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Abstract— The combination valves are extensively used in 

hydro power plants to protect the penstock pipe during filling 

or emptying process. The project consists of design, 

development & validation of Air release valve/ Anti vacuum 

valves for pressure rating PN40 and for a size of 80mm 

valve. During initial filling of penstock, the water which 

flows into the empty penstock, displaces the air & pushes it 

to be higher elevation. If the air at this location is not 

removed from Penstock the flowing water compress the air 

to such an extent that penstock pipe may burst. Similarly 

during emptying of penstock pipe, the penstock pipe has to 

be filled with air at a rate equal to emptying rate. In the 

absence of air supply, vacuum is created & the penstock pipe 

collapses. Hence all Hydro power plants irrespective of the 

power generating capacity is compulsorily required to use 

this device to protect penstock pipe. The present research 

focuses on three main factors: 1) Effect of loads acting on 

pressure release valve, 2) Linear static analysis and bilinear 

analysis will be carried by applying boundary conditions 

using ANSYS software. The linear static analysis is carried 

out to know the structure is safe at certain value of pressure 

acting on valve. 
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I. INTRODUCTION 

A. Valve 

A valve is a device for isolating or regulating the flow rate 

of gases, liquids and slurries through pipework and launder 

systems. 

The mode of operation is as follows: 

 The force required to operate a valve can be carried 

Out either manually (by hand) or mechanically. 

 Mechanical attachments (actuators) to a valve are 

usually either electrically or pneumatically operated. 

 The actuators can be controlled manually (i.e. a 

technician pushing a button/switch) or by the plant 

control system. 

B. Types of Valves 

1) Ball Valve 

Ball Valves, as the name implies, have a ball with a hole 

drilled through the centre swivel mounted within the Valve 

body. When the hole in the ball is orientated in the same 

direction as the pipe, this will result in full flow rate. As the 

hole in the ball is oriented away from the direction of the 

pipe, the flow rate will be restricted and finally cut off 

completely when the hole is oriented at 90 degrees to the 

pipe direction. Note that the hole in the ball is a lesser 

diameter than the nominal bore of the pipe. 

2) Butterfly Valve 

Butterfly valves use a similar principle to ball valves. 

However, instead of a ball mounted in the valve body a 

circular disc (called a butterfly because the two half circles 

around the vertical shaft appear like wings). Again the 

orientation of the butterfly determines the flow rate. When 

the butterfly is oriented in the same direction as the pipe (i.e. 

presenting the least cross sectional area to the moving fluid), 

this will result in full flow. As the butterfly is oriented away 

from the direction of the pipe, the flow ate will be restricted 

by the increased area of obstruction to the fluid and finally 

cut off completely when the butterfly is oriented at 90 

degrees to the pipe direction. 

3) Knife Gate Valve 

Often just called gate valves, these are used as isolation 

valves. The principle is simply a knife or gate which is 

dropped in front of the flow. Knife gate valves should never 

be used in a restrictive role (i.e. half open) as the base of the 

knife gate will wear rapidly and not seal properly when 

closed. Knife gate valves come in all sizes and can have 

manual hand wheels or pneumatic actuators to raise and 

lower the knife gate. 

4) Check Valve 

Check valves or non-return valves are designed to ensure 

one way flow only. Usually used in water pipe work systems 

and installed immediately after the pump. The most 

common check valve is the disc type (horizontal or vertical). 

When flow is sufficient the disc is pushed out. When flow 

reduces (or reverses if the pump fails) then the disc falls 

back into a seat blocking the flow. 

5) Tech Taylor Valve 

Tech Taylor Valves (supplied by Warman International) are 

designed for duty/standby applications where two pipes join 

into one. The Tech Taylor valve operates on a simple 

principle where a rubber coated ball is allowed to move 

freely within the valve body. The ball is forced over to one 

side to block the standby inlet by the fluid motion entering 

through the duty inlet and out the exit. Usually used in 

conjunction with slurry pumps, Tech Taylor valves are 

rubber lined for wear resistance. The rubber lining and the 

ball will need to be periodically replaced. 

C. Why Penstock Failure 

 
Fig. 1: Penstock Failure 

The penstock is a pipe that carries water from the intake to 

the turbine. Most micro hydropower systems will include 

some type of penstock. Depending on the site 

characteristics, the penstock length may range from a few 
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feet for manmade structures to several hundred feet for some 

run-of-the- stream sites. We must consider the main factor 

for selecting the penstock route:  

 Accessibility:  The route should be accessible to 

personnel and equipment required for pipe installation, 

inspection, and maintenance. In those areas where 

equipment access is difficult or impossible, installation 

and maintenance must be performed manually. 

 Soil Conditions:  Soils along the pipeline should be 

examined to identify rock outcroppings, soft or 

unstable soils, or other characteristics that would 

interfere with penstock installation or damage the 

penstock. 

 Gradient:  The penstock is best routed to take 

advantage of the natural downward gradient. If the line 

cannot be located so as to have a constant downward 

gradient, an air relief valve or equivalent device is 

required at every local high point, and a drain valve is 

required at every local low point. 

 Natural or Man Made Obstructions: These include 

roadways, trees, buildings, stream crossings and other 

features that require special care. 

The material which is used for penstock is: 

 Polyethylene 

 Transite 

 PVC (poly vinyl chloride) 

 FRE (Fibre reinforced Epoxy) 

D. Necessity of Penstock Assurance or Protection Valve 

 
Fig. 2: schematic layout of hydro power plants 

The PPV is used to isolate the upstream pipe from the 

downstream side during penstock inspection and 

maintenance without having to de-water the entire dam. If 

the penstock (on the downstream side of the valve) bursts, 

the entire head up to the burst point gets converted to 

velocity. the valve is required to close under such high 

velocity to prevent flooding on the downstream side. If there 

is a load rejection at the power grid, the turbine will run at 

runaway speed and the ppv is required to close under such 

condition to conserve the water in the dam.  

E. Pressure Relief Valve 

Pressure-relief valves limit the maximum pressure in a 

hydraulic circuit by providing an alternate path for fluid 

flow when the pressure reaches a preset level. All fixed-

volume pump circuits require a relief valve to protect the 

system from excess pressure. Fixed-volume pumps must 

move fluid when they turn. When a pump unloads through 

an open-centre circuit or actuators are in motion, fluid 

movement is not a problem. 

 
Fig. 3: Pressure Relief Valve 

A relief valve is essential when the actuators stall 

with the directional valve still in shifted position. A relief 

valve is similar to a fuse in an electrical system. When 

circuit amperage stays below the fuse amperage, all is well. 

When circuit amperage tries to exceed fuse amperage, the 

fuse blows and disables the circuit. Both devices protect the 

system from excess pressure/current by keeping it below a 

preset level. The difference is that when an electrical fuse 

blows, it must be reset or replaced by maintenance 

personnel before the machine cycles again. This requirement 

alerts electrician’ sabouta possible problem before restarting 

the machine. Without the protection of a fuse, the electrical 

circuit would finally overheat and start a fire. 

Pressure-control valves are used in hydraulic 

systems to control actuator force (force = pressure × area) 

and to determine and select pressure levels at which certain 

machine operations must occur. Pressure controls are mainly 

used to perform the following system functions:  

 Limiting maximum system pressure at a safe level.  

 Regulating/reducing pressure in certain portions of the 

circuit.  

 Unloading system pressure.  

 Assisting sequential operation of actuators in a circuit 

with pressure control.  

 Any other pressure-related function by virtue of 

pressure control.  

 Reducing or stepping down pressure levels from the 

main circuit to a lower pressure in a sub-circuit.  

F. Valve Application 

Valves are used in 

 Industries 

 Pipelines 

 Oil and Gas Industries 

 Biopharm Industry 

 Marine Industry 
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II. LITERATURE SURVEY 

[1] Anton Bergant, Amo Kruisbrink, Francisco Arregui 

studied on Dynamic Behaviour of Air Valves in a Large-

Scale Pipeline Apparatus. This paper describes an 

experimental programme on the dynamic behaviour of air 

valves performed in a large-scale pipeline apparatus. 

Dynamic flow tests were performed at large (full) scale, 

since previous quasi-steady flow tests at small scale did not 

lead to realistic results. Investigations in a large-scale 

pipeline apparatus lead to a better understanding of the 

physical processes associated with the dynamic performance 

of air valves. Float type air valves of nominal diameter of 50 

and 100 mm were tested in geometrically similar 200 and 

500 mm test sections, to allow for the assessment of 

dynamic scale effects and the development of dimensionless 

parameter groups and dynamic scale laws. The approach in 

the determination of the dynamic performance of air valves 

Was to measure their response acceleration/decelerations, 

which are imposed upon the valve. In this way, the air valve 

behaviour following events like system start-up, pump trip 

and pipe rupture is simulated. Key results of the dynamic 

flow tests, including air release tests (valve slam) and 

column separation tests (effect of air valve on surge 

suppression), are presented and discussed. 

[2] Ali Göksenli, Barlas Eryürek studied on Failure 

Analysis of Pipe System at a Hydroelectric Power Plant. In 

this study, failure analysis of pipe system at a micro 

hydroelectric power plant is investigated. Failure occurred at 

the pipe system in the powerhouse during shut down 

operation of the water flow by a valve. This locking had 

caused a sudden shock wave, also called “Water-hammer 

effect”, resulting in noise and inside pressure increase. After 

visual investigation of the effect of the shock wave on the 

system, a circumference crack was observed at the pipe 

flange weld region. To establish the reason for crack 

formation, calculations of pressure and stress values at pipe, 

flange and welding seams were carried out and concluded 

that safety factor was high (2.2), indicating that no faulty 

design existed. By further analysis, pipe system and 

hydroelectric power plant was examined. After observations 

it is determined that the plant did not include a ventilation 

nozzle (air trap), that prevents the system of sudden pressure 

increase inside the pipes which is caused by water-hammer 

effect. Analyses were carried out to identify the influence of 

water-hammer effect on inside pressure increase and it was 

concluded that, according Jowkowsky’s equation, shut down 

time is effective on inside pressure increase. 

[3] Thong See Lee, Hong Tong Low, Dinh Tam 

Nguyen and Wei Rong, Avan Neo on Experimental Study of 

Check Valves in Pumping Systems with Air Entrainment. 

An experiment setup was introduced to study dynamic 

behaviour of different types of check valves and the effects 

of air entrainment on the check valve performance under 

pressure transient condition. The experiment results show 

that the check valves with low inertia, assisted by springs or 

small traveling distance/angle gave better performance 

under pressure transient condition than check valves without 

these features. Air entrainment was found to affect both 

wave speed and reverse velocity. With the increase of the 

initial air void fraction in pipeline, the experiment results 

show that the wave speed was reduced, the reverse velocity 

was increased. The first peak pressure increased initially and 

then decreased with the increase of the initial air void 

fraction, the pressure surge periods were increased 

proportionally with air void fraction due to the greatly 

reduced wave speed. The study can be applied to help 

choosing suitable check valves for a particular pumping 

system. 

[4] Gouri A. Bodhe1, Sayli M. Jadhav2,Rohit 

Sinha3, Vinaay Patil4 studied on Design of Self Regulating 

Pressure Valve by using Transient Finite Element Analysis. 

Most flow applications require regulating the flow of liquid, 

and usually the parameter of concern is the pressure. This 

paper focuses on the review on design of self regulating 

pressure valve by using transient finite element analysis. 

There are many authors work on this pressure valve. This 

paper includes study ofnvarious papers related to self 

regulating pressure valve. In this project focus on exchange 

of liquid between two chambers, where in it is required that 

flow be shut off when a certain pressure is reached 

.Electronic valves are available, however the intent of this 

design project is have a total mechanical system, which has 

an in built response mechanism. 

[5] Kukade Vaibhav1,  Jadhav S.G.2,  Patil V.G.3 

studied on  Weight Optimization of Pressure Relief Valve 

for Emergency Relief Operation.  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 the review on design, 

analysis and weight optimization of pressure relief valve by 

using transient finite element analysis. There are many 

authors work on this pressure valve. This paper includes 

study of various papers related to pressure valve. 

[6] Xue Guan Song，Ji Hoon Jung, Hyeong Seok 

Lee, Dong Kwan Kim, Young Chul Park studied on 2-D 

Dynamic Analysis of a Pressure Relief Valve by CFD. This 

paper presents a study of dynamic characteristics of spring 

loaded relief valve and the turbulent flow of water through it 

by using CFD in 2-Dimensions. Mesh deformation due to 

the fluid-solid interaction between the valve disc and the 

surrounding fluid and CEL expressions determined by 

solving a dynamics equation of forces acting on the valve 

disc, are used to account for the motion of the valve disc 

under different inlet pressure conditions. The velocity and 

pressure distribution through the valve at each time step are 

obtained. Especially, this simulation presents the different 

effects of the flowing fluid acting on different part of disc, 

and thus identifies the critical part/region, which has 

significant effect on the transient response of the system. 

The results provide a better understanding of motion and 

flow characteristics of a relief valve and thus are helpful to 

the relief valve design process. 

III. OBJECTIVES 

 The objectives of this thesis are to design & validate 

Air release valve (combination valve) for high pressure 

applications to be used in hydro power plants. 

 Effect of loads acting on combination valve. 
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 FE approach for study the stress/strain and 

deformations. 

 Linear static analysis and bilinear analysis. 

IV. METHODOLOGY 

A. Problem Definition 

During initial filling of penstock, the water which flows into 

the empty penstock, displaces the air & pushes it to be 

greater elevation. If the air at this position is not removed 

from Penstock the flowing water compress the air to so that 

penstock pipe may burst. Similarly during emptying of 

penstock pipe, the penstock pipe have to be filled with air at 

a rate equal to emptying rate. In the absence of air supply, 

vacuum is created & the penstock pipe collapses. Hence all 

Hydro power plants irrespective of the power generating 

capacity is compulsorily required to use this device to 

protect penstock pipe. 

The present research focuses on: 

 Linear static analysis to know whether the structure is 

safe at certain values of boundary conditions. 

 Bilinear analysis 

 Computational fluid dynamics analysis to know the 

flow of air in the valve. 

B. Solid Modeling Using Uni-Graphics Software 

Air release valve model can be done by Uni-Graphics 

modeling software. 

 
Fig. 4: CAD model 

The above shown valve model can made with the 

help of Uni-Graphics software and it is in 3 dimensional cad 

model. Dimensions for the above model can be given below 

in the form of three dimensional geometrical model 

dimensions. 

1) Meshing using by ANSYS software 

Meshing can be done by use of ANSYS software. Here we 

used in meshing tetrahedral meshing can be used, Meshing 

is done by ANSYS software. In that meshing here we used 

tetrahedral elements. Linear tetrahedral elements are also 

steady stress elements with 4 nodes or linear stress elements 

with ten nodes. These elements are formulate in 3 - 

dimensional freedom with 3 degrees of freedom per node, 

these are the translational degree of freedom in the X, Y and 

Z directions, correspondingly. Here we done meshing it has 

125187 nodes and 73623elements. 

C. Solver Packages Used 

1) Uni Graphics Software 

UG software is modeling software. By the use of this Uni 

Graphics software we modelled air release valve. 

2) ANSYS Software  

The meshed geometry in imp‟ file format is imported to 

Ansys solver for execution. The appropriate boundary 

conditions are applied and problem is executed for the given 

loads. The results are represented for Vonmises stress 

consideration. By the use of Ansys software we done 

meshing and analysis can be done. In meshing tetrahedral 

mesh is used. 

V. RESULTS AND DISCUSSIONS 

A. CAD Model 

The model is made up of by Uni Graphics software. It is 

shown in Fig4. 

B. Meshed Model 

 
Fig. 5: Meshed Model 

Meshing is done by ansys software. In that meshing here we 

used tetrahedral elements. These elements are formulate in 3 

- dimensional freedom with 3 degrees of freedom per node, 

these are the translational degree of freedom in the X, Y and 

Z directions, correspondingly. Total nodes in the meshed 

model is 28591 and total elements 15451. 

C. Boundary and Loading Conditions 

 
Fig. 6: Boundary Conditions applied for the valve 

 The base of the valve structure is fixed. 

 A Pressure of 20MPA is applied. 

D. Material Properties 

The material used for the valve is structural steel. Its 

properties are shown in table1. 

Material properties Structural      steel 

Modulus of     elasticity 2,10,000  N/mm2 

Poisson’s ratio 0.3 

Shear modulus 81000 N/mm2 

Co-efficient of thermal expansion 12*10-6/oc 
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Mass density in kg/m3 7850 kg/m3 

Yield strength 355 MPA 

Ultimate tensile strength 400-550 MPA 

Table 1: Material properties 

E. Structural Linear Analysis 

 
Fig. 7: Equivalent and Maximum Principal stress 

The above fig shows the equivalent and maximum principal 

stress values when it is solved in ansys software after the 

application of boundary condition of pressure value 20 

MPA. The maximum principal stress value is 230.71MPA 

which is shown in red shade in the fig. 

 
Fig. 8: Minimum Principal Stress and Total Deformation 

The above fig shows the minimum principal stress 

and total deformation values. The minimum principal stress 

value is 64.9 MPA and maximum total deformation value is 

0.049mm. These values are shown in red shades in the 

above fig. 

F. Bilinear Analysis 

The fig 4 and fig 5 will be the CAD model and mesh model 

for this bilinear analysis. Total number of elements and 

nodes in this meshed model are 15451 and 28591 

respectively. 

1) Boundary and Loading Condition for bilinear analysis: 

 
Fig. 9: Boundary conditions for bilinear analysis 

 The base of the valve structure is fixed. 

 A Pressure of 40MPA is applied. 

 Material is structural steel. 

2) Equivalent Stress 

 
Fig. 10: Equivalent stress 

When a load of 40MPA is applied, the maximum equivalent 

stress value obtained is 547.16MPA. 

3) Maximum Principal Stress 

 
Fig. 11: Maximum and Minimum Principal Stress 

The above fig shows the maximum and minimum principal 

stress values when it is solved in ANSYS software after the 

application of boundary condition of pressure value 40 

MPA. The maximum principal stress value is 525MPA 

which is shown in red shade in the fig. The minimum stress 

value is 272MPA. 
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4) Maximum Total Deformation 

 
Fig. 12: Deformation model 

The maximum deformation occurred during the 

analysis is 0.12mm which is shown in red shade in the 

above fig. 

VI. CONCLUSIONS 

Design and analysis of air release valve concludes the 

following points: 

 The static analysis of valve had done.The value of 

equivalent stress in static analysis is 346 MPA which is 

lower than the yield stress 355 MPA.  

 The bilinear analysis of valve had carried out. The 

equivalent stress value obtained is 547 MPA which is 

heavier than the yield stress 355 MPA. So the structure 

is not safe.  

 The deformation value obtained is 0.12mm in bilinear 

analysis which is larger than 0.049 mm, the deformation 

value in linear static analysis. So the structure is not 

safe in bilinear analysis.  
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