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Abstract

The Biomedical Engineeringas welldeveloped very rapidly in recent times, and after

the intervention in all areas of medicine of life and to increase the accuracy and security
of medical operations, especially surgical, where he was previously relying on a doctor
in a different stgeries and this was accompanied by a lot of mistakes and the length of
time and lack of precision The work of the large holes in the human body and the loss
of a large amount of blood and sometimes lead to death, so was the invention of surgical
robot whch replaces the doctor in an all surgeries provided with camera and arms of
the holes for the purpose of surgery during the operation and the withdrawal of the
damage to the outside of the human body as well as to the sewing section which was
performed sugery on it.

The surgical robot needs to study in order to avoid any error while doing any surgery
being moved in all directions as well manufactured and metals used in precision
manufacturing to prevent the interaction between the human body and thealwateri
used.

The surgical robot when conducting any surgery, it is exposed to Dynamic movements
and to vibrations ceoperation in this research study and analysis of rotational and
transitional arm scalpel movements (process surgicaisory where was dered

kinetic equations transition and spin of the robot during movement, analyze and find a
response to each interface and detailed in this Arm and find the natural frequencies and
modes and foretelling a movement for all data and thus find, responsive fiogh

robot through which to draw its own curves public movements during surgical
operations.

By introducing the mechanical specifications and dimensional modeling Android in
Ansys program by drawing the paper model and the usiBgie$ordorce, who § the
surgical operations and give the suggestions in a note to the Islamic group Ansys
program as well as the moments affecting bends and shear forces for the purpose of
simulation model with reality.

Where they discussed outputs, data movement, distertamd distractions in the form

and after the study results are analyzgde geometric Medical to optimize the design

and to avoid any error surgeons during surgical operations Mather the accuracy of the
results and this in turn gives the safety andgmtion of persons during the surgical
procedure.

Keywords Biomedical engineeringSurgical Robot, Responseodeling
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3 Correlation coefficient -
W Natural frequency Rad
P Force N
W Load N
Mode shapéd -
Mode shape 2 -
T Time Sec
M Mass Kg
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1. Introduction
Robotic surgery is the use of robots in performing surgery. Three major advances aided

by surgical robots have been remote surgery, minimally invasive surgery and unmanned
surgery [1].

The world's first surgical robot was the "Arthrobot"(which is a bone mountable hip
arthoroplasty surgery robot showing fast registrations), which was developed and used
for the first time in Vancouver, BC, Canada in 1983.The robot was developed by a team
led by Dr. James McEwen and Geof Auchinlek, in collaboration with orthopedic
surgeon, Dr. Brian Day. National Geographic produced a movie on robotics which
featured the Arthrobot. In relateggaperat that time, other medical robots were
developed, including abotic arm that performed eye surgery and another that acted
as an operating assistant, and handed the surgeon instruments in response to voice
commands [2].

So, the surgical robotics is a new technology that holds significant proRosetic
surgery is often heralded as the new revolution, and it is one of the most talked about
subjects in surgery today. Up to this point in time, however, the drive to develop and
obtain robotic devices has been largely driven by the market. Thecedsubt that

they will become an important tool in the surgical armamentarium, but the extent of
their use is still evolving [3].

Advanced robotic systems give doctors greatetrol and vision during surgery,
allowing them to perform safe, less invasive, and precise surgical procedures [4].
During roboticassisted surgery, surgeons opefeden a console equipped with two
master controllers that maneuver four robotic arms. By viewing adehition 3D

image on the console, the surgeon is able to see the surgical procedure better than ever
before. Computer software takes the place ofadtand movements and can make

movements very precise [5].

1.2 Advantagesand Disadvantages of surgical robot

the advantages afmall incisions , Less pain , Low risk of infection , Short hospital
stay , Quick recovery time , Less scarring , and Reduced blood loss ,

The disadvantages are High costs of the equipment, there can be problems for surgeons

in communicating with theirssistant. Technical problems sometimes arise, including
malfunction and collision of instruments, while robotic surgery is potentially faster than
conventional surgery, this is not always the case in practice. ,It is difficult for surgeons

specializing inrobotic surgery to maintain their skills because there are so few cases
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involving robotic surgery , Robots lack human judgmethiey can only do what they

have been programmed to do [6].
1.3 Surgical the robot application

the robot application are Geiérsurgery cardiothoracic surgeryCardiology and
electrophysiology Colon and Rectal Surgergynecology Gastrointestinal surgery
Neurosurgery Orthopedicdediatrics RadiosurgeryTransplant SurgeryUrology
Vascular surgery [7].

1.4 Comparison betweerrobotic surgery and conventionakurgery

Surgeons who use the robotic system find that for many procedures it enhances
precision, flexibility and control during the operation and allows them to better see the
site, compared with traditional techniquesiriggobotic surgery, surgeons can perform
delicate and complex procedures that may have been difficult or impossible with other
methods [8].

2. Theoretical Analysis

In this, the surgical robot will be discussed in terms of components and function in
orde to have a general view of the surgical robot system. Surgical robot system
composes of two forceg®lding manipulators and one laparoscbpéding arm. The

three arms of the robot can move independently as shown in the picture below in that
each arm cabe placed and set solely on the operation table.

This king of robot structure high degrees of freedom is being allowed for the setup and
placement of the surgical robot. At the same time, it should be considered that placing
the three arms inompatible way to prevent collision during operation. Furthermore. ,
surgeons have mandatory duty in visualizing the right moveable range of the
manipulators.

Since reposition of the surgical robot is a critical issue, a compidted system is used

to plan the surgery. Using the computer, surgeons check in advance the positioning of
the three manipulators in order to reduce the setup time and peer@stin operation

room.
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Fig. (1) The link mehanism of theurgical robomanipulator
2.1 Random process
It is the physical phenomenthat result in nordeterministic data wheréuture
instantaneous values cannot be mredin deterministic sense.g.; noise of jet engine
wave high siendoa gfi ooamfdu eamhtuakes predsure gusty
encountered bgn aiplane in flight.
X (t)
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Fig. (2)Random process
In spite of the irregular character of the function many random phenomena exhibits
some degree of statistical regularly and certain averaging procedures can be applied to
establish grossharacteristicsisetll in engineeing design. In any statistical method, a
large amount of data is necessary to establish reliability.
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Fig. (3)Ensembé of pressure signal of air turbulence
we canCompare the ensemble average of the inat@oupressure attie 0 .we
can also multiplythe instataneouspressuren each samplat time 0  and at
0 T and average thesesultsover ensemble. If such averagy@o not differ as
we choose different values ofthen the random process is said to be stationary.

If the time averages from each sample are the same as those of any other sample and
equal to ensemble average then the prosesgode.

Thus for a stationary eogic random process its statistical properties are available from
a signal time function of suffientlong time periodic.

2.2The Auto correlation Functiond , W
It is the time average of the produai© o © T hi is a time delay
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Fig. (4)Auto correlation Function
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If 0 istruly random, the periodver which it repeats isY° H
we can show that
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2.4 Spectral density
If the functionw 0 existed over the interval”Y o0  “Yand was zero outside this

interval
_T i V -I' W ".I LT IY) - \/ vy +T

Fig. (5) Spectral density
Mean square value over the interval is

— W 0Q0 — w0Qo0 wo - WY sQ T
Now let
“YO Hb In order to represent the real function.
Then
© 0 4 Q6w Qs Q v
or
G 00 i1 Q ®
. Where
Y1 LEL®as X

i.e. mean square of the function can be regardeaasisting of a contuum of

frequency components
Y @ is known as th&PECTRAL DENSITY of the functionw 0 and has the

dimention of w perunit secondi.e. per radian per second)
2.5Relationship between spectral density and correlation function

Y i1 Q Q] 1)
Y is the inverse Fourier Transform of the power spectral density . Also
i — Y tQ Qf W
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2.6Singlei Sided and Doublel Sided power spectrum
It can be shown that

[ Yo (Evenfunction)

Hence

@ 60 Y1 Q1 ¢ YT Q 01 Q p T

0] GY

‘07 isassumed to existonly for positijey ) and i §scadaédedpdweng
spectrum .

YT (Doublei sided) is an even function teuseY t is an even function and
this means that the imagnygpart of Y]  must vanish.
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2.7 Cross power spectrum density
The cross correlation function is the time mgeed product of two randofunctions
WO W& QO .whereone is delayed by the tinte
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This is not an even function df . If @ 0 is the random pressure at point , and.
WO isthepressureatpointat a di stance 6 from
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If the pressure filed iBomogeneous, ihis not a function ofi at all but only at the
separdabn ¢ . He n c el corielationcfunctisnsmay be denoted B¢ —ht
Cross power spectral density is defined as
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3. Results and discussion
The surgical robot will face for random vibrations while working. These vibrations will
cause weakness and stresses in the metal of robot with time because of movement of
arms of the robot to get stable and accurate movement, this movement should analyzed
by modern techniques by applying (Random vibration) on this robot. After putting the
mechanical properties and dimensionsdorgical robotmodel, which manufactured
for Stainless steel that has the items below:

Material C% Cr% Ni% | MN Si| P% S% E V
Of model % | %
Stainless 0.15 17-19 8-10| 2 1 02 0.15 200e9 0.29
steel
Links length | width | depth

1 30 5 5

2 30 5 5

3 20 5 5

4 20 5 5

All Dimension in cm

Table (1) chemical properties aduoinensions of surgical robot
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Fig. (6) Surgical robosurgical robot

We derive the translational, rotational, moments, and share force .we drew the model
of surgical robot and applied the force of surgical scissors that usedhe do

operation. After that, the data were put in Ansys software and check the function of
motion.

The load had applied by dividing it to ten steps. The mode shape, response, or
deflection as
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shown below:

DI ELLCRMTNT
[ EPLECEMINT .

p=l WER 28 2115 Li
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I = 2080

Fig. (7) Mode shape

During operation, theurgical robot will have stresses; these stresses have vectors, and
can be found by Ansys software as shown below:

10
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Fig. (8) Vectors stresses
In addition to that, there are stresses caused by rotational, translational and random
vibration. In these §ures, the arm of the robot was assumed to be divided to some

nodes:

11
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Fig. (9) Nodal solution
In this case, the surgical robot was assumed to be consisting of one element (solid
frame). The figures below explain the stresses concentration ialibe

12
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Furthermore, these figures below explain the effect of random vibration on the surgical
robot in the case of subjected the arm to translational, rotational or compounded motion

13
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Fig. (11) Translational respse of random vibration
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Fig. (12) Rotational response of random vibration
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Fig. (13) Compound response of random vibration
4. Conclusion

The paperto conduct an analytical study of surgical robot under the influence of
forced vibration represent by sinusoidal function because it gives a description of the
vulnerability or response to the surgical robot better and more accurate and that
representatio of the robot system vibrations study the dynamic motion to any machine
which is representing in thgaperthe surgical robot, this research is important.

If apply the load on surgical robot will face to random vibration and stresses its caused
by randommotion of surgical robot we conclude from resulting found from Ansys

software program, The surgical robot if consist of from some nodes is best than consists
of from element type because the stresses and vibration will divided on every node in

this arm, onsequently, we can discard the stress constriction problem.

16
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ABSTRAC

Pipe elbows are consequential parts in a piping system. Whenaaéthielbow is
exposed to variable amplitude loading as internal cyclic pressure, piping elbows are
vulnerable to crack at the crown. This paper presents a technique to prediagtlee fat
life of elbows with the application of variable amplitude loadings (VAL). For this goal,
the finite element analysis technique was being used for the modeling and simulation.
The fatigue life prognostication was carried out using the finite elemeatifatigue
analysis codes. Numerical life prognostication results of three types of elbowWs (135
,45° and curved ) under VAL are presented and discussed. Varying elbows shows
different fatigue life behavior, the curved one gives better life. The two types of
elements (Tet4 and Tetl0) were investigated with optimum mesh size to get the
maximum principle stressThe simulation results showed that more studies on the
piping elbows necessity to be performed in order to obtain more delicate fatigue life.

Keywords: Fatigue life, Finite element analysis (FEA), Pipe elbow, Variable
amplitude
loading(VAL), Tetrahedral element(Tet
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INTRODUCTION

Piping elbows are one of the critical components of the piping systems in all
applications. Elastiglastic fracture analysis of piping [1] is increasingly important in
life and structural integrity assessments. Significant efforts in developing fracture
mechanics methodology have been made during the last three decades [6], together with
validation against finite element results and experimental pipe test data. Astigsse
analyses of these components are required for reliable prediction of strength and
residual life. Analytical solutions are available for only a few idealized geometries.
When a thiawalled (diameter to thickness ratio >10) elbow is subjected to-plaune
moment, ovalisation of the circular section into an elliptical one, introduces high
bending stress (circumferential component) at the crown and a crack may initiate at the
crown. This has been confirmed by analytical [4] and experimental work [Bwas
noticed during an experiment by Naoki [7] that, for a stainless steel elbow with an
axially throughwall crown crack, the crack opened at the outside surface and contacted
at the inside surface, when subjected tplane closing bending moment.
The general trend given by the Goodman relation is one of decreasing fatigue life with
increasing mean stress for a given level of alternating stress. The relation can be plotted
to determine the safe cyclic loading of a part; if the coordinate giverebyelan stress
and the alternating stress lies under the curve given by the relation, then the part will
survive. If the coordinate is above the curve, then the part will fail for the given stress
parameters [2].

The failure criterion based onidtegral [8] is commonly used in elastiplastic
fracture mechanics. For estimation purposes, it is convenient to represeitttduzal
as the sum of elastic and plastic components. The analytical, experimental and
computational studies on this subject intkcghat the <Integral and crack opening
displacement are the most viable fracture parameters for characterizing crack initiation,
crack growth and subsequent instability in ductile materials [9]. For arbitrary
geometries, exact solutions are not availélgleause of the complex nature of stresses
and crack propagation at surface cracks in such cases. In this paper, finite element
analysis of pipe elbows was carried out for different types of elbows (curvednd5
135). A fatigue life analysis based ohet stress life approach was followed to obtain
an estimate of the expected life of elbows, with application of variable amplitude
loadings. The full pipe elbow was modeled using tetrahedral element (Tet4 and Tet10).
Different mesh size was used to seeffsct on maximum principle stresses as well as
the difference between the two element types.

19



Thi-Qar University Journal for Engineering Sciences, Val7, No. 1 2016

THE MATHEMATICAL MODEL

Many numbers of equations have been developed to describe the sigmoidab#a/dN
relationship. In this paper the Austen growth model is known as the implicitly model
threshold has been used and it is expressed in the following equation:

APA . #8Y+

Eééééééééceceeéeeeeeeeee. . éeéee..e.. (1)
Where

Yo Yo i YO i

YO i YO 0

YO o oq i Agy

And Ksr defined as the modification for static fracture angl ks known as the stress
intensity at the crack closure. Furthermore, Austen modelled the onset of fast fracture

using the following expression

eeéécecéeééeééecééecééecéecéee. . . ée(2)
Austen also took into account the threshold and short cracks by applying a crack closure
stress KCL which is expressed as follows:

,,,,,,,,,,,,,,,

€Eéééeéeééeééeceééee. . . eéé. ... (3)
lo is the smallest crack size that will propagate and is given by:

O

eéeée. . éeéecéecéeceéeéeeé. . eéeéeéeéecéeée. (4)
wher gisthepgn ot ched f at i g wuiethesthrashoid stiress intansitgg K
and tre threshold stress intensity is expressed as a bilinear function of the mean stress
and the

Austen model does not possess any explicit mean stress correction. Austen argued the

irrelevance of this and attributed it to a manifestation of crack closurestardation

[6].

The Goodman relation can be represented mathematically as:

20
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Where,, is the alternating stress, is the mean stresg, is the fatigue limit for
completely reversed loading afd is the ultimate tensile strength of the material. The
general trend given by the Goodman relation is one of decreasing fatigue life with
increasing mean stress for a given level of alternatnegs{1].

FINITE ELEMENT APPROACH

For many years, fatigue analysis has been thought of as following the logic as illustrated
in
Fig. 1.[10 ] In this overview, the three main input parameters, namely geometry,

material and loading, are regardedhtive similar functions. These parameters seem to

be the mai i|||éut to—anysoftware for modelling and simulation

P eometry
B Material Analysis Post Processing »
P Loading

A

Optimisation |«

FIGURE 1. A conventional schematic flow of the fatigue analysis process
(the general durability process)

The start of a fatigue failure is a precisely local process and it is also one that depends
on the dynamics of the system. the exact location where a crack is going to start, is a
critical factor and a general distribution of parameters throughoutthpanent is of
secondary interest. This is strictly why the finite element analysis (FEA) is important
in this particular discipline. With FEA, an analyst can choose any location within a
model and concentrate on it. In fact, using FEA can give a tighitérat over the move
from general geometry and loading to the local parameters, and allows dynamic factors
to be dealt with more analytically.
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The type of element used here is tetrahedral element (4 and 10 nodes) shown in Figure 2.

FIGURE.2 Finite Element Mesh ((a) Tet4, (b) Tet10,
(c) Integration grid points of the Tetl0 nodes)

The results of the maximum principle stresses are used for the subsequent fatigue life
analysis, using the cyclic load as an internal pressure to the pipesel@hile the
material used in this analysis is ASTM A533 steel as shows in Tablel.

TABLE 1. Mechanical properties of ASTM A533 steel

Title Value
Tensile Strength, Ultimate 550- 690MPa
Tensile Strength, Yield 345 MPa
Modulus of Elasticity 200 GPa
Poissons Ratio 0.29
Shear Modulus 80.0 GPa
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The Finite Element techniqueas used for modeling and simulation ,three type of

geometry of the case study in thhdienension mesh showed in Figure 3.

FIGURE 3. Three types of elbows ((a) 1350, (b) 45Qc) curved)
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RESULTS AND DISCUSSION

The FEM analysis for the modelling and simulation based on ANSYS software .the
element used it tetrahedral element. The Figure 4 showed the contour (image) of the
stresses distribution (maximum principle stresses)urve elbows for Tetl0 mesh
elements at a high load level.

The Tetl0 mesh is presumed to represent a more accurate solution since Tet4 meshes

are known to be dreadfully stiff [2].

o
X

FIGURE 4. Contour display of stresses in

The stresdife (S-N) curve in the log diagram the three types of elbows based on
Goodman theory using Tet10 element which, showed the difference in fatigue life with
respect to the curvature of the elbows. Figure 5 shows the relation between the life and
maximum stress . the curve for £38bow gave minimum life while others gave

maximum life .

—e- v —e— curved elbow
—#-135 elbow
—4—45 elbow

10 [

MAX. PRINCIPLE STRESS (MPa)

10° 10° 10"

LIFE (cycles)

FIGURE 5. Stresslife curves (SN) for elbows
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The meshings based on the geometry, model topology, analysis objectives and
engineering judgment. Each type of the meshes has some distorted elements cause error
to the modeling in areas of elevated stress. In the design stage, these areas should be re

meshed andufther refined to check for solution convergence [9].

The auto Tet Mesh approach is a highly automated technique for meshing solid regions
of the geometry. The Tet4 compared to the Tet10 (10 nodes tetrahedral) mesh using the
same global mesh length for th&me loading conditions. The comparison between two
meshes is presented in Figure 6. The result shows that the Tet10 mesh predicted higher

maximum Principle stresses than that the Tet4 mesh [7].

2
g B

#

®

MAX. PRINCIPLE STRESS (MPa)
£ 8 8 3 8 ® =
MAX. PRINCIFLE STRESSES (MPa)

]
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(=il
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o
[
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-

12 14 16 18 2 12 14 16 18 2
Elerment Length (mm) ELEMENT LENGTH (mmj)

FIGURE 6. The effect of mesh size on maximurprinciple stresses (Tet4 and 10Tet.,

The FEM generated using the tetrahedral elements with various mesh size are shown in
Table2 for Tetl0 and Table 3 for Tet4.

The convergence of the stress was considered as the main criteria to select the mesh
size. Forthe same mesh size (1.4 mm), the maximum percentage difference between
the stress values observed between the two models is (the one with 9902 elements and
other one with 11498 elements) is 64%. The maximum percentage difference between
the mesh sizes @mm to 1.4 mm) is 95%. Thus, the mesh size (1.4) mm with (11498)
elements were preferred to use the finite element analysis due to the limitation of

the computational and the storage capacity.
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TABLE 2. Mesh Size of the Tetl0 element with Maximum Priciple Stresses

. No. of .
Mesh Size Elements No. of Nodes| No. of D.O.F. Max. Pr|n0|ple‘
(mm) Stresses (MPa
0.6 5337 68733 204776 116
0.7 4221 54594 162526 111
0.8 34257 43536 129433 109
0.9 27198 36872 109585 98
1.0 21674 31465 93996 95.5
1.1 18358 26694 79195 95.2
1.2 15663 23124 68435 94
1.3 13274 19426 57535 93.5
1.4 11498 18173 53789 89.1
1.5 9651 15569 46033 82.9
1.6 9032 13516 41665 82.4
1.7 7731 12433 36433 81.3
1.8 6974 11781 35322 78
1.9 6164 12442 32661 77.9
2.0 6037 11782 31333 77.4

TABLE 3. Mesh Size of the Tet4 element with Maximum Principle Stresses

. Max. Principle
M(?rsnhm?lze E|I\(la?1'1eorf1ts No. of Nodes g%.?:f. Stresses.p

(MPa)

0.8 34255 11480 34018 66

0.9 27199 9120 26966 66

1.0 21673 7295 21458 65

1.1 18359 6179 18158 62.2

1.2 15662 5262 15511 61.5

1.3 13273 4461 13112 60.2

1.4 9902 3328 9761 60.7

15 9661 3266 9515 60.6

1.6 9039 3058 8911 60.5

1.7 7721 2615 7574 60.4

1.8 6488 2183 6374 59

1.9 6072 2068 5969 55.1

2.0 5773 1951 5678 54.2
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CONCLUSION

Many fatigue prediction theories was studied and the best is the Goodman theory for
different loading , this research , which showed the maximum life in curved elbow
while for the 138elbow is the minimum life. These results must be taking into account

in design of piping system. The result shows that the Tetl0 mesh predicted higher
maximum principle stresses than that the Tet4 mesh with same mesh size, but with more
number of elements, nodes and degree of freaffentonclude that, using the ideal
numberof elements not only the minimum mesh size, but the effective element type for
the finite element analysis due to the limitation of the computational and the storage

capacity.
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Abstract

In this paper, a numerical investigation ofnatural convectionfrom an
isothermalinclined plateimmersed in air has been done. Taking into account the
variation of theviscosity and thermal conductivityith temperature. The governing
conservation equations of continuity, momentum and energy ardimamsionalized
by using an appropriate transfortioa. The nordimensionalized equations are solved
simultaneously by using a finite volume method. The effeataination angle with
varying viscosity and thermal conductivity on the local skin frictimeal Nusselt
number,average skin friction andvarage Nusselt number has been discussed. From
the results obtained tladlotmentof the local skin friction anthe local Nusselt number
on the plate vary due to angle change. The average skin friction and the average Nusselt

number decrease with increaffe¢he angle of inclination.

keyword: Natural convection, inclined plate, variable viscosity, variable conductivity
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1. Introduction:

Natural convection is very common phenomenon in a number of practical
applications suclas solar collectors, electronic component and chemical processing
equipment, it is caused by the temperature difference between the body and the fluid
surrounding it that produce density difference in the fluid result in natural flow. Many
literatures exst about natural convection from flat plate because of its engineering
applicationbut most of these previous studies have been conduatechhconvection
with constant properties for vertical or horizontal plates. Natural convection along an
inclined flat plate has encountered less interest than the case of vertical or horizontal
plates. Michiyoshi [1] studied heat transfer from an inclined thin ggtenatural
convection theoretically. The results show the local heat transfer coefficient is inversely
proportional to the thickness of the boundary layer and the heat transfer coefficient of
vertical plate is larger than that for inclined plate.

H.T. Lin et al [2] conducted the heat and mass transfer from a vertical plate
maintained at uniform wall heatuft and species concentration by free convection.
They founded correlation equations for estimating the rate of mass transfer and heat
transfer.

N. Onur et al [3] conducted experimental study on the effects of inclination and
plate spacing on natural comi®n heat transfer between parallel plates. The angles
investigated are 10. 30 and 45 with respect to the vertical and for a separation distance
from 2 mm to 33 mm. the lower plate isothermally heated and the upper plate thermally
insulated. They foundat Nusselt number depends on the separation distance between
the plates. Heat transfer results also depend on plate inclination.

P. Ganesan et al [4] studied numerically the unsteady heat and mass transfer from
impulsively started inclined plate. It is drved that local wall shear stress decreases
as an angle of inclination decreases.

T.D. Jr et al [5] studied natural convection from vertical plate in the present of heat
source. Using finite volume method to solve the governing equations descript this
phenomenon. The influence of the source size on the transition region deserves more
attention. The presence of this region of transition emphasizes the complexity of this
kind of flow.

L.S. Yao [6] studied the natural convection along a complex vertidakcsucreated

from two sinusoidal functions. The numerical results show that the total heat transfer
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rate for the wavy surface is indeed much greater than that of a flat plate. The enhanced
rate is proportional to the ratio of amplitude to the wavelenfgtheosurface.

N. C. Mahanti et al [7§tudies numerically the effect of linearly varying viscosity
and thermal conductivity on steady free convective flow and heat transfer along an
isothermal vertical plate in the presence of heat sink. For their dtedyetocity and
temperature of the fluid decrease with increase Prandtl number. The velocity and
thermal boundary layer thickness decrease with increase Prandtl number and decrease
with the decrease in the heat sink parameter.

S.C.saha et al [8] inveghted the natural convection from inclined cooled plate
ramp cooling condition by using scaling analysis. They show that the development of
the boundary layer flow depends on the comparison of the time at which the ramp
cooling is complete with the time athich the boundary layer completes its growth.
The cold boundary layer is potentially unstable to the RayiBiard instability.

S. Siddiga et al [9]nvestigatd natural convectiorirom a semiinfinite flat plate
inclined at small angle to the horizahwith internal heat generation and exponential
variation of viscosity. The governing equations are transformed into dimensionless
equations which are solved using finite difference method. It is observed that as
increase the inclination angle both heatnsfer rate and skin friction coefficient
increase. It is also shown that with an increase in heat generation, the local skin friction
increase while thheat transferate decrease for a high Prandtl number.

G. Palani et al [10] studied numerically thaesteadynatural convectiorfrom
vertical plate with variable viscosity and thermal conductivity. The governing equations
are solved numerically using finite difference scheme. The results show as the viscosity
parameter increases the higher velocitylisesved in the region near the wall and it
gives higher Nusselt number and lower skin friction. It is also shown that as the thermal
conductivity parameter increases the fluid velocity and the fluid temperature increases.
Also it is observed that negleafjrthe viscosity and thermal conductivity variation will
give substantial errors.

The aim of the present study is to numericallyeastigatethe effect of angle
inclination on the natural convection from heated inclined plate with variable viscosity

ard thermal conductivity.
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2. Problem description:

Consider a twalimensional, steady state flow of viscous incompressible fluid
pastasemi nf i ni te heated plate, which inclined
constant temperatur€he xaxis is taken along the plate and thaxys is perpendicular
to the plate at the leading edge, as shown in fig (1). The gravitational acceleration (Q)
is acting down ward. The plate temperature is assumed 16 bad the surrounding
stationary fuid temperature isel All physical properties are assumed to be constant
except for the thermal conductivity, which varies linearly with the fluid temperature
and the fluid viscosity which varies exponentially with the fluid temperature.

Fia (1) The physical coordinate

3. Mathematical and numerical formulation:
For steady statdyo-dimensional, incompressible fluids with Boussinesq
approximation, the governing equations are given by [9,10]:

Continuity equation:

R
Tl o P
X-momentum equation:
6 16 : o 6 i
1O Le eNpl 1o el 16 g

oMo TToTele "Telo
y-momentum equation:
1O 10 pl@pl T
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Energy equation
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The boundary conditions are

€
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Introducing the following nomlimensional quantities:
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The variations of thermal conductivity and viscosity with dimensionless
temperature T are proposed in the following forms by G.Palani et al [10]:

= p Iy X
Q
— Q v
J
Where 9 and o are the ther mal conducti v

respectively, depending on the nature of fluid. In the present study air is selected as the
working fluid with the following ranges [10]:
0.7 O & 0O O 733 0 O 2 O 6 , Pr=0
Substituting the nodlimensional quantities into Equations4), will be
produce the following forms:

Continuity equation

TYT w
—. . Tl ()
T 71 ®
Momentum equation
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Energy equation
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The corresponding boundary conditions in {sibmensional form are
5 6 m 4 7Y ®Oo w T
50 1 00 1 4 4 AO 90 H po
The importait parameters to be calculated are shear stress and the rate of heat transfer
at the plate.

The local shear stress at the plate is defined by [9,10]:

T ‘ T—O P T
T w

By substituting the nedimensional quantities in Eq. (14), then
dimensional form of the local skin friction will be
0 Q "Oi T—Y pu

T ®

The integration of Eq.(15) from X=0 to X=1 gives the average skin friction and
it is given by :

Ty

50 O LY wg
o) | o ® p @

The local Nusselt number is defined by [9,10]:

1 o

T w

QY Y P X

D

By substituting the nedimensional quantities in Eq. (17), the adimensional
form of local Nusselt number is given by :
Ty
T o

0 p T py

The integration of Eq.(18) from X=0 to X=1 gives the average Nusselt number
and it is given by :
0 r LY QW W
The governing continuity, momentum and energy equatior$2)9with

boundary conditions are solved simultaneously by using a finite volume method. Steady
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segregated solver was used with second order upwinding scheme for convective terms
in the momentum and energy equation. For presseloxity coupling, pressure
implicit with splitting of operators (PISO) scheme was used. A convergence criterion
ofp p 1 was applied to the residual of the continuity and the momentum equations

andp p 1t to the residual of the energy equation.
4. Results and discussion
4.1. Validation

In order to check the accuracy of the present work, a comparison is made with
[10]. A comparison of velocity and temperature profdeX=1 for steady state. The
comparison is done for air with. £LrwiOt ¥ 38=o0
(O, 2, 4).Fig (2) showsthe variation of U from [10] with U obtained from the present
wor k wi t 0.4%ndfoox (a0=From thisfigude .it can be seen that, the
agreement is acceptable and the average error is 1.7%afiagonof T from [10]
withTobt ai ned from the pOedeandwdnxrk(Ojth, Y47
Fig (3). From thidigurethe average error is 2% atite agreement is acceptable. From
thesefigures, it can be concluded that the present model has good accuracy and can be

used accurately.

08 y= d-Present work

— —y=2-Present work

ort L r~—a. . ____. v=0 -Present work

0.6 - * y=4-[10]

4 ~ 4 y=2-010]
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Fig (2)Variationo f U wi t-00. & & od )as=
comparisorbetween data of [10] and result of present

y= 4-Presen twork
— —y=2-Present work
----- y= 0-Present work
. y=4-[10]
= y=2-[10]
4 y=0-[10]

0.25 +

Fig (, ) Variationof T with Y for & =0.4ando =0, Z 4) as
comparisorbetween data of [10] and result of present
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To study theeffect ofinclinationangle on the behavior of the local skin friction
andlocal Nusselt numbeaf natural convection from inclined plate for variable thermal
conductivity and viscosityrig (4-a) showsthe variation of local skin friction with X
f or ,Pd=6.033% n d -0&2with differentv a | u dt cam be seen that thecal skin
friction increases as X increase due to increase velocity of air tfreheading edg®
thereamf t he plate. The effects of increasing
thelocalskif r i ct i on ar e lacalsknlrietionncreasecuesrease t h e
of thermal conductivityof air that cases an incensement in the velocity of air near the
plate. The increment of locakin frictionis different according to the location Xfon
the plate therefor three point are chosen on the plate X=0.25, X=0.5 and X=0.75 to
explainincrement percentag&heincrementpercentage are listed in table (Eig (4
b) presenthevar i ati on of | ocal sPk=0.A33ahdw= 2onvithi o N wi t h
differentv a | u elt canfobserved that thecal skin frictionincreases as X increase
due to increase velocity of air from the leading edge to the rear of theTiateffects
of decreasing the viscous ivmrfiraitadtoinop aaraenee
decrease, thical skin frictionincrease due to increase the velocity of air caused by

decreasinghe viscosity of airThe increment percentages are listed in table (1)

A=0.6 —-- A=-0.4 — - —A=-0.2 --—-- A=0

g pr=0.733
I/ y=2
! 6=0

[} 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 08 1
X X

Fig (4) Variation of |(@a)alaz kdmd fdiifcfta roemn twi
(b) o =2 and different a&.

Fig (5a) illustrate the ariation of local Nusselt numbevi t h X f or d=0
Pr =0. 7 3 2.2 am diffeenvalue ofo. From this figure it can be seen that the
local Nusselt numbdpeginwith the greatest value #te beginning othe platethen
sufferfrom a sharp declinantil X=0.08 after that idecreasgradualy to the end of
the plate. This behavior is due to increase thermal boundary layer thickngseesat
from the leading @ge to the rear of the plate, with corresponding smaller wall
temperature gradient and hence sméadleal Nusselt numbeThe effects of increasing

the ther mal c o0 n d u clocal Musgelynumpbaarr aemeatse rt hoe on itnhc
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thelocal Nusselnumberincreases for the same value of X duéntreasinghermal
conductivitythat result in increased temperature of Bire increment percentages are

listed in table 2). Fig (5-b) presentthe variation oflocal Nusselt numbewith X for

d = ®r=0.73 ando= 2 with differentv a | u elt canfobsexved that thecal Nusselt
numberbehave in the same way in as in figa(b The effects of decreasing the viscous

vari ati on parlecahddsselt rumbes, r eo na st htehe I@al decr eas
Nussel numberecrease due ttecreasing the viscosity of @@sing lower temperature

of air near the plat&he increment percentages are listed in table (2)

a —y=6 — - y=4 — —y=2 -————-y=0

. pr=0.733
- A=-0.2

0=0

1.5 4

Nux/Gri

Fig (5) Variation oflocal Nusseltnumbervi t h X f o0 . @=@Gnda)id&* er ¢
(b) o =2 nd different o.

Fig (6-a) represerthe variation of local skin friction witkf or d=30, Pr =0.
and a =0.2 with differentvalue ofo It can be seen that thecal skin frictionincrease
from thebeginningof the plate to X=0.04 then it suffer fraaslight decreage X=0.16
then itbegins to increase until it arrives at the greatest value at X=0.84 and then fall to
the end of the plateThis behavior i result ofgeneration of vorteas and disturbance
of boundary layer in the regain of tleading and theearedges due to increase angle
of inclination.The ef fects of l ncreasing the ther ma
local skin friction isSimilarto that in Fig (4a). Theincremenfpercentages adisted in
table (1). From Fig @) It can be seen that thacal skin frictionbehave in the same
way as in Fig (ea) butfod =3 0=,0 .Pfr33 and o =2 and different

of decreasing the viscous intictionare similar par ame
to that in Fig (4b). Theincrementpercentages are listed in table (1).
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