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ABSTRACT 

 

ARTICLE INFO 

In order to reduce the heat transfer rate from the boiler walls, a cladding design has 

been suggested. It has been decided to analyze the suggested model by using the analysis 

software ANSYS 14.0 before going for the experimental analysis. The models have been 

created for both existing and suggested boiler walls using a modeling software Pro-E. 

Both has been imported and analyzed for the various parameters like minimum and 

maximum temperatures inside the boiler, heat transfer rate, and heat flux using the 

analysis software.  The investigated results have been compared and the results have 

been validated. 
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I. INTRODUCTION 

It is a popular note “Energy conservation is energy 

generation”. Energy generation is a very difficult process 

and a costly affair. The optimum design of boiler and 

accessories plays an important role in increasing the 

efficiency of the boiler and conservation of power 

developed. Power generation in a boiler should be used in 

the optimum  way  without  power  loss  (heat lost). The 

shell of the boiler plays an important role in preventing the 

heat lost. The shell is subjected to high pressure and 

temperature with moisture, which promotes corrosion. In 

order to prevent the shell from corrosion, cladding is done 

on the inner surface  of  the  boiler,  which  increases  the 

life of the shell. So far, research work has been done only to 

prevent the corrosion to increase the life of boiler and no 

consideration has been given to the heat transfer from inside 

of the boiler to the ambient. Dr. Pradeep Jain (1) presented 

that very good water chemistry in water/steam cycle of 

thermal power plant is to be maintained to control corrosion 

phenomena in the boilers. To achieve the almost zero tube 

failure in water wall of high pressure boilers, post-

operational chemical cleaning is essential at the frequent 

intervals in the lifespan of power plant. In this paper, the 

models developed using modeling software and the suitable 

properties have been explained in section 1. In section 2, the 

numerical analysis by using ANSYS   has   detailed   and   

the   validated results and discussions with the existing 

boiler wall and the suggested boiler walls have been 

presented in the section 3. The performance of the suggested 

cladding shows a lot of hope for the theoretical 

investigations. Thus the conclusions and the scope of works 

have been presented in the last section. 
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II. DESIGN OF BOILER WALLS FOR THE 

ANALYSIS 

The design of both existing and suggested coal fired  boiler  

wall  which  is used for thermal power plant has been done 

on the modeling software called Pro-E. The designed 

models have been imported directly in the ANSYS software 

for the further analysis. The properties of selected material 

for the existing boiler walls are tabulated in the table 1. 

T ABLE 1-PROPERTIES OF BOILER MATERIALS 

 

Material : SA 387 

Chemical composition: C=0.30%, Mn=0.5%, 

Mo=0.20%, Cr=1.0% 

Property Value in metric unit 

                   Density 7.872 *10³ kg/m³ 

Modulus of elasticity 205 GPa 

Thermal expansion (20ºC) 11.2*10
-6

 ºC̄ ¹ 

Specific heat capacity 477 J/(kg*K) 

 

Thermal conductivity 

42.7 

W/(m*K) 
The suggested cladding with stainless steel has been 

modeled in the same software. Even there are so many 

reasons to choose the stainless steel it is specifically selected 

due to the properties like corrosion resistant, strength at high 

range of temperatures and cladding by MIG welding. The 

models created in the pro-E are all presented in the figures 

1(a) & 1 (b). Actually ProE is the Modelling software which 

we can able to design our thought in three dimensional view. 

 

 
 

Fig. 1(a) Existing Model created in Pro-E 

 

III. ANALYSIS OF BOILER WALLS USING 

The models created in the modeling software are imported to 

the analysis software ANSYS 14.0 workbench. The one 

dimensional steady state heat transfer analysis conditions has 

been followed in the analysis of boiler. The entire 

concentration has  been  on  the walls of the boiler walls 

since it is very essential in the heat transfer analysis. 

 

 
 

Fig. 3. Suggested model with caldding 

 

The existing and suggested models imported into the 

ANSYS 14.0 work bench are presented in the figures 2 (a) 

& 2 (b). The step by step procedure has been followed as 

required by the software in order to complete the numerical 

analysis. 

 

The temperature for the inner side of the boiler wall is 

assumed as 5000C and the ambient temperature as 220C. 

The both the models were allowed to run on the ANSYS up 

to the generation of the results. The special care has been 

taken during the analysis on both the models in order to 

maintain uniformity in the procedure followed. 

 

 
Fig. 2(a). Suggested model with cladding imported in the ANSYS. 

 

IV. RESULTS AND DISCUSSIONS 

The results have been taken for temperature distribution 

along the boiler walls and also for the heat flux. The heat 

flux results have been compared for both the boilers and the 

significant changes  have been noticed. In the case of 
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existing boiler the   minimum   and   maximum   heat   flux 

values have been identified as 20,066 W/m
2
 and 25,661 

W/m
2
 respectively.  But in the latter case these values have 

been noted as 20,130 W/m
2
 and 24,512 W/m

2
 respectively. 

The comparison of maximum heat flux will be an evident for 

the better results in the side of suggested boiler walls. Also 

the minimum and maximum temperature in the boiler walls 

also has been significantly performing towards the suggested 

model. These details have been presented in the figures 3 (a) 

and 3 (b). 

Hence, based on the results from the analysis software it 

has been believed that the suggested cladding on the inner 

side of the boiler wall is a good practice to implement on the 

boilers. Definitely this would respond for the   reasonable 

heat transfer and there by increased rate of efficiency in the 

boilers. 

 
Fig. 3. (a) Results of existing model for the heat flux 

 

 
Fig. 3. (b) Results of suggested model for the heat flux 

 

IV. CONCLUSION AND FUTURE SCOPE 

It has been known that the steam generation is directly 

proportional to the efficiency of the boiler and the coal 

consumption quantity is inversely proportional to the 

efficiency of the boiler. 

 
Fig. 4. (a) Comparison of Heat Flux 

 

 Here in the case of boilers with suggested  cladding  the  

steam  generation will be more as compare to the existing 

boilers  since  the  heat  transfer  from  the boiler wall is 

reduced significantly by cladding stainless steel inside the 

boiler wall based on the ANSYS result. It is clearly shown in 

the figure 4 (a) based on the graph drawn for the value of 

heat flux of both the existing and suggested models. Thus it 

is evident that the efficiency of the boiler could be increased 

by cladding the stainless steel on the inner side of the boiler 

walls. On the other side the scope of further works still more 

as this is a base. The same work can be done experimentally 

on the suitable experimental set up. The theoretical results 

could be arrived and compared for the betterment. Also the 

extension of this work on the original boiler would be put 

under an improved efficiency of course.  
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