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Abstract— Up to the present, the manufacture of the micro 

pump generally used MEMS processes to obtain micro scale 

channels. However, the geometry of the channels, the cost is 

relatively high due to the characteristics of the most micro 

fabrication techniques. In this research, we focused on 

manufacture of valve less pumps in inexpensive approach. 

The design of the valve less pump consists of four 

horizontal inlet channels and one vertical outlet channel. 

The geometry of the channels with minimum width gives 

great challenges in fabrication and is difficult to be achieved 

by traditional fabrication techniques. Conventional 

manufacturing process was used to manufacture the 

chamber and channels of the pump. SOLID WORKS 

software was applied to the model and plans the 

manufacturing sequences. The piezoelectric Actuator was 

attached to the fabricated valve less pump chamber to test 

the performance. Four different channel width designs were 

manufactured successfully and tested at various piezo-

triggered frequencies. This research provides a solution to 

manufacture the Valve less pump geometry inexpensively. 

Conventional process was proved to be a suitable approach 

to generate pre-assembled valve less pump structure with 

channels, and is applicable to other similar applications. 

Key words: Micro Pump, Nozzle/Diffuser Element, Rubber 

Diaphragm, Conventional Manufacturing          

I. INTRODUCTION 

While miniaturization is revolutionizing the world of 

sensors and various mechanical systems, a variety of 

chemical and biological procedures require devices that can 

deliver minute and accurately metered quantity of material. 

One of those devices is known as micro pump. This need 

has stimulated extensive research in the field of micro 

fluidics in last decade. The most potential application of 

micro pump is the controlled drug delivery, Chemical 

dosing precise fuel injection system and localized cooling of 

electronic devices. 

The reciprocating micro pump is one of the earliest 

Presented micro pumps, which mainly consisted of flexible 

Membrane propelling the flow and the micro valves 

directing the flow. The oscillation of membrane excited by 

the pump Actuators propels the drug flow. However, the 

significant problems associated with this type of micro 

pumps are: the fatigue of moving valves, the sensitivity to 

solid particles, high pressure loss of valves, and low driving 

frequency. In order to overcome these problems, the valve 

less micro pump  

With diffuser/nozzle elements, also called fixed 

valves, was first presented [7]. The valve less micro pump 

utilizes the difference of flow resistance across the diffuser 

element and nozzle element to achieve flow rectification. A 

new valve less micro pump has proposed for pumping of 

both gas and liquid, and the dependence of the pump 

characteristic on the properties (i.e. density, pH, and ionic 

strength) of the pumped media was further investigated [1]. 

According to the experiment results, they concluded that the 

proposed valve less micro pump can pump any sample in 

biology and biochemistry fields. Lot of research efforts have 

been made for the valve less micro pump [1]. 

Various mechanical micro pumps with different 

actuating principle have been developed [2], such as thermo 

pneumatic [3], electrostatic [4], shape memory alloy [5], 

electromagnetic [6] as well as piezoelectric [7]. The 

piezoelectric actuation presents its advantages of moderately 

pressure and displacement at simultaneously low power 

consumption, good reliability and energy efficiency [7]. 

This paper reports on the development of a 

reciprocating displacement diaphragm pump in which 

chamber is bounded by two nozzle/diffuser element. To 

vibrate the diaphragm piezo-electric actuator is designed. 

The proposed micro pump has the potential to be fabricated 

by traditional fabrication method such as Conventional 

manufacturing process. 

II. METHODOLOGY AND PUMP DESIGN 

A. Working Principle: 

The pump is of the reciprocating displacement type. It 

consists of a piezoelectric actuator unit, pump housing and 

two diffuser/ nozzle elements. The pump operation is based 

on the fluid flow rectifying properties of the two 

nozzle/diffuser elements. Providing that the diffuser/nozzle 

element is correctly designed, the Pressure in the nozzle 

direction is higher than the volume flow in the diffuser 

direction. The pump cycle of the pump can be divided into a 

„supply mode‟ and a „pump mode‟ as shown in the Fig. 1. 

During the „supply mode‟ the cavity volume increases and a 

larger amount of fluid flows into the cavity through the 

input element, which act as a diffuser, than through the input 

element, which acts as a nozzle. The result for the complete 

pump cycle of the diffuser/nozzle pump is that a net volume 

has been transported from the input to the output side of the 

pump. 

 
Fig. 1: Input to the Output Side of the Pump. 
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B. Diffuser/Nozzle Element: 

The diffuser/nozzle design determines the performance of 

the micro pump as shown in fig 3.2. Diffusers can be 

categorized as conical and flat walled with circular and 

rectangular cross-section, respectively; the length of the 

Conical diffuser will be 10–80% longer than that of the flat-

walled diffuser one under the same flow performance. 

Therefore, conical diffuser design was chosen in this 

research. The major dimensions of a diffuser include inlet 

diameter D1, outlet diameter width D2, length L, and total 

included diffuser angle 2θ. 

 
Fig. 2: Conical Diffuser 

 

Fig. 3: 

The AR is defined as the area ratio between exit 

and throat. From the map, the maximum Cp occurs when 

L/W1 is 8, 2θ is around 12˚, and AR falls between 5 and 6. 

Therefore, the diffuser geometry was designed to be L/W1 = 

8, AR= 6, and 2θ =12◦. 
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Where ξ is the pressure loss coefficient, A is area 

  
 
        

         
 

From the above equation, We can calculate ξnegative = 1.002 

and ξpositive = 0.48 So efficiency of Nozzle/diffuser element η 

is 2.08 Which is greater than 1 so it will be give better result 

for 

 
Fig. 5 

 

Parameters Numerical value 

Diffuser angle 2θ 12˚ 

Length of diffuser L (mm) 7mm 

Inlet diameter of diffuser,(mm) 1mm 

Outlet diameter of diffuser (mm) 6 mm 

Table 1 

C. Pump Chamber Element: 

 
Fig. 6: Pump Chamber Element 

Parameters Numerical value 

Material of chamber acrylic 

Length of chamber 48.5 mm 

Width of chamber 48.5 mm 

Thickness of chamber 25mm 

Volume of chamber 8.30m
3
 

Depth of chamber 13.5mm 

Table 2: 

D. Material Property: 

Material name Acrylic 

Tensile strength (MPa) 42.06 

Elongation at break (%) 160 

Max flexural strength (MPa) 64.12 

Modulus of elasticity (MPa) 2.31 

Hardness,rockwell 94 

Notched Izod impact strength (J/m) 961 

Table 3: 

E. Cover Plate: 

 
Fig. 7: Cover Plate 
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Parameters Numerical value 

Cover plate acrylic 

Length of cover plate(mm) 45 mm 

Width of cover plate(mm) 45 mm 

Thickness of cover plate (mm) 10mm 

Depth of cover plate(mm) 6mm 

Table 4: 

F. Diaphragm Rubber Design: 

 

Fig. 8: Diaphragm Rubber Design 

Parameters Numerical value 

Material of diaphragm rubber 

Length of diaphragm 50mm 

Width of diaphragm 50 mm 

Thickness of diaphragm 1 mm 

Table 5: 

G. Clamp: 

 

Fig. 9: Clamp 

Parameters Numerical value 

Material of clamp acrylic 

Length of clamp 48 mm 

Width of clamp 25 mm 

Thickness of clamp 24mm 

Table 6: 

H. Valve less Pump Assembly Design: 

 

Fig. 10:  Valve less Pump Assembly Design 

I. Experimental Work: 

 

Fig. 11: Experimental Work 

Now from the fig 4.1 we can see that there is 

plunger arrangement above the cover plate for which C- 

clamp is used. The attachments of plungers are made up 

with in the space of C-clamp. The mechanism of plunger is 

governed by means of piezo-electrics with help of coil 

connected with regulator to power source. As & when the 

supply is on the action by piezo electric effect is acted upon 

plunger, due to which plunger reciprocates in vertical 

direction. 

When plunger moves in vertically upward 

direction, Fluid comes in from 4- inlet diffusers within 

chamber with pressure and when plunger moves in the 

downward direction the fluid within the chamber will be 

compressed and due to this compression, fluid comes out 

from the outward channel with pressure. This cycle 

continues till the aim of transmission satisfies. 

The device is made up of acrylic material 

(chamber, cover plate, C-clamp) .The reason behind using 

the acrylic material is its high strength, toughness 

machinability, less weight and economic in availability. And 

other set up (pipes and connectors) are made up of PU (poly 

urathene and nylon), which are also economic, readily 

available and makes the whole arrangement lesser weight 

and compactable. 

1) U Tube Manometer: 

 

Fig. 12: U Tube Manometer 

 Working of U-tube Manometer: 

The unknown pressure is applied in the one arm of the tube 

and the mercury in the tube or manometric liquid filled in 

the tube moves in the tube or rises to the constant region and 

then the movement is stopped. The height of the liquid is 

measured and noted. And calculation of pressure by u-tube 

manometer by equation P = ρ g h 
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J. Cut-Off Circuit: 

 

Fig. 13: Cutt-Off Circuit 

The Provision of Cut-Off circuit is made for timely 

reciprocation of plunger whose setup is attached with clamp. 

By this means we can reciprocate the plunger with in time 

interval of 0-10s, which mean if we set the time of 2s this 

will contemplate to move plunger 2s in downward direction 

and 2s in upward direction. 

K. Analysis of Valve less Pump: 

 

Fig. 14: Pressure Analysis of Valve less Pump 

 

Fig. 15: Flow Rate Analysis of Valve less Pump 

As shown in Fig a Calculation for the outlet 

Pressure generation at the end of transmission and the 

amount of mass flow rate is shown by using 

ANSYS/FLUENT 14.5 Pirated Software. We can see in 

figure that there are four inlets and one outlet. Now by 

putting the values of inlet flow pressure of approximately 25 

Pa in each of one, the resultant outlet pressure comes to 

99.98 Pa which is nearest value of the outlet pressure 

obtained by theoretical and experimental calculation, which 

had done previously for the same. 

The calculation of the mass flow rate are then 

obtained by using the above data of flow pressure values 

and hence there at the outlet the mass flow rate of 8.71 x 10
-

6
 kg/s is obtained, which is the result obtained at analytical 

means. 

III. RESULT 

From the above calculations which are done at theoretical, 

Experimental manners and the same calculation when 

superimposed at analytical means by using 

ANSYS/FLUENT 14.5 software the value 99.98 Pa which is 

obtained by this software is very nearer to the value which is 

obtained by the means of theoretical value 102 Pa and 

Experimental value 98.1 Pa. 

IV. CONCLUSION 

In this research, a valve less micro pump is prepared by 

using the acute conventional manufacturing system with 

four inlets and one outlet and in which the concept of valve 

used in conventional pumping system is replaced by 

diaphragm. With this a reciprocating attachment of plunger 

with time setting interval by means of cut-off circuit is 

attached with diaphragm which utilizes the proper actuations 

for perfect and timely transmissions for the flow of fluids. 

Hence, due to its relatively simple design and geometrical 

features it is easy to fabricate the object by using 

traditional/conventional machining technologies which 

helps in ease of production of this pump at faster rate and 

mere an economical approach at par all term. 

V. FUTURE SCOPE 

As we had made this valve less pump having low pressure 

transmissions ability which is used in biomedical and 

pharmaceutical industries, chemical dosing, and drug 

delivery. 

In same way by superimposing the principles used 

in valve less micro pump, we can apply the same principle 

for commercial pump by replacing valve by diaphragm 

using high elastic material in it and can attain particular 

transmission abilities within it. 
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