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cases. 
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I. INTRODUCTION 

A structural assessment of W. H. boiler, tubes and tube sheet 

assembly was carried out using finite element analysis (FEA) 

and assessment was performed as per ASME 2019 Section 

VIII, Div. 2, Part 5. The objective of the study was to check 

the structural integrity of the industrial heat exchanger.  

II. FEA PROCEDURE (NUMERICAL MODEL) 

1) Clean-up: WHB CAD geometry cleanup & making 

different parts (components) as per their working 

physics. 

2) Meshing: WHB CAD geometry is meshed by various 

types of elements so that the node numbers are in 

controlled quantity. 

3) Connections: Proper & right contacts are assigned 

between the various parts of the assembly. 

4) Materials: As per the different parts & components of the 

assembly right material is assigned to the respective parts 

of the assembly. 

5) Boundary Conditions & Loading: WHB assembly is 

constrained as per the certain requirement & right 

loading is applied on the various parts the assembly. 

6) Convergence & Solution: Proper & right analysis 

settings are assigned so that the stiffness matrix can be 

solved with minimum efforts. 

7) Post Processing:  Total & directions deformations as well 

as equivalent stresses are extracted.   

Acceptance criteria for the components are the yield 

limit of the respective materials.  

A. The materials used for the components are; 

1) SA 106 Gr B  

2) SA 516 Gr 70 

Both are carbon steel. 

 
Fig. 2.1: 

B. Discretization (Meshing) 

 
Fig. 2.2: 

All the components have been meshed with SOLID186 

elements. SOLID186 is used for the three-dimensional 

modeling of solid structures. The element is defined by eight 

nodes having three degrees of freedom at each node: 

translations in the nodal x, y, and z directions. The element 

has plasticity, stress stiffening, large deflection, and large 

strain capabilities. 

C. Load Cases 

1) Temperature condition on heating pads and inlet side of 

outer shell = 1000°C 

2) Temperature condition on outlet side of outer shell and 

inner shell = 500°C 

3) Self-weight 

4) Polymer Weight material inside inner shell = 3500 kg 

5) Weight of feeding system on inlet nozzle = 500 kg 

6) Internal Pressure inside outer shell (external to inner 

shell) = 9000 Pa 

7) Pressure in the exhaust nozzle = 28000 Pa 
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Fig. 2.3: 

 
Fig. 2.4: 

 
Fig. 2.5: 

III. RESULTS & DISCUSSION 

A. Total deformation 

 
Fig. 3.1: 

 
Fig. 3.2: 

B. Equivalent Stress 

 
Fig. 3.3: 

 
Fig. 3.4: 

As we can see the component failure in Load case 1, design 

modifications are necessary. 

Thicknesses of the critical components are updated 

as per the required criteria. 

IV. CONCLUSION 

The stresses in the components of industrial heat exchanger 

are below yield stress value. Therefore the industrial heat 

exchanger is safe as per acceptance criteria of ASME Section 

VIII, Div. 2, and Part 5. 
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