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Abstract— The dry running of centrifugal pump is an ever 

growing problem in today's life; it is not only a problem that 

is faced in rural areas but also in urban areas as well. The 

pipelines which discharge water, most of the time do not 

discharge the water continuously thus having large volume of 

air pockets in them which causes the centrifugal pump to dry 

run. This dry running causes severe thermal rise which may 

cause failure of parts, leading to high maintenance of 

centrifugal pump. In order to avoid this, a device was made 

which runs on a piston cylinder arrangement and works on 

the principle of detecting pressure difference in the cylinder. 
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I. INTRODUCTION 

A centrifugal pump is one of the simplest device or 

equipment in any process plant or industry. The purpose of 

the centrifugal pump is to convert the energy of the prime 

mover that can be an electric motor or turbine, firstly into 

velocity or kinetic energy and then into the pressure energy 

of the fluid that is to be pumped. The change in the energy 

occurs by the two main parts of the pump i.e. the impeller 

and the volute. The impeller is the rotating part that converts 

the driver energy into the kinetic energy. The volute is the 

stationery part that converts the kinetic energy into the 

pressure energy. 

Ref: Bolch H.P. and Geitner, F.K., Machinery 

failure analysis and troubleshooting, Houston Texas: Gulf 

Publishing company (1983) 

The fluid which is to be pumped enters the suction 

nozzle and then into the eye of the rotating device, which is 

the impeller. When this impeller rotates it spins the liquid 

between the vanes of the impeller outwards and produces 

the centrifugal acceleration. This fluid leaves the impeller 

thus creating a low pressure causing more fluid to enter the 

inlet of the impeller. Because the impeller blades are curved 

the fluid is pushed in the radial and tangential direction by 

the centrifugal force generated by the rotating impeller. 

Ref: root cause analysis of five costly centrifugal 

pump problems by Heinz P. Bloch (consulting engineer 

process machinery consulting Montgomery Texas) 

Despite of all the care taken in the operation and 

the maintenance of the centrifugal pump, the engineers face 

the problem of the pump failure very often, due to which it 

cannot be kept in service until it is repaired or replaced. 

Process industries or process plants where the centrifugal 

pumps are used in good numbers to pump the fluid or more 

specifically the process fluid, failure of the centrifugal pump 

can cause serious production and downtime issues causing 

the cost and time mismanagement issues. The inability of 

the pump to deliver the fluid at the required head and the 

required flow is the most common condition for taking the 

pump out of the service. There are some other conditions 

also in which the pump can be taken out of service, these 

can be seal related issues, leakage, loss of flushing, cooling, 

pump and motor bearings related problems, leakage of the 

fluid from the pump casing etc. 

Ref: Centrifugal Pumps: Basics Concepts of 

Operation, Maintenance, and Troubleshooting, Part I By: 

MukeshSahdev, Associate Content Writer Presented at the 

Chemical Engineers’ Resource Page,  

www.cheresources.com 

Pondering upon the problems of the centrifugal 

pumps, that it is a device whose problems or the failure can 

be broadly classified into seven main categories: 

1) Faulty design 

2) Material defect 

3) Fabrication and processing defect 

4) Assembly and installation defect 

5) Maintenance deficiencies 

6) Unintended service conditions 

7) Improper operation. 

The problem up taken in this research paper and the 

project is the pump dry running problem which comes under 

the category of the Maintenance deficiencies, unintended 

service conditions and improper operation and is ranked 1st, 

3rd and 4th respectively in the failure causes of the 

centrifugal pumps. 

 Running a pump “Dry” can rapidly cause mechanical 

pump seal damage. 

 Most pumps require the use of a mechanical seal where 

the motor shaft enters the pump housing to connect to 

the pump impeller. 

 This seal can rapidly be damaged if the pump is ever 

allowed to run dry even for a very short period of time 

 Mechanical pump seals are actually lubricated by the 

fluid they are pumping. 

 If the pump runs dry for even a brief period without 

this lubrication and cooling taking place the friction of 

these surfaces moving against each other will rapidly 

cause wear, overheating, and material transfer from 

one surface to another as the 2 surfaces attempt to 

friction weld themselves together. 

 A leaking mechanical pump seal can cause many 

problems for the pump. 

 Puddle of water around the pump which may get into 

the electric motor of the pump especially if the water 

seal is missing or damaged. 

 Water can contaminate the bearing grease causing 

premature bearing failure and motor seizure due to 

armature failure. 

Ref: Larry Bachus, Angle Custodio (2003). Know 

and understand centrifugal pumps. Elsevier Ltd. ISBN 

1856174093 

II. OBJECTIVE 

This setup helped to eliminate the problem of dry running of 

centrifugal pump, but the major disadvantage was that, that 

due to presence of this setup the water took more time to fill 

the required space at the required height. In order to see the 

time increase, multiple tests were conducted to see for the 

same. 
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The research work was initialized to study upon the 

following objectives: 

1) Effect of Discharge height on Piston Displacement. 

2) Effects of suction height and discharge height on cut-

off time. 

3) Effects of suction height and discharge height to fill 

required volume. 

4) Effects of suction height and discharge height on 

suction time. 

III. DESIGN CONSTRUCTION 

The design consists of a piston cylinder arrangement. The 

cylinder is the hollow one consisting of light weight 

properties made up of Aluminium. The piston makes use of 

Brass which is a non-corrosive material. Different rubber 

seals are being used as a means of making the device leak 

proof. Two rubber seals have been used at both the ends of 

the brass part which is in contact with the cylinder. The 

piston rod is makes use of stainless steel rod which is 

directly mounted on the head of brass part at one end and 

the other side being welded to a Cast Iron disc. The cast iron 

disc provides a weight to the arrangement which plays a 

very vital role towards the major objective of the project. 

Different material and different size of springs are used in 

the arrangement. The spring is mounted between the brass 

head of the piston and the top support plastic head. There’s 

an inlet port at the bottom support plastic base and an outlet 

port at the specified height of the cylinder. 

IV. ELECTRICAL CIRCUIT 

The electrical circuit takes up power from a basic 220V 

supply. The supply is branched into two parts. The first 

directly goes to the pump (power to run the pump) and the 

second part helps build up the sensor circuit. This sensor 

circuit is initialised by a step down transformer which 

reduces the high 220V to a mere 12V supply. There is a 

diode that converts the ac current to a dc current (full wave 

rectifier). There is a counter IC which consists of four OR 

gates. The relay in the circuit is the basis of the sensor 

circuit, when the sensors i.e. the two metal plates touch each 

other; the relay stops the pump thus preventing it from dry 

run. On the contrary, when the sensors are not in contact, the 

relay keeps the motor on thus lifting the water to the desired 

height. There is a pair of transistors, resistors and LEDs 

which amplify and display the current position of the setup. 

V. DESIGN WORKING 

The device works on the principle of pressure difference of 

any liquid (water, paint, etc.) flowing through the 

arrangement and the pressure of air. At the start of the 

centrifugal pump, the piston is at its original position i.e. at 

the bottom thus keeping the outlet closed. As the pump 

starts to develop a pressure, it takes in the liquid with a 

pressure greater than air pressure. This causes the piston to 

rise in the cylinder thus making space for the liquid to 

escape through the outlet and making it reach to the desired 

height. As soon as there is any blockage in the suction or the 

supply is cut off, there creates an air pressure again in the 

device thus making the piston to fall to its original position. 

As this happens, the sensor attached to the cast iron disc 

senses it and thus cuts off the power supply to the motor 

thereby stopping it completely. Hence, the dry run of the 

motor is avoided preventing its complete failure. 

VI. DESIGN SPECIFICATIONS 

Part Cylinder Spring Seal 
Piston 

Body 
Piston Rod Disc 

Material Aluminium Mild Steel Rubber Brass Stainless Steel Cast Iron 

Specifications 
Internal 

Diameter=4cm 

Number of 

coils=5 

Internal 

Diameter=3.8cm 

External 

Diameter= 

3.8cm 

Diameter= 

2cm 

Diameter= 

12cm 

 
External 

Diameter=4.5cm 

Coil Diameter= 

0.2cm 

External Diameter= 

4cm 
  

Thickness= 

2cm 

 
Height= 

15.5cm 

Outer Diameter= 

3.8cm 
    

  Length=5.8cm     

Table 1: Design Specifications 

 
Fig. 1: Line Diagram of Motor Dry Run Prevention Device 

Design Analysis 

The design of the brass piston part weighs 

approximately 2.734N, brass being having a density of 

8500kg/m3. The Von Mises analysis shows the static nodal 

stress concentration on the brass body of the piston. There is 

a pressure load of 87.023 psi acting normally to the face on 

one open end of the body while the face on the other open 

end feels a movement restriction against the stainless steel 

rod mounted on it. Thus fixing the parameters in Solidworks 

analysis software yields the following results where the 

stress occurring at different points falls in the safe regions of 

the stress analysis. Thus the design of the brass body against 

the pressure forces can be declared safe. 
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Fig. 2: Von Mises Analysis of Piston Body 

The spring used in the design uses Alloy Steel with 

a density of 7700kg/m3 thus weighing around 0.2N. The 

spring faces a pressure load of 87.023psi on one end and a 

normal force of 18N on the other end. The Von Mises stress 

analysis shows the static nodal stress concentration 

distribution along the length of the spring. 

 
Fig. 3: Von Mises Analysis of Helical Spring 

VII. RESULTS AND DISCUSSIONS 

A. Observation Table 

SH 

(cm) 

DH 

(cm) 

Suction 

Time (S) 

Time of 

Lift (S) 

Discharge 

Time (S) 

Dry Run 

Time (S) 

Stopping 

Time (S) 

Time To Fill 1l 

Bottle (S) 

55 77 5.81 8.44 9.63 15 17.3 8.4 

55 92 5.72 8.44 9.69 15 16.98 8.52 

55 117 5.77 8.4 9.81 15 16.7 8.65 

55 152 5.8 8.38 9.97 15 16.63 8.81 

65 77 7.66 10.53 11.02 15 17.89 9.36 

65 92 7.63 10.48 11.07 15 18.02 9.47 

65 117 7.71 10.56 11.17 15 18.14 9.53 

65 152 7.67 10.52 11.29 15 18.21 9.61 

75 77 9.81 13.06 13.67 15 19.91 10.02 

75 92 9.87 13.1 13.71 15 19.79 10.13 

75 117 9.81 13.03 13.8 15 19.67 10.24 

75 152 9.83 13.01 14.04 15 19.5 10.38 

Table 2: Test Results of the Device 

B. Interpretations 

1) Suction Time against Suction Height & Discharge 

Height 

 
Fig. 4: Suction Time vs. Suction Height & Discharge Height 

It can be interpreted from the graph, the suction 

time i.e. is time required for the water to reach the pump 

increases with increase in suction head. This is because as 

the suction height increases, more distance needs to be 

travelled by the column of water to reach the pump. The 

change in discharge head has almost negligible effects in 

this case. Hence, suction time is independent of discharge 

height. 

2) Time Required to Lift the Piston against Suction Height 

& Discharge Height 

 
Fig. 5: Time Required to Lift the Piston Vs. Suction Height 

& Discharge Height 

The graph shows how the increase in suction head increases 

the time required to lift the piston. This is so because at 

lower suction heights the water rises faster and thus the 

water pressurizes the piston at a faster rate, at higher suction 

head, time for the water level to climb is slower thus the 

water reaching the piston is at a slower rate thus requiring 

more time to lift. It can also observed that there is a steeper 

step increase of piston lift along the axis, this is because as 

water is pulled up from greater heights more force is 

required for it and thus the water that is discharged from the 

discharge end of the piston has less force in it thus requiring 
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more time to lift the piston up. The discharge height shows 

negligible effects on the graph. Thus the time of lift is 

independent of discharge height. 

3) Discharge Time against Discharge Height & Suction 

Height 

 
Fig. 6: Discharge Time vs. Discharge Height & Suction 

Height 

The graph shows gradually increasingsteps. This is due to 

the fact that as the height of discharge increases, more time 

will be required for the water level to climb the column. 

4) Time Required for Motor to Stop Against Suction Height 

 
Fig. 5: Time Required for Motor to Stop vs. Suction Height 

It can be interpreted from the graph that the time required to 

stop the motor increases with increase in suction depth with 

steeper steps. This is due to the fact that more volume of 

water is present at any time in the system as the depth of 

suction increases and hence more time is required to expel 

that water from the outlet and thus push the piston back 

down. 

5) Time Required to Stop the Pump against Discharge 

Height 

 
Fig. 7: Time Required to Stop the Pump vs. Discharge 

Height 

It can be seen that for the same suction heights, the time 

required to stop the piston decreases. This is due to increase 

in the discharge heights, which requires more portion of the 

energy to lift the column of water to the required level, thus 

leaving less energy to keep the piston up and hence it 

becomes easier to get the piston down thereby requiring less 

time. 

6) Time Required to Fill against Suction Height 

 
Fig. 8: Time Required to Fill vs. Suction Height 

As suction height increases the time required to fill the 

required volume also increases. This is due the fact that at 

lower suction heights less force is required to lift the column 

of water and there is more power at discharge. Thus the 

water is forced out with more speed filling the required 

volume faster. 

7) Time Required to Fill against Discharge Height 

 
Fig. 9: Time Required to Fill Vs Discharge Height 

For the same suction height, it can be seen that there is an 

increase in the time required to fill the desired volume as the 

discharge height increases. This is due to the fact that more 

portion of the energy is required to lift the column of water 

to the desired level thus reducing the discharge energy of the 

water. Hence water comes out at lower velocity thereby 

requiring more time to fill the required volume. 

VIII. CONCLUSION 

The device for the prevention of the dry running of the 

centrifugal pump is devised and the performance of the 

device is satisfactory and is effective in controlling the dry 

running of the centrifugal pump, however the power 

consumption and the effective suction power and the 

discharge with the installation of the device has reduced to 

some extent due to the incorporation of various losses in the 

whole system but the overall effect is to effectively prevent 

the pump from dry running and thus the project is successful 

in fulfilling the concept. 
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