Taylor & Francis
Taylor & Francis Group

International Journal of Ambient Energy

ISSN: 0143-0750 (Print) 2162-8246 (Online) Journal homepage: https:.//www.tandfonline.com/loi/taen20

Computational Fluid Dynamics Investigation on
Frictional Heat Transfer Flow process by using
Fluid Method

R. Ramesh Kumar, J.M. Babu & R. Varatharajan

To cite this article: R. Ramesh Kumar, J.M. Babu & R. Varatharajan (2019): Computational
Fluid Dynamics Investigation on Frictional Heat Transfer Flow process by using Fluid Method,
International Journal of Ambient Energy, DOI: 10.1080/01430750.2019.1670259

To link to this article: https://doi.org/10.1080/01430750.2019.1670259

@ Accepted author version posted online: 19
Sep 2019.

\]
CJ/ Submit your article to this journal &

A
& View related articles &'

View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=taen20


https://www.tandfonline.com/action/journalInformation?journalCode=taen20
https://www.tandfonline.com/loi/taen20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01430750.2019.1670259
https://doi.org/10.1080/01430750.2019.1670259
https://www.tandfonline.com/action/authorSubmission?journalCode=taen20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=taen20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01430750.2019.1670259
https://www.tandfonline.com/doi/mlt/10.1080/01430750.2019.1670259
http://crossmark.crossref.org/dialog/?doi=10.1080/01430750.2019.1670259&domain=pdf&date_stamp=2019-09-19
http://crossmark.crossref.org/dialog/?doi=10.1080/01430750.2019.1670259&domain=pdf&date_stamp=2019-09-19

Publisher: Taylor & Francis & Informa UK Limited, trading as Taylor & Francis Group
Journal: International Journal of Ambient Energy

DOI: 10.1080/01430750.2019.1670259

W) Check for updates

Computational Fluid Dynamics Investigation on Frictional Heat Transfer Flow process by
using Fluid Method

RAMESH KUMAR.RY" J.M. BABU? R.VARATHARAJAN?®
1,2,3 Department of Mechanical Engineering,
Vel Tech Rangarajan Dr.Sagunthala R & D Institute of Science and Technology,
400 Feet Outer Ring Road Avadi, Chennai, Tamil Nadu, India.
* ramesh.mech37@gmail.com

Abstract

The procedure of grating welding interfaces two strong state materials with-asolitary strong with great holding joints. Consistent
activities manufacturing weight with bit by bit utilized rotational drives joining the CFD comparable and different material
procedure. Utilized for erosion weight, manufacturing weight, grating time, pivot speed, upset time, these frictional joints. Low
information heat, short process duration and heat-affected areas were researched in this joining characters. This exploration work
has created nonlinear models of three-dimensional limited components. The product was done ansys CFD workbench has been
utilized to anticipate with results the thermomechanical heat generation investigation With numerical models and arrangements,
test results were created. In this outcomes were created by heat affected zone and softening zone through the temperature distinction
with mass disfigurements. Erosions welding of Ti-6AL-4V and SS304L Joints parameter results were built up fiction time is 5 sec,
the pivot speed is 2100 RPM, contact weight is 80MPA and fashioning weight is 84.5MPA has been performed using CFD.

Keywords: CFD, finite element analysis, frictional heat transfer, temperature distribution, ambient energy and fluid flow.

Introduction

Divergent materials of weld uses are more in mechanical applications and car fields. Titanium and treated steels are
high material attributes and great holding conditions in modern applications and aviation applications. Erosion
welding process has great holding approach of strong to strong joining development [8]. In rubbing process, titanium
bar has been fixed in revolution side and tempered steels are fixed in the non-pivot side. The turn side begins to pivot
with certain RPM while non-revolution side devices are steady in the machine. Slowly expanding in RPM in revolution
side the temperature additionally makes some purpose of grating with the non-pivot territory. At first begins the blaze
purpose of under the connected weight; it achieved the plastic zone [1-3].

Heat is exchanged from mechanical vitality into warm vitality of the uniting procedure with under producing weight.
In this exploration work concentrated on frictional parameters process with various fashioning weight and speed [4,6].
Consistent drive process is associating two strong materials with joining parameters. This welding procedure to deliver
low heat information and vitality spares with mechanical applications [4-7]. In contact welding procedure could be
utilized to weld bar to bar, bar to pole and so on. Two unique stages are delivered in the grating welding process. One
is a heating stage and another is disquieting stage [5]. The heating stage follows up on contact between the turn and
non-pivot side poles with shifting weight. This connected weight is called as heating weight.

Time taken for acts in weight in the welding procedure is known as a heating time. The second phase of irritating
weight is constrained by weight. In this stage, materials are connected with expanding weight with contact area [7].
In thermo-mechanical procedure follows up on the pole, it disfigured and diminished with its unique length. The
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procedure of weld arrangement is created by material quality and welding quality [10]. On account of different
material joining quality extends the warm coefficient and material hardness expanded with relies upon the weight
ranges [8-9].

This warm coefficient of titanium and treated steels are grown correspondingly 32.8 and 9.4 pm/°C. The hardened
steel and titanium work piece distances across are independently 16mm. The work piece could be turned at 1600-2300
rpm for each second it follows up on the great bond among titanium and treated steel [11]. This case steadily expanding
in compelling weight it exhibitions 158-171 MPa in beneath of 2 seconds in welding conditions.

In this momentum inquire about work clarified about the highlights of improvement factors on quality of weld, heat
exchange rate, heat motion coefficient, heating time and miss happening of proportional worry for the term of
unsurprising rubbing welding of Ti-6AL-4V and SS304L [19]. This exploration work was overviewed under different
places of manufacturing weight, frictional time, rotational speed and frictional weight.

Table 1 Ti-6AL-4V (grade 5) Thermal Properties

Property Value
Density g/cm?® (Ib/ cu in) 4.42 (0.159)
Melting Range °C+15°C (°F) 1649 (3000)
Specific Heat J/kg.°C (BTU/Ib/°F) 560 (0.134)
Thermal Conductivity W/m.K (BTU/ft.h.°F) 7.2 (67)

Mean Co-Efficient of Thermal Expansion 0-100°C /°C (0-212°F /°F) 8.6x10°° (4.8)
Mean Co-Efficient of Thermal Expansion 0-300°C /°C (0-572°F /°F) 9.2x10° (5.1)

Table 1 represents the Thermal properties of Ti-6AL-4V (grade 5) and its values.

Table 2 SS304L Thermal Properties

Property Value

Density 0.284 Ibs./cu.in.
Melting Point 1400° C
Electrical Resistivity @ R.T 72 Microhm- cm
Thermal Expansion Coefficient (0° to 100° C) 17.3 x 10-6/ °C
Thermal Conductivity @ 100° C 16.3 W/m- K

Table 2 represents the Thermal properties of SS304L and its values.
2. Mathematical Formation

Coulomb's law dependent on an erosion welding process is chipping away at contact pressure and connected weight.
In scientifie development shear pressure performing on the rubbing welding process, conditions are given in condition
number]

T =P (1

Shear stress mathematical notation is 1y, the coefficientof friction is p, and axial pressure notions are formed in P.

Frictional coefficient [13] the revolution stream is regularly exchanging heat starting with one pole then onto the next
bar. Higher temperature makes pressure flow of grinding region induced shear pressure adjusted by Coulomb’s law

[3].
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Stream shear pressure numerical documentation in CFD is, identical stream worry in fea documentation is Coulomb's
law clarified the shear stream rate with pivotal weight.

z-shear

. O,
Q=n*y*z; =n*y*min(uP,—%)
V3 A3)
Heat generated equation of friction welding continuous drive process are shown in equation number (4)
d ok, k s 0k, o (O
Q=05*n*y*u*P+(1-8)*n*y (ﬁ)
“4)

Q is the heat generated rate, O is a sliding fraction, 77 is a heat efficiency, y isa slipping rate of friction, £z is the

friction coefficient. Heat generated process which makes the mathematical operations occurs in finite element methods
for friction process.

Heat transfer mathematical modeling formulas are derived from Fourier heat conduction equations [4].
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Tty T [TQ=pC, —
ox~ oy oz ot
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From this equation, k is the thermal conductivity, T is the temperature distribution, p is the density of materials, Cp

is the specific heat. This modeling produces-the heat transfer rate value and temperature distribution values [4].

»\/ (k,DC p )workpiece

B \/(kpcp)workpiece + (kpCp )total

(6)

f is the split ratio of the material deformation process, k is the thermal conductivity, p is the density of materials,

Cp is the specific heat, subscripts are showing workpiece and tool for material properties.

Zorev’s.computational friction method [7] was implemented to overcome Coulomb’s law to reduce friction time and
increasing contact regions.

. = t, o, 27, (I <x<l)
uo, o, <7,,(0<x<l1) o

T is the parameter frictional stress, o, is the normal stress, (¢ is the friction coefficient of region frictional contact,

|, is the sticking zone, | is the sliding zone.



Two solid connection models were developed with heat flux friction with transfers the heat increasing rate [10].

Sty

htc is the thermal conductance of the contact method, A is the contact surface, Q is the heat flux rate.

®)

3. COMPUTATIONAL FLUID DYNAMICS MODELING

Computational fluid dynamics methods are created by different limit conditions with assistance of warm stream issues
and great holding areas. Ansys programming finds the warmth flex and expanding temperature areas on various
preliminaries. Warm stream parameters to examination with assistance of Ansys transient warm investigation with
typical conveyance loads [11]. In this simulation, thermo mechanical limit esteem issues are picked‘and examinations
with steady weight and speed. The CFD thermal properties are appeared table 2.

3.1. Geometry & Meshing

CFD workbench draws a three-dimensional model with the elements of 16mm distance across and 50mm length of
two roundabout bars [18, 7]. These two bars are reached with grinding contact area and typical weights. This is
thinking about to mechanical and warm properties to play out the-recreations. Ansys coinciding elements are
demonstrated to better quality of elements with holding. Fine work utilizing element size of bended surfaces with
edges is all around reinforced [12]. Tetrahedron work element was received to discover the quality of the finite element
strategy and materials quality. At first, course work calculations work in 'geometry. In any case, some resilience was
not acknowledged in the cross section conditions, so we changed the fine work with estimating are picked 2mm and
fit surface cutoff points are acknowledged under as far as possible. Last acknowledged work hubs are 12,512 and
elements are 40,832. The uncommon tirelessness elements coincided with contact surfaces between two round bars.
Limit conditions are connected one end is fixed and opposite end conveys connected weight with rotational speed.
Removals are captured with the x and y headings. Conduction, convection, radiation procedure could be considered
to apply the warm limit stages. Finished coincided with geometry is appeared in fig 1.

Edge/Face Connectivity
W Free
B single
B 0ouble
I Triple
[] Muttipte

\
0 4e+004 (mm) Z""];
L S— .
2e+004

X

Fig 1 Meshed 3-D CFD Model of Ti-6AL-4V and SS304L
3.2.-Boundary conditions

The two round bars after coincided with connected the limit conditions. It has two zones. One is Rotation zone and
another is non-Rotation zone. Non-pivot zone was fixed with all directions. The rotational zone was connected weight
with certain speed and removal was connected in x and y arranges. In this condition, z facilitates move with
uninhibitedly shown in fig 2.
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Fig 2. Applied CFD Boundary Conditions
3.3. Material Conditions

Johnson-cook model has built up the thermo mechanical investigation with typical anxiety rate. The warm class
comprises of the plastic and flexible district of nonlinear examination with room temperature and liquefying
temperature. The material model was utilized by Johnson-cook law. The most extreme pressure incited in grating
welding process which influences in limit conditions in the material procedure. Temperature zone esteems are
determined in the softening stage and warmth exchange zone is composed by[ 9]

o =(A+Be)| 1+Cln| 145 ||| 12| L Twom
2N Tmelt _Troom

(€]

o Is the pressure stream work, A & B are constant material melding points, C is the combination of materials, &

is the dissolving temperature, T, is the room

is the strain, & is the strain rate, & is the reference strain rate, T room

elt

temperature of warmth streams.
3.4. CFD Simulation Setup

Static basic and transient warm investigation reenactment execution results are done by complete distortion,
comparable pressure, ordinary pressure; shear pressure, most extreme and least pressure. In this exploration work
includes in nonlinear examination with mass distortion stresses inciting in hub weight [15]. A heap period comprises
of keeping up annoying time and warming time. Ansys highlights of programmed time setting keep up the reenactment
parameters and time.

Table 3 CFD setup for friction process

S.No Friction Friction Forging Forging  Speed
Pressure Time Pressure Time (RPM)
1 40 5 40 5 1600
2 40 5 40 5 1800
3 50 5 50 5 2000
4 60 5 60 5 2400
5 90 5 90 5 2400
6 70 5 70 5 2200

4. Results and Discussion



In this exploration work includes in recreation process for nonstop drive capacity of erosion welding parameters like
producing weight, annoying time, temperature. Exploratory outcomes were dissected with a numerical definition with
connected limit conditions. These numerical outcomes came to close to the CFD test Results. Meshed views are shown
in fig 3.

Fig 3. Sweep Meshed model for different materials

Rubbing welding temperature results are appeared table 5. Every one of the parameters is determined and happy with
85% certainty levels. In the parameter concentrate to examine the temperature difference with ordinary investigation
state conditions are shown fig 4.

Fig 4. Nodal variation of meshed views

The plastic region material characteristics are deformed with constant pressure and rotating velocity. This deformation
results are showing the fig .5 is maximum displacement levels. The maximum endurance force acting at 2470 N. This
force endurance data is shown in fig 5.
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Fig 6. Velocity Streamline of CFD flows.

Prop te pri ¢ results are increasingly proficient for shear pressure comparable. In this friction, a procedure
controlled the weight shifting from the first stage to distorted stages results are shown in fig 6.
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The above setup result parameters are distinguished expanded time setup w tent twisting of flexible plastic
districts. Weight and rotational speed will progressively increment with me increase. The temperature
inclination will blend two different material procedures. Proportiona re focus levels are expanding with
assistance of the typical time setup parameters are shown in fig 7.
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Fig 8. Time variance of CFD flow

Ti-6AL-4V SS304L material blends influence the vitality loss of hourglass and contact vitality. A changing
cycles acting at the steady weight and twisting stages are acted relies upon consistent CFD temperature

results are shown in fig 8.
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Incremental iteration e results are carried out from analytical values shown in fig 12.
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Fig 13. Distance vs. Temperature Results on CFD joining process

The plastic locales are progressively changed with distortion of fourth and fifth stages. This exertion is known as the
time gradual procedure. Separation and temperature results are appeared in fig 13. This outcome is clarified about
the joining of different materials and joining separation.

4.1 Energy loss in frictional process of CFD analysis method

Complete distortion is fundamentally spoken to for all directional worry with one of a kind quality. The all out twisting
is essentially followed up on Ux, Uy, Uz directions. The trail 6 is appearing most extreme absolute miss happening a
result with steady weight continuance constrains on beneath results. Critical parameter complete twisting outcomes

are appeared in fig 14.
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Fig 14. Total energy loss results on CFD process.
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In this examination work examination of 4 tests with 9 set of preliminaries. This-procedure could be distorted
consistent shifting divisions of three distinct stages. The various arrangements of stages are appeared in fig 15 as
beneath.

™ T time I~
— —
o

Fig 17. High temperature variance on CFD
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Fig 18./Cut Section view of CFD results Fig 19. Frictional joined samples of CFD process

Fig 20. Section view of Frictional joined CFD process

The time steady setup was step by step expanded with assistance of various weights and fluctuating plan of getting
distorted shapes. Preliminary 7 shows the most extreme variance of vitality put away with changes from versatile from



the plastic district. The controlled setup results investigate with assistance of Ansys CFD workbench graphical speaks
to appeared in fig .16-20.
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Fig 21. Number of cycle’s vs. energy loss results analysis in CFD

Energy loss parameters are mentioning the above graphs to determine the natural convection on materials joining
process in CFD. This temperature dispersion controls on various cycles with plastic deformation with the steady
rotational speed of the distinctive arrangement of preliminaries are shown in fig 21.
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Fig 22. Temperature vs. pressure results are all method process

Pressure and temperature results are mentioned in the graphical formation shown in fig 22. The minute outcome ranges
are expanding with consistent of 571.8, 2199.5, 8250, 17288 (N-s).
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Fig 23. Weld rod joined with maximum stress and different trials

Two dissimilar, weld joints are connected with help of ansysworkbench with different trials. These trials results are
explained combined stresses are shown in fig 23. Distance and maximum stress results are showed to identify the good
bonded strength of weld samples. In this stage of weld process identified trial 7 is the bestto sample of getting well-
bonded structures. The sixth set of boundary values are friction pressure is 70 (MPa), friction time is 5 (sec), forging
pressure is 70 (MPa), friction time is 5 (sec), speed 2200 (RPM) getting a perfect joint of dissimilar materials of
titanium and stainless steel.

5. Conclusion



In this examination work demonstrates acceptable of grating welding procedure of different materials for titanium (Ti-
6AL-4V) and treated steel (SS304L) [16]. In this examination work conducts six diverse limit conditions and seven
quantities of preliminaries. The CFD results limit conditions are transformed from the underlying qualities. The 6th
arrangements of limit conditions are provided a great obligation of joint and less vitality misfortune. The CFD
frictional parameters results are contact weight is 70 (MPa), grinding time is 5 (sec), manufacturing weight is 70
(MPa), erosion time is 5 (sec), speed 2200 (RPM). These limit setup results give better sliding contact and great
mechanical holding. The stress-life factor results are indicating typical circulation of CFD temperature inclinations: It
is prescribed warmth treatment process must degreased time and temperature distributions. The fisher's proportion
decrease esteems are 43.8% from the first qualities. Computational fluid dynamics results are carried from the Ansys
software identified the heat loss and energy saves in this project.
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