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Abstract--In steam boilers, in order to increase the efficiency
of the power plant, the air required for combustion must be
preheated. In this research, rotary air preheater has been
investigated in order to reduce the corrosion of its corrugated
sheets. With the help of computational fluid dynamics, three-
dimensional simulation of the preheater was performed in
moving reference coordinates. Assuming the insulation of the
walls and the effect of radiation, solving the equations of
continuity, momentum and energy was done. The presented
results are in good agreement with the experimental data.
Corrosion of susceptible surfaces were identified. The most
corrosion usually occurs in the exit area of combustion
products from the matrix. Therefore, the minimum gas outlet
temperature was determined from the point of view of dew
point formation. The corrosion process cannot be prevented
by changing the rotation speed. Increasing the rotational
speed of the rotor in the range of 0.5 to 6 rpm increases the
efficiency by 84%.

Keywords: Preheater, Ljungstrom, Dew Point,
(Computational Fluid Dynamics).
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1- Introduction

Heat exchangers are equipment that cause heat transfer
between two fluids at different temperatures. The
Ljungstrom air preheater is a type of heat exchanger
consisting of a rotating cylinder called a rotor, which is
filled with a large number of corrugated plates or heat
transfer surfaces. The wave in the plates disturbs the fluid
flow and increases the heat transfer rate. The heat transfer
surfaces are known as heat transfer elements and are
placed inside the basket or baskets and the baskets are
placed inside the rotor. According to the temperature
conditions, the baskets are placed on top of each other in
the form of three cold, middle and hot layers; The two
upper layers of the baskets are called the hot layer and the
lower layer is called the cold layer. The rotor is divided
into two parts by the separator plate located at the top and
bottom, on one side the combustion products flow from top
to bottom and on the other side air flows from bottom to
top. Therefore, air and combustion products necessarily

pass through the corrugated plates in opposite directions.
For stable performance, the matrices must be placed
alternately in the hot and cold flow paths. The rotor rotates
at a low speed of about 0.5 to 4 rpm, in this way the
corrugated plates absorb the heat of the combustion
products and then give off their heat to the air in the air
path, resulting in preheated boiler inlet air. A view of the
rotary air preheater can be seen in Fig.1, air preheater can
save up to 15% in the fuel cost of power plants [1], which
was first used in 1920 by Frederik Ljungstrom to recover
the necessary energy in a steam power plant. In steam
boilers, the air required for combustion must be preheated
to increase the efficiency of the power plant. An increase
of 35 to 40 °C in the furnace inlet air temperature can lead
to a 2% increase in boiler efficiency and 11.5% fuel
savings [2]-[3], also, with better combustion, less soot and
ash will be produced. which will have a significant impact
on protecting the environment. In the Ljungstrom, if the
outlet gas temperature changes by 6 °C, it can affect
hundreds to thousands of dollars per year the price of
boiler fuel, which can lead to an increase in boiler
efficiency by 10% [4].

In present research, the efficiency of the preheater and its
temperature distribution were investigated according to the
actual conditions in different radiuses and distances from
the cold end layer with the aim Determining corrosion-
susceptible surfaces in three stages a) with real
temperature conditions, b) with the effect of 41 °C increase
in inlet air temperature, c) with the effect of 36 °C increase
in inlet gas temperature has been studied.

2- Modeling

In the present research, the properties of stainless steel
were used, which can be seen in Table 1. To simulate the
internal environment of the matrix, the assumption of a
porous environment is used for small dimensions and
millimeter distances between compact plates, and large
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dimensions of several meters in the inlet and outlet zones Table. I Properties of stainless steel [21].

of the Ljungstrom rotary preheater [5]. The existing

difference in the distances in the simulation of the plates, a(m?/s) Thermal Diffusivity 42x107°
causes a huge increase in gridding and calculations, so that ks(w / (m.k) ) Thermal conductivity coef ficient 16.26

it becomes unanalyzable. In such a situation, the C,.(/(kg.k)) Heat Capacity 502.1
assumption of a porous medium can be used in the p.(kg/m?) Density 3027.2

simulation of the preheater matrix [6].
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Fig. 1. Rotary air preheater and its installation position in a
power plant boiler.

In order to simulate the flow and heat transfer in the air
preheater, the Navier-Stokes equations should be used in
the porous medium. The Reynolds number, as a measure
of whether the flow is laminar or turbulent, it is used for
flow through porous media. In the present research, the
Reynolds number is 1207, which is less than the critical
Reynolds number, and therefore the fluid flow is
considered to be laminar. According to the data in the
article and the calculations performed, the resulting
Rayleigh number is greater than 10° and the Richardson
number is less than 1. According to these numbers, both
buoyancy and inertial forces are important, but the
buoyancy force is not very dominant. In fact, it can be
assumed that the effects of forced convection are dominant
in this problem. An important point in simulating the
Jungstrom rotary preheater is the rotation of the matrix and
the constancy of the body and the inlet flows. The dew
point temperature of sulfuric acid is calculated using the
Verhoff and Banchereau equation based on the analysis of
flue gases, and this number is in the range of 120 to 140
°C.

3- Solution procedure

To perform calculations and solve the governing
equations, the finite volume method, the second-order
upstream method is used to discretize the equations, and
the coupled algorithm is used to relate the velocity and
pressure equations, Matrix modeling was performed with
SolidWorks software. To generate the mesh with
tetrahedron cells, ANSYS Machining software was used,
and ANSYS Fluent software was used to solve the
problem. In the present study, the inlet boundary
conditions including inlet temperature, inlet pressure, inlet
velocity, and porosity in the hot and cold layers and the
outlet boundary conditions including outlet temperature
and outlet pressure were used. Assuming that the wall
around the air preheater is insulated and the
thermodynamic properties of the air and smoke side fluids
are different, two fluids have been used in the
computational field in order to match the theoretical and
operational conditions. The density of air fluid is 1.225
kg/m3 and the average heat capacity is a function of a
piecewise polynomial in terms of J/kg.k.

4- Conclusion

In this research, the temperature distribution of the air
preheater was obtained with Fluent software to determine
the corrosion-prone surfaces. The analysis of a single-
matrix rotary air preheater was performed. The highest
corrosion usually occurs in the lower layer of the matrix,
when the cold matrix initially enters the gas channel at
levels close to the environment (Fig 2). This is caused by
the smoke temperature reaching below the dew point,
which shows the importance of the minimum exhaust gas
temperature.
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Fig. 2. Air preheater temperature distribution, when the
hot end is on top.
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The temperature distribution curves of the heating
elements show that at the beginning of the matrix rotation
(0° position), there is a possibility of acid condensation on
all surfaces of the heating element; even in the upper part
of the hot layer (Fig 3). The rotation of the matrix towards
the hot end rapidly increases the temperature of the heating
elements due to heat transfer with the flue (gas flow) gases,
especially in the upper layers that are first in contact with
the hot flue gases (gas flow). When the rotation of the
matrix reaches the 90° position, the temperature of the
upper layer of the heating element increases significantly.
In the conditions that the temperature in the lower layer of
the matrix is still low.
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Fig. 3. Air preheater temperature distribution according

to real conditions in radiuses and different distances from

the cold end layer; (a) The matrix at the beginning of the

air flow at the 0° position. (b) The matrix after rotation at
the 90° position.

This temperature distribution is shown in Fig. With the
further rotation of the matrix (180° position), the heating
elements reach their maximum temperature, that is, the
temperature of the hot flue gases, in which no acid
condensation occurs. The low temperature zone or the so-
called critical zone is located at a height of about 600 mm
away from the bottom of the cold final layer.to prevent
condensation on the matrix and the formation of corrosive
acids; A convenient method is to preheat the cold inlet air
to a temperature between 67 °C and 87 °C using a heat
exchanger. But according to the dew point temperature of
sulfuric acid (120 °C to 140 °C), which is determined based
on the sulfur dioxide of the flue gases, the above
preheating should reach a temperature between 112 °C to
132 °C. Thermal energy for the heat exchanger can be
provided by the heater coming from the sub-sections of the
turbine. As the inlet air temperature increases, the average
outlet gas temperature increases. This phenomenon helps
to move away from the dew point temperature of the flow.
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