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Abstract. A fluid is divided into the viscous fluid and the non-viscous fluid. In the fluid mechanics,
elemental volumes of fluid move in a flow line with frictional resistance among them. It is similar to
the process in a wireless sensor network in which data packets, starting from the source node, are
forwarded by a series of intermediate nodes in the routing direction, and finally reach the sink node. In
this process, data packets also have conflicts and collisions, similar to the frictional resistance.
Through a comparative analysis, on the basis of N-S equation of vicious fluid motion, the paper builds
a viscous-fluid-based wireless sensor network routing model and proposes the density function of
wireless sensor network. Through the simulation analysis on the model, the paper finds that the load
flow in the wireless sensor network routing model based on vicious fluid is orderly and even.

Introduction

The fluid mechanics is a branch of mechanics studying the relations between and laws of fluid motion
and applied force from a macroscopic perspective with the fluid as the object. The subject focuses on
the laws of equilibrium and motion of the fluid under external forces [1]. The fluid includes the liquid
and the gas, with the most significant property of flowing easily. The real fluid has the viscosity
showing as producing frictional resistance in the internal or on the contact interface of fluid in the flow
process [2]. In the fluid mechanics, the fluid is generally divided into the real liquid (also called
viscous fluid) and the neglected ideal fluid (also known as inviscid fluid), and the former is further
divided into the Newtonian fluid and the non-Newtonian fluid. The ideal fluid and the Newtonian fluid
are the research objects of fluid mechanics, while the non-Newtonian fluid is the research object of
rheological mechanics [3, 4].

In the fluid mechanics, the flow line means the motion track of a fluid particle in the space, showing
the spatial positions of the fluid particle at different instants. The flow line refers to an imaginary
smooth curve in an instantaneous flow field, in which each point’s tangent line and its velocity vector
coincide. The flowing of elemental volumes can be seen clearly by drawing many flow lines at the
same instant.

According to the definition of flow line, it’s possible to make the flow line passing point M, at the

instant of t, in the flow field. Make velocity vector v, of fluid particle at point M,, make velocity
vector v, of instant fluid particle M, whichis As away from point M, along the direction of v, and
then make velocity vector v, of instant fluid particle M, which is As away from point M 2alon1g the
direction of v,, and finally get a broken line M;M,M;...... in the same way. Make As, the distance

between points approach zero, and then the broken line shall become a smooth curve denoted as the
flow line, as shown in Fig. 1.
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Figure 1. Flow Line

Except the special circumstances like the stationary point in a flow over a body, the flow line can
only be a smooth curve without any intersection or turning. Considering the data packets in a sensor
network as the particles in a field at different instants, and then according to the positions of data
packets, the flow of data packets can be considered as a smooth curve, from which we can find the
routing of data packets in a wireless sensor network.

The Analysis on Wireless Sensor Network Routing

In the process of transmitting data packets in a wireless sensor network, data packets are forwarded by
a series of intermediate nodes in the routing direction and finally reach the sink node[5]. The process is
similar to the process of fluid mechanics in which the fluid flows from a source point, moves along a
flow line and finally reaches a sink point. Therefore, it’s reasonable to make an analogy between fluid
model and data packet flow in wireless sensor network. The analysis model based on inviscid fluid
neglects the viscosity of fluid and then the frictional resistance produced in the internal of fluid during
flowing, and thus neglects the conflicts and collisions of data packets in sensor network. The
simulation process shows that the solution of ideal fluid generally doesn’t consist with the results of
actual flow experiment. For instance, in the simulation process of single source node, loads flow in
disordered directions in some regions in the network, and in the simulation process of multiple source
nodes, loads around the cluster-head node show messy flow directions. The reason is that the analysis
model based on inviscid fluid neglects the viscosity of fluid and thus neglects the influence of internal
frictional resistance of fluid. Similarly, in the routing process of wireless sensor network, it will
neglect the conflicts and collisions of data packets in the transmission process in the sensor network. In
fact, each sensor node in network may receive data packets from different directions or a lot of data
packets from the same direction, so the conflicts and collisions of data packets received are inevitable.
Therefore, the viscous fluid model is more applicable to the modeling of wireless sensor network
routing. The next section makes the modeling and analysis of sensor network routing with a viscous
fluid model.

N-S Equation-based Wireless Sensor Network Routing Model

The difference between real fluid and ideal fluid is the viscosity. The real fluid has the viscosity and
thus is also known as the viscous fluid. The fluid’s property resisting the relative motions among
elemental volumes is called the viscosity, showing as the friction between fluids. In the real fluid with
viscosity, the situation is much more complicated that the differential equation of ideal fluid can’t be
applied to the flow of real viscous fluid. The sensor network taking no account of data packet conflict
can be analyzed with the Euler equation based on inviscid fluid; while, when taking consideration of
conflicts and collisions of data packets in sensor network, the data packets shall be analyzed with the
Navier-Stokes equation. The Navier-Stokes equation has a viscosity term added compared with the
differential equation of ideal fluid, and thus is a more complicated nonlinear partial differential
equation.

The N-S equation, short for the Navier-Stokes equation, is a basic equation analyzing the
relationship between real fluid motion and force[6]. For the purpose of the flow of data packets in
wireless sensor network, the paper uses the N-S equation to analyze the flow of loads in the sensor
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network. Therefore, the paper improves the partial differential equation of load flow field with the N-S
equation.

In the fluid mechanics, the viscous fluid motion refers to the flow including phenomena such as
friction, heat conduction and mass diffusion. The motion of transport phenomena is interpreted as the
diffusion and flow phenomena of data packets in the wireless sensor network. The following is the
equation for the incompressible flow with the constant viscosity.

du_ f—EVervVZu. 1)
dt 12,

Eq. 1 gives the vector form of T-S equation. The paper only explores the two-dimensional motion,
so only selects the two-dimensional representation of T-S equation. The components expressions in the
rectangular coordinates system are as follows:

2 2
du_  _10p V(ﬁ_Uﬁ_UJ
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where V is the coefficient of viscosity, # is the flow lien distribution density, f and f, are

component forces per unit in the direction of x and the direction of y, respectively. Make an equation
conversion by setting v as 1 (because v is a constant, to paper let it be 1 for simplicity), and then get

d—u—Vzu: f—EVp. (3)
dt Je)
Eq. 3 is used to analyze the relation between the fluid’s motion and force, where U is the velocity of

fluid, f is the force on the fluid, and p is the static pressure of fluid.

du )

o Vau=f. 4)
InEq. 4, V? isthe Laplace operator (quadratic differential operator) [7,8]. The analysis on f: in the

sensor network, the paper shall consider it as the flow intensity of data packets, because many data

packets are distributed near the source node, the flow intensity of load in this region is high. Therefore,

get the N-S equation of load flow field in the sensor network, as shown in Eq. 5:

dd_f—v26=/1p. (5)
From Eq. 6,
P(X, y) = ﬂO'(X, y) . (6)

it can be obtained that

dd—ct;—V2§=ﬂ,BO'=80. (7)

where O is the density distribution function of source node and B is a constant.
In mathematics, the N-S equation is an oval-shaped second-order partial differential equation of
which the boundary condition should be a Dirichlet or Neuman condition in the closed boundary[9,10],

basing on which as well as the boundary condition, we can get the corresponding load flow field G .
To prevent the fluid from flowing out of boundaries. G is 0 in boundaries, as shown in Eqg. 8.
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G-n =0 (boundary condition) . (8)

Therefore, the sensor network load flow filed based on the viscous fluid model can be described
with Eqg. 9.

—-V’G=¢o . (9)

G-n=0 (boundary condition)

Therefore, basing on the viscous fluid model, the paper gets the description on the new load flow
field of sensor network. Different from the one based on the inviscid fluid model, the load flow field of
sensor network in the paper has taken the possible conflicts and collisions of data packets along the
load flow line into consideration.

The analysis above shows that to simulate the load flow field of sensor network, the researcher
should first determine the distribution of source and destination nodes of sensor network, next
determine the distribution of field intensity on each node, and then further determine the density
distribution function of source node on each node, in order to determine the load flow field and routing
of sensor network through the source-node density function.

Model Simulation and Analysis

Single-source-node Scene Simulation. The research uses Matlab for the solution of a scene of single
source node, and gets the load flow field shown in Fig. 2.
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Figure 2. Single Source Node Load Flow Field

It can be seen from Fig. 2 that the load flow field built on the basis of viscous fluid model explains
the flow of load in wireless sensor network well. The source node is in the position of (-300, 300) and
the destination node is in the position of (400, -400), consistent with the original definitions. It also can
be seen that there is no disorderly flow of load in the sensor network and data packets flow from the
position of source node (upper left corner) to the position of destination node (lower right corner)
orderly in the load flow direction.

Fig. 3 shows the comparison of single-source-node load flow fields based on inviscid fluid and
viscous fluid.

Fig. 3 (a) shows a sensor network load flow field obtained from an inviscid fluid model, and Fig. 3
(b) is a sensor network load flow field obtained from a viscous fluid model. It can be seen in Fig. 3 (a)
that loads flow in messy directions and the position of source node has a large deviation from the
practical position; while, the sensor network load flow field obtained from viscous fluid model solves

the problems very well, in which the source node transmits data packets orderly to the destination node
along the load flow direction.
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(@) Load Flow Field of Inviscid Fluid (b) Load Flow Field of Viscous Fluid

Figure 3. Comparison of Single Source Node

Multiple-source-node Scene Simulation. Fig. 4 shows a simulation of multiple-source-node scene
with Matlab, in which the arrow points to the load flow directions at the point.
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Figure 4. Multiple-node Routing Model

It can be seen from Fig.4 that the load flow field built with the viscous fluid model shows the load
flow direction in the sensor network. Source nodes are in the positions of (-400, -400), (0, -100), (300,
100) and (200, 400), and destination nodes are in the positions of (250, -300) and (-250, 300),
consistent with original definitions. Loads flow in equilibrium directions without any disorderly flow.
Data packets flow from four source nodes to destination nodes orderly in load flow directions.

Fig. 5 shows the comparison of inviscid-fluid-based and viscous-fluid-based multiple-source-node
routing models.
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Figure 5. Comparison of Multiple Source Nodes
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Fig. 5 (a) shows a simulation figure based on an inviscid-fluid model analysis, and Fig. 5 (b) is a
simulation figure obtained from a viscous-fluid model. It can be seen that in Fig. 5 (a), load flow
directions are messy on the sink nodes, which may cause the disordered transmission of data packets
near destination nodes or the excessive use of some node; while, the load flow field built based on the
viscous fluid model solves the problem very well, in which loads flow orderly and evenly without the
status of disordered flow.

Conclusion

The paper introduces the basic theories of fluid mechanics and introduces the fluid mechanics into the
analysis on the routing of wireless sensor network. Analysis results show that the flow of viscous fluid
is very similar to the flow of data packets in the wireless sensor network, so the paper proposes a
wireless sensor network routing model based on fluid mechanics. The result of comparison between
inviscid fluid and viscous fluid shows that the viscous fluid is more suitable for the routing analysis of
wireless sensor network. Therefore, the paper builds a wireless sensor routing model of N-S equation
based on viscous fluid. A key problem in the model is to calculate the density distribution, so the paper
builds a density distribution function based on the least square method. Finally, the paper makes the
simulation and comparative analysis on the wireless sensor network routing model based on viscous
fluid, and finds that the loads in viscous-fluid-based wireless sensor network rouging model flow
orderly in an equilibrium state.
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