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Abstract- A pressure vessel is designed for the purpose of 
plasma nitriding chamber. This chamber has to deal with the 
high temperature of up to 500 ˚C and vacuum inside. The 
vacuum inside makes the pressure vessel an external pressure 
vessel. The safety of these vessels is of prime concern as their 
failure leads to a huge loss of properties and even human 
lives. Thus, the ASME codes are widely used to design these 
pressure vessels that has inbuild factor of safety in the design 
procedure. Here, the whole pressure vessel in design 
including shell, nozzle, reinforcement, end closures and flange 
design, using ASME Code. the optimum end closure design is 
selected by comparing them for cost and deflection. ANSYS is 
used to analyze the 3D model for the same. 
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I. INTRODUCTION 
 
 Pressure vessel can be simply defined as “a container 
with a pressure differential between inside and outside.” A 
pressure vessel can be used for many purposes as storage 
container, nuclear reactor vessel, etc. 

 
The pressure vessel generally fails due to two major 

reasons, i.e. elastic buckling and plastic collapse. The elastic 
bucking is the cause of failures in external pressure vessel 
while plastic collapse is seen in internal pressure vessel. The 
failure of pressure vessel may lead to a huge loss of man and 
properties. Thus, designing a pressure vessel for any purpose 
must follow some safety rules and regulations. The ASME 
Boilers and Pressure Vessel code(BPVC) is the most widely 
used design code for the same. The first code rules for 
Pressure Vessels entitled Rules for the construction of Unfired 
Pressure Vessels, follow in 1925. From this simple beginning 
the code has now evolved into the present 12 sections 
document, with multiple subdivision, parts, subsections, and 
Mandatory and Non-Mandatory appendices. We have used 
ASME BPVC Section VIII, Division 1. [8] 

 
J.H. Wang and A. Koizumi [2] investigated the 

buckling behaviour of jointed cylindrical shells using nine 

specimens with three different joints i.e. rigid, semi rigid and 
flexible joints. He concluded that buckling pressure decreases 
with decrease in joint rigidity. Sourabh Lawate and B. B. 
Deshmukh [3] compared different head geometries i.e. flat, 
hemispherical, torispherical and ellipse, and analyzed them for 
deflection. By taking into consideration the cost and 
deflection, the torispherical head was finalized as optimum 
end closure design. M. Jeyakumar and T. Christopher [4] the 
effect of residual stresses on failure pressure, and found out 
that residual stresses are generated in the cylinder made by 
welding a metal sheet longitudinally. These residual stresses 
affect the buckling pressure of the cylinder. The buckling 
pressure reduces in case of cylinder with residual stresses as 
compared to the cylinder without any residual stresses.   

 
Thus, by reviewing the work of the authors as 

mentioned above, we can conclude that the pressure vessel 
must be designed according to some standard code. For our 
case, the ASME BPVC Section VIII, Division 1 is used. The 
residual stresses can be generated in a welded cylinder thus, 
seamless pipe is more preferred. 
 

II. DESIGN CALCULATION 
 

2.1 Material selection 
 

The material used for the required pressure vessel is 
selected to be SS304. SS304 is commonly known as 18/8 
Chromium-Nickel stainless steel which means it is an 
austenite steel with 18% Chromium and 8% Nickel. It is the 
most widely used alloy in stainless steel family [9]. 
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2.2 Shell thickness Calculation (UG 28) [1] 
 

The length of pressure vessel is 2000 mm and 
diameter 500mm, this indicates that cylinder will be long and 
thus the shell will be a thin cylinder. For thin cylinder, the 
Do/t ratio is greater than 10. For calculating thickness of such 
cylinders, the ASME BPVC Section VIII, Division 1, UG 28 
is followed. Here, U stands for unfired pressure Vessel and G 
stands for General Requirements.  

 
We will design the shell according to UG 28. The parameters  
required are as follows 
 
Do = External Diameter, in.(mm)= 512 mm  
Di = Internal Diameter, in.(mm) = 500 mm 
t= Thickness of cylinder, in.(mm) = (assume 6mm) 
L= Length of cylinder, in.(mm) = 1000 mm 
T= Temperature inside the cylinder= 500 ˚C= 932 ˚F 
P= external design pressure, psi = 15 psi 
Factor A 
Factor B 
Pa = calculated value of maximum allowable external working 
pressure for the assumed value of t, psi 
 

Finding Factor A and Factor B using the material 
charts given in ASME Section II Part D, fig G [6] and fig HA-
1[7] respectively. By interpolating for the required values, the 
factors found out to be are as follows  

 
Factor A= 0.000408 
Factor B = 3830.6667 

Pa =  = 59.8541 psi 
 
The calculated maximum allowable external working 

pressure is found out to be 59.8541 psi which is greater than 
15 psi (atmospheric pressure). 
 

Thus, we conclude that our assumed thickness, t = 6 
mm is safe for our required conditions.  
 
2.3 Nozzle design [1]  

 
Nozzle is considered to be a cylinder itself and is 

designed according to the shell design. We are providing set of 
4 circular openings, each of 100 mm internal diameter, in 
circumferential direction each at an angle of 90˚, distributed 
linearly at a distance of 500 mm with each other and with the 
cylinder ends. This sums up to the total of 12 openings in our 
pressure vessel. The arrangement of these openings or nozzles 
can be understood easily with the help of following diagram.  

 
Figure 1- Nozzle arrangement in pressure vessel 

 
Di = 100 mm  
T= 500 ˚C= 932 ˚F  
P= 15 psi  

 
The factor A can be find out from the chart as given 

below. The is considered to be manufactured from the same 
material as of the shell. Thus, the factor B chart is the same 
chart in figure 5 in section 3.2.2.  

 
The values of Pa for different values of length L and 

thickness t can be seen in table given below 
 

 
 

2.4 End Closure Design [1] 
  

The end closures are already discussed above in 
details. Here we are going to compare different head 
geometries for cylindrical pressure vessel. The different head 
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dimensions for all head types are also calculated using ASME 
Section VIII division 1.  

 
The three different heads we have taken into consideration are 
 

 Flat head 
 Torispherical head 
 Hemispherical head 

 
The calculation for the head dimensions are as follows 
 
1. Fat head 
The flat head is the simplest head of all. It is a flat circular 
plate. The diameter of the plate is taken as the internal 
diameter of the shell. 
 
D= 500mm 

 
The thickness t, is varied for the values of 6mm, 

8mm, and 10mm 
 
2. Hemispherical head 

 
The hemispherical head is designed in the same way 

as spherical shell design. The thickness is the only parameter 
to be calculated here.  

 
The thickness here is considered as 6mm, 8mm, and 

10mm. 
 
3. Torispherical head (L-6.2) [1] 

 
Crown radius, R = diameter of shell 
Knuckle Radius, r = 6-10%D  
Straight flange = 3.5t  

 
The thickness of the head is varied here for the values 

of 6mm, 8mm, and 10mm. The values for inner and outer 
knuckle radius, straight flange and inner and outer crown 
radius are shown in table 
 

 
 

2.5 Reinforcement design [1] 
 

The opening is inadequately reinforced in the vessel. 
Thus, we have to design reinforcement for opening using 
ASME section VIII, Division 1, UG 38 
 

 
Figure -1: Reinforcement for opening 

 
The reinforcement parameters are as shown in table, 
 

 
 

2.6 Flange design [1] 
 

The flange is designed using according to UG 44. 
The ring flange is designed for head and nozzle. The 
dimensions of both the flanges are as shown in the following 
table 
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III. ANALYSIS 
 
3.1 Analysis of all heads using ANSYS 

 
The three different head designs are generated using 

Creo Parametric 4 design software. The variation in thickness 
is considered for all the three types of heads. These geometries 
are then exported to ANSYS software for analysis.  

 

 
 

9 models are designed, three models for each shape 
with three different thickness values. The models and ANSYS 
results for the all three geometries are as shown below.  

 

        

 
Figure -2: Hemispherical Head Model 

 

   
Figure -3: Torispherical Head Model 

     

 
Figure -4: Flat Head Model 

 
The models are analyzed for the total deformation 

and equivalent stress (von-mises stress). The analysis is done 
for all thicknesses as well as all nodes division numbers. The 
deformation and stress values can be seen in following tables 
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The ANSYS result is validated by comparing the 

deformation values of ANSYS for flat plate with theoretically 
calculated values for the same. Following table shows the 
values 

 

 
 

We can see that the ANSYS results matches with the 
theoretically calculated results. Thus, the values are further 
taken for comparison and finding out optimum end closure 
design. 
 
3.2 Comparison of heads  
 

The heads designs are compared for cost and 
deformation. The cost involves material cost as well as 
fabrication cost. The flat plate has the least material cost due 
to its simplest geometry. The manufacturing cost is also low 
because it can be simply cut from a metal sheet of required 
thickness. Thus, in point of cost the flat head is the most cost-
effective head design.  

 
But when we consider the flat head for deformation, 

the flat head tends to fail with the 6 mm thickness that leads to 
thicker head which ultimately increases material cost.  
 

For torispherical and hemispherical head, the 
hemispherical is the best geometry as it has minimum 
deformation. But the fabrication cost of hemispherical head is 
very high as it utilizes forging process and producing exact 
hemisphere is very difficult.  
The torispherical head is easy to manufacture and shows very 
small deformation values. Thus, when considering cost and 
deformation, torispherical geometry is found out to be the best 
suitable for our case.  
 

IV. PRESSURE VESSEL DESIGN 
 

The final design of pressure vessel is considered with 
torispherical head. The pressure vessel includes head, nozzle, 
flange, and reinforcement. The shell thickness is found out to 
be 6 mm according to ASME design code, but we have 
selected the standard pipe size that is 500 mm internal 
diameter and 9.53 mm thickness. The nozzle thickness is 
selected in the same way from standard pipe schedule to be for 
100 mm internal diameter the thickness is 8.56mm. the other 
part and their dimensions are already shown in the above 
tables. The Creo Model for the same is shown in the figure 
below 
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Figure -5: Pressure vessel Model 

 
V. CONCLUSION 

 
A pressure vessel is designed for plasma nitriding 

process. The pressure vessel design using ASME code is 
found out to be safe when analyzed using ANSYS.  We can 
conclude with the study as follows: 

 
1. The pressure vessel design must follow some rules 

and regulation as stated in some standard design 
codes. 

2. Design a pressure vessel using ASME code is a 
simple and less tedious work as you don’t have to 
find out every stress value, but can directly use some 
empirical formulas already validated by American 
Society for Mechanical Engineers.  

3. The buckling pressure of pressure vessel gets affected 
by many factors like joint rigidity, residual stresses, 
shell- geometry. 

4. The torispherical head is found out to the best 
suitable for our case when compared with other 
geometries for manufacturing cost and deflection.  
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