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1.  Introduction

Today there are lots of sensors available in the market. On 
the other hand accidents are still going on. Early warning 
can prevent such dangerous situations. Efficiency of 
sensors can be increased by optimal sensor position. 
Researchers prefer CFD to obtain more accurate results1–6. 
CFD analysis is performed to identify and fix optimal 
sensor position under steady state conditions7,8. In reality, 
unsteady flow conditions prevail. Hence it is required to 
analyze flow patterns in unsteady state.

 In this paper, we extend our study of airflow patterns 
around circular sensors in 3 models with laminar flow by 
considering unsteady state conditions. CFD models are 
developed by fixing sensors at different locations in an 
indoor set up and finally 3 unique models are derived and 
compared to obtain the optimal sensor position.

The paper is organized as follows. The mathematical 
formulation is presented in the first part. The methodology 
is given in the second part. The results are discussed in the 

third part. The conclusions of this study are presented in 
the last part. 

2.  Mathematical Formulation

2.1 Governing Differential Equation
The governing differential equations for an unsteady, 
incompressible flow are given by Navier-Stokes system of 
equations.
Equation of continuity:  

					     (2.1)

x-momentum equation: 
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y-momentum: equation: 	
	 (2.3)

jviuq +=  is the velocity vector. u and v denotes the 
velocity components in the x & y directions respectively, 
p denotes pressure, ρ denotes density, and µ denotes 
coefficient of viscosity.

The cartesian coordinates (x, y) is transformed to 
curvilinear coordinates (ξ, η) and the problem is solved. 
The solution is converted back and expessed in terms of 
cartesian coordinates (x, y).

2.2 Boundary Conditions
A two dimensional, viscous, incompressible, laminar flow 
of air is simulated around circular sensors under unsteady 
state conditions. The operating pressure is taken as 101325 
Pascals. All body forces are ignored. The inlet velocity of 
0.02m/s is applied. The walls are considered to be rigid. 
The physical properties of air namely density ρ=1.225kg/
m3 and coefficient of viscosity µ=1.7894e-05 kg/m-s are 
taken for analysis.

Figure 1a.    Grid of Model 1

Figure 1b.    Grid of Model 2

Figure 1c.    Grid of Model 3

3.  Methodology

The CFD model is generated using the CFD software, 
Gambit (Figure1a, Figure1b, Figure1c). The dimensions 
of the indoor building are considered as 100m and 50m 
in the x and y directions respectively with circular sensor 
radius 1 m. The sensors in 3 models are located as follows. 
Model 1 has 3 sensors centered at (25, 40), (50, 25), and 
(75, 40). Model 2 has 6 sensors with centre at (15,10), 
(45,10), (75,10), (15,40), (45,40), and (75,40). Model 3 
has 3 sensors positioned with centre at (25, 25), (75, 10), 
and (75, 40). Finite volume method is applied to obtain 
the velocity profile, pressure distribution and streamline 
pattern.

3.1 Discretization
The quadrilateral pave mesh is generated with interval 
size 0.25 for all the models. The number of mesh faces 
and nodes for each model are presented (Table 1). The 
two dimensional mesh generated using Gambit software 
is exported to fluent software for analysis.

Table 1.    Discretization
Model No. of Nodes No. of mesh faces
1 82703 82066
2 83602 82929
3 82814 82177

The integral form of partial differential system of 
equations given in equations 2.1, 2.2 and 2.3 is discretized 
by upwind differencing scheme over each control volume 
and they are transformed to algebraic system of equations 
as follows:

	 (3.1)
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The equations 3.1 and 3.2 represent discretized Navier 
Stokes equation along the x direction and y directions 
respectively where uVD  and vV∆ are the u-control 
volume and v-control volume respectively, A is the area, e 
is the node to the east of u-cell, w is the node to the west 
of u-cell, n is the node to the north of v-cell and s is the 
node to the south of v-cell. 

Semi-Implicit Method for Pressure Linked Equations 
known as SIMPLE algorithm is used to solve the 
discretized equations. 500 iterations were performed by 
taking time step as 10 seconds. 

The unknown pressure values p and the velocity 
magnitudes are computed. 

3.2 Error Analysis and Validation
Grid validation is done for different models. The mass 
flow rate at the inlet and outlet is 1.225 kg/s. Conservation 
of mass and the convergence of the solution correct to 
three decimal places are monitored.  

3.3 Future Scope
This study can be extended to unsteady state with different 
toxic chemicals. 

4.  Analysis of Results

Viscous flow of air around the circular sensors has been 
considered. The flow pattern around the circular sensors 

placed at different positions is seen from the figures 
presented in this study.

4.1 Velocity Profile
 The velocity magnitude at every point around the circular 
sensors is displayed corresponding to different colors 
starting from blue to red. Blue color is an indication 
of very low velocity region. Red color refers to very 
high velocity region. Low velocity region is observed 
along the downstream and upstream sides (Figure 2a, 
Figure2b, Figure2c) and high velocity region is observed 
in the region perpendicular to the circular sensors7,8. Low 
velocity indicates the stagnation of fluid particles which 
signifies sensing. 

In Model1, the velocity magnitude corresponding 
to the green colour is 1.22e-02m/s only for two sensors 
but different for the last sensor (Figure 2a). For Model 
2, (Figure 2b) with respect to the blue colour, it is 1.37e-
03 m/s in the right side of the first 2 sensors arranged 
vertically. Considering the case of Model 3, regarding the 
red colour which is 2.73e-02 m/s (Figure 2c) on the top of 
every sensor. 

4.2 Pressure Distribution
The pressure distribution at every point around the 
circular sensors is given corresponding to different 
colours starting from blue to red. Blue is used to represent 
very low pressure region. Red is used to indicate very 
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high pressure region. High pressure region is observed 
(Figure 3a, Figure 3b, Figure 3c, Figure 3d, Figure 3e) on 
the left side of the sensors7,8. The pressure distribution in 
3 models is compared.

In Model 1, the velocity magnitude corresponding to 
the red colour is 2.27e-04 pascal in the left side of the first 
sensor and middle sensor and 1.96e-04 pascal for the last 
sensor. There is a deviation of pressure values in the case 
of Model 1 (Figure 3a). 

In Model 2, the pressure corresponding to the red 
colour is 2.18e-04 pascal in the left side of the first 2 
sensors arranged vertically and 1.19e-04m/s for the 
remaining 4 sensors. There is a slight variation of pressure 
in the case of Model 2 (Figure 3b). 

In Model 3, the pressure corresponding to the red 
colour is 2.22e-04 pascal in the left side of all three 
sensors. There is no change in the pressure value in the 
case of Model 3 (Figure 3c). 

4.3 Streamline Pattern
Streamline pattern presented in (Figure 4) indicates the 
direction of flow of fluid particles. Length of the vector 
determines the velocity at that point. It is observed that 
high velocity region is represented by bigger arrows and 
low velocity region by smaller arrows. Iteration plots are 
given (Figure 5a, Figure 5b, and Figure 5c). The solution 
converges at 53rd iteration for Model 1 and Model 2, 54th 
iteration for Model 3. 

Figure 2a.    Velocity Profile around circular sensors in 
Model 1.

Figure 2b.    Velocity Profile around circular sensors in 
Model 2.

Figure 2c.    Velocity Profile around circular sensors in 
Model 3.

Figure 3a.    Pressure Distribution around circular 
sensors in Model 1.

Figure 3b.    Pressure Distribution around circular 
sensors in Model 1.
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Figure 3c.    Pressure Distribution around circular 
sensors in Model 3.

Figure 3d.    Pressure plot in Model 2.

Figure 3e.    Pressure plot in Model 3.

Figure 4.    Streamline Pattern.

Figure 5a.    Velocity iteration plot for laminar flow 
around circular sensors in Model 1.

Figure 5b.    Velocity iteration plot for laminar flow 
around circular sensors in Model 2.

Figure 5c.    Velocity iteration plot for laminar flow 
around circular sensors in Model 3.

5.  Conclusion

A two dimensional, laminar, viscous, incompressible 
flow field around circular sensors in 3 unique models 
has been analyzed under unsteady state conditions. Low 
velocity region and high pressure region is an implication 
of sensing. Since there is no deviation in the velocity 
magnitude and pressure values around the circular sensors 
used in Model 3, the efficiency of sensing is more in the 
case of Model 3 arrangement. Hence this information 
derived from this study can be applied for understanding 
optimal sensor position in any real life scenario.
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