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Abstract—Energy conservation is a worldwide concern and an important consideration for any industry. In a thermal power plant waste heat 

recovery from the flue gas is necessary for making the boiler more efficient. The conventional heat exchangers for the flue gas heat recovery 

works on the principle that the primary fluid runs through the pipe and the secondary fluid is in the surrounding shell. The required temperature 

of the secondary fluid is achieved by passing it over another heat exchanger. In this project the objective is to combine both stages in which the 

tubes are encircled by another concentric pipe and more controlled temperature of the secondary fluid is achieved by passing another hot fluid 

over it. Such a design is subjected to complex nature of stresses and to determine its safety the Finite Element Analysis method (FEA) has been 

used. A practical application is considered from a firm and from the data provided by the client a design analysis has been carried out according 

to the ASME codes. In this paper some cases are discussed as per the UHX rules for the worst load combination in the design to check the safety 

of the vessel. 
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I.  INTRODUCTION  

Most part of the energy loss in a boiler is due to the heat 
released by the exhaust flue gases to the atmosphere. A flue gas 
heat recovery system can make the boilers more efficient by re-
using the heat energy. In a heat recovery method heat 
exchangers are used to harness the energy left in the flue gases 
before exhausting them. It is also necessary to remove sulfur 
dioxide from the boiler and furnace exhaust gases for which 
Flue gas desulfurization (FGD) is one of the method and a 
technology for the removal of hazardous chemicals. After 
desulfurization the exhaust gases are again heated to get better 
diffusion, to prevent white smokes and to prevent low 
temperature corrosion of the duct and the chimney. To meet 
these requirements in a thermal power plant, FGD system is 
used with a heat exchanger which consists of a heat recovery 
section and a reheat section. In this project the two stages are 
combined and a heat exchanger design is proposed in which the 
tubes are encircled by another concentric pipe. A heat 
exchanger is a heat transfer device that is used for the transfer 
of internal energy between two or more fluids available at 
different temperatures. Heat exchangers are widely used in the 
process, power, petroleum, transportation, air conditioning, 
refrigeration, cryogenic and heat recovery industries. A safe 
and optimum design of the heat exchanger is essential due to 
the high temperature and pressure of the fluid and for the cost 
and energy savings of the plant along with the environmental 
protection. 

II. PROBLEM STATEMENT  

A. Conventional Method  

The conventional heat exchangers that are used for the flue 
gas heat recovery works on a principle that the primary fluid 
run through pipes and the secondary fluid is put in the 

surrounding shell and cross flow principle is generally used. In 
this method, the flow of the secondary fluid is not controlled 
and it mainly depends on the heat exchange occurring. Also in 
this system a secondary stage is a loss on equipment space 
utilization and it means maintaining two heat exchangers.  

B. Proposed Method  

For better cost and space utilization, a proposal is to 
combine both the stages. Hence a design is proposed with a 
triple concentric pipe heat exchanger in which the secondary 
fluid will flow creating more controlled heat exchange 
environment. However such a design will be subjected to 
complex nature of stresses and hence to determine the safety of 
the vessel we need Finite Element Analysis (FEA) method for 
the design analysis.  

III. OBJECTIVES 

1) The objective of present study is to make a concentric 
pipe heat exchanger and analyze the proposed system design 
for the safety of the vessel. 

2) To optimize the pipe thickness and stress location and 
create design changes which will stabilize the tube sheets 
junction. 

3) Determining deformations and equivalent stresses with 
temperature distributions at critical points. 
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Fig 1. Concentric Pipe Heat Exchanger 

TABLE 1 

Sr. No 

Input Parameters 

 

Description Notations 
Given 

Value  

1 Internal Pressure  P 0.2 MPa 

2 External Pressure  Po Atm 

3 Vessel Radius  R 2100mm 

4 Nozzle Diameter  Dn 200 mm  

5 Support Height  h 2000 mm 

 

IV. DESIGN PROCEDURE 

Heat Exchanger is designed by using ASME VII code. It 
includes design of shell, nozzle, tube sheet and inner pipe 
thickness. Only internal pressure is considered for design 
calculations as the external pressure acting is atmospheric 
pressure. Suitable dimensions are assumed for nozzle thickness.  

A. Design Of Shell Thickness  

From ASME Section -VIII, Division - I, UG27 the required 
thickness of Shell due to internal pressure is given by: 

tr= P.R/(S.E-0.6P)+ Corrosion Allowance                    (1) 
 

Where  

P = Internal Pressure  

R= Radius of Shell  

P = Internal Pressure  

S = Allowable Strength of Material  

E = Welding Efficiency  

With  

Material = SA 516 Grade 70,  

Maximum Allowable Stress = 137.8915 MPa, 

Modulus of Elasticity = 200 GPa, 

Poisson’s Ratio (μ) = 0.29 

tr= 6.05mm. This size is not available hence next size is 
selected as 12 mm 

B. Design of Nozzle Thickness  

From ASME Section -VIII, Division - I, UG45 the required 
thickness for the nozzle is minimum 1.5 excluding corrosion 
allowance  

Treq (nozzle) = P.Rn / (S.E-0.6P) + Corrosion Allowance 

Where  

Rn = Nozzle Radius 

Treq = 4.5 mm for which next available size is 6 mm 

This thickness is calculated only for internal pressure but due to 
the excessive stresses developed at the nozzle sides which is 
found during FEA analysis, the thickness of the nozzle is 
modified to 18mm. 

C. Design Of  Tube Sheet Thickness 

From ASME Section -VIII, Division - I, UG27 the required 
thickness of tube sheet is 

Treq (tube sheet) = P.R(tube sheet) / (S.E-0.6P) + Corrosion Allowance 

Where  

R (tube sheet) is calculated from the given diameter of the shell. 

Each portion of the shell or vessel should have equal volume 
hence the area of shell or vessel is divided into three equal parts 
for inner pipe, tube sheet and shell area. 

Treq (tube sheet) = 5.49 mm and next suitable size considered is 
6mm 

D. Design Of Inner Pipe Thickness 

From ASME Section -VIII, Division - I, UG27 the required 
thickness of inner pipe is given by 

Treq (inner pipe) = P.R inner pipe / (S.E-0.6P) + Corrosion Allowance 

Where  

R inner pipe is calculated from given diameter of the shell. 

Treq (inner pipe) = 4.76 mm and next suitable size considered is 
6mm 

This thickness is calculated theoretically. After the analysis it is 
observed that we need to minimize the equivalent stresses and 
total deformation of the body and hence the thickness was 
modified accordingly. 

E. Heat Exchanger Design Analysis  

As per the UHX rules for shell and tube heat exchangers the 
different cases were considered to check the safety of the 
vessel. The UHX rules cover the minimum requirements for 
design, fabrication and inspection. It is necessary to 
evaluate the anticipated loading conditions to ensure that 
the worst load combination has been considered in the 
design. The following loading conditions are explained 
below:  

UHX Design Consideration Loading Case 1: Tube side   

       pressure acting only without thernal expansion. 

A) Boundary Conditons  

Pressure of 0.195MPa is acting with the fluid flowing 

from tube sheet side only without thermal expansion 

http://www.ijrmee.org/
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Fig 2. Boundary Conditions of the Heat Exchanger  

B) Results and Discussion   

The total deformation and Equivalent Stresses are checked 
with the FEA analysis and is observed that it is within the 
allowable stress limit of the material. Self-weight effect is 
considered. 

  

 
 

Fig 3. Total Deformation of the Body  

 

 
 
 

Fig 4. Total Equivalent Von Mises Stress 

 

 

 
 

Fig 5. Linearized Equivalent Stress on Tube Sheet 

 

 
Fig 6. Linearized Equivalent Stress on Saddle 

TABLE 2 

 

FEA Analysis Results 

Description 

Actual 

Stress 

(MPa) 

Allowabl

e Stress  

(MPa) 

Remarks 

Equivalent Von-Mises 

Stress   
25.88 0.2 MPa 

Safe 

design 

Membrane Stress   17.23 137 
Safe 

design 

Membrane + Bending 

Stress   

25.88 

 
206.85 

Safe 

design 

Peak Stress   26.83 413.67 
Safe 

design 
 

V.  CONCLUSION  

1) Practical Conditions as per UHX were considered and   

final design is safe as per ASME.  

2) Critical Locations are tubesheets which should be 

regularly checked. 

3) 5 saddle supports are provided which is more stable than 

2 or 3 saddle supports 

4) Heat Exchanger is structuraly safe and reliable for 

operation as per considered boundary conditon. 

http://www.ijrmee.org/
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