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Abstract Heat transfer in boiler with supercritical fluid is
asymmetrical. Also, in this type of boilers, pipes are
installed both horizontally and inclined. But usually in the
previous works, heat transfer is considered symmetrically
or the pipes are horizontal or vertical. Therefore, in the
present paper, heat transfer in a boiler tube with
supercritical fluid in which there are both horizontal and
inclined parts is studied and analyzed. The heat flux of the
pipe is considered asymmetric. Numerical simulation has
been done using Fluent software. Also, the REFPROP
database has been used to apply the supercritical fluid
properties of water. In order to model the turbulence, the
RNG k-¢ model based on Reynolds-averaged Navier—
Stokes has been used. The results show that the highest and
lowest internal tube temperature reach near the
pseudocritical temperature range (380 Celsius) at a height
of 10 m and 15.5 m, respectively. The highest temperature
of the tube wall changes from the beginning to the end of
the tube between 603 °C and 666 °C. Also, the Nusselt
number increases with the increase of the tube height and
its value increases significantly near the pseudocritical
temperature. In this range, the value of the Nusselt number
reaches 6800, which is 3.6 times its value at the entrance
of the tube.
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1. Introduction

Supercritical boilers are a type of power plant boilers. In
these boilers, supercritical water conditions are used to
evaporate water. Considering the large changes in water
properties in the supercritical region, it is critical to
investigate the heat transfer of water in the supercritical
state in the boiler. The higher temperature and pressure of
water vapor in boilers with supercritical fluid improve
efficiency and, as a result, reduce greenhouse gas
emissions. The pipes through which the supercritical water
flows are located around the boiler body. The combustion

gases pass through the boiler body. Therefore, the thermal
conditions of the pipes are asymmetrical. That is, half of
the walls of the pipes, which are located towards the center
of the boiler body, are in the vicinity of the heat flux of
combustion gases. The heat flux of the half of the pipe wall
that is in contact with the external body of the boiler is also
almost equal to zero (the external body of the boiler is
thermal insulation).

Although many studies have investigated the
supercritical water inside the pipe, most of them have
considered thermal conditions symmetrical. Moreover, the
flow is usually considered inside a horizontal or vertical
pipe. Therefore, in the present research, the numerical
solution of the supercritical water flow in a pipe of a real
boiler that has both inclined and horizontal parts is
considered. Furthermore, asymmetric heating conditions
have been applied for the heat flux around the tube
carrying the supercritical flow according to the operation
of the boiler. Simultaneous investigation of these factors
in a supercritical boiler can help to understand heat transfer
and supercritical water flow in boiler tubes.

2. Material and Methods

The boiler of the Neka power plant in Mazandaran, Iran, is
a type of boiler with a supercritical fluid and a nominal
power of 440 MW. For this reason, the evaporator part of
this boiler, which includes the supercritical flow of water,
is considered to check heat transfer and supercritical fluid
flow. The evaporator tubes are composed of two inclined
and horizontal parts. The diameter of the pipes through
which the supercritical flow of water passes is 28 mm and
the thickness of the pipe wall is 5 mm. The length and
height of the pipe are 100 and 20 m, respectively. The
angle of the inclined pipe section is equal to 15 degrees. A
sheet with a thickness of 3 mm and a height of 7 mm is
installed on the pipes at the top and bottom. The heat flux
in the inner part of the tube is 250 kW/m?. The outer part
of the tube is considered insulated. Moreover, the flow rate
of water entering the pipe is equal to 2.247 kg/s, the
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temperature of the entering water is 312°C, and the water
pressure at the entrance of the pipe is 24.12 MPa.

The water flow inside the pipe is turbulent. To simulate the
flow, the equations of continuity, RANS, and energy were
solved using the FLUENT software. The number of
created grids was approximately nine million. The
FLUENT software uses the REFPROP database for the
supercritical fluid properties of water. The solver model
was set to pressure-based and the flow condition was
considered steady state. In addition, the acceleration of
gravity was activated. The turbulence model RNG x-¢
was considered to simulate the turbulent fluid flow.

3. Results

One of the most important values in the design and
operation of boiler tubes is the maximum temperature of
the outer wall of the tubes. If the operating temperature
exceeds the temperature that the pipe material can
withstand, it will damage the pipes. In Figure 1, the
minimum and maximum temperature changes of the outer
wall of the pipes are plotted according to the height of the
pipe. The minimum temperature of the external wall of the
pipe changes from 312°C to 381°C and the maximum
temperature of the external wall of the pipe changes from
603°C to 666°C. Therefore, the maximum temperature of
the pipe wall increases between 603°C and 666°C from the
beginning to the end of the pipe. The material of the pipe
must be such that it can withstand this maximum
temperature.
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Figure 1: Changes in the minimum and maximum
temperatures of the outer wall of the pipe according
to the height of the pipe a) minimum temperature b)

maximum temperature

For a more detailed examination of changes in the
temperature of the pipe body and the temperature of the
supercritical water, the temperature contour at the pipe
outlet is drawn in Figure 9. The highest body temperature

occurs in the plates installed on the boiler tubes. The
temperature of the pipe on the insulation side is similar to
the temperature of the fluid inside the pipe and is equal to
380°C, and the temperature of the outer body of the pipe
on the side where the heat flux enters is approximately
480°C.
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Figure 2: Temperature contour at the outlet of the boiler
tube

4. Conclusion

The supercritical water flow in the boiler tubes of the Neka
power plant in Mazandaran, Iran, which has both inclined
and horizontal parts and its heat flux is asymmetrical, was
numerically simulated using the FLUENT software. It was
concluded that the highest temperature occurs at the angle

of a =90" and the lowest temperature occurs at the angle

of o=-90" . Furthermore, the highest and lowest
temperatures of the inner wall of the pipe are at the height
of 10 m and 15.5 m, respectively, in the subcritical
temperature range, and the highest temperature of the pipe
wall varies from 603°C to 666°C from the beginning to the
end of the pipe. Finally, it can be concluded that the
FLUENT software along with the REFPROP database can
be used to simulate the flow and heat transfer of
supercritical water in the supercritical boiler tube.
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