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Abstract. In order to analyze the plume motions, the computational fluid dynamics model of the air flow
field around the cooling tower is established in this paper. The super big scale cooling tower is specially
designed for the inland nuclear power plant. The free open source computational fluid dynamics solver
software named OpenFOAM is used. The velocity, temperature and pressure fields are demonstrated. The
minimum speed appears near the top lee side of the tower. The highest temperature appears at the tower exit
and the temperature field could predict the plume motions. With the increase of the distance, the plume rises
to 250 m at the position 1000 m away from the cooling tower and would rise continually. This paper provides
a low-cost reliable numerical simulation method to predict the plume and air flow characteristics around the
cooling tower.

Keywords: cooling tower, CFD, plume, inland nuclear power plant, OpenFOAM.

1. Introduction
Cooling towers are important heat transfer devices which are commonly used to dissipate heat from
power plants. In cooling towers, atmospheric air cools warm water by direct contacting. Distributing water is
operated over a heat transfer surface across which a stream of air is passing while the cooling tower is
running. Water droplets are incorporated in the air stream and will be taken away from the units with high
temperature and humidity[1]. Many big scale cooling towers have been designed and would be built in the
future with the inland nuclear plants. They are designed in type of big scale natural draft cooling towers with
more spray area and higher height[2].
Plume motions coming from cooling towers affect plant areas and buildings. It is necessary to pay
attention to the plume performance in consideration of environmental protection and radiological safety
nearby the nuclear power plant. Study of fluid flow characteristics with plume dispersion has been carried
out through computational fluid dynamics (CFD) simulation by many researchers[3-5]. Their works focused
on the normal cooling tower in the power plant. However the normal cooling tower is different from the big
scale one, which is specially designed and applied in the inland nuclear power plant[6].
The affected areas of the plume from the big scale cooling tower are different from that from the normal
one. In order to obtain the effects of the plume on fluid flow characteristics, a computational fluid dynamics
model for predicting the plume flow is established in this paper. The velocity, pressure and temperature are
solved to predict the plume flow with the wind field over the cooling tower. This work is carried out with a
free open source CFD software OpenFOAM and a post-process software ParaView[7].

2. Modeling
2.1. Mathematical CFD model theory
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The incompressible Navier-Stokes equations are used to describe this three dimensions fluid flow
problem[8]. The governing equations include the mass continuity equation, the momentum equations and the
energy equation. They are
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where u is the flow velocity on x direction, v is on y direction and w is on z direction, U is the flow
velocity field, ρ is the density, p is the pressure, ν is the kinematic viscosity, T is the temperature, λ is thermal
conductivity, c is the heat capacity and S is the source item.
The standard k-ε turbulent model is applied here as
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where σk and σε are the turbulent Prandtl numbers of the k equation and ε equation, c1 and c2 are constant
values and G is described as
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These equations described the problem and would be solved through the semi-implicit method for
pressure-linked equations (SIMPLE).

2.2. Configurations and CFD model
A big scale hyperbolic natural draught cooling tower is employed in this work. It is modelled with a
height of 210 m, a base diameter of 85 m and an exit diameter of 65 m. The CFD simulation was performed
on a domain with a length of 3000 m, a width of 1000 m and a height of 750 m. As shown in Fig.1, the CFD
model is built by tetrahedral meshes with 160975 elements and 28383 nodes. The surface mesh of the
cooling tower is refined with a growth ratio of 1.5.

Fig.1: CFD model with tetrahedral elements.
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2.3. Boundary conditions
The boundary conditions required for this work include the inlet, the outlet, the wall and the symmetry
conditions. The air velocity 8 m/s and temperature 293 K were set to constant values as the inlet condition
for domain inlet. The pressure outlet boundary condition is selected for domain exit. Conditions imposed on
cooling tower exit are set to constant values for air velocity and temperature. The velocity is 4.5 m/s and the
temperature is 300 K. Wall boundary conditions with non-slip are selected for the ground and for the cooling
tower surface. Symmetry boundary conditions are selected for the domain sides and top.

3. Solver setup
The problem is solved by the basic CFD solver ‘simpleFoam’. It is a steady-state solver using the
SIMPLE algorithm for incompressible turbulent flow, which is distributed with the OpenFOAM. The solver
configurations are set by the ‘fvSolution’ file, the ‘fvSchemes’ file and the ‘controlDict’ file in the case
system folder. The Gauss upwind method is composed of ‘divSchemes’ and the Gauss linear corrected is
composed of ‘laplacianSchemes’ in the ‘fvSchemes’ file. And in the ‘fvSolution’ file, the ‘relaxationFactors’
are defined.

4. Results and discussions
Results coming from the solver are post-processed by ParaView software. The contours of the X
direction velocity and Y direction velocity are demonstrated in Fig.2. The minimum velocity on the X
direction appears near the backside of the cooling tower. The maximum velocity on the Y direction is 5.07
m/s at the exit of the cooling tower.

(a)

(b)
Fig.2: X and Y velocity contour.

The temperature field result is shown in Fig.3. The maximum temperature is 316 K at the tower exit. The
temperature decreases as the plume leaves the cooling tower. It is usefully to predict the plume’s motion. As
shown in Fig.4, the pressure contour is ranged with the maximum pressure of 39.4 Pa. Compared with the
velocities in Fig.2, the area of the maximum pressure is near the minimum velocity.

Fig.3: Temperature contour.
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Fig.4: Pressure contour.

The plume rise graph in log scale is shown in Fig.5. The position is from the cooling tower centre and
the plume rise is calculated from the cooling tower exit. As shown in Fig.5, the plume rises to 250 m at the
position 1000 m. Moreover, the plume continues rising. The further motion of the plume at the position more
than 1000 m would be predicted in the future analysis.
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Fig.5: Plume rise prediction.

5. Conclusions
The CFD model of the plume from big scale cooling tower is built in this paper. Plume motions are
predicted with the numerical solver in the free open source CFD software OpenFOAM. The results of
velocities, temperature and pressure fields are shown. The plume rise with the centre position is
demonstrated. This work supports a low-cost reliable method for CFD analysis of the air fluid field with the
plume from the cooling tower, which is applied in the inland nuclear power plant.
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