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By Vaibhav Rai Khare

CAPABILITIES OF 
COMPUTATIONAL FLUID 
DYNAMICS (CFD) IN 
BUILDING DESIGN
India is witnessing rapid development 
in green buildings which require 
energy conservation and quality 
built/exterior environment in their 
design. Poor design of buildings and 
systems not only wastes resources 
and energy and causes adverse 
impacts to the environment, but 
also creates uncomfortable and 
unhealthy indoor environments.

Following its continuing 
development for over a quarter 
of a century, Computational Fluid 
Dynamics (CFD) now plays an 
increasingly extensive and intensive 
role in all the aspects and stages 
of building design. CFD solves 
fundamental equations of motion 
for individual fluid elements at all 
points of the grid volume. It predicts 
the motion of air at all points in the 
flow, i.e. Conservation of mass and 
momentum equations, using an 
iterative procedure until reaching 
convergence. The information 
provided by CFD helps in analysis 
of the impact of building on the 
environment, to predict smoke and 
fire risks in the building, to quantify 
indoor environment quality, and to 
design natural ventilation systems. 
The below image shows how CFD 
connects with building design 
requirements. 
 
Ventilation of a building plays a 
crucial role in energy conservation 
and enhances thermal comfort 
and air quality. The traditional 
rule of thumb and spreadsheet-
based approaches to freezing the 

ventilation equipment capacities 
results in oversized equipment 
and consequently, an increase 
in the upfront cost and energy 
consumption. CFD simulation 
technology is a very effective 
method to predict and evaluate the 
performance of ventilation system 
design. 

Below are some applications which 
can be achieved with the help of 
CFD:

Validating the Building 
Design Process
CFD tool is used widely for evaluating 
the indoor environment of a building 
and its interaction with the building 
envelope. Typically, simulation is 
performed at the end of the process, 
and while this still facilitates design 
improvements, the use of CFD in the 
early stages could potentially prevent 
late design changes that prove costly 
and extend project timeframes. It 
calculates the airflows in and around 

 

Figure 1: How CFD connects with Building Design
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the building for generating design 
modifications.

CFD Predicts Wind 
Environment in a Short-
term before Construction
CFD simulations are being widely 
used for the prediction and 
assessment of pedestrian wind 
comfort environments and high-rise 
building aerodynamics. Results from 
CFD wind simulation are now seen as 
reliable sources of quantitative and 
qualitative data and used to make 
critical design decisions. Figure-2 
shows that the wind at the entry 
point of the building is strong, which 
was reduced by planting trees.
 
CFD in the Design of 
Naturally Ventilated 
Buildings
Natural ventilation is crucial for 
conserving energy, reducing carbon 
emission, and improving the built 
environment’s comfort level and 

indoor air quality. CFD is a powerful 
tool to predict the behaviour of 
natural ventilation strategy due 
to specific geometry features and 
analyze the strength/weakness of 
design options. In the Figure-3, the 
natural ventilation phenomena have 
been explained with a single side 
and cross ventilation. 
 
CFD in HVAC System Design
CFD is a powerful tool to evaluate 
indoor air quality and thermal 
comfort provided by diverse HVAC 
systems, leading to an effective and 
efficient system design. It can be 
used to improve the initial HVAC 
system design to an optimal design. 
The CFD results help to understand 
the physics behind the ventilation. It 
can also be used to guide the design 
process and optimize the ventilation 
system design. 

Radiant System: Radiant systems 
primarily work with the reduced 

requirement of the air supply. 
Therefore, ventilation air plays 
a vital role in determining the 
thermal comfort of occupants. 
CFD analysis helps to optimize the 
radiant system’s design and predict 
the airflow patterns, temperature 
distribution, and mainly the thermal 
comfort of the occupants. 
 
Displacement Ventilation: 
Displacement ventilation is an 
air distribution strategy where 
conditioned air is supplied at low 
velocity from air supply diffusers 
located near the floor/occupant level 
and extracted above the occupied 
zone. CFD analysis helps in the 
early detection and mitigation of 
risk of thermal comfort and poor 
distribution of the air at the concept 
level.
 
CFD in Healthcare Facilities
Health care facilities require high 
airflow rates to maintain a high level 

Figure 2: Tall building plays a significant role

Figure 3: Natural ventilation airflow pattern for single-sided and cross ventilation
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of cleanliness while maintaining the 
desired conditions, especially after 
COVID-19 pandemics. The airflow 
pattern and resulting flow path of 
airborne contaminants play a crucial 
role in the spread and accumulation 
of airborne pathogens and locations 
of surface deposition. CFD analysis 
helps to optimize the HVAC 
performance to minimize the spread 
of airborne contaminants while 
maintaining the desired conditions, 
including the thermal comfort of the 
occupants. 

CFD in Parking Garage 
Ventilation
The parking ventilation should 
be designed to provide a safe 
environment for all personnel 
within a space by maintaining an 
acceptable level of concentration 
of CO and C02. CFD analysis helps 
to decide the number of jet fans 

and location; to simulate the airflow 
and CO concentration and smoke 
prediction; and to predict the 
performance of the system for various 
possible situations. Figure-6 shows 
an example of smoke dispersion 
from an underground parking.

Further, fire safety is paramount, as 
accidental fire can be dangerous 
and leads to the loss of lives and 
property. In the event of a fire, rapid 
smoke exhaust enables evacuation 
and provides a smoke-free area 
for firefighters. Fire simulation, a 
CFD tool tailored explicitly for fire-
driven fluid flow, provides a detailed 
picture of the smoke path inside the 
basement with smoke concentration 
profiles at different times and 
locations. 
 
CFD in Data Centers 
The energy required to store and 

 

Figure 4: A temperature distribution comparison between the conventional and radiant cooling system

Figure 5: Conventional cooling vs displacement ventilation

maintain large amounts of data 
can be used with greater efficiency 
if the infrastructure is appropriately 
managed, which is vital to keep the 
equipment running and maintain its 
functionality. Cooling systems tend 
to be highly energy-intensive, and 
often use as much energy as the 
servers they support. CFD simulation 
allows finding the unique cooling 
system configuration that would 
fit the facility and reduce the Data 
Center power consumption with 
proper air distribution. 

CFD also predicts the ‘hot-spots’ 
in the data centre and meet the 
thermal requirements of servers.

Conclusion: CFD is Bridging the 
Gap between Architecture and 
Engineering Computational fluid 
dynamics (CFD) simulation is essential 
in the design and optimization of 
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Figure 6: An example of smoke dispersion of an underground parking

sensitive HVAC environments. It 
has taken a prominent position for 
the simulation of indoor airflow 
problems. It can simulate a broad 
range of configurations, data 
handling possibilities, combined 
with the rapid increase in computer 
power. New areas and directions for 
using CFD for building study have 
been promoted to provide a more 
accurate and rapid prediction of 
building performance.

When integrated into the workflow, 
CFD can bring huge benefits, 
mainly working with challenging 
and complex HVAC environments. 
Below are some trends which have 
been identified based on the current 
research and uses of CFD in building 
design:

Trend-1: Integration of CFD 
with buildings modelling 
programs
The building is such a complex 
product that building components 
can rarely be designed and evaluated 
individually. Building energy 
consumption is determined by room 
air distribution and lighting design, 
resulting in significant heating/
cooling load change. The integration 
of energy simulation and CFD 
can eliminate many assumptions 
involved in separate applications. An 
integrated design tool can improve 
the prediction accuracy of building 
performance.

Trend-2: Simplification and 
intelligence of CFD tools
Since most CFD users in the building 
industry are building designers 
and engineers who have limited 
knowledge of fluid flow, they would 
undoubtedly welcome an intelligent 
CFD program. An excellent graphical 
user interface (GUI) can dramatically 
reduce the input effort and errors, 
attracting more designers to apply 
CFD programs for their designs. 

Intelligent and straightforward 
interfaces can minimize the need 
to understand the underlying flow 
physics and numerical methods but 
still obtain meaningful results.

Trend-3: Importance of CFD 
computing cost
Most CFD simulations require 
considerable computing time 
ranging from hours to days due to 
numerical iterations and resolution 
requirements. It is unacceptable for 
most design tasks, which need a 
rapid evaluation of alternative plans. 
The trade-off between speed and 
accuracy has been noticed since 
most building designers have fewer 
accuracy requirements especially at 
the early stage of building design 
when most design details have not 
been determined, and architectural 
plans may change rapidly. Hence, 
various simple airflow models may 
be more suitable for these purposes. 

Trend-4: Development of 
Critical Modelling Methods
Although current CFD programs can 
simulate most building phenomena, 
advances in the building continue 
to impose new challenges to CFD, 
such as modelling innovative 
diffusers, new window designs, and 
advanced heating/cooling systems. 
The problem may become more 
complicated when involved with 
mass transfer, phase changes, and 
multi-phase interactions, such as 
air condensation and combustion. 
Moreover, advanced CFD techniques 
such as Large Eddy Simulation 
(LES) may be needed to study 
critical problems in buildings that 
traditional CFD approaches cannot 
efficiently resolve. 

Overall, CFD has the potential to 
provide several critical opportunities 
to all those working in the built 

environment which includes better 
thermal comfort, reduced project 
lines, decreased HVAC design 
changes, increased values for firms, 
greater marketability, and the 
potential to win pitches. Affordable 
simulation software also enables 
impressive visualization for potential 
clients, reduces overall project costs, 
and limit timescales.
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