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ABSTRACT 

The super heater can be treated as the heart of any boiler system, the main duty of which is to supply desired 

amount of steam regularly at rated temperature and pressure. In this paper internal flow analysis of a super 

heater is done to study heat transfer characteristics of super heater of a boiler using a CFD (ANSYS-FLUENT) 

package. The Computational Fluid Dynamics (CFD) approach utilized here to study many parameter such as 

pressure drop, temperature, velocity, surface Nusselt number, Skin friction coefficient, total surface heat flux. 

The mesh conversions study is helpful to choose the optimum mesh for the simulations. 

Index Terms: CFD, Simulation. 

I. INTRODUCTION 

Super heater is mainly a heat exchanger in which heat is transferred from furnace gas to the steam. Due to 

improper heat transfer between steam and furnace gas leads to problems of heating. Reduced performance, 

repetitive failures in boiler components are common problems related to any type of boiler system. Super heater 

tube failure is very common issue in boilers.In this investigation worked on CFD analysis of super heater flow 

to study thermal parameters of super heater.  

Tube failure in the super heater is hazardous enough to shut down whole plant hence it is important to take 

remedial actions to avoid technical as well as economic losses. Proper distribution of furnace gas over entire 

super heater tubes and uniform steam flow in each tube is suggested for trouble free operation of super heater. 

Uneven heat transfer is a result of non-uniform gas flow or non-uniform steam distribution in super heater that is 

because of scale formation on super heater wall. The significant causes of failure in super heaters are localized 

prolonged heating, creep damage, thermal fatigue, excessive thermal stresses, water and erosion etc. The various 

inspection techniques which, if used as part of a routine inspection program, are capable of identifying 

conditions likely to result in failures[5]. It is evident the difficulty and need to solve such problems and even 

identify critical regions that may be monitored by installing high temperature sensors, in order to reduce the 

plant outages. Computer simulation has been employed to understand the thermal flow in the super heater to 

study the operational problem which faced the plant. The super heater can be treated as the heart of any boiler 
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system, the main duty of which is to supply desired amount of steam regularly at rated temperature and 

pressure.CFD Technology is the tool which is used in boiler super heater tube to analyze the flow distribution of 

steam along the tube and identify the critical zone, or maximum temperature regions in the super heater coil also 

help to study the velocity and pressure distribution inside the super heater coils. Hence CFD model of super 

heater may be utilized to study the velocity, pressure and temperature distribution, surface nusselt number, skin 

friction coefficient, turbulence developed in the super heater of a boiler. Thus this study is focused on simulating 

turbulent flow within the boiler super heater.  

 

II. MESH CONVERSIONS STUDY 

 

Geometry is drawn in CATIA V5 and step file of geometry is transfer to the Ansys Fluent 14.0 to mesh the 

super heater geometry. There are 10 numbers of turns to the super heater of a pipe, geometry divide in 19 parts. 

We are simulating only flow inside the super heater pipe, so that geometry material is fluid. The preprocessor-

software Ansys is used to generate the grids. Fig. 4.5 shows typical surface grids.  Automatic meshing is done 

for super heater pipe geometry so that results obtained are accurate so fine meshing is done and meshed 

geometry is shown in fig 4.5.  

The numerical simulations in this study have been performed based on some assumptions which were also the 

assumptions of other researchers while studying the super heater flow analysis. Following are some of the 

assumptions on which the current study is based. 

 The fluid is assumed to be incompressible with constant thermal physical properties and the flow is 

assumed to be three dimensional, turbulent, steady and non-rotating. The working fluid is steam. 

 A constant temperature is prescribed on the super heater tube wall.  

 No-slip velocity conditions are applied at all walls.  

 A uniform mass flow rate and temperature are set at the inlet. 

 A pressure outlet condition is assumed at the outlet.  

 A turbulence intensity level of 1% is assumed for the flow. 

 

Fig.1 Numerical Model in This Study 
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Fig.2 Meshed Geometry of Super Heater 

Here geometry is divided in 19 parts to study the various thermal parameters in the different parts of the super 

heater pipe as shown in the figure, the fluid flow from inlet to the outlet. Here line is drawn the inside the super 

heater geometry at the center and measure the temperature and pressure at the various parts in the super heater 

pipe, measure the pressure, temperature and drawn the curves for the section ST. 

II. BOUNDARY CONDITIONS 

Although the heat transfer in the super heater is important for boiler design, the heat transfer enhancement in the 

boiler is the major concern of this project. A temperature is prescribed on wall. no-slip conditions are applied at 

all walls. A uniform mass flow rate and temperature are set at the inlet and pressure outlet condition is chosen at 

the outlet. The fluid is assumed to be incompressible with constant thermal physical properties and the flow is 

assumed to be three dimensional, turbulent, steady and non-rotating. The working fluid is steam. In this study, 

because of high Reynolds numbers and the complicated computational model, the standard wall functions of the 

k- model are applied on the walls for the near wall treatment. The convergence criterion for continuity, 

momentum, k, energy equation equations is 1e-6. 

 Flow is considered to be steady 

 Water Vapor is considered as the fluid for computations 

 Flow considered as Turbulent ( K-ϵ model) 

 Inlet considered as mass flow rate of magnitude 19.44 Kg/s for 45 pipes 

 Steam inlet temperature of fluid in 573 0 K 

 Outlet considered as pressure outlet of magnitude 40 kg/cm2 

 Steam density 18.46 kg/m3 at 43 kg/cm2 pressure and 573 0 K temperature 

 Dynamic viscosity of fluid 1.985e-5 kg/m-s  

 Pipe wall temperature is 873 0 K           
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III. VARIOUS PLOTS FOR ALL GRIDS 

To ensure the accuracy and validity of the numerical results, a careful check of the grid dependence of the 

numerical solutions has been carried out by considering four grid systems with large number of grid points, 

i.e.64932cells, 63900 cells, 50048 cells and 42080 cells for the  simulations. The temperature, pressure at the 

center line of the super heater geometry and surface nusselt number and skin friction coefficient for the wall of 

the super heater from these four grid systems is plotted.  

 

From figure 3 and figure 4 it is observed that the temperature is increases along the length of super heater pipe.  

Grid 3 and grid 4 shows the nearly same results.  

 

 

Figure 5 shows that the velocity is changed at the bending portion of the super heater, if a fluid is moving along 

a straight pipe that after some point becomes curved, the bend will cause the fluid particles to change their main 

direction of motion. 
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From the figure 6 and figure 7 shows that the surface nusselt number is decreases along the length of the super 

heater and grid 3 and grid 4 shows the same result. 
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Fig.9 Skin friction coefficient for all grids of a super heater Section ST 

Figure 8 and figure 9 show that skin friction coefficient is high at the bending section of the super heater, its 

maximum value obtained at the wall of the super heater pipe. 

 

Total surface heat flux is decreases along the length of super heater its magnitude is minimum at section ST of 

super heater wall. The velocity is plotted at the centre line of the super heater section ST from this graph it is 

observed that the velocity is increased along the length of the super heater then slightly decreased. Velocity is 

high at bending section of super heater pipe. Skin friction coefficient is plotted along the super heater wall at the 

section ST from this graph it is observed that skin friction coefficient decreases along the length at the last 

section ST. Surface nusselt number is plotted along the super heater wall at the section ST from this graph it is 

observed that skin friction coefficient decreases along the length of super heater at the last section ST. As the 

super heater is nothing but the heat exchanger it increases the temperature of the steam flowing inside the tube 

and hence the temperature of steam increases from inlet to outlet because super heater wall is heated by flue gas 

around 600 ° Celsius.  It is found that the normal deviation of temperature and pressure, surface nusselt number, 
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total surface heat flux and skin friction coefficient between 50048 cells and 63900 cells, 42080(i.e. Grid 2, Grid 

3 and Grid 4) .Thus, to save computer resources and keeping a balance between computational economy and 

prediction accuracy, the grid with 50048 cells is optimum mesh for the simulations. 

 

III. CONCLUSION 

 

From above results and study it is concluded that  

1. Velocity is high at bending section of super heater pipe and pressure also decreases at same point. 

2. Skin friction coefficient decreases along the length at the last section ST. 

3. As the steam flowing inside the super heater tube the temperature of steam increases from inlet to outlet of 

super heater. 

4. Surface Nusselt number decreases along the length of super heater at the last section ST.  

5. It is found that the normal deviation of temperature and pressure, surface Nusselt number, total surface heat 

flux and skin friction coefficient between 50048 cells and 63900 cells, 42080(i.e. Grid 2, Grid 3 and Grid 4) . 

Thus, to save computer resources and keeping a balance between computational economy and prediction 

accuracy, the grid with 50048 cells is chosen for the simulations.  
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