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ABSTRACT 

 

A steam-methane reformer (SMR) tube is very important in oil refinery industry. An 

SMR tube is a device used in steam reforming or auto thermal reforming, and it is a 

type of chemical synthesis which can produce pure hydrogen gas from natural gas 

using a catalyst. The tube is expected to last 100,000 hours or 11.4 years but in many 

instances some of these tubes fail prematurely. Since the material cost is a large 

investment, thorough analyses are necessary to predict possible failure of the steam 

reformer tube in order to save operation and downtime cost. In order to reliably 

predict the performance of the tube, good assessment of the stresses acting at any 

point along the tube length and thickness is needed.  

 

In this project, Finite Element Method (FEM) was used to perform the stress analysis 

of the tube and the analysis considered the disparity in stresses along the tube length 

and thickness due to temperature and pressure differences. ANSYS software was 

used in performing the analysis. Both 2D axisymmetric and 3Dapproach were used 

in the analyses. The 2D axisymmetric models represent a slice of the actual 3D 

model that, if revolved around the y-axis of the reference Cartesian coordinate 

system, would become the original 3D structure. The advantage of using a 2D 

axisymmetric model compared to a 3D model is the reduced in calculation time and 

it is easier to change details to the geometry. Two types of analyses were performed, 

stress analysis due to internal pressure and stress analysis due to difference in 

temperature along the tube. In the first analysis, the von Mises stress was highest at 

the inner wall of the tube and lowest at the center of the tube wall. For the second 

analysis, it was shown that the von Mises stress decreased from inner wall to 

minimum near the center of the tube wall and then increased to the outer tube wall.  
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Background of Study 

 

A steam-methane reformer(SMR) is a device used in steam reforming or auto 

thermal reforming, and it is a type of chemical synthesis which can produce 

pure hydrogen gas from natural gas using a catalyst. Steam-methane reforming is 

commonly used on natural gas with the later being an important source of hydrogen 

in refineries. There are two natural gas reformer technologies; auto thermal 

reforming and steam methane reforming. Both methods work by exposing natural 

gas to a catalyst (usually nickel) at high temperature and pressure. 

 

Steam reforming sometimes referred to as steam methane reforming uses an external 

source of hot gas to heat tubes in which a catalytic reaction takes place that converts 

steam and lighter hydrocarbons such as natural gas (methane) or refinery feedstock 

into hydrogen and carbon monoxide (syngas). Syngas reacts further to produce more 

hydrogen and carbon dioxide in the reactor. The carbon oxides are removed before 

use by means of pressure swing adsorption (PSA) with molecular sieves for the final 

purification. The PSA works by absorbing all impurities from the syngas stream to 

leave a pure hydrogen gas[1]. 

 

 

 

 

http://en.wikipedia.org/wiki/Steam_reforming
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http://en.wikipedia.org/wiki/Autothermal_reforming
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1.2 Problem Statement 

 

In a common methanol production process, there are four process stages which were 

gas preparation, SMR, compression and synthesis, and distillation. This basic SMR 

process is supported by a process furnace, which provides heat to raise the gas 

temperature for the endothermic pretreatment and reforming processes.  The furnace 

also provides heat to produce steam, which is used as a reagent in both reforming and 

gas conversion.  In this project, we will fully focus on steam-methane reforming 

process, and the steam methane reformer tubes. SMR contains hundreds of long 

vertical tubes operating at high temperature. Creep failure usually occurs to these 

tubes, where creep is a failure when a material is subjected to stress at high 

temperature. 

 

SMR operates in a high temperature environment. A SMR contain individuals of 

vertical SMR tube which is typically fabricated from creep resistant austenitic 

stainless steel and the estimation of the price of a 12.5m long tube exceeds 

USD7000. The tube is expected to last 100,000 hours or 11.4 years but in many 

instances some of these tubes fail prematurely. Since the material cost is a large 

investment, thorough analysis is needed to predict possible failure to the steam 

reformer tube in order to save operation and downtime cost. The predictions of 

failure in SMR tubes require a better determination of stresses due to internal 

pressure and temperature distribution acted on the tube. 

 

1.3 Objective and Scope of Study 

 

The objective of this project is to determine the stresses present in SMR tube using 

finite element analysis method. It is anticipated that a better stress determination can 

improve the failure prediction of SMR tube in order to reduce the cost of economic 

losses and potential failure. Figure 1.1 shows a general view of SMR tubes. 
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Figure 1.1: General view of SMR tubes 

Stress analysis will be conducted using ANSYS by applying pressure on the internal 

wall and temperature distribution on the steam-methane reformer tube. The analytical 

and finite element analysis result will then be compared. 

 

The SMR tube to be studied is Schmidt-Clemens Centralloy® CA4852-Micro 

centrifugally cast austenitic stainless steel[2]. The physical properties and 

mechanical properties of the material are as follows: 

 

Density = 8.0g/cm
3 

Thermal Conductivity = 27.3 W/mK 

Poisson’s ratio = 0.3 

Thermal Expansion = 18.5 x 10
-6

 / K 

Young’s Modulus of Elasticity = 95 GPa 

Gravitational Acceleration = 9.81 m/s
2
 

 

 



4 
 

CHAPTER 2 

 

LITERATURE REVIEW 

 

 

2.1 Steam-Methane Reforming (SMR) Process 

 

In plants producing methanol, there were basically four main process; feed gas 

preparation, steam-methane reforming, compression and synthesis, and distillation. 

The reformer is probably the most expensive component and the main energy user in 

methanol plant. Thus this project is mainly focusing on the steam-methane reforming 

process since it is one of the most important components in methanol plant. In steam-

methane reforming process, basically the methane that being feed into the tubes at 

internal pressure approximately 2MPa will react with each other in the presence of 

nickel oxide at high temperature to produce carbon monoxide (CO), carbon dioxide 

(CO2), and hydrogen (H2) [1]. This is a highly endothermic reaction which is 

supported by heat from the reformer furnace. Figure 2.1 shows schematic process of 

Steam Methane Reformer [3]. 

CH4 + H2O → CO + 3H2 

CO + H2O → CO2 + H2 

 

Figure 2.1 : Schematic process of Steam Methane Reformer[3].  
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Figure 2.2 shows the SMR in operation[4] and Figure 2.3 shows the inside view of 

the SMR[5]. 

 

 

 

Figure 2.3 : Inside view of the SMR[5]. 

Figure 2.2 : SMR in operation[4]. 
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2.2 Analytical Equations 

 

Basically there were four analytical equations employed in this project. They were 

stresses due to internal pressure (Lame’s equation), thermal stresses calculation, 

stresses due to tube weight and calculation of the effective stresses. The SMR tube is 

considered as a thick wall cylinder. As a result of pressure and temperature acting 

inside the tube, hoop, longitudinal and axial stresses were developed. Effective stress 

can also be known as von Mises stress. 

 

Stress due to Internal Pressure (Lame’s Equation) [6] 

 

Hoop Stress:    𝜎ℎ𝑝 =  
𝑝𝑟𝑖

2

𝑟𝑜
2−𝑟𝑖

2  1 +
𝑟𝑜

2

𝑟2   (1a) 

Radial Stress:    𝜎𝑟𝑝 =  
𝑝𝑟𝑖

2

𝑟𝑜
2−𝑟𝑖

2  1 −
𝑟𝑜

2

𝑟2   (1b) 

Axial Stress:    𝜎𝑎𝑝 =  
𝑝𝑟𝑖

2

𝑟𝑜
2−𝑟𝑖

2 (1c) 

 

where:  p = Internal pressure 

            r = Radius of internal tube wall 

            t = Thickness of tube wall 

 

Thermal Stress [7] 

Hoop Stress= 𝜎ℎ𝑇 =
𝛼𝐸 𝑇𝑖−𝑇𝑜 

2 1−𝑣 
 

1−𝑙𝑛 
𝑟𝑜
𝑟
 

𝑙𝑛 
𝑟𝑜
𝑟𝑖
 

−
 
𝑟𝑜
𝑟
 

2
+1

 
𝑟𝑜
𝑟
 

2
−1
  (2a) 

Radial Stress= 𝜎𝑟𝑇 =
𝛼𝐸 𝑇𝑖−𝑇𝑜 

2 1−𝑣 
 
−𝑙𝑛 

𝑟𝑜
𝑟
 

𝑙𝑛 
𝑟𝑜
𝑟𝑖
 

+
 
𝑟𝑜
𝑟
 

2
−1

 
𝑟𝑜
𝑟
 

2
−1
  (2b) 

Axial Stress= 𝜎𝑎𝑇 =
𝛼𝐸 𝑇𝑖−𝑇𝑜 

2 1−𝑣 
 

1−2𝑙𝑛 
𝑟𝑜
𝑟
 

𝑙𝑛 
𝑟𝑜
𝑟𝑖
 

−
2

 
𝑟𝑜
𝑟
 

2
−1
  (2c) 
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where:  Ti = Internal temperature 

            To= External temperature 

             r = radial distance to point of interest 

             (Other variables as defined earlier) 

 

Stress due to Tube Weight 

 

Seventy five percent of tube weight is supported by the tube hangar. The axial stress 

due to tube weight is: 

 

Axial stress: 𝜎𝑎𝑊 = 0.25 ×
𝑊

𝐴
= 0.25 ×

𝜌𝑔𝐴𝑙

𝐴
= 0.25 × 𝜌𝑔𝑙 (3a) 

Axial stress per length of tube = 
𝜎𝑎𝑊

𝑙
= −19.62 × 10−3 MPa/m (3b) 

 

where:  W = weight of tube 

 A = Cross sectional area of tube 

 ρ = Density of SMR tube = 8000kg/m
3
 (Schmidt + Clemens, 2001) 

 g = gravitational acceleration = 9.81m/s
2
 

l = vertical distance from top flange to point of interest. 

 Negative sign indicates compressive stress. 

 

Effective Stress (von Mises stress) [8] 

 

           𝜎𝑣 =   
(𝜎1−𝜎2)2+ (𝜎2−𝜎3)2+ (𝜎1−𝜎3)2

2
  (4) 

where:  Hoop Stress = 𝜎1 =  𝜎ℎ𝑇 + 𝜎ℎ𝑃 

            Radial Stress = 𝜎2 =  𝜎𝑟𝑇 + 𝜎𝑟𝑃  

            𝐴xial Stress = 𝜎3 =  𝜎𝑎𝑇 + 𝜎𝑎𝑃 + 𝜎𝑎𝑊  
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CHAPTER 3 

 

METHODOLOGY 

 

 

3.1 Finite Element Analysis 

 

Finite element analysis was used to determine possible failure in a material by 

demonstrating possible virtual load simulation. In this project, analysis on the effect 

of pressure and temperature on steam-methane reformer tube was done. The tool 

used in this project was ANSYS Multiphysics.  

 

Basically there were three analyses done on the SMR tube which were: 

a) Stress analysis on SMR tube due to internal pressure. 

b) Stress analysis on SMR tube due to temperature distribution. 

c) Stress analysis on SMR tube due to internal pressure and temperature 

distribution. 

 

There were three major phases in finite element analysis method which were: 

a) Pre-processing 

b) Solution 

c) Post-processing 
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In order to be proficient in ANSYS, the following tasks were embarked upon, as 

shown in the schematic of Figure 3.1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 : ANSYS learning flowchart. 

3.2 SMR ANSYS Workflow 

 

The general workflow used in the ANSYS to study on SMR tubes are as follows: 

 

1. Properties of the SMR tube were defined in the material model behavior box. 

Figure 3.2 shows material model behavior box. 

 

Figure 3.2 : Material model behavior box. 

 

Learn ANSYS from internet 

tutorials and books.  

Simulation of simple stress analysis 

problems. For example effect of 

vertical load on beam. 

Simulation of detailed effect of pressure 

and temperature on SMR tube. 
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2. The model of the SMR tube was created. 

3. Boundary conditions and pressure distribution were applied to the model as in 

figure 3.3. As you can see, the red arrow shows pressure applied at the tube 

wall. Noticed the top part of the tube was constrained in y-direction. 

 

Figure 3.3 : Boundary condition and pressure applied at SMR tube wall. 

4. The simulation of SMR tube was solved. 

5. Stresses developed in the SMR tube were analyzed in the post-processing. 

Figure 3.4 shows stress occurred at the tube after the problem was solved. 

6. Simulation of thermal stress was basically the same with pressure analysis. 

Temperature distribution was added at the inner and the outer wall of the 

tube. 
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Figure 3.4 : Stress stress occurred at the tube after the problem was solved. 

 

3.3 Gantt Chart 

 

During the first 9 weeks of the Final Year Project 2, project activities 

includedliterature search of resources and information about Steam-Methane 

Reformer tubes. In addition ANSYS stress analyses of SMR tubes were also caried 

out during this period. Work during weeks 8 to 10 consisted primarily of 

preparations of progress report. Pre-SEDEX or poster presentation was held during 

weeks 11 and 12. Finally, draft report, final report and VIVA presentation were done 

in weeks 13, 14 and 15. 

 

The Gantt chart for this Final Year Project 2 is shown in Figure 3.5. 
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Figure 3.5: Gantt Chart for Final Year Project 2.
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Find resources                              
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 modeling 

 set boundary 

conditions 

 simulate 

 analysis of 

results 
                            

 

Progress Report                              

Pre-SEDEX                              

Draft Report                              

Final Report                              

VIVA                              
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CHAPTER 4 

 

RESULTS AND DISCUSSION 

 

 

4.1 Parameters of Stress Analysis of Steam-Methane Reformer Tubes 

Table 4.1 shows the input parameters used in SMR ANSYS analysis.  The data was 

obtained from an actual SMR plant. 

 

Table 4.1: Input parameters for finite element analysis. 

Sample 

 

Distance from top 

flange, m 

Pressure, MPa 

 

Temperature, K 

 

N1-I 

N1-O 
2.5 2.16 

1048 

1121 

N2-I 

N2-O 
5.0 2.07 

1097 

1151 

N3-I 

N3-O 
7.5 1.99 

1119 

1151 

N4-I 

N4-O 
10.0 1.91 

1141 

1159 

N5-I 

N5-O 
12.5 1.82 

1151 

1161 

 

(Note: Samples N1 through N5 represents locations at 2.5m intervals starting at 2.5m 

to 12.5m from the top inlet flange. I and O represent ‘inner wall’ and ‘outer wall’ 

locations respectively). 
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The material properties of the tube are as shown as below: 

 

Density = 8000kg/m
3
 

Thermal Conductivity = 14.6 W/mK 

Poisson’s ratio = 0.3 

Young’s Modulus = 105 GPa 

Mean coefficient of linear thermal expansion= 1.85 × 10
-5

/K 

Gravitational acceleration = 9.81m/s
2 

4.2 Analysis of Internal Pressure on SMR Tube Wall 

 

Analytical Results of Internal Pressure Analysis 

The results of analytical calculations of stresses due to internal pressure of the tube 

are shown in Table 4.2 

Table 4.2 : Analytical results of internal pressure analysis. 

Sample 

ID 

Pressure 

(MPa) 
r (mm) 

Hoop 

Stress, σh 

(MPa) 

Radial 

Stress, σr 

(MPa) 

Axial 

Stress, σa 

(MPa) 

von Mises 

stress, σo 

(MPa) 

N1-I 
 

2.16 

52.5 12.51 -2.16 5.18 12.71 

N1-mid 57.5 11.29 -0.94 5.18 10.59 

N1-O 62.5 10.35 0.00 5.18 8.97 

N2-I 
 

2.07 

52.5 11.99 -2.07 4.96 12.18 

N2-mid 57.5 10.82 -0.90 4.96 10.15 

N2-O 62.5 9.92 0.00 4.96 8.59 

N3-I 
 

1.99 

52.5 11.53 -1.99 4.77 11.71 

N3-mid 57.5 10.40 -0.87 4.77 9.76 

N3-O 62.5 9.54 0.00 4.77 8.26 

N4-I 
 

1.91 

52.5 11.07 -1.91 4.58 11.24 

N4-mid 57.5 9.99 -0.83 4.58 9.37 

N4-O 62.5 9.16 0.00 4.58 7.93 

N5-I 
 

1.82 

52.5 10.54 -1.82 4.36 10.71 

N5-mid 57.5 9.52 -0.79 4.36 8.93 

N5-O 62.5 8.72 0.00 4.36 7.56 
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Figure 4.1 shows the view of von Mises stress on 2D axisymmetric’s internal 

pressure simulation of SMR tube. Table 4.3 shows the comparison between von 

Mises stress of analytical and ANSYS analysis on internal pressure acting in the 

SMR tube using N1 parameters. 

Table 4.3 : Stress comparison due to internal pressure between analytical calculations 

and 2D ANSYS analysis. 

Tube Radial 

Position,mm 

Calculated 

Stress,MPa 

Stress from 

ANSYS,MPa 
% difference 

52.5 – I 12.7 13.6 -6.56 

57.5 – Mid 10.6 11.7 -9.45 

62.5 – O 8.97 10.2 -12.09 

 

 

Figure 4.1 : von Mises stress of 2D axisymmetric’s internal pressure simulation of 

SMR tube for N1 parameters. 
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2D ANSYS Stress Analysis Result due to Internal Pressure 

The results of analytical calculations of stresses due to internal pressure of the tube 

are shown in Table 4.4. 

 

Table 4.4 : Internal pressure 2D ANSYS analysis results. 

Sample 

ID 

Pressure 

(MPa) 
r (mm) 

Hoop Stress, 

σh 

(MPa) 

Radial 

Stress, σr 

(MPa) 

Axial 

Stress, σa 

(MPa) 

von 

Mises 

stress, 

σo 

(MPa) 

N1-I 
 

2.16 

52.5 12.40 -2.06 0.00 13.60 

N1-mid 57.5 11.20 -1.14 0.04 11.70 

N1-O 62.5 10.30 0 0.09 10.20 

N2-I 
 

2.07 

52.5 11.90 -1.97 0.00 13.00 

N2-mid 57.5 10.80 -1.10 0.04 11.20 

N2-O 62.5 9.84 0 0.08 9.80 

N3-I 
 

1.99 

52.5 11.40 -1.90 0.00 12.50 

N3-mid 57.5 10.30 -1.05 0.04 10.80 

N3-O 62.5 9.46 0 0.08 9.42 

N4-I 
 

1.91 

52.5 11.00 0.08 0.00 12.00 

N4-mid 57.5 9.92 0.03 -1.01 10.40 

N4-O 62.5 9.08 0 -1.82 9.04 

N5-I 
 

1.82 

52.5 10.50 0.07 0.00 11.40 

N5-mid 57.5 9.45 0.03 -0.96 9.86 

N5-O 62.5 8.65 0.00 -1.73 8.62 

 

Figure 4.2 below shows the view of von Mises stress on 3D ANSYS modelling of 

internal pressure simulation of SMR tube. Table 4.5 shows the comparison of von 

Mises stress of analytical and 3D ANSYS analysis on internal pressure acting in the 

SMR tube using N1 data. 
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Table 4.5 : Effective stress comparison due to internal pressure between analytical 

calculations and  3D ANSYS analysis. 

Tube Radial 

Position,mm 

Calculated 

Stress,MPa 

Stress from 

ANSYS,MPa 
% difference 

52.5 – I 12.7 13.8 -7.97 

57.5 – Mid 10.6 11.5 -7.82 

62.5 – O 8.97 10.37 -13.5 

 

 

Figure 4.2 : von Mises stress of 3D ANSYS simulation due to internal pressure of 

SMR tube for N1 parameters. 

3D ANSYS Stress Analysis Result due Internal Pressure 

The results of 3D ANSYS stress analysis due to internal pressure of the tube are 

shown in Table 4.6. 
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Table 4.6 : 3D ANSYS stress analysis results due to internal pressure. 

Sample 

ID 

Pressure 

(MPa) 
r (mm) 

Hoop 

Stress, σh 

(MPa) 

Radial 

Stress, σr 

(MPa) 

Axial 

Stress, σa 

(MPa) 

von 

Mises 

stress, 

σo 

(MPa) 

N1-I  

2.16 

52.5 12.6 -2.23 0.009 13.80 

N1-mid 57.5 11.4 -1.21 0.009 11.50 

N1-O 62.5 10.30 0.06 0.009 10.37 

N2-I  

2.07 

52.5 12.1 -2.14 0.009 13.20 

N2-mid 57.5 10.9 -1.16 0.009 11.00 

N2-O 62.5 9.91 0.05 0.009 9.90 

N3-I  

1.99 

52.5 11.6 -2.06 0.009 12.70 

N3-mid 57.5 10.50 -1.12 0.009 10.60 

N3-O 62.5 9.53 0.05 0.009 9.52 

N4-I  

1.91 

52.5 11.2 -1.97 0.008 12.20 

N4-mid 57.5 10.0 -1.07 0.008 10.20 

N4-O 62.5 9.14 0.05 0.008 9.14 

N5-I  

1.82 

52.5 10.6 -1.88 0.008 11.60 

N5-mid 57.5 9.57 -1.02 0.008 9.68 

N5-O 62.5 8.71 0.05 0.008 8.71 

 

Table 4.7 shows the percentage differences between 3D and 2D internal pressure 

ANSYS analysis compared to analytical results. 
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Table 4.7 : Percentage differences between 3D and 2D internal pressure ANSYS 

analysis compared to analytical results. 

Sample ID Analytical 
3D 

ANSYS 

Percentage 

Difference,

% 

2D 

ANSYS 

Percentage 

Difference,

% 

N1-I 12.71 13.80 7.90 13.60 6.54 

N1-mid 10.59 11.50 7.91 11.70 9.49 

N1-O 8.97 10.37 13.50 10.20 12.06 

N2-I 12.18 13.20 7.73 13.00 6.31 

N2-mid 10.15 11.00 7.73 11.20 9.37 

N2-O 8.59 9.90 13.23 9.80 12.35 

N3-I 11.71 12.70 7.80 12.50 6.32 

N3-mid 9.76 10.60 7.92 10.80 9.63 

N3-O 8.26 9.52 13.24 9.42 12.31 

N4-I 11.24 12.20 7.87 12.00 6.33 

N4-mid 9.37 10.20 8.14 10.40 9.90 

N4-O 7.93 9.14 13.24 9.04 12.28 

N5-I 10.71 11.60 7.67 11.40 6.05 

N5-mid 8.93 9.68 7.75 9.86 9.43 

N5-O 7.56 8.71 13.20 8.62 12.30 

 

Figure 4.3 shows comparison of line trend between 2D ANSYS axisymmetric, 3D 

ANSYS modeling and analytical calculation of effective stress due to internal 

pressure for sample N1. 
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Figure 4.3 : Comparison of line trend between 2D ANSYS, 3D ANSYS and 

analytical calculation of effective stress due to internal pressure for N1. 

 

It can be seen that the effective stress is decreasing from inner to the outer tube 

radius. The percentage difference of resultant effective stress between analytical, 2D 

analysis and 3D analysis is in 10% range. Results calculated using data for N2, N3, 

N4 and N5 follow the same line trend with line N1. 
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Figure 4.4 and 4.5 show analytical and 2D ANSYS axisymmetric analysis of 

effective stress due to internal pressure versus tube radius. 

 

 

Figure 4.4 : Analytical effective stress due to internal pressure versus tube radius. 

 

 

Figure 4.5 : Effective stress of 2D ANSYS analysis due to internal pressure versus 

tube radius. 
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Figure 4.6 and 4.7 show 3D internal pressure ANSYS analysis and overlapping of 

analytical, 2D and 3D analysis of effective stress due to internal pressure versus tube 

radius. 

 

 

Figure 4.6 : Effective stress of 3D ANSYS analysis due to internal pressure versus 

tube radius. 

 

Figure 4.7 : Overlapping of analytical, 2D and 3D pressure analysis. 
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4.3 Analysis of Temperature Distribution on SMR Tube Wall 

 

Analytical Stress Results of Thermal Analysis 

The results of analytical calculations of stresses due to temperature profile of the tube 

are shown in Table 4.8 

 

Table 4.8 : Thermal analysis results. 

Sample 

ID 

Pressure 

(MPa) 
r (mm) 

Hoop 

Stress, σh 

(MPa) 

Radial 

Stress, σr 

(MPa) 

Axial 

Stress, σa 

(MPa) 

von 

Mises 

stress, σo 

(MPa) 

N1-I  

2.16 

52.5 96.96 0 96.96 96.96 

N1-mid 57.5 -2.64 3.97 1.33 5.76 

N1-O 62.5 -86.33 0 -86.33 86.33 

N2-I  

2.07 

52.5 71.72 0 71.72 71.72 

N2-mid 57.5 -1.95 2.93 0.98 4.26 

N2-O 62.5 -63.86 0 -63.86 63.86 

N3-I  

1.99 

52.5 42.50 0 42.50 42.50 

N3-mid 57.5 -1.16 1.74 0.58 2.53 

N3-O 62.5 -37.84 0 -37.84 37.84 

N4-I  

1.91 

52.5 23.91 0 23.91 23.91 

N4-mid 57.5 -0.65 0.98 0.33 1.42 

N4-O 62.5 -21.29 0 -21.29 21.29 

N5-I  

1.82 

52.5 13.28 0 13.28 13.28 

N5-mid 57.5 -0.36 0.54 0.18 0.79 

N5-O 62.5 -11.83 0 -11.83 11.83 

 

Figure 4.8 shows von Mises stress of 3D thermal analysis modelling. Table 4.9 list 

the comparison of von Mises stress of analytical and ANSYS analysis on 

temperature acting in the SMR tube using sample N1. 
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Figure 4.8 : 3D thermal ANSYS analysis modelling for N1 parameters. 

Table 4.9 : Thermal analysis comparison between theoretical calculations and 3D 

ANSYS simulation. 

Tube Radial 

Position,mm 

Calculated 

Stress,MPa 

Stress from 

ANSYS,MPa 
% difference 

52.5 – I 97 98 -1.07 

57.5 – Mid 5.76 5.71 0.89 

62.5 – O 86.3 87.7 -1.57 
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Stress results of 3D ANSYS thermal analysis modeling. 

The results of analytical calculations of stresses due to temperature profile of the tube 

are shown in Table 4.10. 

 

Table 4.10 : Stress results of 3D ANSYS analysis modeling. 

Sample ID 
Pressure 

(MPa) 
r (mm) 

Hoop 

Stress, σh 

(MPa) 

Radial 

Stress, σr 

(MPa) 

Axial 

Stress, σa 

(MPa) 

von 

Mises 

stress, 

σo 

(MPa) 

N1-I  

2.16 

52.5 100.00 1.90 95.80 98.00 

N1-mid 57.5 32.60 -19.50 -4.91 5.71 

N1-O 62.5 -7.83 -73.10 -85.50 87.70 

N2-I  

2.07 

52.5 74.00 1.41 70.90 72.50 

N2-mid 57.5 14.20 -14.40 -3.63 4.22 

N2-O 62.5 -5.79 -62.00 -63.20 64.90 

N3-I  

1.99 

52.5 43.90 0.83 42.00 43.00 

N3-mid 57.5 14.30 -3.86 -2.15 2.50 

N3-O 62.5 -34.30 -36.70 -37.50 38.50 

N4-I  

1.91 

52.5 24.70 0.47 23.60 24.20 

N4-mid 57.5 8.05 -2.17 -1.21 1.41 

N4-O 62.5 -1.93 -20.70 -21.10 21.60 

N5-I  

1.82 

52.5 13.70 0.26 13.10 13.40 

N5-mid 57.5 2.62 -1.21 -0.67 0.78 

N5-O 62.5 -1.07 -11.50 -11.70 12.00 

 

Percentage differences of von Mises stress between 3D thermal ANSYS analysis and 

thermal analytical results are shown in Table 4.11 
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Table 4.11 : Percentage differences of von Mises stress between 3D thermal ANSYS 

analysis and thermal analytical results. 

Sample ID 
Pressure 

(MPa) 
r (mm) 

3D 

ANSYS 
Analytical 

Percentage 

Difference,% 

N1-I  

2.16 

52.5 98 96.96 -1.07 

N1-mid 57.5 5.71 5.76 0.87 

N1-O 62.5 87.7 86.33 -1.59 

N2-I  

2.07 

52.5 72.5 71.72 -1.09 

N2-mid 57.5 4.22 4.26 0.94 

N2-O 62.5 64.9 63.86 -1.63 

N3-I  

1.99 

52.5 43 42.5 -1.18 

N3-mid 57.5 2.5 2.53 1.19 

N3-O 62.5 38.5 37.84 -1.74 

N4-I  

1.91 

52.5 24.2 23.91 -1.21 

N4-mid 57.5 1.41 1.42 0.70 

N4-O 62.5 21.6 21.29 -1.46 

N5-I  

1.82 

52.5 13.4 13.28 -0.90 

N5-mid 57.5 0.78 0.79 1.27 

N5-O 62.5 12 11.83 -1.44 

 

Figure 4.9 shows comparison of line trend between 3D thermal ANSYS analysis and 

analytical calculation of effective stress due to temperature for sample N1. 

 

Figure 4.9 : Comparison of line trend between 3D thermal ANSYS analysis and 

analytical calculation of effective stress due to temperature for sample N1. 

0

20

40

60

80

100

120

50 55 60 65

vo
n

 M
is

e
s 

st
re

ss
 (

M
P

a)

Tube Radius, mm

Effective Stress due to Temperature for N1

3D ANSYS

Analytical



27 
 

It can be seen that the effective stress is decreasing from inner to the center tube wall 

and then increased back to the outer tube wall. The percentage difference of resultant 

effective stress between analytical, 3D analysis and analytical analysis is in 10% 

range. Sample N2, N3, N4 and N5 follow the same line trend with line N1. 

 

Figure 4.10 and 4.11 show theoretical and 3D ANSYS analysis of effective stress 

due to temperature distribution versus tube radius. 

 

Figure 4.10 : Analytical effective stress due to temperature distribution versus tube 

radius. 

 

Figure 4.11 : 3D ANSYS analysis effective stress due to temperature distribution 

versus tube radius. 
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4.4 Stress Analysis of Temperature Distribution and Internal Pressure on SMR 

Tube Wall. 

The results of analytical calculations of stresses due to thermal and internal pressure 

of the tube are shown in table 4.12. 

 

Table 4.12 : Combination of thermal and internal pressure stress analysis results on 

SMR tube. 

Sample 

ID 

Pressure 

(MPa) 
r (mm) 

Hoop 

Stress, σh 

(MPa) 

Radial 

Stress, σr 

(MPa) 

Axial 

Stress, σa 

(MPa) 

von 

Mises 

stress, 

σo 

(MPa) 

N1-I 
 

2.16 

52.5 109.47 -2.16 102.08 108.13 

N1-mid 57.5 8.65 3.03 6.45 4.91 

N1-O 62.5 -75.97 0 -81.20 78.72 

N2-I 
 

2.07 

52.5 83.71 -2.07 76.58 82.45 

N2-mid 57.5 8.87 2.03 5.84 5.93 

N2-O 62.5 -53.93 0 -58.99 56.63 

N3-I 
 

1.99 

52.5 54.03 -1.99 47.12 52.91 

N3-mid 57.5 9.25 0.87 5.20 7.25 

N3-O 62.5 -28.30 0 -33.22 31.05 

N4-I 
 

1.91 

52.5 34.97 -1.91 28.29 34.04 

N4-mid 57.5 9.34 0.15 4.71 7.96 

N4-O 62.5 -12.13 0 -16.90 15.09 

N5-I 
 

1.82 

52.5 23.83 -1.82 17.40 23.11 

N5-mid 57.5 9.15 -0.25 4.30 8.14 

N5-O 62.5 -3.10 0 -7.71 6.72 

 

Figure 4.12 below shows 3D thermal and internal analysis modeling of quarter SMR 

tube.Table 4.13 list the comparison of von Mises stress between theoretical and 3D 

ANSYS analysis on combination of thermal and internal pressure acting in the SMR 

tube using  parameters N5. 
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Table 4.13 : Comparison of von Mises stress of theoretical and 3D ANSYS analysis 

on combination of thermal and  internal pressure acting in the SMR tube using N5 

parameters. 

Tube Radial 

Position,mm 

Calculated 

Stress,MPa 

Stress from 

ANSYS,MPa 
% difference 

52.5 – I 23.11 22.80 1.35 

57.5 – Mid 8.14 8.80 -8.06 

62.5 – O 6.72 7.05 -4.94 

 

 

Figure 4.12 : 3D thermal and internal pressure ANSYS analysis modelling of quarter 

SMR tube. 
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Stress results of 3D ANSYS thermal and internal pressure analysis modeling. 

The results of 3D ANSYS thermal and internal pressure analysis modeling of the 

tube are shown in Table 4.14 

 

Table 4.14 : 3D ANSYS analysis due to thermal and internal pressure results. 

Sample 

ID 

Pressure 

(MPa) 
r (mm) 

Hoop 

Stress, σh 

(MPa) 

Radial 

Stress, σr 

(MPa) 

Axial 

Stress, σa 

(MPa) 

von 

Mises 

stress, 

σo 

(MPa) 

N1-I 
 

2.16 

52.5 112.00 5.84 96.40 107.00 

N1-mid 57.5 8.90 -4.53 -1.87 5.82 

N1-O 62.5 -20.50 -87.50 -80.50 72.60 

N2-I 
 

2.07 

52.5 85.40 4.36 71.40 81.70 

N2-mid 57.5 7.36 -3.28 -0.27 4.43 

N2-O 62.5 -3.79 -64.40 -57.60 55.90 

N3-I 
 

1.99 

52.5 55.10 2.30 42.30 52.10 

N3-mid 57.5 5.69 -2.19 1.56 6.28 

N3-O 62.5 -1.37 -38.10 -31.10 31.70 

N4-I 
 

1.91 

52.5 35.60 -1.53 23.80 33.40 

N4-mid 57.5 9.17 -4.02 2.67 6.97 

N4-O 62.5 0.37 -21.50 -14.30 15.80 

N5-I 
 

1.82 

52.5 24.20 -2.35 13.20 22.80 

N5-mid 57.5 10.20 -0.99 2.70 8.80 

N5-O 62.5 -10.70 -11.90 3.63 7.05 

 

Percentage differences of von Mises stress between 3D thermal and internal pressure 

ANSYS analysis and analytical results are shown in Table 4.15. 
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Table 4.15 : Percentage difference of von Mises stress between 3D thermal and 

internal pressure ANSYS analysis with analytical results. 

Sample ID 
Pressure 

(MPa) 
r (mm) 

3D 

ANSYS 
Analytical 

Percentage 

Difference,% 

N1-I 
 

2.16 

52.5 107 108.13 1.05 

N1-mid 57.5 5.82 4.91 -18.53 

N1-O 62.5 72.6 78.72 7.77 

N2-I 
 

2.07 

52.5 81.7 82.45 0.91 

N2-mid 57.5 4.43 5.93 25.30 

N2-O 62.5 55.9 56.63 1.29 

N3-I 
 

1.99 

52.5 52.1 52.91 1.53 

N3-mid 57.5 6.28 7.25 13.38 

N3-O 62.5 31.7 31.05 -2.09 

N4-I 
 

1.91 

52.5 33.4 34.04 1.88 

N4-mid 57.5 6.97 7.96 12.44 

N4-O 62.5 15.8 15.09 -4.71 

N5-I 
 

1.82 

52.5 22.8 23.11 1.34 

N5-mid 57.5 8.8 8.14 -8.11 

N5-O 62.5 7.05 6.72 -4.91 

 

Figure 4.13 shows comparison of line trend between 3D ANSYS analysis and 

analytical calculation of effective stress due to temperature and internal pressure for 

sample N1.  
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Figure 4.13 : Comparison of line trend between 3D ANSYS analysis and analytical 

calculation of effectivestress due to temperature and internal pressure for sample N1. 

 

It can be seen that the effective stress is decreasing from inner to the center tube wall 

and then increased back to the outer tube wall. The percentage difference of resultant 

effective stress between analytical, 3D analysis and analytical analysis is in 10% 

range. Sample N2, N3, N4 and N5 follow the same line trend with line N1. 
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Figure 4.14 and 4.15 show theoretical and 3D ANSYS analysis of effective stress 

due to thermal and internal pressure versus tube radius. 

 

 

Figure 4.14 : Theoretical effective stress due to temperature and pressure versus tube 

radius. 

 

Figure 4.15 : ANSYS analysis effective stress due to temperature and pressure versus 

tube radius. 
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATION 

 

 

ANSYS Multiphysics software is very useful in determining effective stress that 

occurs at Steam-Methane Reformer (SMR) tube as it follows the same trends of 

result as the analytical calculation of effective stress. There were basically few 

methods in ANSYS for determining stress developed in SMR tube such as 2D 

axisymmetric and 3D ANSYS modeling. Usually 3D ANSYS analysis is more 

complex compared to 2D ANSYS analysis. 

 

Boundary condition is a very important segment in ANSYS analysis as it widely 

influenced the resultant stresses. Slight changes in boundary conditions will lead to 

different outcomes. Slight difference between analytical and ANSYS analysis results 

is because finite element method used numerical analysis solutions for each results of 

its model elements [9]. Besides, the size of the element can also help to increase the 

accuracy of the result.  

 

One of the major concerns in the operation and maintenance of a reformer is being 

able to monitor and predict the behavior of the reformer tubes.  
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Figure 5.1 : 3D images of creep failure on SMR tube by LOTIS system[9]. 

Figure 5.1 shows 3D images of creep failure on SMR tube by LOTIS system. LOTIS 

system is a device used to calculate the percentage expansion of SMR tube during 

operation. Red area at the near bottom of the tube shows creep failure has occurred. 

Thus, further failure prediction analysis is needed on the SMR tube before the 

operation started. 

 

For future work, it would be recommended that other additional variables should be 

considered in performing the analysis, such as the convection and radiation 

properties of the material. Heat transfer in the tube probably would occur through 

convection, conduction and radiation. These variables are very essential in 

determining the von Mises stress developed along the tube. Stresses developed in 

tube can then be used in determining the service life of the reformer tube more 

accurately.  
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