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The objective of this paper is to explore flow patterns in nasal cavity . The nasal
cavity of human and canine are  considered in this study.The computational fluid dynamic
(CFD) model of the nasal cavities  are generated using CFD software Gambit and the
analysis is done with Fluent software which employs  finite volume method. The physical
properties of hydrogen-sulfide are used in the CFD simulation. The flow patterns are
visualized to understand implications of sensing.
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Low levels of hydrogen-sulfide is present
in the atmosphere. 4.5% to 45.5% is the explosive
level of hydrogen-sulfide in air. Exposure to very
high level can quickly lead to death. Increased
concentration of hydrogen sulphide is possible in
oil fields.  Those  living near waste water
treatments, landfills and farms dealing with manure
storage are also exposed to high levels of
hydrogen-sulfide1-2

This study aims to discuss flow patterns
of hydrogen-sulfide  inhaled by human and canine
using CFD.  The nasal cavity is designed for both
functions namely chemical sensing and respiratory
air conditioning. But the process of olfaction and
respiration takes place with a different flow path
through the nasal cavity. Many researchers have
analyzed airflow patterns in the nasal cavities in

vitro using cast molds. The dynamic flow patterns
can be understood with the help of  Computational
Fluid Dynamics (CFD) .  It is also less expensive in
comparison with experimental study3-9

MATERIALS   AND  METHODS

The geometry of human nasal cavity is
developed with the help of CT scan obtained from
Bharat Scans, Chennai, India.  To investigate the
flow pattern in dog, geometry  is obtained from the
medical illustations10

The results of this study helps to observe
the flow pattern of hydrogen-sulfide inside human
and canine nasal cavity and can be used for
designing artificial noses . Velocity is given as the
inlet condition.  Velocity is closely related to
pressure, and density as seen in equations (1), (2)
and (3).  End results in terms of velocity can be
easily converted to pressure, and density.  Hence
this method is advantageous over other methods.

The paper highlights the mathematical
formulation, methodology, results and discussion
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followed by validation of our results and
conclusion.
Mathematical Formulation

Navier-Stokes system of equations for a
two dimensional, unsteady, incompressible flow
namely,

Equation of continuity:     

...(1)
x-momentum  equation:

...(2)
y-momentum equation:

...(3)

  is the velocity vector
where u and v are the velocity components in the
x and  y directions respectively, p is pressure, ñ is
density, µ is coefficient of  viscosity, and t is time.
All body forces are ignored.

An unsteady, viscous, incompressible
flow inside human nasal cavity and canine nasal
cavity  is simulated with hydrogen-sulfide under
laminar flow conditions. An uniform velocity of
1m/s is applied at the inlet in the case of canine
sniffing and  0.1m/s is applied at the inlet of human
nostril to induce the flow.  The walls are taken as
rigid.   No slip boundary condition on the velocity
is assumed at the walls. The physical properties of
hydrogen-sulfide are taken for analysis. The
density and coefficient of viscosity of hydrogen-
sulfide are  ρ=1.46kg/m3 and µ=1.2e-05 kg/m-s.

Fig.1. Human Nasal Cavity generated using Mimics
Software

Fig. 2a. Velocity profile inside human nasal cavity

Fig. 2b. Velocity Profile inside dog’s nasal cavity
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Fig. 3a. Pressure Distribution inside human nasal cavity

Fig. 3b. Pressure Distribution inside dog’s nasal cavity

Fig. 4a. Streamline pattern inside human nasal cavity

Methodology
The CT image of the subject was loaded

in MIMICS 10 software. MIMICS displays image
in three different views namely the coronal view,

axial view, and sagittal view. The coronal view best
illustrates the nasal structure as shown in Fig.1.
Different segmentation techniques like threshold,
region growing, and crop masking are applied. The
nasal geometry of human nose taken from mimics
is fed into Gambit software using which a
computational volume is created. The geometry of
dog’s nasal cavity in saggital view is considered
in this study .  The length of the nasal cavity from
the nostril to the olfactory slit is taken around 9cm.

The problem is solved in three steps
namely discretization, analysis and post processing
of the results. The quadrilateral pave mesh is
generated for the entire domain under
consideration. The number of nodes and
quadrilateral cells is obtained by fixing the interval
size as 0.25 for each CFD model. There are 1633
nodes and 1406 quadrilateral cells in right nasal
cavity of human,  1887 nodes and 1666 quadrilateral
cells in left nasal cavity of human. In the case of

dog there are 1972 nodes and 1812 quadrilateral
cells.The boundaries inlet, outlet and the wall are
defined for all CFD models.

The governing differential equations
system is discretized over each control volume by
upwind differencing scheme and is converted to
algebraic system of equations which are solved
iteratively by segregated solver using Semi-Implicit
Method for Pressure Linked Equations popularly
known as SIMPLE algorithm. Convergence of the
solution correct to three decimal places is checked.
500 iterations are performed .
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Fig. 4b. Streamline pattern inside dog’s nasal cavity

Fig. 5a. Velocity iteration plot-human-left

Fig. 5b. Velocity iteration plot-dog
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Structured mesh is applied.  Grid
validation is also done.  Perfect mesh combination
is achieved to identify the flow pattern by changing
the number of nodes and shape of the mesh.
Convergence of the solution correct to three
decimal places is monitored.
Analysis of Results

Air and the odorant in the immediate
vicinity of the nostril towards the naris(inlet),
inducing flow inside the nasal cavity.  The flow
pattern of hydrogen-sulfide inside human and
canine nasal cavity can be visualized from Fig.2a
and Fig.2b. The velocity magnitude at various
points of nasal cavity can be viewed with the help
of different contours as seen in Fig.2a and Fig.2b.
Blue contour denotes very low velocity and red
contour represents very high velocity.

High velocity(red contour) is observed
in the middle airway. As the fluid reaches the
olfactory slit the magnitude of velocity decreases
Very low velocity(blue contour) is found in the
nasal meatuses.The velocity magnitude near the
olfactory slit is 0.79m/s in the left nasal cavity and
0.74 in the right nasal cavity. In this study, it is
observed that the fluid flows with high velocity
along the dorsal airway and as fluid reaches the
olfactory region there is a decrease in velocity
which is an implication of sensing.The magnitude
of velocity near the olfactory region is 2.35m/s.
Part of the air flow through the olfactory slit (upper
end) into the olfactory region for olfaction and
part of the air flows into the nasopharynx(lower
end) for respiration which explains the multipurpose
functioning of nose.

Pressure at the inlet is very high when
compared to other points in human and dog nasal
cavity.  But as the fluid flows there is a pressure
drop.  In this case study of human the pressure
drop is more in the case of right nasal cavity. The
pressure distribution at different points of the nasal
cavity is presented in Fig.3a and Fig.3b.

Streamline pattern given in Fig.4a and
Fig.4b depicts the pattern of flow of fluid particles.
Convergence of the Solution correct to 3 decimal
places is monitored and is presented in Fig.5a and
Fig.5b.  The solution converges at 35th iteration for
human left nasal cavity, 53rd iteration for human
right nasal cavity, and 173rd iteration in the case of
dog.

CONCLUSION

The results of this analysis can be used
in the design of artificial noses and bio-inspired
sensors .The design can target a particular industry
based on the need.  This study can be extended to
perform biomimicry  to derive efficient sniffing
schemes in the artificial sensors. Single and multiple
flows of different toxic chemicals can be considered
under various boundary conditions using CFD
analysis.  The geometry can be customized to suit
a particular industry.
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