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Abstract— Pressure relief valves are designed to provide 

protection from overpressure in steam, gas, air and liquid 

lines. An overpressure event refers to any condition which 

would cause pressure in a vessel or system to increase 

beyond the specified design pressure or maximum allowable 

working pressure. In many systems, the key requirement of 

process is to relieve this pressure rise in no time. 

Conventional valves are unable to fulfill that requirement. 

This paper focuses on design, analysis and weight 

optimization of pressure relief valve for emergency relief 

operation by Ansys software. From the data given by the 

client, suitable valve is designed using CAD software like 

Anysis workbench. This valve is a onetime operating valve 

used for critical applications. The valve weight is reducing 

by using new material without affecting performance of 

valve. 
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I. INTRODUCTION 

Pressure relief valves are self-operating valve that is 

installed in a process system to protect against over 

pressurization of the system. Relief valves are designed to 

continuously regulate fluid flow, and to keep pressure from 

exceeding a preset value. There are a wide variety of valve 

designs, but most resemble diaphragm valves, globe valves, 

or swing check valves. With many of these designs, a helical 

or hydraulic pressure spring is used to maintain constant 

force acting on the backside of the valve disk or diaphragm, 

causing the valve to be normally closed. When the force 

exerted by the process stream (i.e. fluid pressure) on the 

valve disk is greater than the constant force exerted by the 

spring, the valve opens allowing process fluid to exit the 

valve until the fluid pressure falls below the preset value. 

These valves can be preset to a specific relief pressure or 

they may be adjustable. 

 
Fig.1 Pressure relief valve for emergency relief operation 

A. Problem Statement 

To design pressure relief valve for emergency relief 

operation, this can regulate the pressure in the system within 

given specified limit. Multiple objectives include material 

finalization, thickness requirement for plate and stiffness 

finalization for spring. The geometric dimension should be 

such that, self weight should be the operational parameter 

for the valve. Further FEA techniques are used to test this 

design to study the stress patterns and to ensure a durable 

design. Key constraints in designing the valve are 

geometrical parameters as well as operating parameters such 

as pressure. 

B. Objective  

The main objectives of the project are to: 

1) Analyze the overall shell thickness of pressure 

relief valve. 

2) Determine the proper thickness of plate which 

placed to resist inside pressure which is below the 

set pressure. 

3) Select the proper size and stiffness of spring. 

4) Determined the size of clit by design by analysis. 

5) Analyzed the nozzle size. 

6) Check requirement of reinforcement pad. 

II. LITERATURE SURVEY 

J. Ortega, B. N. Azevedo, L. F. G. Pires, A. O. Nieckele, L. 

F. A. Azevedo [1] has predicted that relief valves 

manufactures generally only provide information on valve 

characteristics under full opening stage which is obtained 

under steady state regime, therefore, valve and flow‟s 

transient behaviour are neglected. Understanding the 

transient behavior of relief valves is crucial because critical 

conditions may be attained, damaging the pipeline. In order 

to overcome this lack of information, they developed a 

direct acting spring loaded pressure relief valve‟s 

computational model was developed. A simplified two 

dimension model was built based on the valve geometrical 

and constructive characteristics. 

Ron Darby [2] In this study a model for the 

opening lift dynamic response of a pressure relief valve in 

gas/vapor service is presented which accounts for all of 

these effects through a set of five coupled nonlinear 

algebraic/differential equations. These equations are solved 

by a numerical method that can be implemented on a 

spreadsheet to predict the position of the valve disk as a 

function of time for given valve characteristics, operating 

conditions, and installation parameters. The model 

incorporates the influence of the various parameters on the 

stable/unstable nature of the disk response. 
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K. Dasgupta,J. Watton [3] In this study dynamics 

of a proportional controlled piloted relief valve have been 

studied through Bondgraph simulation technique. The 

governing equations of the system have been derived from 

the model. While solving the system equations numerically, 

various pressure-flow characteristics across the valve ports 

and the orifices are taken into consideration. The simulation 

study identifies some critical parameters, which have 

significant effect on the transient response of the system. 

The simulation results are also verified with experimental 

results. 

Y.S. Lai [4] In this study the performance of a 

spring-loaded safety relief valve, especially a conventional 

valve, is studied which is influenced by back pressure. A 

bellows safety relief valve, since its disc is subjected to a 

much smaller downward force resulting from back pressure, 

is able to remain stable under much higher back pressure 

conditions. Due to the wide range of bellows manufacturing 

tolerances, the bellows safety relief valves can substantially 

reduce, but cannot totally eliminate, the back pressure 

effects on its set point and relieving capacity. 

N.N. Manchekar and V. Murali Mohan [5] has 

shown that design of gradual flow reducing valve by finite 

element analysis. In modern industries like chemical, 

petroleum, nuclear and oil gas, involves so many processes 

deals with high temperature and high pressure fluid flow. To 

control this fluid flow electronically actuated valves are 

generally used. Also there is a need of mechanical actuated 

valve by considering the safety and reliability. The 

secondary objective is to maintain pressure inside the 

pressure vessel at specific level to avoid bursting of pressure 

vessel. At present this is achieved by incorporating 

electronic pressure control valves, which regulates pressure 

in the system and avoid failure of system, but these valves 

are failed due to electronic malfunction and high operating 

temperature. This paper work presents to fulfill these 

objectives by employing a „Gradual Flow Reducing Valve‟ 

controlled by using purely mechanical actuation thus serving 

primary purpose of self-actuation. However key constraints 

in designing the valve are geometrical parameters as well as 

operating parameters. These parameters are analyzed by 

FEA. 

Restrictor plate thickness is finalized with Design 

by Analysis approach such that it can well account for the 

Bending as well as Axial loading. In theoretical design the 

spring stiffness were designed based on the sliding distance 

calculations, however while designing the spring following 

parameters are ignored. The friction in between sliding plate 

and jacket wall. The Bending pressure exerted on the valve 

also reduces the sliding distance of valve. 

The Transient solution was extremely useful in 

order to know the effects of the above two parameters, and 

enabled us to finalize the spring stiffness, saving on crucial 

prototype and testing costs. In order to observe performance 

characteristics of the valve transient structural analysis is 

done over valve assembly. This analysis shows maximum 

stress developed is 62.5 MPa which is within the 

permissible safety limit. By introducing non-linearity 

(geometric) more realistic simulations were achieved. More 

ever these simulations gave complete idea about the 

operation of the valve enabling us to predict any parameters 

that might not have been considered during the theoretical 

design. The dimensions of the constituent parts of the 

gradual flow reducing valve were finalized. In this paper 

transient structural analysis has been introduced in order to 

finalize the geometrical parameter of gradual flow reducing 

valve. 

III. DESIGN CALCULATIONS FOR PRESSURE RELIEF VALVE 

A. Input Parameters 

Model of pressure relief valve is designed on the basis of 

input parameters given below in table 1. 

Valve opening pressure 0.23 MPa 

Maximum operating pressure 0.3 MPa 

Valve diameter 50 mm 

Relief nozzle diameter 30 mm 

Shell diameter for valve mount 1500 mm 

Table 1: Input parameters 

B. Design of Pressure Plate 

Pressure plate is design by using Roark‟s formulas for any 

shape and size, any type of edge support concentrated load 

at any point. 

Wu = P*A 

       = 0.3*/4*D
2 

       = 0.3*/4*50
2
 

           
= 589.048 N

 
 

Roark‟s formulas for any shape and size, any type 

of edge support concentrated load at any point is given by 

Wu = 
y
(1/2**t)

 

589.048=260*10
6
*(1/2**t) 

t =1.2 mm 

t =1.2 + corrosion allowance 

t = 1.2 +3 

t = 4.2 mm 

where Wu = load on plate 

            P = pressure on plate 

            A = area of plate 

            
y
 = yield strength 

             t = thickness of plate 

IV. ANALYSIS 

SR.NO. PARAMETER DESCRIPTION 

1 MATERIAL 
Carbon Steels 

(SA516 Grade70) 

2 
YOUNGS 

MODULUS(E) 
200 GPa 

3 POISSON‟S RATIO 0.29 

4 Yield Strength 260 GPa 

Table 2: Material Properties 
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Fig. 2: CAD Model of Valve Assembly 

 
Fig. 3: Stress Induced in Clit 

As seen in Fig.3, Stress intensity in the CLIT is 

263.6 MPa. According to the Shear stress theory, it should 

be 240 MPa and results are showing that it is greater than 

240 MPa. This indicates that CLIT is breaking at this 

applied pressure. It shows that proposed design is correct 

and CLIT‟s are fulfilling the purpose.  

 
Fig. 4: Total Deformation in Valve for 5 sec 

 
Fig. 5: Total Deformation in Valve for 10 sec 

 
Fig. 6: Total Deformation in Valve for 10.5 sec 

 
Fig. 7: Total Deformation in Valve for 20.5 sec 

Sr. No. Time(sec) Total Deformation(mm) 

1 5 0.019294 

2 10 0.038594 

3 10.5 60 

4 20.5 60 

Table 3:.Time Vs total Deformation 

 
Graph 1: Time Vs total Deformation 

 
Fig. 8: Equivalent Von-Mises Stress in Valve Body for 5 sec 
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Fig. 9: Equivalent Von-Mises Stress in Valve Body for 10 

sec 

 
Fig. 10: Equivalent Von-Mises Stress in Valve Body for 

10.5sec 

 
Fig.11 Equivalent Von-Mises Stress in Valve Body for 20.5 

sec 

Sr. No, Time(sec) Equivalent Stress(MPa) 

1 5 222.49 

2 10 334.52 

3 10.5 124.3 

4 20.5 131.74 

Table 4: Time Vs Equivalent Stress 

 
Graph 2 Time Vs Equivalent Stress 

V. FUTURE SCOPE 

1) We can predict the performance of pressure relief 

valve before modifying or installing by using 

computation fluid dynamics (CFD) analysis. 

2) Without modifying or installing actual pressure 

relief valve or a prototype, CFD can predict which 

design changes are most crucial to enhance 

performance. 

3) ANSYS computation fluid dynamics simulation 

software allows to predict the impact of fluid flows 

on pressure relief valve. 

VI. CONCLUSIONS 

Weight for 6 mm thickness of pressure plate is 0.90723 N 

and weight for 4.2 mm thickness of pressure plate is 0.6350 

N. So 30% of weight is optimized with plate thickness of 4.2 

mm. 

The failure of clit is very necessary to fail at 240 

N/mm
2
 which is half of ultimate tensile strength of clit 

material according to maximum shear stress failure theory. 

In the clit design the maximum stress generate is 263.6 

N/mm
2
. 
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