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ABSTRACT 

Bolted flanged joints are the most popular means of connecting piping systems and pressure vessels containing fluid or gas under 

pressure. Although this type of connection is practical in terms of disassembly, it is a source of potential leakage failure especially 

when operating under high pressures and temperatures. Flanged joints on large diameter flanges can prove problematic to seal 

successfully with many factors contributing such as stud bolt loading causing stress and deflection of the flanged joint, loss of 

tightness, bolt load non-uniformity, inadequate flange to gasket stiffness and  inappropriate bolt spacing requirements. Most of the 

researchers have worked upon weight optimization of metal to metal contact flange. Also research has been done on sealing 

ability criteria for bolted joints with gasket and on safe operating condition for gasket joint under pressure and temperature. 

Modeling and analysis of cover flange for chiller has not been carried out yet and is under the area of research. This paper will 

provide an exposure to design, analysis and modeling of cover flange for chiller by using FEM approach and its validation by 

analytical as per ASME. 
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1. INTRODUCTION 

Bolted flange joints are the most popular type of connection 

between pressure vessels and piping equipment. They are very 

attractive type of connection because they are simple to mount 

and offer the possibility of disassembly. However, they are 

very complex structures to design and analyze and often result 

in leakage failure. Flanged joints are essential components in 

nearly all pressurized systems; however, they are also one of 

the most complex to design. A large number of factors enter 

into the determination of the successful design and operation 

of a flange joint in service. The bolted flange joint involves the 

interaction between the bolting, flange, and gasket, 

considering important nonlinear variables, such as friction and 

gasket properties. The pressure vessel and piping codes were 

developed for safety, and the rules developed for bolted flange 

joints were developed in the same spirit. The ASME Code 

design rules provide a method for sizing the flange and bolts to 

be structurally adequate for the specified pressure design 

conditions; however, the current design rules do not address 

external loads nor do they guarantee a leak-tight joint. 

A flanged joint may be made with flanges cast integral with 

the pipes or loose flanges welded or screwed. The flange faces 

are machined to ensure correct alignment of the pipes. The 

joint may be made leak proof by placing a gasket of soft 

material, rubber or canvas between the flanges. The flanges 

are made thicker than the pipe walls, for strength. The flange 

is the most essential part of Pressure vessel, Condenser, Heat 

Exchanger and Storage Tank.  Flanges are used on the shell of 

a vessel or heat exchanger to permit disassembly and removal 

or cleaning of internal parts. Flanges are also used for making 

piping connections and any other nozzle attachment at 

opening. Flange joints are very common in pressure vessel and 
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piping systems. Flanges are primarily used where a connecting 

or dismantling joint is needed. These joints may include 

joining pipe to fittings, valves, equipment, or any other 

integral component within the piping system. The performance 

of joint is characterized mainly by its strength and sealing 

capability. However, recommended design procedures for 

bolted flange joints are available in international codes and 

standards. In this paper, bolted flange connections are 

analyzed by implementing the design method of ASME Boiler 

and Pressure Vessel Code. The results of a parametric study of 

the behavior of flanges and stresses in bolts are analyzed by 

varying the flange thickness, bolt preload and number of bolts, 

at the same time maintaining other flange dimensions constant. 

Theoretical results obtained using ASME design approach is 

compared. 

Chillers find numerous applications in industries like: 

chemicals, pharmaceuticals, dairies, ice production, food and 

beverage processing and cold storages. Industrial chillers are 

used for controlled cooling of products, mechanisms and 

factory machinery. Industrial chillers are also used in the 

plastic industry in injection and blow molding, metal working 

cutting oils, welding equipment, die-casting and machine 

tooling. They are also used to cool high-heat specialized items 

such as MRI machines and lasers, and in hospitals, hotels and 

campuses. 

Important specifications to consider when searching for 

industrial chillers include the total life cycle cost, the power 

source, chiller IP rating, chiller cooling capacity, evaporator 

capacity, evaporator material, evaporator type, condenser 

material, condenser capacity, ambient temperature, motor fan 

type, noise level, internal piping materials, number of 

compressors, type of compressor, number of fridge circuits, 

coolant requirements, fluid discharge temperature, and 

Coefficient of performance. Ammonia as a refrigerant has zero 

global warming potential and therefore these absorption 

machines, like Lithium bromide machines, are based on an 

eco-friendly technology. 

Chiller is a device that removes heat from liquid. This liquid 

(Lithium Bomider) can be used in heat exchanger to cool air or 

equipment as per requirement. This investigation involves the 

use of finite element analysis (F.E.A) to predict levels of stress 

and deflection of a particular flanged joint In this project tube 

side of equipment is oval shape, for designing this ASME 

SEC. VIII DIV.2 is preferred, instead of ASME SEC. VIII 

DIV. 1, Because this division is restricted over circular shape 

only. But, because of ASME SEC. VIII DIV. 2 division is 

expensive. The study of flange using FEA analysis. After 

design compare the results with ASME allowable limit. 

 

2. PROBLEM DEFINITION 

High Temperature Generator, channel shell, tube sheet, body 

flange and cover flange cannot be calculated to the rules of 

ASME Section VIII-1 due to the complexity of the shape. 

Hence the guidelines of the ASME Section VIII-2 are used 

with the allowable stress limits of ASME Section VIII-1 and 

Finite Element Analysis (FEA) is done to meet the 

requirement of ASME Section VIII-2. 

Specific objectives relating to this project include:  

 To obtain research background information relating 

to the assembly stresses produced when bolting two 

flanges together.  

 To construct parametric model finite element analysis 

techniques.  

 To analyze output from finite element analysis model.  

 To linearize stress of stress concentrated areas.  

 To calculate membrane, bending & peak stresses 

along the thickness of highly stress concentrated 

zone.  

 To compare above stresses with the allowable limit 

given by ASME. 

 

              3. RESEARCH METHODOLOGY 

The following methodology is being adopted to carry out the 

project. 

3.1 Study of Sources of Failure of Oval Shape Flange 

To carry out the study of sources of failure of Oval shape 

flange of chiller customer survey/customer complaints have to 

be studied. This can be done with the discussion of factory 

executives and by checking the existing design by applying 

different loading within boundary conditions. 

 

3.2 Identification of Critical Design Parameters 

By doing the failure analysis the critical design parameters are 

to be identified. The critical design parameters are minimum 

http://en.wikipedia.org/wiki/Die-casting
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bolt force required for operating conditions(Wm1), Minimum 

Required Bolt Load for gasket seating conditions (Wm2), 

Total Hydrostatic End Force(H), Gasket Load (HG), 

Hydrostatic end force on area inside of flange (HD), 

Difference between total hydrostatic end force and hydrostatic 

end force of inside of flange (HT). 

 

3.3 Design of Oval Shape Flange 

It is decided to design Oval Shape Flange as per customer 

requirement/factory specification with the aim to establish an 

appropriate bolt tension specific to a particular flanged joint in 

order to successfully seal the flange joint. It is decided to 

calculate the minimum required bolt forces for a flanged joint. 

Further design calculation should include membrane; bending 

and peak stresses along the thickness of highly stress 

concentrated area. It is decided to determine maximum 

stresses developed on oval shape flange. 

 

3.4 Construction of Parametric Model using SOLID 

WORK 

It is decided to prepare a model by using Solid works (2013) 

student edition considering the customer requirements/factory 

data/customer specifications. 

3.5 Finite Element Analysis Using SOLID WORK 

It is decided to use finite element analysis (F.E.A) to predict 

levels of stress and deflection of a particular flanged joint 

when different loads are applied. Finite element analysis is 

used to predict levels of stresses induced in Oval shape flange. 

Finite element analysis is also used to determine deflection of 

particular flange joint. 

 

4. DESIGN OF OVAL SHAPE FLANGE 
 

4.1 Basic Assumptions 

In order to simplify the analysis of the flanged joint, a 

number of assumptions were made. These assumptions are 

made to avoid the complexity of the problem, In a such 

way that it will not affect the final result. 

These basic assumptions are: 

• All materials for the model, blind, gasket and hub 

flange are assumed isotropic, i.e. materials have the 

same elastic properties in all directions, which is a 

valid approximation for steel.  

• Considering self-energizing gasket.  

• Modeling will be via linear static analysis.  

• Stud loads will be averaged over the area where the 

studs are located in the circular ring. 

 

4.2 Design Parameter 

The input parameter we are considering for the design and 

analysis of Oval shape flange are as per the company standards 

and customer specification. 

 

Tube side design pressure=1.054 MPa 

Design Temperature=300 °C 

Tube Side Mean metal temperature=150 °C 

Shell Side Mean metal temperature=135 °C 

Minimum Design Metal Temperature=-10 °C 

 

4.3 Model Information 

The dimensions obtained by the calculations are used to model 

the part by using commercial modeling software. High 

Temperature Generator consisting of tube sheet with tube 

holes, cover plate, nozzle with end cap, channel shell and main 

shell is modeled. The main shell is not the part of the analysis; 

they are modeled to transfer the forces. 

 

4.4 Material of Construction 

The following material properties are extracted from 

ASME Section II Part D.  

                  Table-1 Cover Flange Material properties   

Description  

Select the Material= SA-516 Gr 70  

Design Temperature=200°C  

Nominal Composition= Carbon steel   

UNS No.= K02700   

Min. Tensile Strength=485 MPa   

Min. Yield Strength=260 MPa   

Maximum Allowable Stress=136 MPa   
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Yield Stress=204 MPa   

Ultimate Tensile Strength=483 MPa   

Modulus of Elasticity=1850 MPa   

Mean Coefficient of Thermal Expansion=1.330E-05   

Poisson's Ratio=0.3   

 

Table-2 Bolt Material Properties 

Description  

Select the Material= SA-193 Gr.B7  

Design Temperature=200°C  

Nominal Composition= 1Cr-1/5Mo   

Min. Tensile Strength=690 MPa   

Min. Yield Strength=515 MPa   

Density=7750 kg/m3   

Maximum Allowable Stress=172 MPa   

Yield Stress=632 MPa   

Ultimate Tensile Strength=862 MPa   

Modulus of Elasticity=193000 MPa   

Mean Coefficient of Thermal Expansion=1.27E-05   

Poisson's Ratio=0.3   

 

4.5 Design Procedure 

The target load bolt-up method was used to calculate target 

bolt-up forces and subsequent flange stresses. 

4.6 ASME Flange Design Bolt Forces 

As per ASME Mandatory Appendix II, the following section 

details the procedure required to calculate the minimum 

required bolt force for a flanged joint. 

 

The maximum of the two calculated forces , Wm1 and Wm2 is 

used to set the minimum required bolt force as set out below. 

                             Wm1 = H + Hp…………………. (1) 

         Wm1 = (0.785G
2
+G*SP)*P+  

                     (2b*3.14*G+2*b*2*SP)m*P………………(2) 

                Wm2 = (3.14*b*G+2*SP*b)*y………………. (3) 

Where, 

            ‘b’ is the effective gasket seating width [mm]; 

           ‘G’ is the diameter at location of gasket force [mm]; 

           ‘y’ is the gasket seating stress [mm]; 

          ‘P’ is the calculation pressure [MPa] and 

          ‘m’ is a gasket factor. 

The total cross-sectional area of bolts Am required for both the 

operating conditions and gasket seating is the greater of the 

values for Am1 and Am2, 

           Am1 = Wm1/Sb…………………………………. (4) 

           Am2 = Wm2/Sa…………………………………. (5) 

           Am = Max(Am1,Am2) Available Cross-sectional area 

of the Bolts, 

            Ab = pi/4*db2*nb………………………………  (6) 

A selection of bolts to be used shall be made such 

that the actual total cross-sectional area of bolts Ab will not 

be less than Am. 

Flange design bolt load, 

For operating condition W [N], 

            W = Wm1……………………………………… (7) 

For gasket seating condition, 

        Wg = (Am + Ab)*Sa/2……………………………. (8) 
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Fig.1 Integral Flange Detail 

5. FINITE ELEMENT ANALYSIS 

5.1 General Remarks 

FEM is based on minimum potential energy theorem. It 

approaches true solution from a higher value, as the number of 

elements increases. In FEM, actual component is replaced by a 

simplified model, identified by a finite number of elements 

connected at common points called nodes, with an assumed 

behaviour or response of each element to the set of applied 

loads, and evaluating the unknown field variable 

(displacement, temperature) at these finite number of points. 

Finite Element Method tells, with sufficient accuracy, the 

stresses induced everywhere within the structure. Actually 

Finite Element analysis is a digital equivalent to continuous 

mechanics. It can be applied to many types of field problems 

such as heat transfer, electronic potential distribution, fluid 

flow etc.  

The finite element method is used in this project for the 

analysis which is the popular and used overall the world. 

Finite Element Method is the micro mechanical analysis which 

is now-a-days used as a powerful and an efficient tool for 

understanding the stress-strain behavior of the structure. The 

basic idea in the Finite Element Method is to find the solution 

of complicated problem by replacing it by the number of 

smaller region. Thus, the solution of each region is considered 

as built up of many small inter-connected sub-regions called 

Finite Elements.  

 

5.2 Cover Flange Analysis 

For carrying out analysis 3D model as shown in figure 1 has 

been prepared in commercial Software Solid works (2013) 

students edition using dimension obtained from ASME 

section-8, Div.-I. and design calculations. Cover flange 

analysis is done in same manner as shell flange. Only ¼th 

model of cover flange was analyzed because of symmetry 

command. The detail of cover flange, analysis plot and 

comparison with allowable value of stresses as shown below.    

To simplify the model only one fourth portion has taken for 

the analysis. 

 

 

 

 

 

 

 

 

 

 

                          Fig. 02 Cover Flange Model 

5.3 Meshing 

Accuracy of results in areas of the model were limited to a 

degree by limitation on mesh density. However in an effort to 

get the best result whilst operating within the constraints, 

deflection analysis is preferred. Model is meshed with 

tetrahedral solid elements as shown in the figure 03. Mesh 

used is standard mesh using parabolic tetrahedral solid 

elements defined by four corner nodes, six mid-side nodes, 

and six edges. Element size is 45 mm and mesh quality used is 

high. Total number of nodes and elements are 46598 and 

30017 respectively for mesh size 10. 
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Fig. 03 Mesh Details 

Displacement is considered as the basis for the establishment 

of the convergence and the percentage variation is kept under 

10% between two consecutive runs. 

Details are as follows – 

                    Table III Mesh Check for Cover Flange 

 Description  Mesh  Nodes  Elements  Maximum   

   Size      Deflection (mm)   

   

10 

 

46598 

 

30017 

 

0.5735 

  

 Plot Run       

 

Check Run 

 

5 

 

315766 

 

218651 

 

0.5749 

  

       

 Percentage           

 Variation  -  -  -  0.24%   

 

As the maximum variation in displacement is less than 10%, 

the convergence is achieved. 

The finite element analysis results of cover flange design are 

shown in figure 04 and 05. 

 

 

 

 

 

 

 

 

              Fig. 04 Displacement plot for check run 

 

 

 

 

 

 

 

 

 

 

            Fig. 05 Displacement plot for plot run 

Analysis with the thermal expansion forces.  

Stress plot – Von Mises 

 

 

 

 

 

 

 

 

 

 

 

                    Fig. 06 Check Plot for Run 

Table IV Stress Comparison 

Description 
Sym

bol 

Actual 

stress 

Allowa-

-ble 

stress 

limit 

comment 

Membrane 

stress 
Pm 54.16 138 

Allowable limits 

are established as 

per figure 5.15 of 

ASME Section 

VIII-2 and 

allowable stress 

limit allowed for 

ASME Section 

VIII-1 

Bending 

Stress Pb 107.23 138 

 

The value of stress obtained from model as shown in the table 

(iv) which is far away from allowable stress limit of 138MPa. 

The bending stress obtained for the above model is 
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107.23MPa as shown in table (iv) which is within the 

allowable limit. The Mesh convergence is done using 

deflection analysis, as maximum deformation in cover flange 

analysis is less than 10% hence, convergence is achieved. 

Stress results of the flanged joint are shown in above figure. 

The maximum stress reported was at the middle part of bolt. 

The developed stresses on flange are within the allowable limit 

specified by ASME. 

 

6. CONCLUSIONS 

The value of bending stress obtained from  model is 

107.23MPa as against the allowable limit of 138 MPa. But still 

that is large difference between design stress and allowable 

stress value. This indicates there is further possibility of 

decreasing dimension. Mesh convergence is done using 

deflection analysis, as maximum deformation in both the 

analysis that is plot run and check run is less than 10% hence, 

convergence is achieved. The design calculations of cover 

flange are compared with the result obtained by FEA analysis. 

The encouraging results obtained which are within ASME 

allowable limit. 

It is concluded from this investigation that the maximum 

stresses developed on the cover flange is within the acceptable 

limit specifying by ASME. It was attempted to compare the 

F.E.A. results with that of the target load bolt-up method.  
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