of lifetime in buildings. Unsuitable 
indoor air conditions in terms of thermal comfort and 
indoor air quality directly lessen not only human 
productivity but also human health. In buildings, it is 
essential to have heating, ventilating and air-
conditioning (HVAC) system to provide all the 
occupants with a thermal comfort indoor climate and 
less air pollution at all the time.[1] 
Since air-conditioning was invented and applied 
widely in commercial buildings at the beginning of 
the 20th century, the indoor climate in modern office 
buildings gradually started to be delivered in a 
standardized way to create constant and neutral 
thermal conditions for all occupants throughout 
applying mechanical heating, ventilation, and air-
conditioning technologies. Indoor airflows can 
change dynamically not only in terms of time but also 
spatially, and human perception of dynamic airflows 
is a complex process. In order to obtain a detailed 
understanding of air movement comfort assessments, 
it is necessary to examine the effects of different 
airflow parameters and their impact on human 
thermal comfort perception. Numerous research 

efforts have attempted to determine the parameters 
that can influence occupants' subjective thermal 
comfort perception. Many studies have focused on air 
velocity, aiming to determine possible air velocity 
values that can improve human thermal comfort at 
different temperatures.[2] 
A neutral thermal environment is the feeling of 
neither slightly warm nor slightly cool. It is affected 
by a combination of factors, including metabolic rate, 
clothing, air temperature, temperature stratification, 
radiant temperature, relative humidity, air speed, and 
turbulent intensity in the occupied zone.[3] 
Thermal sensation is exclusively influenced by four 
environmental factors (temperature, thermal 
radiation, humidity and air speed), and two personal 
factors (activity and clothing). An alternative theory 
of thermal perception is the adaptive model, which 
states that factors beyond fundamental physics and 
physiology play an important role in building 
occupants’ expectations and thermal preferences.[4] 
Air distribution plays an important role in achieving a 
satisfactory level of air quality and thermal comfort in 
mechanically ventilated rooms. The airflow velocity, 
temperature, and turbulence intensity distribution 
inside the room are mainly affected by the 
characteristics of the air distribution system. These 
are the key parameters that affect the mixing of the 
supply air and the efficiency of existing air 
replacement. These parameters also determine the 
human's thermal comfort sensation according to 
various comfort models that have been developed.[5] 
In the early 1990s, the concept of draft was proposed 
to describe the unwanted local cooling sensation 
caused by cold air movement. At that time, the Draft 
Risk (DR) model was included in several air 
movement criteria to estimate the percentage of 
subjects who became dissatisfied due to draft as a 
function of the mean velocity and the air temperature. 
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However, it should be noted that the above studies 
mainly focused on the negative effects of air 
movement in cool-neutral climates, not in warm 
environments. With the understanding that suitable 
air movement may provide desirable cooling in warm 
conditions, research emphases gradually shifted away 
from the negative discomfort of draft to the positive 
comfort benefits of moving air.[2] 
Thermal comfort research literature indicates that 
indoor air speed in hot climates should be set between 
0.2 and 1.50 m/s, yet 0.2 m/s has been deemed in 
ASHRAE Standard 55.[6] 
Providing optimal, or at least comfortable  thermal 
environment that can satisfy a majority of occupants 
is deemed to be important, and has been the primary 
goal of conventional facilities management practice, 
particularly in the context of commercial office 
environments in which individual occupant's control 
over their surrounding environments is usually 
restricted. However, indoor environments deemed 
satisfactory by a certain occupant group may not be 
satisfactory to another due to the unevenly distributed 
air temperature.[7] 
In the aspect of air quality, CO2 concentration is used 
as an indicator of air quality in HVAC system 
because carbon dioxide is a main fluid waste from 
occupants within building. Although carbon dioxide 
is not the only indoor-air pollutant, CO2-based 
controls were proposed to maintain at adequately low 
CO2 level. In turn, other pollutants will be controlled 
to acceptable low levels as well. It was also reported 
that the CO2-based control has significantly reduced 
energy consumption especially when compared with 
the conventional approach by constant ventilation rate 
at maximum occupant load. However, those studies 
concerned only indoor air quality and did not take the 
thermal comfort level in account.[1] 
 
1.2 Building energy consumption 
Energy consumption has become an important issue 
for policy makers on a global scale. This is due to 
additional strain on the environment due to the 
expected vast increase in world energy demand over 
the next 30 years. More energy efficient buildings 
thus not only hold monetary reward for the owner but 
also reduce the production of greenhouse gasses. 
HVAC systems are being responsible for more than 
54% of the building’s total energy consumption.[8] 
Advancements in science and technology have helped 
the design and operation of energy efficient HVAC 
systems, but it was also found that most of the 
methodologies and procedures adopted have resulted 
in adverse indoor conditions. Within the last 20 years, 
researchers have developed a number of new 
technologies to improve existing building energy 
consumption and comfort performance. Furthermore, 
to ensure sustainable energy efficiency and 
acceptable indoor quality in existing buildings.[9] 
Energy codes usually set minimum energy 
efficiencies for energy consuming devices of HVAC 

systems. The selection of equipment with efficiencies 
below minimum requirements is only permitted in the 
performance approach or is not permitted at all when 
equipment minimum efficiencies are mandatory 
requirements. Energy efficiency indicators for HVAC 
equipment can express equipment efficiency for a 
given time (instantaneous) at a certain load state (full 
or partial) and operating conditions (rating 
conditions) or the average efficiency during a typical 
operation period (seasonal). Instantaneous 
efficiencies depend on rating conditions and load 
state and must be measured in accordance with 
standard test procedures. Seasonal efficiencies not 
only depend on instantaneous efficiencies but also on 
the load profiles and operation conditions during the 
operation period. They condense off-design 
performance into one figure and assess the average 
efficiency, allowing designers to select equipment to 
perform efficiently in mean conditions rather than at 
design point.[10]  
 
1.3 Conventional HVAC System: 
Drawing a general scheme to satisfactorily include 
the huge variety of components and equipment 
involved in HVAC systems, together with their 
possible connections it could be a complex task. The 
description of each particular facility is usually 
provided by a principle diagram with the details of 
the equipment (chillers, boilers, pumps, etc.) and their 
connections (water, air and refrigerant circuits) [11] 

 

 
Figure (1) General schematic of a typical all-air HVAC system 
 
Figure (1) shows such a diagram for a typical all-air 
system with central generation of hot and chilled 
water by means of a boiler and a water-cooled chiller 
connected to a cooling tower respectively.[11] 
 
1.3.1 Control system of conventional HVAC: 
The conventional HVAC control system is not a fully 
closed system, as the supply air (inlet) and return air 
(outlet) dampers correspond only to one parameter 
which is the room temperature, and accordingly there 
is no control over the humidity and air quality levels.  
Using the temperature thermostat as the only 
parameter to control the entire system, results in high 
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air volume for the purpose of increasing the air 
mixing process, which would cause a various issues 
such as; local drags, temperature islands, 
inhomogeneous climate and high energy cost.  
 
II. NON-DIRECTED AIRFLOW 
 
The new non-directed airflow mechanism is based on 
having a pressurised ventilation closed control system 
that would consist of various parameters to deliver an 
optimal thermal condition, throughout several of 
measuring sensors for temperature, humidity, CO2 
and pressure. 
The entire system dynamically corresponds to all the 
measuring sensors through a logarithm that controls 
the damper and fan speed for the air inlet, also the 
damper and exhaust fan for air outlet. 
The velocity level in a room ventilated by air flow is 
strongly influenced by the air supply conditions, it is 
very important to describe the momentum flow 
correctly.[12] 
 
III. SIMPLIFIED 2D SIMULATION SYSTEM 
 
3.1. Methodology  
Recent advances in computational fluid dynamics 
(CFD) and computer power make it possible to 
accurately predict some features of airflow within 
ventilated spaces. The CFD method has been 
successfully applied for airflow analysis in relatively 
complicated conditions; it usually requires lots of 
meshes and consumes much time to get convergence 
for engineering problems. It is important to develop 
simple models and methods to simulate indoor 
airflow so that HVAC design issues and predictions 
can be solved in short time to meet the engineering 
demand on a personal computer. The main factors 
affecting the simulation speed are the method of 
describing inlet boundary conditions, turbulence 
model used, and the numerical method of solving the 
discrete equations.[12] 
Supply mass and momentum flows are known as the 
key factors influencing the air flow characteristic. For 
non-isothermal air flow, buoyancy flow is also a main 
factor.[12] 
 
3.2. Governing Equations 
Governing equations are the life blood of CFD; our 
numerical simulation is set to simulate fluid flow 
state according to fluid dynamics principles. The 
famous equations of fluid dynamics are also known 
as the Navier–Stokes equation. 
Application of supercomputers to solve these 
equations introduced the field of CFD. The basis of 
these equations lies in the assumption that a fluid 
particle deforms under shear stress. Then, using the 
second law of motion and energy conservation, the 
dynamics of the particle is described by its mass, 
momentum, and energy. In principle, all three 
parameters must be conserved:[13] 

1- Conservation of mass. 
2- Conservation of momentum. 
3- Conservation of energy. 

 
3.2.1 Conservation of mass: 
The conservation of mass equation says that the mass 
is conserved. It is also known as the continuity 
equation. The continuity equation is written as:[13] 

 
3.2.2 Conservation of momentum:   
The conservation of momentum is based on Newton's 
second law that F = ma, where m is the mass of the 
fluid particle and 훼 is its acceleration. 
When applied to a fluid particle under the action of 
pressure, viscous and body forces constitute a set of 
momentum equations.[13] 
X-direction: 
  + + + = 	− + 휇 + +

+ 휌푓   
Y-direction: 
 + + + = 	− + 휇 + +

+ 휌푓  
Z-direction: 
  + + + = 	− + 휇 +

+ + 휌푓  
 
3.2.3 Conservation of energy: 
The energy equation is based on the principle that 
energy is conserved. It is also called the First Law of 
Thermodynamics.[13] 

 
 
3.3 Simplifying assumption:  
While simulating a 2D model, the following 
assumptions have been made: 

- Air inlet and outlet is an open duct with no 
diffusers. 

- The walls are all the same default material in 
FLUENT. 

3.4 Creating a model geometry, meshing and 
boundary conditions 

A simplified 2D model was selected in order to 
reduce the time of the simulation cycle, which will 
not affect the accuracy of the simulation results. 
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3.4.1 Geometry: 
The simulation is based on a physical geometry of the 
researching rooms at RMIT University with the 
dimensions shown at figure (2)   
 

 

 
Figure (2): physical geometry (RMIT Room 251.2.43) & 

ANSYS 2D geometry [m] 
 

Using ANSYS Workbench, the 2D geometry is a side 
view with a distance of 4.9m between air inlet and air 
outlet, 2.7 m height of ceiling, 2m from wall (1) to air 
supply and 1m from wall (2) to air return. The 
dimensions on both diffusers for inlet and outlet are 
(0.6X0.6) m. 
 
3.4.2 Meshing process: 
ANSYS default mesh settings use unstructured 
meshes in order to reduce the amount of time spent 
generating meshes; the initial mesh generation 
process had to be amended in order to have finer 
meshing, in order to have an acceptable meshing that 
would deliver accurate results, the meshing elements 
should be between (4000-40000) elements, Also 
using multi-block structured meshes to enable the 
adapted mesh to resolve the flow-field features.  

 
Figure (3): Meshing details & statistics 

 
Meshing statistics at figure (3) illustrate that the 2D 
model used for simulation has been meshed finely 
and has a total element number of 27270 elements. 
 
3.3.3 Boundary conditions (BC): 
One of the assumptions made to simplify the model is 
assigning both walls and ceiling to be set as wall zone 
of BC with default wall sittings and properties, the 
floor is assigned to axis zone of BC. 
Air supply (inlet) and air return (outlet) will have 
different boundary condition scenarios and 
configurations depending on the simulation if it is 
conventional system or pressurised system. 
 
3.5 Simulation graphical results and Discussion: 
The simplified 2D simulation for this study was 
conducted for four different cases in order to illustrate 
and highlight some differences between the 
conventional HVAC system and the non-directed 
airflow system. 
 
3.5.1 Conventional system setup 
Cases (3&4) represent the conventional HVAC 
system, where the temperature is the only parameter 
that the control system corresponds to in real 
applications and also in simulation, therefore the 
boundary conditions of the inlet and outlet were 
constructed in Fluent as the following: 
 Inlet type = Velocity inlet        
Outlet type = Outlet-Vent  
 
Both cases had a high air velocity at the inlet; the 
outlet was set as outlet ventilation that corresponds 
only to temperature 
Inlet velocity = Case3 @ 1 m/s & Case4 @ 3 m/s 
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Inlet temperature = 298K (25o C) & Outlet 
temperature = 291K (18oC) 
 
3.5.2 New system setup 
Cases (1&2) represent the pressurised ventilation 
system, where the temperature, pressure, humidity 
and CO2 are the parameters that the control system 
corresponds to in real application, but in simulation 
the temperature and pressure would be the only 
parameters used, therefore the inlet and outlet were 
constructed in Fluent as the following: 
Inlet type = Velocity inlet   
Outlet type = Pressure-outlet 
 
Both cases had a low air velocity at the inlet; the 
outlet was set as pressure-outlet that corresponds to 
temperature and pressure 
Inlet velocity = Case1 @ 0.05 m/s & Case2 @ 0.5 
m/s 
Inlet temperature = 298K (25o C) & Outlet 
temperature = 291K (18oC) 
Outlet gauge pressure = 2 Pa 
 
3.5.3 Number of iterations: 
Prior to the stage of calculating results, a standard 
solution initiated to compute from inlet at an absolute 
reference frame, the total number of iterations was set 
to 200 then the calculation was conducted. 
 

 
Figure (4): Iterations diagram [Iterations]  

 
The four lines shown in Figure (4) refer to the solver 
using governing methodologies and equations of 
continuity, momentum at X&Y and energy, to 
calculate velocity, pressure and temperature. 
Cases 1&2 refer to the pressurised ventilation control 
system have more fluctuated iteration lines compare 
to the iterations lines for conventional system cases 
3&4, that is due to the increase of parameters added 
to the system.  

3.5.4 Pressure: 
Figure (5) shows that there are mainly two large 
regions of pressure variation in Case4, and in Case3 
there are two large regions and three small regions of 
pressure difference due to the conventional system 
mechanism, that does not consider pressure as one of 
its control system parameters. 
 

 
Figure (5): Pressure contours [Pa] 

 
The new pressurised ventilation system exhibits a 
better pressure distribution across the room where the 
outlet damper (pressure-outlet) set at 2 Pa; Case1 
shows that there is only one small area of pressure 
variation which is insignificant compare to the 
conventional system. 
The pressurised ventilation cases 1&2 lead to and an 
improvement of pressure across the room and the 
flow layout. 
  
3.5.5 Temperature:  
The temperature for all four cases were set at 291K at 
the inlet and 298K at the outlet with all various air 
velocities, but the pressurized ventilation system for 
cases 1&2 the outlet temperature with associated with 
another the pressure parameter that was also set at 
2Pa. 

 
Figure (6): Temperature contours [K] 
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Figure (6) illustrate that in Case4 there is a large 
region of temperature stratification and in Case3 there 
are two temperature islands, as both cases represent 
the conventional system which exhibits the issues of 
unevenly distributed temperature. 
The decrease in the inlet air velocity resulted in 
reforming the temperature stratification region in 
case2 to decrease and the further reduction in air 
velocity in case1 lead to further decrease of 
temperature stratification. The pressurised ventilation 
system indicates the possibility of eliminating the 
issues of temperature stratification, by uniformly 
distributing the temperature across the room 
throughout homogeneous air mixing and air 
diffusion. 
 
3.5.6 Velocity: 
Figure (7) illustrate the air velocity across the room 
for both systems, where the conventional system 
represented in both Cases 3&4, the inlet supplies air 
into the room at high velocity (case3 @ 1 m/s – case2 
@ 3 m/s) in order to create a high air current in order 
to mix with existing air which would result in 
forming a significant amount of pockets local draft 
regions. 

 

 
Figure (7): Velocity countors [m/s] 

 
Exceptionally the non-directed airflow system 
running at a low air velocity (case1 @ 0.5 m/s – 
case2 @ 0.005 m/s) , exhibited the significant 
reduction the local draft regions, which would 
eliminate the short circuiting issue and also allow a 
better air mixing, by reducing the air velocity to its 
minimum. 
 
3.5.7 Air distribution  
To Visualize clearer graphical results of air 
distribution and air movement, we have used the 
velocity vector tool to display air flow pattern across 
the room shown in figure (8)  

 
Figure (8): Velocity vectors [m/s] 

 
Different forms of large eddies of air movement have 
been exciting in cases 3&4 of the conventional 
HVAC system, at high air velocity rate. 
Applying the pressurized ventilation control system at 
lower air velocity; Case2 shows that by reducing the 
air velocity to 0.5 m/s the air movement eddies have 
been reformed and decreased, and case1 shows that 
by reducing the velocity further down to 0.05m/s the 
air movement eddies have been eliminated, and the 
air is flowing without creating any eddies. 
 
IV. FUTURE WORK 
 
Given that this study only considered a limited set of 
thermal parameters (air velocity & pressure) for the 
simplified 2D simulation, therefore future work 
should include additional parameters in more 
developed more complex 3D simulation with more 
features and mechanical properties. 
Additional boundary condition and methods such as 
Neumann (heat flux – temperature difference) and 
Dirichlet (constant temperature) could be introduced 
to further CFD simulations. 
Developing set of equations and relationships 
between all different thermal characteristics (air 
velocity – Humidity – Pressure – CO2 level) in order 
to improve thermal conditions.     
 
CONCLUSIONS 
 
This paper has presented some characteristics of the 
evolutionary HVAC technology, and exhibited some 
basic features of the new pressurized ventilation 
control system to reveal its working mechanism and 
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airflow layout, and to determine the possibility of 
optimizing the thermal comfort conditions, where a 
series of simplified CFD analysis were conducted to 
perform a detailed graphical results, that have 
illustrated some differences between the conventional 
system and the new system. 
The study provided four different scenarios where the 
supply air velocity varied in all cases divided into 
ranges; high velocity supply air for cases 3&4 
representing the conventional systems and low 
velocity supply air for cases 1&2 representing the 
new pressurized control system, also there were two 
different boundary conditions, the outlet for cases 
3&4 were set as outlet-vent corresponding only to 
temperature, but the outlet for cases 1&2 were set as 
pressure-outlet corresponding to both thermal 
parameters of temperature and pressure. 
The graphical results for all cases enabled us to 
determine some advantages of the non-directed 
airflow and its pressurized ventilation control system; 
The temperature stratifications were minimized and 
nearly eliminated, keeping a constant and uniformly 
distributed temperature across the entire room, the 
reduction in air volume which allows a better air 
mixing and minimized the forming of pockets local 
drafts, the elimination of short circuiting between air 
inlet and outlet. 
Non-direct airflow mechanism is based on 
distributing airflow evenly at a very low velocity, by 
reducing the fan speed significantly which would 
result in great reduction of HVAC energy 
consumption and sequentially decreasing carbon 
emission level.    
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