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Abstract- “Vacuum Producer” is a single stage design with 
inbuilt fittings for pneumatic connections without any moving 
parts. Vacuum producer works on a principle that compressed 
air is throttled as the air exits the nozzle and is discharged 
into the diffuser. This increased velocity of air lowers the 
pressure in the diffusion chamber. The volume of air within 
the closed vacuum system flows into the low pressure area of 
the diffusion chamber and is exhausted through the diffuser. 
This effect increases the vacuum level and evacuates most of 
the air within the closed vacuum system at supersonic speeds. 
This component is very small in size so can be fitted in 
pressure line anywhere and it is very cheaper as compared to 
vacuum pumps used in industries. 
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I. INTRODUCTION 
 

In an automation industries vacuum is used for 
different purpose like material handling, plastic bags opening, 
vacuum forming, testing and inspection, vacuum conveying of 
powder sand granules. For these applications vacuum pump is 
used. But vacuum pump requires lot of space and it is very 
costly. ‘Vacuum producer’ is the solution for the above 
problem. It can produce vacuum using compressed air which 
is already available in the industry. It is very small in size so 
the problem of space can be solved and it is relatively very 
cheaper also. 

 
It works on a principle that, when a fluid is passing 

through a pipe its velocity will increase as it passes through a 
converging cross section in according to the principle of 
continuity [14], while its static pressure must decrease 
according to the principle of conservation of mechanical 
energy [14]. Thus any gain in kinetic energy of fluid may occur 
due to its increased velocity through a converging cross 
section is balanced by a drop in pressure. 
 

This paper is organized as follow, Problem statement 
is given in section II. The literature review and related work 
are presented in Section III. The design procedure, 
formulation and mathematical calculations for the vacuum 

producer is described in Sections IV and V respectively. 
Working of the vacuum producer is explained in section VI. 
Advantages and disadvantages are given in section VII. 
Finally, in Section VII, some conclusions are inferred. 
Acknowledgment and some references regarding the vacuum 
producer are given at the end of the paper. 
 

II. PROBLEM STATEMENT 
 

Now a day industries are becoming more automatic 
and reducing the labour work as much as possible Vacuum is 
very necessary in an automation industry lots of operations are 
depending upon vacuum. But a vacuum pump which is used to 
produce it is very costly and bigger in size. That is why a 
substitution for the vacuum pump is very important issue for 
automation industries. 
 

There are so many attempts are done to find substitute 
for the vacuum pump like, to use a robotic arm, to use 
electromagnet, to use hydraulics. But all these have some 
limitation, so in these work we have tried to overcome all the 
limitations by designing the ‘vacuum producer’. 

 
III. LITERATURE SURVEY 

 
Busaidi & Pilidis[1] studied different methods for the 

multistage centrifugal compressor which is used in industries. 
The wide stable operating range and the high efficiency have 
been the most two features that drive the selection of 
centrifugal compressor for any application. The new method is 
valid for both high and low flow coefficient applications. The 
obtained characteristics have been tested and validated against 
measured data. More accurate estimation for compressor 
efficiency and stability range. It is used to predict the 
efficiency at both design and off- design condition. 

 
Peris & Corberan[2]studied how to reduce heat losses 

and increase the efficiency in compressor. Energy harvesting 
potential in the compressor heat losses. Model of 
thermoelectric module. Capacity modulation in refrigeration 
systems by the use of thermoelectric effect. COP improvement 
through the thermoelectric effect in refrigeration systems. In 
regular compressor operation, part of the supplied power is 
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released in the form of heat losses to the environment, thus 
reducing the total efficiency of the system. The amount of 
energy lost to the environment depends on the working 
conditions and the size and technology of the compressor. 
 

Dinh & Heo[4]studied performance testing of 
compressor in the aspect of aerodynamics. Blade tip ejection 
was introduced to a casing groove combined with tip injection 
in a transonic axial compressor with NASA Rotor37. A 
parametric study of compressor performances was performed 
using three-dimensional (3-D) Reynolds-averaged Navier–
Stokes equations with the turbulence model. The application 
of a casing groove combined with tip injection and ejection 
was found to be effective in the simultaneous improvements of 
adiabatic efficiency, stall margin, and stable range extension 
without loss of the total pressure ratio of the transonic axial 
compressor, compared to the case with a casing groove with 
injection only, and a smooth casing.  

 
Zhang & Xu[7] studied hydraulic and thermal 

characteristics of metal. Receiver is a core component of dish 
solar thermal power generation system, which absorbs the 
concentrated beam of solar energy, converts it to heat, and 
transports solar heat to the heat engine with minimized heat 
loss. Heat pipe receivers for dish solar thermal power 
generation system has been widely concerned because of the 
efficiency and reliability. For the complex conditions of high 
and variable heat fluxes, it is important to choice a wick with 
excellent hydraulic and thermal characteristics.  
 

Trebuna & Simcak[9] studied during their operation the 
pipes of gas compressor stations are influenced by dynamic 
impacts caused by operating equipments as well as flowing 
media. Due to the occurrence of excessive vibrations on 
output pipes of turbocompressor after its modernization, 
experimental vibration analysis of the output pipe of 
turbocompressors was realized, which included modal analysis 
and vibration measurements during operating of 
turbocompressor. Objects of measurements were two 
compressors of the same type. The aims of the measurements 
were to determinate a source of an excessive vibration and 
proposal of measures leading to reducing vibration to an 
acceptable level defined by a relevant standard. 
 

Zhang & Dong[11]studied how to save energy in whole 
compressed air system. This paper describes an integrated 
instrumentation system for the volumetric-concentration 
measurement of biomass/coal/air three-phase flow in a 
pneumatic conveying pipeline. The system combines 
electrostatic sensors with capacitive sensors and incorporates 
data fusion techniques. First, the flow regime is identified 
through the Hilbert marginal spectrum of the electrostatic 

sensor output signal. Then, under certain identified flow 
regimes, the dual regression analysis method is applied to 
work out the biomass concentration and the pulverized coal 
concentration. 
 

Jana & Das[14]studied different aspects of flow of fluid 
through venturemeter. The present work reports the influence 
of a venturimeter on liquid–liquid phase distribution during 
upflow through a vertical pipe. The optical probe technique 
has been adopted for the characterization of flow. The 
experiments have indicated the flow pattern transitions to 
occur at lower velocities at the downstream region of the 
venturi. The pressure drop readings across the venturi have 
been used to estimate the mass flow rate of the mixture by 
using suitable models for the different patterns. 
 

Tanyildizi & Eren[15] studied different techniques for 
manufacturing of venturimeter. In this work, a simple and 
cheap production technique for the liquid and gas flow meters 
widely used in industry is presented. The technique is 
concerned with the production of the flowmeter case and 
simply employs the relative equilibrium property of a liquid in 
a container rotating with constant angular velocity. The liquid 
used is a special chemical solidifying during the process. 
Naturally, a tube with a paraboloidal inner surface is obtained 
and this tube can be used as the flow meter case. A 
comparison of the flow rate computations shows that flow 
meters with paraboloidal inner surfaces thus obtained provide, 
in fact, a slightly better approximation than the usual flow 
meters with conical inner surfaces. 
 
IV. DESIGN PROCEDURE OF VACUUM PRODUCER 

 
The design should be optimum so that it can produce 

maximum vacuum. To achieve optimum efficiency, based on 
the available inputs, propose a model and analyse using 
software.   

 
Block diagram:- 
 

‘Vacuum Producer’ works on the effect of 
venturimeter.  As the cross sectional area of the pipe is 
decreasing velocity of the fluid (Compressed air) increases to 
a very large extent. Due to which pressure drop occurs. Using 
this pressure drop vacuum is produced. The proposed model 
as compared to vacuum pump Lighter, smaller and cheaper. 
Based on the working conditions the proposed model will 
work efficiently. Vacuum producer can be connected in 
pressure line wherever required. The following diagram shows 
the connection of the component in the pressure line of the 
compressor. 
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Fig.I. Block diagram of set up 

 
Venturimeters have been used to measure the volume 

flow along a pipe for many years. The fluid flowing in the 
pipe passes through a section which is called as “throat”. The 
throat has a smaller cross sectional area than other parts of the 
pipe. Assuming that the compressed air flow speed is constant, 
the velocity of the fluid through the throat is higher than the 
other sides of the pipe. From the continuity law we can infer 
that, the velocity of fluid and pressure increases in the 
converging pipe and decreases at diverging pipe. So, the flow 
rate can be calculated with the measured pressure and pipe 
parameters. The limiting case of the Venturi effect is when a 
fluid reaches the state of choked flow, where the fluid velocity 
approaches the local speed of sound. In choked flow the mass 
flow rate will not increase with a further decrease in the 
downstream pressure environment. 

 
Numerical treatment:-  
 
 Bernoulli's equation[14] is used to design the 
venturimeter as it deals with the pressure and velocities in a 
pipe at two sections. 

 
Fig.II. Venturimeter[14] 
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Where..  v= velocity of fluid,  

p=pressure of fluid,  
w=specific weight, 
H= head of the venturimeter, 
a= cross sectional area,   
g= acceleration due to gravity 
 

V. WORKING OF VACUUM PRODUCER 
 

Compressed air is given as an input to the vacuum 
producer. All connections are already given in the component 
itself so there is no need of extra connections. Compressed air 
enters the inlet section at velocity and pressure V1 and P1 
respectively. After some length cross sectional area of the pipe 
is decreased so that the velocity and pressure of the air 
changes to the increased values V2 and P2. Here the velocity 
becomes much more than that at the entry of the component. 
As the air reaches some required values the cross sectional 
area of the component again increases to previous value. Here 
pressure drop occurs and at that area one hole is made which 
is used to produce vacuum. This hole is connected to a pipe. 
At the end of this pipe again connection is give at which a 
suction cup can be connected. This suction cub is used as an 
output device which will suck the object. It can hold the object 
until the compressed air is passing through the vacuum 
producer. As the passing air stops through the component, it 
drops the component at same time. This can be done by using 
solenoid valves which can ON and OFF the supply of 
compressed air to the vacuum producer. If it is going to be 
used for the mass production at which the same task has to be 
performed thousands of time , in such cases microcontroller 
can be used to operate the solenoid valve which will then 
control the input of the vacuum  producer. At the other end 
compressed air goes out of the vacuum producer at which 
silencer is fitted to reduce the noise made by the compressed 
air at while expanding to the atmosphere. 



IJSART - Volume 2 Issue 3 –MARCH 2016                                                                                          ISSN [ONLINE]: 2395-1052 

Page | 297                                                                                                                                                                     www.ijsart.com 
 

VI. ADVANTAGES 
 

There are lots of advantages of vacuum producer. Some 
of them are as follow. 

 No need of vacuum pump already available 
compressor can be used to produce vacuum. 

 No moving parts , so the maintenance is very less. 
 All connections are inbuilt so no need of external 

fittings. 
 It is very lightweight so can be fitted anywhere in the 

pressure line. 
 Very small in size so that industry space can be 

saved. 
 Component cost is very less as compared to vacuum 

pump. 
 

VII. CONCLUSION 
 

In this work, Vacuum Producer is proposed to replace 
a vacuum pump in an automation industry. This component 
can perform every task which a vacuum pump can perform 
like material handling, plastic bags opening, vacuum forming, 
testing and inspection, vacuum conveying of powder sand 
granules. Although the task performed are same, the size and 
cost of the component is very small as compared to vacuum 
pump. So finally this component can successfully replace the 
currently used vacuum pump of the industry. Like vacuum 
producer there are lots of inventions and improvements need 
to be done. So that an industry become more automated and 
accuracy and productivity can be increased. 
 

ACKNOWLEDGMENT 
 

It gives us great pleasure to present research paper on 
‘Design and development of industrial suction device using 
compressed air’. In preparing this report number of hands 
helped me directly and indirectly. Therefore it becomes our 
duty to express gratitude towards them. We thank our guide 
from JAL AUTOMATION, Mr. Bhuvan Aneja., Mr.Arun 
Chavan. Mr.Akshay Moholkar. for helping us and for being a 
constant source of guidance. Their timely suggestions made it 
possible for us to complete the report on time. 
 

REFERENCES 
 

[1] W. AL-Busaidi*, P. Pilidis, “A new method for reliable 
performance prediction of multi-stage industrial 
centrifugal compressors based on stage stacking 
technique: Part IIeNew integrated model verification” 
Applied Thermal Engineering 90 (2015) pp. 927-936. 

 

[2] E. N. Peris*, J. M. Corberan, Z. Ancik, “ Evaluation of 
the potential recovery of compressor heat losses to 
enhance efficiency of refrigeration system by means of 
thermo-eletric generation” Applied Thermal Engineering 
89 (2015) pp. 755-762. 

 
[3] Z. Lieng*, S. Li, J. Tian, L. Zhang, C. Feng, L. Zhang, “ 

Vibration cause analysis and elimination of reciprocating 
compressor inlet pipelines” Engineering Failures 
Analysis 48 (2015) pp. 272-282. 

 
[4] C. T. Dinh*, M. W. Heo, K. Y. Kim, “Aerodynamic 

performance of transonic axial compressor with casing 
groove combined with blade teeth injection and 
ejection.” Aerospace Science and Technology 46 (2015) 
pp. 176-187. 

 
[5] R. Bhadouriya*, A. Agarwal, S. V. Prabhu, 

“Experimental and numerical study of fluid flow and 
heat transfer in an annulus of inner twisted square duct 
and outer circular pipe.” International Journal Of 
Thermal Science 94 (2015) pp. 96-109. 

 
[6] T. H. Bradley*, M. Malakoutirad, C. Hagen, “Design 

consideration for an engine integral reciprocating natural 
gas compressor.” Applied Energy 156 (2015) pp. 129-
137. 

 
[7] H. Zhang*, H. Xu, P. Yu, Y. Shen, “Effect of 

compressed thickness on hydraulic and thermal 
characteristic of metal felt wick.” International Journal 
of Heat and Mass Transfer 81(2015) pp. 646-653. 

 
[8] Ignjatovic*, T. Konenda, D. Seslija, V. Malisa, 

“Optimisation of compressed air and electricity 
consumption in a complex robotic cell” Robotic and 
Computer-Integrated Manufacturing 29 (2013) pp. 70-
76. 

 
[9] F. Trebuna*, F. Simcak, R. Hunady, M. Pastor, “ 

Identification of pipes damages on gas compressor 
stations by modal analysis method” Engineering Failure 
Analysis 27 (2013) pp. 213-224. 

 
[10] R. Dindorf*, “Estimating potential energy saving in 

compressed air systems” Procedia Engineering 39 (2012) 
pp. 204-211 

 
[11] J. Zhang*, H. Hu, J. Dong, Y. Yan, “Concentration 

measurement of biomass/coal/air three phase flow by 
integrating electrostatic and capacitive sensors” Flow 
Measurement and Instrumentation 24 (2012) pp. 43-49. 

 



IJSART - Volume 2 Issue 3 –MARCH 2016                                                                                          ISSN [ONLINE]: 2395-1052 

Page | 298                                                                                                                                                                     www.ijsart.com 
 

[12] S.Gunes*, V. Ozceyhan, O. Buyukalaca, “the 
experimental investigation of heat transfer and pressure 
drop in a tube with coiled wire inserts placed separately 
from the tube wall” , Applied thermal engineering 
30(2010) pp.1719-1725. 

 
[13] F. C. Possami*, I. Setter, L. L. Vasiliev, “Miniature heat 

pipes as a compressor cooling devices”, Applied thermal 
engineering, 29(2009) pp. 3218-3223. 

 
[14] K. Jana*, G. Das, P. K. Das, “the hydrodynamics of a 

liquid –liquid upflow through a venturimeter”, 
International journal of Multiphase flow, 34(2008) 
pp.1119-1129. 

 
[15] V. Tanyildizi*, H. Eren, “A new production technique 

for rotameters and venturimeters” ,Measurement 
39(2006) pp-674-679. 

 
[16] S. Shaaban, “ Design optimization of a centrifugal 

compressor vaneless diffuser”, International journal of 
refrigeration(2015) pp 967-1012 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


