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Abstract
The enhancement in the mechanical characteristics of aluminum alloy is always an essential need for the development of 
industrial technologies. The work presented is focused on the development of Al6061 composite reinforced with granite 
particles using the stir casting technique at four different proportion rates such as 2%, 4%, 6%, and 8% of granite particles. 
The developed composites were subjected to heat treatment as per T6 temperature conditions for different aging time dura-
tions (1 to 9 h). The mechanical characteristics such as hardness, ultimate tensile strength, and yield strength analysis are 
performed for both the casted and heat-treated granite reinforced aluminum specimens. Deer hunting optimization (DHO) 
is used to optimize the better-reinforced aluminum alloy from the heat-treated and heat untreated specimens. Besides, the 
hybrid deep neural network (DNN) is used to predict the experimented mechanical characteristics and compared with other 
similar predicted neural networks. Such optimization and prediction behavior are performed in Matlab software. From the 
experimentation, the hardness is better for heat-treated Al6061 reinforced with 8% of granite particles, besides the yield and 
the ultimate tensile strength is optimal for 6% granite reinforced Al6061. The proposed DNN-DHO provides nearer values 
to the experimented mechanical characteristics with minimal error than the predicted outcomes of Particle swarm optimiza-
tion (PSO) based DNN and DNN alone. The DNN-DHO predicted optimal mechanical characteristics are 68.45 BHN of 
hardness, 199.67 MPa of ultimate tensile strength, and 100.01 MPa of yield strength. From the overall findings, heat-treated 
Al6061 with 6% and 8% granite offers superior mechanical properties.

Keywords Aluminium metal matrix composites · Deer Hunting optimization (DHO) · Deep neural network (DNN) · 
Granite · And reinforcement

1 Introduction

Aluminum alloy-based metal matrix composites are more 
effective in several industrial applications because of their 
attractive mechanical, tribological, and physical properties 
[1]. Most of the engine components are made up of alu-
minum alloys such as engine cover, connecting rods, pis-
tons, brakes, and cylinder liners, etc. due to their lightweight 
and good mechanical properties. However, the alloys of 

aluminum are known for their softness and high wear rate, 
which are undesirable for many applications. Keeping their 
disadvantages and increasingly demanding working condi-
tions in mind, many researchers across the world are devel-
oping aluminum alloy-based metal matrix composites [2, 
3]. Lightweight reinforcements like  TiB2, TiC,  TiO2, SiC, 
 Si3N4,  B4C,  Al2O3, and carbon-based nanomaterials are used 
to reinforce aluminum alloys to obtain high hardness and 
strength [4]. Most of these reinforcements are lightweight, 
capable of withstanding high temperature, possess high 
hardness, high compressive, and tensile strength values [5]. 
After the addition of these various reinforcements into their 
respective aluminum matrices, they resulted in a significant 
increase in hardness and strength values. Granite particles 
are also efficient reinforced materials for improving the 
mechanical activities of Al6061 alloy [6]. This is because 
of its toughness behavior and ability to withstand wear 
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ABSTRACT 

The basic idea about hydraulic cylinder is it's a positive displacement, which converts the energy of a fluid into the 
kinetic energy of the moving piston. In other words we can say a hydraulic cylinder is a device which converts the 
energy of fluid which is in a pressure form into linear mechanical force and motion. Hydraulic cylinders get their 
power from pressurized oil. Hydraulic cylinders are frequently found in equipments and machinery, such as 
construction equipment (excavators, bull-dozers, and road graders) and material handling equipment (fork lift 
trucks, telescopic handlers, and lift gate). The relative product simplicity, long industrial experience with its use 
and the large number of manufacturing companies with strong competition reduce the design phase to some 
standard considerations and previous service experience is often the indirect validation of the design solution. 
There are two types of opportunities for our project work, first is to change dimensions of all parts of existing 
hydraulic cylinder & second is to change the material of cylinder. We decide to manufacturing hydraulic cylinder 
with optimization comparing with standard one & we optimized the hydraulic cylinder with design data as per 
operating pressure & load condition.  

Keywords: Hydraulic cylinder, plating, optimization.  

 

1. INTRODUCTION 

The basic idea about hydraulic cylinder is it's a positive displacement, which converts the energy of a 
fluid into the kinetic energy of the moving piston. In other words we can say a hydraulic cylinder is a 
device which converts the energy of fluid which is in a pressure form into linear mechanical force and 
motion. Hydraulic cylinders get their power from pressurized oil. Hydraulic cylinders are frequently 
found in equipments and machinery, such as construction equipment (excavators, bull-dozers, and road 
graders) and material handling equipment (fork lift trucks, telescopic handlers, and lift gate.[1] 

The relative product simplicity, long industrial experience with its use and the large number of 
manufacturing companies with strong competition reduce the design phase to some standard 
considerations and previous service experience is often the indirect validation of the design solution.[2] 

Hydraulic Cylinders (also called linear hydraulic motors) are mechanical actuators that are used to give 
a linear force through a linear stroke. Hydraulic Cylinders are able to give pushing and pulling forces 
of many metric tons with only a simple hydraulic system .Very simple hydraulic cylinders are used in 
presses, here the cylinder consists of volume in a piece of iron with plunger pushed in it and sealed 
with a cover .By pumping hydraulic fluid in the volume, the plunger is pushed out with a force of 
plunger area pressure. [4] 
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ABSTRACT 

The basic idea about hydraulic cylinder is it's a positive displacement, which converts the energy of a fluid into the 
kinetic energy of the moving piston. In other words we can say a hydraulic cylinder is a device which converts the 
energy of fluid which is in a pressure form into linear mechanical force and motion. Hydraulic cylinders get their 
power from pressurized oil. Hydraulic cylinders are frequently found in equipments and machinery, such as 
construction equipment (excavators, bull-dozers, and road graders) and material handling equipment (fork lift 
trucks, telescopic handlers, and lift gate). The relative product simplicity, long industrial experience with its use 
and the large number of manufacturing companies with strong competition reduce the design phase to some 
standard considerations and previous service experience is often the indirect validation of the design solution. 
There are two types of opportunities for our project work, first is to change dimensions of all parts of existing 
hydraulic cylinder & second is to change the material of cylinder. We decide to manufacturing hydraulic cylinder 
with optimization comparing with standard one & we optimized the hydraulic cylinder with design data as per 
operating pressure & load condition.  

Keywords: Hydraulic cylinder, plating, optimization.  

 

1. INTRODUCTION 

The basic idea about hydraulic cylinder is it's a positive displacement, which converts the energy of a 
fluid into the kinetic energy of the moving piston. In other words we can say a hydraulic cylinder is a 
device which converts the energy of fluid which is in a pressure form into linear mechanical force and 
motion. Hydraulic cylinders get their power from pressurized oil. Hydraulic cylinders are frequently 
found in equipments and machinery, such as construction equipment (excavators, bull-dozers, and road 
graders) and material handling equipment (fork lift trucks, telescopic handlers, and lift gate.[1] 

The relative product simplicity, long industrial experience with its use and the large number of 
manufacturing companies with strong competition reduce the design phase to some standard 
considerations and previous service experience is often the indirect validation of the design solution.[2] 

Hydraulic Cylinders (also called linear hydraulic motors) are mechanical actuators that are used to give 
a linear force through a linear stroke. Hydraulic Cylinders are able to give pushing and pulling forces 
of many metric tons with only a simple hydraulic system .Very simple hydraulic cylinders are used in 
presses, here the cylinder consists of volume in a piece of iron with plunger pushed in it and sealed 
with a cover .By pumping hydraulic fluid in the volume, the plunger is pushed out with a force of 
plunger area pressure. [4] 
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2. LITERATURE SURVEY 

Marczewska , T. Bendnarek , H. Jakubczak, J. Rojek (2006)  have described hydraulic cylinder design, 
oil ports fatigue and possible design modifications. And Fatigue analysis of hydraulic cylinder. The 
parts of hydraulic cylinder are analyzed. The cylinder has two oil ports. The material of the cylinder is 
steel St52. Material data are the same as those in the used in calculation. In this paper five critical zones 
determined in the experiment .The number of cycles to failure is obtained as intersection of the 
maximal stress with Wohler curve. Values of maximal stress in each of the zones and the number of 
cycles to failure, numerical solution is presented which makes it possible to adopt the different loading 
schemes of specific structure at hand for instance hydraulic cylinder, to specific Wohler curves 
characterizing fatigue resistance of the given material. The model used in this paper is based on 
particular application of the constitutive model [1]. 
Gianni Nicoletto, Tito Marinet (2011) have presented that the detail of the welded joint including 
important dimensions of the welded joint. The chamfered end of the cylinder is positioned axially with 
respect to the chamfered end of the end cap via a step shoulder. It is a standard weld design favoring 
easy barrel-cap relative positioning and a strong connection via multi-pass weld deposition. The 
threshold stress intensity factor also considered for residual strength assessments. The threshold stress 
intensity factor is known to depend on different parameters in addition to material strength, namely 
load ratio and crack length. Crack closure concepts are often invoked to explain the local mechanisms 
that hinder crack propagation by shielding the crack tip from full load effect. [2].   
Antti Ylinen , Heikki Marjamäk, Jari Mäkinen (2014) have developed the three different types of 
analysis of a hydraulic cylinder force positions. In this paper researcher present three different 
numerical examples to show the performance of the proposed cylinder element. In first example we 
study the convergence of the computation in the initial state calculations. Results are presented for the 
both friction less as well as for frictional element. In the second example we consider lifting of a point 
mass initially resting at a static equilibrium state.A constant flow rate is prescribed to the plus chamber 
of the cylinder for a period of one second, after which the flow rate is immediately stopped and in this 
paper present model for a linear hydraulic actuator for multibody simulations. In dynamic analysis we 
end up a coupled problem where the chamber pressures are separate variables. [3].  
V.I. Sanchugov, V.M. Reshetov, S.V. Turusin (2014) have present of Circuit diagram of hydro cylinder 
from point. He studied about the problem of development of innovative hydrodynamic technologies for 
cleaning of the unit internal cavities and hydro cylinders on the basis of non-steady (oscillating) liquid 
flow and gas-liquid cleaning with the use of low coefficient of gas compressibility is still a hot issue. 
Perspective way of intensification of unit cavity cleaning process is washing with pulsating single-
phase flow of liquid. Existence of essential periodic components of pressure and flow of washing liquid 
considerably effects quality and duration of technological process. [4].   
Shivasheesh kaushik (2013) have carried out the design and fabrication of a special purpose hydraulics 
press performing bending operation study paper in which described principle of hydraulics were 
explained scientifically by the seventeenth century scholars pascal and boyle. The law discovered by 
these two men regarding the effects of pressure and temperature on fluids and gases in confined areas 
form the basics of the principle of mechanical advantages; in other words, the "why and how " of 
hydraulics. He also described the propertied of different types of material suggest to select proper one 
for particular application for hydraulic cylinders [5].  
Akshay  Kamane (2015) carried out paper on Design of Hydraulic test setup to find the Endurance 
limit. In the present paper , then has designed a hydraulic setup based on a mechanism to carry out the 
continuous test of a verity of compression they has made use of simple piston & cylinder arrangement 
filled with oil . Firstly the cylinder is selected according to the amount of stress which requires to be 
generated over a wide range. The design a procedure for the piston becomes important since all other 
accrues like oil reservoir , vane pump , suction strainer seven variety of valves. So, overall it will be 
good option for a variety of sensors. So, overall it will be good option for a verity of application & be 
effective [6].     
Jason E. Lindler (2003) has reported Design & Testing of hydraulic actuator. The paper describes 
design method logics for construction of an actuator that uses smart materials to provide hydraulic fluid 
power. In more general term, hydraulic or smart materials hydraulic actuation can be termed “Solid 
fluid hybrid actuation Energy sent to the smart material produces pressurized fluid. Then mechanical 
valves rectify the oscillating fluid pressure to create pressurized fluid flow. During the stroke of the 
solid state actuator the alternate output piston chamber is ported directly to the accumulator volume to 
allow the output piston to displace different volumes each chamber [7]. 
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3. DESIGN OF OPTIMIZED HYDRAULIC CYLINDER 

Every project has specific dimensions & every dimension value needs calculations as we have studied 
the different parts of the project. Now it’s time to calculate the exact dimensions of the project. 

3.1The Piston Rod 

 The piston rod is circular in shape & has length of 760 mm. The piston rod is made up of mild 
steel EN 9. The compressive stress of EN 9 mild steel is 407.7 MPa. Since the oil concentrates in the 
cylinder when pumped by pump. This oil creates pressure in the cylinder and as the piston is free to 
move in the cylinder, the whole pressure acts on the cross sections of the piston. In order to design 
hydraulic cylinder 

 3.2 Calculating Load Bearing Capacity of Piston Rod 

            In our case the pressure is applied by on one face of the piston while the other cross section of 
the piston faces the fixed wall.  This means that the failure or breakage of piston rod will occur only 
due to excessive compressive stress developed in the piston rod. As we know that the maximum limit 
of compressive stress that a mild steel specimen can bear is 407.7 MPa. Since the diameter of the 
piston rod is 55 mm therefore we can lastly calculate the amount of maximum load which can be beard 
by the piston rod.  

σ =   F 
        A 
Where, 
D = Diameter of the piston rod, 

σ = stress, 

A = area of the piston rod. 

But, 

Area   = πD2 

               4 
A = π x (55)2 
            4 

A = 2375.82mm2 

Yield stress (Syc) = 407.9 N/mm2 

Assume Factor Of Safety = 3 

Stress (σ) = Syc 

f.o.s 

σ = 407.9 
        3 
Permisable Stress (σ) = 135.96 Mpa 
Force (F) = stress x Area 

= 135.66 x 2375.82 

Force (F) = 322303.74 N 
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We know, 

1 Kg force = 9.81 N 

Force (F) = 322303.74 

9.81 

F   = 32854.611 Kg 

Also we know, 

1 Tone = 1000 kg. 

F = 32.85 Tones 

This means that 32.85 tones is that 32.85 tones is the last limit of our piston rod.  But our aim is to 
design the hydraulic cylinder which can easily with stand with 15 to 20 tones. [11] 

3.3 Calculating Inside Diameter 

First to consider maximum force and operating pressure of cylinder 

1) Maximum force =12 Tones 

2) Operating pressure  = 170 bar =17 mpa 

So, Operating pressure  =   force 
                                            Area 
Force =  IIDi2  x17 
                 4 

Force = 12 tones 

We know, 

1tones = 1000 kg 

Force = 12000 kg. 

Again, we know, 

1 kg force = 9.81N 

Force = 9.81 x 12000N 

= 117.72 KN 

= 117720 N 

Di 2 =   4 x117720 

              II x 17 

Di = 93.89 mm 

Here, available internal standard size of diameter is 95 mm,Since the internal diameter of the barrel is 
95 mm as per design. [11] 
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3.4 Calculating Outside Diameter 

For calculating outside diameter of cylinder barrel/cylinder there are different equation on the basis of 
application of use 

1) Lami's eq - for- one open end and one closed 

2) Clavarion's eq - for cylinder with closed end made up of ductile material 

In our project hydraulic cylinder is closed end and ductile material is used for  cylinder. [11] 

Do  =   σ+(1-2u)pi1/2 

Di       σ -(1+u)pi 

Where, 

σr = The radial stress 

σc = The circumferential stress (Hoop Stress) 

a and b  =  constants 

r   =   radius 

So, assume required data, 

From above maximum force =12 KN 

&          operating pressure = 170 bar =17 mpa 

Take , 

 Yield stress (Syc) = 230 Mpa 

 Assume Factor Of Safety = 2.5 

 u =0.27 

1.    σb = 230 

                2.5 

= 92 N/mm2 

2.   Do  =   σ+(1-2u)pi1/2 

       Di         σ-(1+u)pi 

 

=   92+(1-0.27)171/2 

     92-(1+0.27)17 

Di = 93.89 mm &  Do = 109.8 mm 

Here, standard pipe size like, 
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 Di ( Internal diameter is available in following size ) 

i. 85 

ii. 95 

iii. 100 

iv. 105 

 Do ( Outside diameter is available in following size) 

v. 110 

vi. 115 

vii. 120 

viii. 125 

From above size we select nearest value of Di = 95 ,  Do = 110 mm 

4.5 Thickness of the Barrel: 

T = Di   σ+(1-2u)pi1/2 

        2    σ-(1+u)pi       -1                          ….[11] 

 

=  95    σ+(1-2u)pi1/2 

     2     σ-(1+u)pi      -1 

 

= 7.82 mm 

4. RESULTS AND DISCUSSION 

We have studied about the hydraulic cylinder and its component such as cylinder barrel, Piston, Gland 
nut, Ram and it’s material specification, By the study of load estimation formulae’s, some 
considerations, we calculate dimensions of hydraulic cylinder, Also the estimation of weight & cost 
saved.   

a) Dimensions’ of existing cylinder: 

Table (1): Dimensions of existing cylinder 

Inner dia. of cylinder 100 mm 

Outer dia. of cylinder 120 mm 

Inner pressure of cylinder  14 Mpa at 12 Tonnes 

Thickness of cylinder barrel  10 mm 
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b) Dimensions of the optimized cylinder: 

Table (2): Dimensions of the optimized cylinder. 

Inner dia. of cylinder 95 mm 

Outer dia. of cylinder 110 mm 

Inner pressure of cylinder  17 Mpa at 12 Tonnes 

Thickness of cylinder barrel  7.5 mm 

   

c) Weight reduction: 

Table (3): Weight reduction 

Parameter Existing cylinder Optimized cylinder 

Total weight 72 kg. 65 kg. 

.  

5. CONCLUSION 

From above information ,We conclude that the optimized cylinder  is working satisfactory 
compare with the existing cylinder on the basis of  pressure carrying capacity, force produced etc. 
Results show that we optimized the cylinder dimensions (thickness reduced from 10mm to 7.5mm). 
Also weight of the cylinder is reduced from 72 kg to 65 kg. 
In future, the hydraulic cylinder will be modify by analyzing forces acting on each parts with the help 
of ANSYS software. The catalogue will be made as per required operating pressure and force which 
used for application. In future, further research work may be carried out on hydraulic cylinder make it 
compact with high efficiency .This hydraulic cylinder can be made more suitable for different 
application by adding of stop tube, cushioning, seals, and design of piston.  
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Abstract: One of the method to form sheet metal components is 

deep drawing. In the deep drawing process they are used to make 

3D parts from thin metal sheets. In the deep drawing process, there 

are some factors that affect the process called process that 

influence the deep drawing parameters. Lubrication, die corner 

radius, punch corner radius, punch force, material properties, 

material thickness, blank size, punch and die edge, punch speed, 

etc. Is the most important parameter. 

              Wrinkles and thinning of the material surface are the most 

common defects in parts. The edge of the die and the perforation 

radius are most affected in the deep drawing of the sheet. The 

friction between the punch, the cavity and the material is also 

affected by the formation of wrinkles. The force of the punch and 

the entrance of the punch thin the material. This article presents 

the deep drawing sheet metal forming analysis. Analysis tool Ansys 

is being used for the result of behavior. The main objective of this 

article is to find out theoretically the force required for deep 

drawing operations. The cup-shaped product was tested on a 

mechanical press. It also shows the machine capabilities required 

to meet production requirements. Taken from the company's life-

size punch and die. Use these dimensions to generate a CAD model 

in CATIA. Convert the model to igs format and import it to Ansys. 

The force, deformation and defects required for part development 

can be obtained by simulation, such as breaks, wrinkles, etc. With 

this, it is easy to find part defects, material waste, and material 

deformation, die life, punch and die friction. 

 
Keywords: Deep drawing,punchspeed and force,Ansys simulation, 

punchforce.etc. 

1. Introduction 

Deep drawing is a sheet metal forming process in 

which the mold is formed with the help of a punch. The metal 

in area of the sholder of the mold bears the stress. If an edge 

press is not used to control the material flow in the mold, 

wrinkles will occur. Material we used fordeep drawing is thick 

as possible as  in the area where the metal loses contact with 

the punch. This process is used to produce metal objects. The 

height of these objects exceeds half of their diameter. First, the 

metal is by stretching around the plug also then moved into the 

mold. During this process, the punch deforms the blank under 

the clamp. The main problem in this industry is optimizing 

different process parameters to obtain a complete stuffed  

 

 

product with minimal defects. During the deep drawing 

process, the deep drawn parts will fail as wrinkles, cracks or  

breaks. The influence of the blank shape and the resistance of 

the support on wrinkles and fractures was studied. Increase, 

the fracture limit is determined currently process conditions. 

Method of BFHC were developing to improve formability and 

increase the achievable cup height. Wrinkle defect on the 

flange, which is caused by the bending of the blade due to 

excessive compressive stress. To define the limits of the deep 

drawing process, use folding and tearing. The objective has 

more variable that affect the deep drawing process, including 

properties of materials, design of dies, conditions of frictions, 

stretch ratio, BHFC, die corner radi and speeds, punch. The 

production of stamping parts is completed by a forming 

machine, and pressure is applied to the blank through a 

forming die. Understanding the force parameters of the deep 

drawing process enables technicians, molding process 

designers, and molding machine designers to determine the 

dimensions of the molding machine and mold components. 

 

 

 
Fig1Draw Tool Nomenclature 
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ABSTRACT  

Thermal effects occurred throughout the hydrogen sorption 

have a significant effect on the performance of metal hydride 

reactor for hydrogen storage. In this work, a numerical model 

of a multi-tubular sodium alanate hydride reactor is formed 

based on different governing equations using ANSYS Fluent 

for the process of hydrogen absorption. The model is validated 

by comparing its results with available results and observed a 

decent harmony with a deviance of less than 5%. For 

exchange of heat during sorption, oil is mostly used in hydride 

reactor. Since nanofluid has a greater heat exchange features, 

in this work the commonly used heat exchange fluid is 

replaced by the nanofluid and results are obtained. The 

CuO/HTF, Al2O3/HTF and MgO/HTF nanofluids are chosen 

and simulation results are presented. It is observed that 

CuO/HTF nanofluid with 5 vol.% concentration performed 

better than other selected nanofluids. The CuO/ HTF nanofluid 

improves the rate of heat transfer for hydride reactor up to 

10% and the time for absorption of hydrogen is improved up 

to 14%. Thus it is beneficial to utilize the nanofluid as heat 

extraction fluid for the hydride reactor.   

  

Keywords: Sodium alanate, Hydrogen, Hydride reactor, 

Nanofluid, Heat transfer 

 

 

1. INTRODUCTION  

The hydrogen is considered amongst the utmost 

remarkable energy carriers. Consequently, it could be enabled 

conversion of the present fossil fuel based energy economy in 

the direction of an imminent hydrogen based energy economy. 

On the other hand, the use of hydrogen as an energy carrier is 

constrained for the reason of the difficulties in transport and 

storage of hydrogen. At the current time, storage of hydrogen 

in the present form is the key problem facing by the 

researchers. Storage of hydrogen is reflected as a vital phase in 

direction of the so-called ‘hydrogen economy’ [1].  

A number of alternative ways to store hydrogen are 

discovered in the past few years. It is possible to store the 

hydrogen in gas form at high compression pressure, liquid 

form at cryogenic temperature and solid form. Among these, 

storage of hydrogen in a solid form (i.e. metallic and complex 

hydrides) is regarded as the key favorable technique as 

compared to other methods. The hydrides are non-polluting, 

compacted, have great hydrogen storage ability, keep 

hydrogen for prolonged period, harmless and works on 

thermal (low grade) energy. But, its lower thermal 

conductivity bounds its usability [2]. High storage capacity is 

desirable for every hydrogen storage method. The 

performance of hydride reactor is significantly influenced by 

thermal effects appeared during the hydrogen sorption as well 

as the characteristics of the hydride bed for exchange of heat 

and mass. Additionally, slower sorption kinetics is a vital issue 

for the improvement of the metallic and complex hydrides [3].  

 

2. LITERATURE REVIEW  

Many investigators have studied execution of the hydride 

reactor by improving heat exchange features associated with 

hydride bed side by altering thermal characteristics, using 

various geometrical arrangements, using phase change 

material, doping various metals, adding nano materials etc.  

Mellouli et al. [4] developed 3-D numerical model 

utilizing a heat exchange fluid pipe  and noticed progress in 

the execution of the metal hydride reactor (MHR) under 

chosen operating condition and design set-up. In addition to 

usual cylindrical reactor, Gkanas et al. [5] did numerical 

analysis of rectangular cross-section MHR comprising AB5 as 

well as novel AB2 material with heat exchange tubes. The 

results of simulation indicated that AB2 type hydride executed 

better under chosen operating set-up. Bhouri et al. [6] studied 

analytically as well as mathematically the possibility of double 

usage of a metal hydride tank for hydrogen storage and 

making of cold air throughout desorption. Mghari et al. [7] 

presented a 2-D numerical model of metal hydride occupied 

with LaNi5 and revealed the influence of a phase change 

material on the rate of sorption as well as the hydrogen storage 

capacity. The experimental performance of large scale metal 

hydride tank occupied with LaNi4.7Al0.3 [8], and 3-D 

mathematical model of an industrial scale hydride tank 

comprising LaNi4.7Al0.3 [9] having many cooling tubes was 

analyzed and observed that rate of absorption relies on supply 

pressure and flow rate of heat exchange fluid. 

Hydride tank occupied with La0.9Ce0.1Ni5 was analyzed 

mathematically by Gupta and Sharma [10] for the process of 

hydrogen sorption. It was found that tank having interior Cu 

fins and exterior water cooling executed better. Karmakar et 

al. [11] executed both simulation as well as experimental 

analysis of MHR occupied with LaNi5 alloy for heat exchange 

improvement and observed better outcomes with combined 

effect of water jacket and cooling tubes. In recent times, 
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Effect of Change in Flow Rate on Performance Parameters 

of Shell and Helical Tube Type Heat Exchanger 
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Abstract. In this paper performance investigation of shell and helical tube (volute pipe) type heat exchanger 

(interchanger) is presented. In this analysis different parameters affecting performance of heat interchanger such as fluid 

temperatures, overall heat flow coefficient, flow rate of fluid, heat flow rate, thermal conductivity, thermal efficiency, 

tube diameter, tube length, thickness of tube, effectiveness etc. are taken into considerations. The effect of change in flow 

rate on other performance parameters is studied for same geometrical configuration. The rate of mass flow of warm and 

cold fluid is varied between 1 LPM and 2 LPM and results are presented. As the mass moving rate of both fluid escalate 

the overall heat flow coefficient and actual heat flow coefficient value also rises. The Heat interchanger effectiveness is 

adversely altered by mass flow rate of both warm and cold fluid. The escalation in rate of mass flow lowers down the 

effectiveness approximately up to 16%. The experimental value of effectiveness of heat interchanger is less than one. All 

the experimental results have been validated based on value of heat interchanger effectiveness. The NTU value is also 

affected by rate of mass flow of warm and cold fluid. As rate of mass flow increases, the corresponding value of NTU 

deteriorates. The specific heat of warm fluid is greater than cold fluid. 

INTRODUCTION 

The shell and tube type of heat interchanger have wide scope for application such as process plant, heat recovery, 

air conditioning system as it offers the benefit of low pressure drop and high heat flow rate. Optimum design of heat 

interchanger can be obtained through changing geometry of heat interchanger. Because of compactness and high 

heat flow coefficient, volute pipes with circular cross sections are preferred in shell and tube type of heat 

interchanger [1,2]. As a result of the centrifugal force the fluid behavior in volute pipe is different than that in 

straight tube [3]. The centrifugal force generates secondary flow in the pipe. With volute pipe configuration heat 

flux and fluid flow study is of prime importance. Also with helical structure to tube heat flow rate can be enhanced. 

For fluid flowing through volute pipe calculation of Dean Number is playing crucial role. The majority of 

research on volute pipe heat interchanger focuses on constant thermal flux and prescribed wall temperature 

boundary conditions [4,5]. The selection of material for tube is playing very important role while designing heat 

interchanger for an application [2]. The inlet temperature, mass flow rate of fluid, thermal resistance, properties and 

type of fluids, have great impact on heat flow rate and heat flow coefficient.  

The impact of temperature, thermal conductivity, specific heat, density on performance of heat interchanger can 

be studied [6]. A well heat interchanger design is to attain high heat moving rate at low pumping power and less 

cost. The pressure drop across tube and fouling factor affects the heat flow rate through heat interchanger. The 

overall heat flow coefficient is depends on area of surface, heat flow rate, and temperature driving force [7,8]. The 

Log Mean Temperature Difference (LMTD) predicts the stringency of fouling resistance in shell and volute pipe 

heat interchanger. There is exponential relation between heat loss and fouling growth. Higher value of LMTD 

exacerbates heat loss [9,10,11]. 

In this paper performance investigation of shell and volute pipe type heat interchanger is presented. In this 

analysis different parameters affecting performance of heat interchanger such as fluid temperatures, overall heat 

flow coefficient, flow rate of fluid, heat flow rate, thermal conductivity, thermal efficiency, tube diameter, tube 
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