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Abstract— Dewatering of drainages is generally done using 

centrifugal pumps, but using centrifugal pump is not much 

effective in complete removal of the suspended and heavy 

solids and also it consumes lot of electric power for its 

operation. Moreover centrifugal pumps are costlier. In such 

cases reciprocating pump may be considered which works 

more efficiently in removal of drainage water containing big 

size particles. The main aim of this proposed work is to 

remove drainage water by the pneumatic operated spring 

return reciprocating pump, it reduces the man power required 

for the drainage cleaning activity. Instead of slider crank 

mechanism the pneumatic and spring system with 

reciprocating cylinder has been has been used which 

discharges the large sized drainage particles easily and there 

is no need of external power supply. The equipment cost is 

also very low when compared to the centrifugal pump and 

other drainage removal systems. 

Key words: Drainage, Centrifugal Pump, Reciprocating 

Pump, Pneumatic, Cleaning, Waste Particles, Power Supply, 

Low Cost 

I. INTRODUCTION 

Drainage is the natural or artificial removal of surface and 

sub-surface water from an area. Many agricultural land need 

drainage to improve production or to manage water supplies. 

The Ancient Indus of sewerage and drainage that were 

developed and used in cities throughout the civilization were 

far more advanced than any found in contemporary urban 

cities in the Middle East and even more efficient than those 

in some areas of the Indian Subcontinent today. All houses 

in the major cities of Harappa and Mohenjo-Daro had access 

to water and drainage facilities. Waste water was directed to 

covered drains, which lined the major streets. 

A Drainage System (Geomorphology), the pattern 

formed by the streams, rivers, and lakes in a particular 

drainage basin. A Drainage system (agriculture), an 

intervention to control water logging aiming at soil 

improvement for agricultural production. A Drainage system 

in urban and industrial areas, a facility to dispose of liquid 

waste. See Sustainable urban drainage systems and 

Sewerage. The Drainage cleaning machine proposed to 

overcome the real time problems, with the continued 

expansion of industries, the problem of sewage water must 

be urgently resolved due to the increasing sewage problems 

from industries of the surrounding environment. The waste 

and gases produced from the industries are very harmful to 

human beings and to the environment. A Plastic PVC) 

flexible drainage pipe, used to drain water from the roof of a 

residential house or building. The Drainage water pump 

consists of air compressor, pneumatic cylinder, non-return 

valve, spring, etc., this system can be utilized in industries, 

hospitals, etc. 

 
Fig. 1: Drainage water with solid particles 

Grey water from laundry (left) and solid garbage 

which is disposed in open drains (right) pollute water and 

cause health hazards. 

A. Drainage Cleaning System 

In Drainage cleaner the discharge takes place by pumping. 

The subsurface field drainage systems consist of horizontal 

or slightly sloping channels made in the soil; they can be 

open ditches, trenches, filled with brushwood and a soil cap, 

filled with stones and a soil cap, buried pipe drains, tile 

drains, or mole drains, but they can also consist of a series 

of wells. 

Modern buried pipe drains often consist of 

corrugated, flexible, and perforated plastic (PE or PVC) pipe 

lines wrapped with an envelope or filter material to improve 

the permeability around the pipes and to prevent entry of 

soil particles, which is especially important in fine sandy 

and salty soils. Subsurface drainage by wells is often 

referred to as vertical drainage, and drainage by channels as 

horizontal drainage, but it is more clear to speak of "field 

drainage by wells" and "field drainage by ditches or pipes" 

respectively. In some instances, subsurface drainage can be 

achieved simply by breaking up slowly permeable soil 

layers by deep plowing (sub-soiling), provided that the 

underground has sufficient natural drainage. In other 

instances, a combination of sub-soiling and subsurface 

drains may solve the problem. 

B. Pneumatic Cylinder 

Pneumatic cylinder(s) (sometimes known as air cylinders) 

are mechanical devices which use the power of compressed 

gas to produce a force in a reciprocating linear motion. Like 

hydraulic cylinders, something forces a piston to move in 

the desired direction. The piston is a disc or cylinder, and 

the piston rod transfers the force it develops to the object to 

be moved. Engineers sometimes prefer to use pneumatics 
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because they are quieter, cleaner, and do not require large 

amounts of space for fluid storage. 

Because the operating fluid is a gas, leakage from a 

pneumatic cylinder will not drip out and contaminate the 

surroundings, making pneumatics more desirable where 

cleanliness is a requirement.  

 
Fig. 2: Pneumatic CYLINDER 

II. PROBLEM IDENTIFICATION 

The drainage cleaning equipment is mainly used for 

discharging sewage water, but the large particles contained 

by drainage could not be discharged. Still now the electricity 

is needed for the drainage cleaning process and the capital 

cost of the machine is very high. 

III. COMPONENTS OF PNEUMATIC DRAINAGE SYSTEM 

The components of pneumatic operated drainage systems 

are 1.Pneumatic Cylinder, 2.Non Return Valve, 3.Pvc Pipes, 

4.Polyurethane Tubes 5.Solenoid Valves 6.Air Compressor 

Spring 

 
Fig. 3: Pneumatic Drainage Systems 

A. Spring Return Pneumatic Cylinder 

The spring return cylinder is normally considered a single 

acting cylinder. The operation of this type of cylinder is the 

same as a single acting cylinder, except that a spring is used 

to accomplish the return stroke. Single-acting cylinders 

(SAC) use the pressure imparted by compressed air to create 

a driving force in one direction (usually out), and a spring to 

return to the "home" position. More often than not, this type 

of cylinder has limited extension due to the space the 

compressed spring takes up. Another downside to SACs is 

that part of the force produced by the cylinder is lost as it 

tries to push against the spring. 

B. Non Return Valve 

 
Fig. 4: Non- Return Valve 

Non-return valve or one-way valve is a valve that normally 

allows fluid (liquid or gas) to flow through it in only one 

direction. Check valves are two-port valves, meaning they 

have two openings in the body one for fluid to enter and the 

other for fluid to leave. 

C. Air Compression Spring 

 
Fig. 5: Helical Spring 

A helical spring is a mechanical device which is typically 

used to store energy and subsequently release it, to absorb 

shock, or to maintain a force between contacting surfaces. 

They are made of an elastic material formed into the shape 

of a helix which returns to its natural length when unloaded. 

Under tension or compression, the material (wire) of a coil 

spring undergoes torsion. The spring characteristics 

therefore depend on the shear modulus, not Young's 

Modulus. A coil spring may also be used as a torsion spring: 

in this case the spring as a whole is subjected to torsion 

about its helical axis. The material of the spring is thereby 

subjected to a bending moment, either reducing or 

increasing the helical radius. In this mode, it is the Young's 

Modulus of the material that determines the spring 

characteristics. 

IV. DESIGN AND CALCULATIONS 

 

 
Fig. 6: Design Model of Pneumatic drainage systems 
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A. Design Calculation of Spring 

DM= Spring Diameter = 23mm 

DW = Wire Diameter = 3mm 

NT = Total Number of Active Coils = 30 

N = Number of Active Coils =NT − 2  

N = 30 − 2 = 28 

G = Modulus of Rigidity  

G = 80 × 104 N/mm2 

F = Axial Force = 300N 

τ = Total Shear Stress  

KW = Wahl Factor  

C = Spring Index  

q = Spring Rate 

1) Calculation of Spring Index 

C =
DM

DW

 

C =
23

3
 

C = 7.667 mm 
2) Calculation of Wahl Factor 

KW =
4C − 1

4C − 4
+

0.615

C
 

KW =
(4 × 7.667) − 1

(4 × 7.667) − 4
+

0.615

7.667
 

KW = 1.192 

3) Calculation of Total Shear Stress 

τ =
8FDMKW

πDW
3  

τ =
8 × 300 × 23 × 1.192

π × 33
 

τ = 775.714 N/mm2 
4) Calculation of Spring Axial Deflection 

y =
8FDM

3 N

GDW
4  

y =
8 × 300 × 233 × 28

80 × 104 × 34
 

y = 12.617 mm 
5) Calculation of Spring Rate 

q =
GDW

4

8DM
3 N

 

q =
80 × 104 × 34

8 × 233 × 28
 

q = 23.776 N/mm 

B. Design Calculation of Pneumatic Cylinder 

L = Length of the cylinder = 366 mm 

B = Cylinder Diameter = 86 mm 

b = Piston Diameter = 80 mm 

D = Connecting Rod Diameter = 21 mm 

F = Thrust Force = 300 N 

P = Input Pressure 

Calculation of Input Pressure 

P =  
F

π

4
× D2

 

P =  
300

π

4
× 212

 

P =  0.866 N/mm2 

P =  0.866 N/mm2 

P =  8.6 bar 

V. WORKING PRINCIPLE OF PNEUMATIC DRAINAGE SYSTEM 

Initially the air is compressed to the required pressure by 

using air compressor. The pneumatic cylinder port is 

connected to the air compressor. The spring return 

pneumatic cylinder is normally a single acting cylinder 

which accomplishes the return stroke by means of spring 

force. A high pressure compressed air is passed into the 

cylinder to compress the spring and during compression the 

discharge of drainage water takes place and during return 

stroke of piston the suction of drainage water takes place. 

VI. CONCLUSION 

To provide secure public hygiene, protect humans against 

self-produced hygienic risks and subsequent sickness an 

effective drainage cleaning system which consumes less 

electrical energy is desirable. The drainage cleaning 

machine with reciprocating pump and pneumatic system 

needs external power supply only for running the 

compressor and it consumes less power than centrifugal 

pump. It is very helpful for our society for cleaning the 

drainages with large size solid particles and it is less costly 

than other drainage cleaning equipment. It discharges most 

of the particles contained by drainage water effectively.  

VII. SCOPE FOR FUTURE WORK 

 To reduce the discharge time  

 To provide automatic control for operation 
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