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Abstract— There are failures in the industrial power plant 

mainly due to the boiler tubes and pipes of different zones. 

Failure may occur due to various reasons. These include the 

failures due to creep, corrosion, erosion, overheating, fatigue, 

welding defects, etc. This paper presents the results of 

investigation, which was carried out to determine the failure 

causes. The numerical simulation is carried out in ANSYS 

mechanical software. The results indicates that the evaporator 

tubes and header pipe was subjected to high temperature and 

pressure. There were cracks formation in the material at the 

joints of tubes and header due to which there was the leakage 

and failure. It is also determined that the proper expansion of 

material was not given due to the same, there were thermal 

stresses generated, and failure occurs. The failure reason was 

known from the numerical analysis and the same was 

incorporated in future. 
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I. INTRODUCTION 

The failure in the piping process is fatigue due to vibration or 

thermal stresses, which is caused by internal or external flows 

in pipes, junctions, and bends. When there is high 

temperature in the operation there is failure in the pipes and 

tubes due to creep. In the industrial practice, such problems 

are commonly associated with boiler tubes and header pipes 

subjected to internal flow of fluid, which has very high 

temperature. In particular, evaporator module and 

superheated module is exposed to high temperature and high 

pressure. There is a need to find the exact root of failure and 

provide the corrective actions, which will be needed for its 

safe operation. Recommendation is provided for rectification 

actions in future prevention of the tube failure. High 

temperature components of the power plants, refineries, 

petrochemicals, chemicals and fertilizer industries are 

generally design for 10 to 20 years of life as per applicable 

codes and standards. More often, the components survive 

longer than the design limits. Precisely at this point of time 

the plant maintenance team would face difficulty in deciding 

upon the run and replacement strategy. 

 Metallurgical considerations are important in 

selecting an alloy suitable for the operating conditions, for 

both mechanical stresses and high temperature corrosion 

point of view. One of the major considerations is degradation 

in microstructure of an alloy that decides the high temperature 

properties of the material and its life. 

II. BACKGROUND & PROBLEM IDENTIFICATION 

An evaporator is a device that is used to turn the liquid form 

of a chemical substance such as water into its gaseous-

form/vapor. The liquid is evaporated, or vaporized, into a gas 

form in the process. It consists of assembly of finned tubes, 

header pipe, and tube sheet and header box. The tubes take 

the heat from gases and it is transfer to the fluid, which flows 

through the tubes. Due to large temperature and pressure, 

operating conditions there is failure in the tube and header 

assembly. The failure reason was not clear so there was need 

to conduct numerical analysis of the evaporator module. The 

module is operated at 52bars and 479°C steam pressure and 

temperature respectively. 

A. Problem Formation 

There was a failure in the evaporator module tubes and header 

as shown in fig. 1. To create the real simulation environment 

of the operational conditions in the computer, we found that 

acquisition of site data was essential to be used as boundary 

conditions. The failed cases were simulated in the ANSYS 

Workbench. 

 
Fig. 1: Failure in Tube & Pipe 

B. Evaporator Design Parameters 

The evaporator is modeled with two headers inlet and outlet 

and four tubes of 38.1mm outer diameter of 30 numbers of 

rows with 100mm pitch respectively. The tube thickness is 

5mm at the bends and 4.06mm thick at the straight portion. 

The full model is shown below in fig.2. 

 
Fig. 2: Evaporator Module 

III. SIMULATION SCHEME 

A. Material Properties 

The header and tube of evaporator are made up of 

 Header material: SA 335 P22 

 Tube material: SA213 T22 
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 Temperature dependent properties have been 

investigated, in order to feed to the simulation. 

 Allowable stress for header is 114MPa. 

 Allowable stress for tube is 96.9 MPa. 

 Allowable expansion coefficient is 49.73mm as per 

ASME Sec II Part D, Material Properties 

B. Model Meshing 

Mesh built up in several sections; 

 Higher order elements are used throughout the model to 

increase the accuracy of the solution. 

 Meshing is carried out with hexahedral elements, which 

contains more node counts and greater accurate 

solutions. 

Fig. 3 and fig. 4 shows the meshing of the model. 

 
Fig. 3: Header & Tube Meshing 

 
Fig. 4: Meshing of Tubes along Its Thickness 

C. Loading Conditions 

The loading cases are given as follows: 

1) Static analysis for design pressure. 

2) Thermal analysis for temperature distribution. 

3) Static thermal analysis for temperature effect. 

4) Static analysis for combine pressure and temperature 

effect. 

The fin weight and fluid weight is added on the tubes. As per 

existing condition, the inlet and outlet header of evaporator 

module is given supports. As the module is very large in size, 

so only one section is considered for the analysis to reduce 

the solution time. 

D. Result Plots for Case I 

 
Fig. 5: Equivalent Stress = 79.766Mpa 

The Equivalent stress for the pressure effect is 79.766 MPa 

maximum, which is at the joint of header and tube. As the 

stresses are below the allowable limit, the design is safe for 

the failure against pressure. 

Stress Actual Remark 

Equivalent Stress (MPa) 79.76 SAFE 

Table 1: 

E. Result Plots for Case II 

The temperature distribution is found from the thermal 

analysis. As the tube is operating at 479°C and header is at 

290°C respectively. The distribution plot is shown in fig. 6 

 
Fig. 6: Temperature Distribution Plot 

F. Result Plots for Case III 

The evaporator module is analyzed for the stress and 

deformation results for the temperature effect. The results are 

plotted in the fig.7 and fig.8 

 
Fig. 7: Equivalent Stress = 310.53 MPa 
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 The stresses are far higher than the allowable limits. 

The max stress occurs at the joint location and at other 

locations, cracks are occurring. 

 The total deformation is coming around to 

46.59mm, which is below the allowable thermal expansion. 

Therefore, it is safe for the temperature effect for the 

deformation 

 
Fig. 8: Total Deformation = 46.591 mm 

Solution Actual Remark 

Equivalent Stress (MPa) 310.53 UNSAFE 

Expansion (mm) 46.591 SAFE 

Table 2: 

G. Result Plots for Case IV 

 
Fig. 9: Equivalent Stress = 309.05 Mpa 

 
Fig. 10: Total Deformation = 46.747 mm 

 The results are plot for the combine effect of 

pressure and temperature for equivalent stress and 

deformation as shown in fig.9 and fig.10 respectively, which 

are 309.05MPa stress and 46.747mm thermal expansion. 

Solution Actual Remark 

Equivalent Stress (MPa) 309.05 UNSAFE 

Expansion (mm) 46.747 SAFE 

Table 3: 

 From the above cases of simulation, it is clear that 

the failure reason was the expansion of material. Performing 

various iterations by making changes in the supports the 

following observations are recorded as given in table 4. 

Solution 
Allowable expansion 

(mm) 

Actual 

(mm) 

Expansion in z 

direction 
49.73 

46.747 

Expansion in y 

direction 
7.89 

Table 4: 

IV. DISCUSSION 

Simulations, which are performed above shows that the 

module is safe for pressure condition while it is unsafe for the 

thermal conditions. After performing the iterations for its 

reasons of failure, it was found that due to inclination of tube 

there was expansion into two components, i.e. in z direction 

and in y direction. According to site data of support 

arrangement, the expansion is allowed in only z direction and 

was restricted in other two directions due to which there was 

failure when the tubes reached the operating high 

temperature. The support arrangement has to be modified for 

the same for its proper working at the operating conditions. 

V. CONCLUSION 

The evaporator module has being investigated for the failure 

of tubes. As per the site data, the boundary conditions are 

being applied. Analysis simulation results have shown that 

the for pressure effect the tubes and pipe is safe from failure, 

but when we applied the thermal conditions, the stresses are 

generated and cracks are formed at the bends and there were 

failure of tube and pipe joint. 

 The reason of the failure was due to inclined 

geometry, elongation of tube, which was allowed in only one 

direction, was not proper. For proper expansion of material 

there was need to provide the support at the header pipe so 

that it can expand in both directions. The support has to be 

selected in such a way that there is no any restriction for 

expansion in two components i.e. it shall not restrict the 

motion in downward direction. The cracks were formed at the 

bends due to the reason of restriction of material in second 

component of expansion. 
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