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Abstract 

Usually hand pumps have one suction stroke and one 

delivery stroke. So the output will be in the half of 

the cycle only. Using this paper concept it can 

convert the remaining half cycle into useful output. 

There are two cylinders were used for continuous 

output. The pistons inside the cylinders are at TDC 

and BDC respectively. The pistons are connected 

with a rotating wheel diametrically opposite 

positions. The rotation of wheal will provide 

continuous flow of water. The wheel is rotated by 

manually .Hand pumps are manually operated 

pumps, they use human power and mechanical 

advantage to move fluids or air from one place to 

another. In this paper two cylinders are used. So 

these pumps have discharge double that of single 

acting pump. Both the strokes are effective and there 

are no idle strokes .This gives continuous water 

supply without any fluctuation in discharge .two way 

hand pump can be operated by man power, So motor 

and electricity is not required. 

Key words: Hand pump, delivery stroke, two 

cylinders & discharge double. 

Introduction 

Reciprocating pump operates on the principle of 

pushing of liquid by a piston that executes a 

reciprocating motion in a closed fitting cylinder. 

Hand pumps are manually operated pumps; they use 

human power and mechanical advantage to move 

fluids or air from one place to another. They are 

widely used in every country in the world for a 

variety of industrial, marine, irrigation and leisure 

activities. There are many different types of hand 

pump available, mainly operating on a piston, 

diaphragm or rotary vane principle with a check 

valve on the entry and exit ports to the chamber 

operating in opposing directions. Most hand pumps 

are either piston pumps or plunger pumps, and are 

positive displacement. They provide a cost-efficient 

water pumping solution to remote areas [3]. The 

essential component of hand pumps are Handle, The 

pump rod, Piston, Piston Valve, Raising main, 

suction lift and the water outlet. There are many 

configurations to the hand pump and it generally 

varies with depth at which the water is available to 

be pumped to the surface. 

Positive displacement pumps are armed with 

reciprocating plungers or pistons. The pistons are 

fitted with non-return values and sliders inside a 

cylindrical tube. This piston is connected to the pump 

handle which when used results in up and down 

motion of the piston [6]. When the piston comes up it 

creates a vacuum resulting in the water being sucked 

in to the cylinder and is drained through the outlet 

pipe. 

There are several types of water hand pumps. Most 

commonly used hand pumps are positive 

displacement pumps, positive displacement pumps 

have reciprocating plungers or pistons. In a piston 
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pump, the piston is fitted with the piston valve (non-

return valve) and slides vertically up and down 

within a cylinder which is fitted with a foot valve 

(non-return valve) [7]. Applying the force on handle 

of the water pump causes vertical movement of 

pump rods that are connected to the piston. When the 

piston of the pump moves upwards, the piston valve 

closes and a vacuum is created below the piston 

valve, causes water to be drawn into the cylinder 

through the foot valve, which opens. Simultaneously, 

water above the piston, held up by the closed piston 

valve, is displaced upwards. In a suction hand pump 

water flows outward through the delivery outlet; in a 

hand pump with a submerged cylinder it is forced up 

the rising main [5]. When the piston moves 

downwards in hand pump, the foot valve closes to 

prevent back flow of water and the piston valve 

opens to allowing the piston to move down through 

the water in the cylinder. 

Conventional hand pump consists of following parts 

 

Figure 1: Conventional Hand Pump [4] 

 

Single Acting Piston Pump – Having liquid chamber 

on only one side of the piston and valve arrangement 

on that side only. The liquid is discharged from one 

side of the cylinder once in a crankshaft cycle, only 

in the forward stroke of the piston [1, 2, 5, 6, and 7]. 

 

Working 

 

                 A        B         C           D           E           F 

Figure 2: Motion Of Piston [3] 

1) With the pump primed, as shown at A, the 

plunger is raised. As air cannot pass the plunger 

owing to the water seal, a partial vacuum is 

created in the cylinder thereby reducing the air 

pressure on the surface of the water in the 

suction pipe. The atmospheric pressure on the 

water in the well is now greater than the air 

pressure on the water in the pipe, Thereby 

forcing the air and water in the pipe upward, 

following the plunger upward. The space in the 

cylinder below the plunger fills with air from the 

pipe [3]. 

2) At the top of the cylinder the plunger stops, and 

the check valve closes of its own weight, thus 

trapping air in the cylinder. 

3) On the next down stroke the entrapped air is 

compressed between the plunger and the bottom 

of the cylinder. When the pressure becomes 

greater than the atmospheric pressure above the 

plunger, plus the weight of the valve and of the 

priming water, the air will lift the plunger valve 

and escape through the priming water as shown 

at B. 

4)  On the next upstroke more air will be drawn out 

of the pipe and the water will rise higher, 

eventually flowing into the cylinder under the 

plunger as shown at C. 

5) With the cylinder and pipe full of water as at C, 

the check valve closes by gravity, trapping water 

in the cylinder. 

6) On the next down stroke the plunger and valve 

pass through the water as shown at D. 

7) When the plunger reaches the bottom of the 

cylinder and stops, the plunger valve closes, thus 

trapping the water above the plunger, as shown 

at E. 

8) On the next upstroke the water above the 

plunger is lifted out of the pump as shown at F. 

At the same time more water is forced into the 

cylinder through the check valve. 

9) On each successive- down stroke step E is 

repeated, and on each successive upstroke step F 

is repeated. Thus the pump delivers water on 

each upstroke[3] 
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Design and Fabrication 

Traditional hand pump have very low discharge. 

Reciprocating pumps operate by drawing liquid into 

a chamber or cylinder by the action of a piston, a 

plunger or a diaphragm; the liquid is then discharged 

in the required direction by the use of check valves. 

This results in a pulsed flow because one stroke is 

idle out of two strokes in a cycle. This is the major 

disadvantage of conventional type. To overcome this 

drawback this paper uses two cylinders. The pistons 

inside the cylinders are at TDC and BDC 

respectively. The pistons are connected with a 

rotating wheel diametrically opposite positions. The 

rotation of wheal will provide continuous flow of 

water [6]. The wheel is rotated by manually. 

Two way aqua hand pump is an improved and 

reliable prototype of hand suction pump. Ordinary 

hand pumps have only one cylinder. So the discharge 

is fluctuated. It is because of idle stroke after suction 

stroke. So we get output only at one stroke. To 

overcome this drawback we use two set of piston and 

cylinder. The pistons inside the cylinders are at TDC 

and BDC respectively. Thus working stroke and idle 

stroke occur simultaneously. By connecting both 

pistons to a circular disk through connecting rod the 

pump can be operated. Thus for each cycle of crank 

rotation there will be continues discharge. So that the 

pump provides double amount water than 

conventional type. Those discs are rotated by crank 

shaft. Crank shaft and oscillating handle are 

connected by a connecting rod; those sections are 

working as four bar mechanism. Three dimensional 

drawing are given below.  

 

 
 

Figure 3: Two Way Hand Pump 

 

But here have a tendency to touch connection rod on 

the cylinder wall. If we increase the height of disc 

centre from cylinder then we can solve the problem 

this height finds by using trigonometric method 

 

Finding minimum striking condition:  

AB=4.5cm (cylinder radius) 

DF=4.5cm 

AC=37.5cm 

<ACB=<ECD 

First; 

θ =tan-1(AB/AC) 

   =6.842 

Second; 

CD=X cm 

tan θ = ED / X 

tan (6.842) =8 / X 

 

X= 66.67 

H= 66.67 + 37.5 

   =104.17 cm 

So we choose 

H=110 cm 

 

Figure 4: Piston Rod Sticking The Walls Of 

Cylinder  

The distance between piston and disc centre is 

110cm, so the height of whole product will increase. 

Then we want to reduce the height, so we select 

scotch yoke mechanism to transfer rotational motion 

of disc into reciprocating motion of piston in the 

cylinder.  

The Scotch Yoke (also known as slotted link 

mechanism) is a reciprocating motion mechanism, 

converting the linear motion of a slider into 

rotational motion, or vice versa. The piston or other 

reciprocating part is directly coupled to a sliding 

yoke with a slot that engages a pin on the rotating 

part. The location of the piston versus time is a sine 

wave of constant amplitude, and constant frequency 

given a constant rotational speed 
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Figure 5: Scotch Yoke Mechanism 

By using this mechanism we can reduce height 

between disc centre and cylinder. Reciprocating 

motion from handle is converted to rotation of 

cranking section by four bar mechanism. 

  

 
Figure 6: Condition For Continuous Rotation 

 

Link-p: handle part 

Link-s: crank section 

Link-l: connecting rod 

Link-q: fixed points 

 

Principle components 

1) Cylinder 

A cylinder has traditionally been a three-

dimensional solid, one of the most basic of 

curvilinear geometric shapes. It is the idealized 

version of a solid physical tin can having lids on 

top and bottom. This traditional view is still used 

in elementary treatments of geometry, but the 

advanced mathematical viewpoint has shifted to 

the infinite curvilinear surface and this is how a 

cylinder is now defined in various modern 

branches of geometry and topology [3].  

It is made of cast iron  

Diameter =90 mm  

Height =420 mm 

2) Check valve 

A check valve, clack valve, non-return valve, 

reflux valve, retention 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. There are various 

types of check valves used in a wide variety of 

applications. Check valves are often part of 

common household items. Although they are 

available in a wide range of sizes and costs, 

check valves generally are very small, simple, or 

inexpensive. Check valves work automatically 

and most are not controlled by a person or any 

external control; accordingly, most do not have 

any valve handle or stem [3]. The bodies of most 

check valves are made of lather. 

Diameter =90 mm  

Thickness=3 mm 

3) Plunger 

The plunger assembly lifts the water to the pump 

spout during its upward stroke and supports the 

discharge check valve.  It should be designed for 

strength, to guide the valve as it opens and 

closes, for ready replacement of cup seals, and to 

provide at least as much cross-sectional

hydraulic flow area as the drop pipe [6]. It 

typically consists of a yoke or cage connection 

to the pump rod, discharge check valve, and cup 

seal(s) and cup seal follower(s) and spacer(s). 

4) Cup seal 

Cup seals have one major function, prevention 

of backflow (slip) between the plunger and the 

cylinder walls during pumping (the ascending 

stroke in single acting pumps). Leather or 

another flexible material is folded or cupped 

over the plunger face.  As the plunger ascends 

the lip of the cup is pressed against the cylinder 

wall to form a seal. The inward movement of the 

lip during plunger descent reduces friction and 

wear. Repeated sliding friction between the cups 

and the cylinder wall eventually wears away the 

cups and they must be periodically replaced. 

Cup seals should be non-toxic; have long life; 

have a low friction coefficient; resist mildew, 

fungi, and other biological attack; be readily 

available; be flexible enough to fill cylinder wall 

irregularities including ovality yet be rigid 

enough to avoid being turned inside out by the 

reversal of stress direction when the plunger 

begins its ascent; be resistant to cyclic wetting 

and drying; and be low in cost. No one cup seal 

fully meets all the criteria. Leather has been the 

material of choice for centuries and is still the 

standard. Leather is relatively cheap and 

available worldwide. Its life as cup seals is 

greatly extended by proper selection of hide 

(preferably from butts or backs, hair side out); 
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proper shaving, scouring, tanning, and molding; 

and use of additives [3]. 

5) Disc  

A disc is a mechanical device specifically 

designed to efficiently store rotational energy. 

Disc resists changes in rotational speed by their 

moment of inertia. The amount of energy stored 

in a disc is proportional to the square of its 

rotational speed. A disc attached to a rotating 

shaft, a disc smoothes out delivery of power. 

The inertia of the disc moderates fluctuations in 

the speed of the output and stores the excess 

energy for intermittent use. The disc smoothes 

out the pulses of energy provided by the rod. 

 

 
Figure 7: Two Way Hand Pump Final 

 

Calculation 

Finding time required for filling 20 litter buckets 

Stroke length = .15 m 

Volume of one cylinder = 9.542×10-4 m3 

Volume of two cylinder = (9.542×10-4) ×2 

             =1.908×10-3 m3 

20 litter  = .02 m3 

Time required for filling 20 litter buckets 

=   .02 ×50_______                

     (1.908×10-3)×60 

= 8.735 seconds 

Finding velocity of water flowing through cylinder 

and delivery pipe 

Velocity of water in cylinder V1 = Π×.15×50 

       60 

=.392 m/s 

Area A1 = 6.36×10-3 m2 

Discharge Q1 = 2.493×10-3 m3/s 

Flow through discharge pipe is an incompressible 

continuous flow with area A1.the flowing fluid is 

water so density will be constant 

Ρ1A1V1= Ρ2A2V2 

A1V1= A2V2 

A2= 1.96×10-3 m2 

Velocity of water in pipe V2 = 1.272 m/s 

To find crank radius and length of connecting rod 

 
              Case 1                                       case 2 

CR= connecting rod 

r= crank radius 

L= handle liver (20 cm) 

x= distance between two fixed points (50 cm) 

Case 1= handle liver in left extreme position 

Case 2= handle liver in right extreme position 

By using analytical method, dimension of connecting 

rod and crank radius can be determined by following 

set of equations; 

  [L sin (90-θ/2)]²  + [X + L cos(90- θ/2)]² = (CR +r)² 

           

  [L sin (90-θ/2)]²  +  [X – L cos(90- θ/2)]² = (CR - r)² 

By solving above equations we get CR and r 

Putting values in θ 

When θ=115 

Length of connecting rod = 51.26 cm 

Crank radius = 16.43 cm 

 

Advantages 

1) This pump has discharge double that of 

single acting pump. 

2) Both the strokes are effective and there are 

no idle strokes. 

3) This gives continuous water supply without 

any fluctuation in discharge 

4) This pump can be operated by man power. 

So motor and electricity is not required 

 

Conclusion 

In this paper the constructing of a simple machine 

which can be used by everyone to pump water in the 

areas where electricity is not available. Two way 

aqua pump is an advanced type of suction hand 

pump. It uses two cylinders for providing continuous 

flow of water. Conventional hand pumps have one 

suction stroke and one delivery stroke. So the output 

will be in the half of the cycle only. Using this paper 

concept it can convert the remaining half cycle into 

useful output. The pistons inside the cylinders are 

connected with a rotating wheel diametrically 

opposite positions. The rotation of wheal will 

provide continuous flow of water. The wheel is 

rotated by manually. Design and calculation are 

made for finding length of connecting rod and height 
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of cylinder. Graphical view of assembling parts of 

proposed paper had done in Autodesk inventor. 
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