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! ABSTRACT
The objective of the current experimental program is to generate data for liquid flow through micro-channels. The

channel dimensions are 1.5 mm deep x 0.75 mm width. Rectangular 47 micro-chann els were cut on a stainless steel
substrate (230 mm x 160 mm) by Electro Discharge Machining (EDM) technigue. The use of micro channels is
recent topic of investigation, Micro channels are used to remove high heat fluxes from smaller area. Such as
electronic components like printed circuit board (PCB), chip, Space, Juser applications etc. It is proposed to design
and Fbricate micro channels "i‘{! to study the heat transler chag teristics, such as beat flux, liquid tempetature, wall
temperature and Nusselt numBer comelation, However the siaple phase forced convective heal transfer and Ao
characteristics of alcohol in mitss channels structures plates with small rectangular channels and distinet geometric
configurations are to be investiated experimentally. Finally experimentally obtained values will be compared with
the theoretical or predicted va 3 i

Kevwordy: Evperimenis, Lamiugr, Friction facior, Nusselt Hnﬁ'?Iaer anel Micro-channels.
.| -

Nomenclature i ¥
C empirical constant {n%j_._mits]

[ specific heat, Vkp-K :
d diameter, m ) e
f friction factor, {no units)

H height of the channel, m

h heat transfer coefficient, Wim*-K
k thermal conductivity, Wm-K
{ length of the channel, m
m mass flaw rate, kg's
Mu Mugselt pumber, {no s}
p pressurc drop, Pa
Pr Prandt] number, {no units)
Q) heat trunsfer rate, W
" heat Mux, Wim® é//
e Reynolds number, [ng units}
T temperature, "C H

e .t

i

¥ vl peity, m/s
W width of the channel ——
Z no. of channels » S ARk e rCTOR
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Subscripis

o equivalent

fi fluid inlet

fo * fluid outler

fin fluid mean

Wil wall mean

l. INTRODUCTION

Fluid flow through micro-scale flow geometries is encountered in numercus engineering systems such as cooling of
elecironic devices and compact heat exchangers. Experimental Investigation of flow and heat transfer in micro-
cliannel [1], Micro-channel flows have been used for liquid desing and flow measurement [2]. The literature sources
are more recent to the extent that micro-scale flow passages are concerned, Tuckermann & Pease [3, 4] were,
perhaps, the first to conduet & systematic research into micro-scale flow and heat transfer. Several investigations
ensued which dealt with flow of gases [5] and liquids [6, 7, 8, 9,10] through micro-geometries. [ssues pertaining to
micro-channel heat exchangers were dealt with by [11,12,13]. Theoretical approaches to fluid flow and heat transfer
were also reported [14, 15]. Water, methanol and n-propanal were used as liquid media and nitrogen, helium, argon
and hydrogen as gascous media for experiments. The test section geometries varied from a fraction of a pum to a few
1005 of um. There had been aly one sfudy with mixtures of fluids-[16]. The substrates used were silicon, glass,
copper and stainless steel, Based on these studies provide cvidence to prove that flow and heat transfer in micro-
channels need to be addressed differently compared to convesifional channels. [t appears that, firstly, the transition
from laminar to turbulent flow takes place at a low Reynolds yumber and secondly, friction factor and heat transfer
cannot be described by the empirical relations used for normil peometries. There is a need for more experimental
data oo a variety of fluids and flow geometties so that some gefieralized conclusions can be evolved.

1. FABRICATION OF MICRO-CHANNELS

w

numerous techniques available and also being innovated to megt the requirements of specific formations on various
subsirales, Non-gireular geometries are often adopted because of their relative sitplicity in fabrication as compared
to circular channels. The conventional techniques, which hawe been administered for the fabrication of heat sinks
and heat exchengers, include a) precision sawing or cutting and b) micro machining. The latter is an offshoot of
bulk and surface chemical machining processes widely used in microelectronics industry, Other techniques for
producing micro-channels inzlude [17]: i) spark evosion or EDM ii) laser machining iii) stereo lithography and iv)
LIGA (Lithography, Galvanoformung, Abformung) electroforming, a process developed initially in Germany [18].
It was reparted that with & precision EDM dimensional tolerances up to 0.5 pm could be obtained.

Micro-components are mostly fabricated using etching, de_‘:%i:im and photo-lithographic technigues, There are

In the present case, a channel of 1.5 mm deep and (.75 mm width was cut by vsing EDM on a 230 mm x 160 mm x
1.6 mm stainless sieel plate Figure 3.1 shows the micro-channel dimensions typical (47 channels). The surface
roughness measurement of test section was done to check the ugifirmity of the channel. The flow passage is formed
by the machined plate and ancther stainless steel plate of thickness 1.6 mm on top. The inlet and outlet conduits
were attached and brazed together with the two plates. :

. EXPERIMENTS IN MICRO-CHANNEL

Normally as a conscquence, it ks expeeted from exp:rimgl_ll,j.'f._u';“pmicm-ﬁhan nels are, the prediction of (i) the zone of
transition between the lamingr ind turbulent regimes (ii) the magnitude of friction factor and (iii) the magnitude of
heat transfer rate, The objective of the current experimental ?ugmm is to generate data on the friction and heat
transfer characteristics in rectagipular micro-channels. -
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The schematic experimental setup is shown in figure 2. It cansists of liquid reservoir/sump (capacity ~ 10 lit) to
supply fluid to the test section, A diaphragm operated pump is used to pump fluid to the test section through a
micro-filter (~ 100 micron) bmlhtn in the main line to

=N

T ——— ———

sutel test seciion

J’"'I'g P 1 ?ﬁpﬁcﬂf mticro-c.

avoid any dirt that may entee mto the test section, In the
resulted dug blockage of the channels to the flowing fluid.
establish the required Now rate in the fesl section and as w
differential mercury manomeler,

ce of micro-filter poor mensurement data could be
5 provided with by-pass line and control valves lo
l the pressure drop, measured with the aid of U-tube
8
The flow medium used to test was filled in the reservoir, To Sar the experiment all the required precautions were
taket! into consideration. The pump is switched on while keeping the by-pass valve in open position and control
valves to test section closed. The required discharge flow rate of the pump is obtained through stroke ndjusnnmt in
the pump system. Control valve was somewhat opened uﬂm&g the flow to take place in the test section. Further,
the control valve was tuned to set the required pressure drop ingdicated by the U-tube manometer. Corresponding to &
pressure drop, flow rate through the test section was measured by collecting either known volume of liguid or a
known period of time. Several trials were carried out and the ge value is aken 1o evaluate flow rate in terms of
ce/min bosis. The average value of flow rate was taken ﬁuqase\.r:ra! run to reduce the measurement uncertainty.
However, it may be noted that flow rate was based on mang tl'l.tﬂiu:emmﬂ, as the flow meter put in the setup does
not have instrument (display unit), The manometer syﬁ‘tg! Ii.l..l.l.lIi!I.l'.’)' 15 about +0.25 mm. The experiment was
repeated for various values of pressure drops (range ~ | l.n- 250 mm of Hg). The time intervals for flow rate
measurement are carried out depending on the flow rate, hxpei‘-ments were conducted at room temperature (~ 34°C),
Figure 3.2 shows plot of pressiire drop ws flow rate data.- i
o
In case of heat transfer experiments, fluid and wall tean{iﬁhmras are measured using thermocouples located at
approprinte places in the test section (552 Fig, 2 and 3.1) m addition to the above flow rate and pressure drop data.
Electrical foil heaters mount d on eithér side heated aqually. #id test sectivn, This entire assembly of the test seclion
is insulated on all sides 1o minlmize heit loss to the suroundlies. The wall temperatures were measured at 6

Locations which are located “"-;“ gap of 40mm. 1
i i
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Fig. 2: Schematic expevimental setup fluid flow and heat transfor

Legend: |-Sump 2-Pump 3-By-pass control valve 4-Micro-filter 5-Flow control valve 6-Test section T-Differential
pressure gage 8-Flow meter 9-Retum line to sump, T~ Thermocouple location on wall and Tg,- Thermocouple
location fur fluid inlet/outlet,

,+— 230 3
[ = i
N
Ris <5, )
1 z 3
160

@
® | @

N 5 6

1,2 3,4, 3, 6 dhows nodes of thermooouple bocations
Fig, 3.1 Arrangements of Therma couple poinis fn micre channel
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Fig. 3.2: Plor between pressiire drop Vs Flow rate
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IV. ' FLUID FLOW DﬁTA REDUCTION &

The primary objective of mmﬁow

iment is Lo obtain th friction ﬂy;lnr versus Reynolds number relation. The
Friction factor *T" is dwju;:&.ﬁmn the i

v data using Darcy-) ch formula [18] given below:

1
Lot L : B W 5
P N ] -
» 3

> density, fis the fu,g:@n factor, ja’a’ is length to diameter ratio and v is the
fined in the conventional way Re = pvd/u. The velocity v (average) is
calculated from flow rate based on the cross-sectional arca of the channel. For non-circular ducts, diameter d is
replaced by equivalent diameter ed as, d.= 2 WI—L“{W* where. W‘@nd H are width and height of the channel
respectively. The thermo physical ies were evalua 4 1n1et perature of the test fluid neglecting the
viscous heating effect in the channel. Table | and Table 2 XLT the Ex ental and caleulated values of Thermo

Where, Ap s the pressure dmﬂ, pis
velocity. The Reynolds number is

physical properties of methanal. '
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4.1 Results and discussion

The friction factor data obtalied from the present experimenss for the test section is shown in figure 4, as plot of
friction factor v Reynolds number (£-Re). Normally, the flow experiment results give an initiative to identify flow
regimes (laminar, turbulent aid zone of transition). Further, triction factor dependence on Reynolds number could
be estublished. The expenimental values are compared with €onventional theory and earlier correlations.  Pattern
characterizes the *f theorelichl value m laminar regime (i.0: f= 64/Re) and  pattern stands for smooth pipe
turbulent regime by Blasiny relatiod [19], :

¢ o 0316 o

Re™

It is customary in pipe flow; the laminar flow regime is identified as friction factor 'f" varies inversely to Reynolds
number (typically as = 64/Re for tubas). The laminar fow i continued up to Re ~1200. In the test section in view
of the limitation constrained by the differential pressure gauge (maximum 250 mm Hg) vsed. Consequently, the
experuncntal data for the lantinar region fitted in the friction factor rclation of the form f = C/Re, yiclded the
constant C value 75.73 for methanol with regression coefficient (R”) of 0.95 is observed as in figure 4. Therefore it

appears that these micro-channels are preferred at low pumping power with high heat flux rate applications such as
electronic cooling, :

| —— Experimental

=& theory F=84/Re

05
. oooel  o.00c 0,004
i

1Reymolds r}mh‘_;'grff

y | [

Fig. {: Plot of frictivn factor E:& 1/Reynalds number
b

V. HEAT TRANSFER DATA REDUCTION

From the measured flow rate und temperatures various parameters are evaluated to obtain heat transfer rate and
MNusselt numbet, The total heat transfer rate is obtained from energy balance of the fluid between inlet and outlet in
the micro-channels as heat gained, '

Q = me,(Ty-1,) (1)

The heat flux g" and heat transfer coefficient *h” are caleulated from the total heat transfer rate Q as
g" = T (4)

=2L(W+ H) . W
r= 2 B B ) 8 @&
- PRING

Lowr — T * {PALI uiraEcT?}I;l o
: i W "1' |-__j
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3.1 Results and discussion
The experimental average Nussclt number varation in the present experiment is depicted in figure 5 as a plot of
Mussell number vs Re}nulds.nﬁpbﬂ. In general the duta distribution is complex.

Nu = 0.00222 pe™ Re:“' (M

i
Nie = 0.0U805ReY S prit (8)
It is seen that the empirical rélitions given by equations (71 and (8) have not fi1 fo the present data but be placed on
cither side. In view of the less dxperimental data available, 95 present it is not possible to either evolve a correlation
o any supposition on heat 1 in micro-channel, i

;t 40 4
. 304
&
E
EEBE
E
. 1
= T It

] 500 1040 i' 15800 2000 2500
R&ynnlﬂﬁ'mhar |R&}
| %

- Fip & Plot of Musselt o mﬁ;% i Reynolds number

-

VI.  CONCLUSION

The present experiment invest
0.75 mun width having each
Hydraulie diameter and as

ation was carried oul in & tesl section with micro-channel dimensions 1.5 mm deep x
- um Jong and 47 dnmmcishﬁ_fh: working (luid used in this experiment is methanol.
wLiatio are an important in mitto-channel plate design. Hence we achieved by micro-
channel design caleulation fig present study. In friction chaacteristics, pressure drop and flow rale are used to
evaluate friction factor in the difero-chinnel. A plot of f vs. Re is obtained, The results have shown that the friction
factor is higher than that of the conventional channels for laminar flow. More experiments and accurate results are
required to identify the zone af transition in the case of micra=channel, In heat transfer characteristics, laminar data
indicates that behavior in micro-charnel is as normally sized channels and behaves with less pressure drop than that
of smooth conventional tube fow. {
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THERMO ELASTIC BEHAVIOUR OF A THIN HYBRID FOUR-LAYERED FRP
SKEW CROSS-PLY LAMINATES WITH CIRCULAR CUTOUT
K. Durga™ & T. Srinivasa Rao’ & D.Gopi Chand’

" Department of Mechanical Engineering, Vikas Group Of Institutions, Nunna, India

ABSTRACT

The present paper deals with the prediction of thermo elastie bebaviour of the thin four-layered Cross-ply Hybrid
Fibre Reinforeed Plastic (FRF) skew laminated coczposite plate with cireular cut out by considering two composite
materials Graphite- Epoxy and Boran-Epoxy materials which are subjected 1o uniform pressure load and thermal
londing. The problem is modaled by using ANSYS software based on the Classical Lamination Theory (CLT) which
s suitable for the analysis of thin laminates with circular cut-out, The effect of size of the circular cut out and skew
ungle vn the stresses are shown for Cross and Angle-ply laminates. The principle stresses and shear slresses are
evaluated for different cross scotions. The present analysis is useful for the safe and effective design of the skew
laiminates with circular cut out under uniform pressure load and thermal load conditions.

Keywords: lybrid FRP, Skew luminate. Finite element analysis, cross-ply | classical theory, thermal stresces.
Lirendar el o,

I. INTRODUCTION

A compogite material is made by combining two or mare materials — often ories that have very different properties,
The twa materials work together to give the composite unique propertics. However, within the composite you can
ensily tell the different materials apart 2s they do not dissalve or blend into each other. Most composites are made of
Just two materials, One is the matrix or binder. It surrounds and binds together fibres or fragments of the other
material, which is called the reinforcement. The first modem composite material was fibreglass. It is still widely
used today for boat hulls, sparts equipment, building panels and many ¢ar bodies. The matrix is a plastic and the
reinforcement is glass that has been made into fine threads and often woven into a sort of cloth, On its own the Blass
is very strong but brittle and it will break if bent sharply. The plastic matrix holds the glass fibres together and also
protects them from damage by sharing out the forces wcting on them, Some advaneced composites are now made
using carbon fibres instead of glass, These materials are lighter and stronger than fibreglass but more expensive to
prodice

They are used In gircrafl siructures and expensive sports equipment such as golf clubs,

Statical and dynamicil behaviour of thin fibre reinforced composite laminates with different shapes Based on the
classical laminated plate theary [1] Thermal buckiing analysis of symmeiric and antisymmetric cross-ply laminated
hybrid compuosite plates with an inclined erack subjected to & uniform temperature rise {2], buckling of functionally
graded plates (FG plates) with an elliptical cut out under combined thermal und mechanical loads is investigated
using Finite Element Method [3] The free vibration analysis of laminated composite skew plates with delsmination
around u centrally located quadrilateral cut out is carmed out based on the high-order shear deformation theory
(HSDT) [4] the prediction of interlaminar stresses in situply supporied laminated FRP composite plate with s
circular cut-out under transverse load using 3-D finite element analysis [3] the free vibration analysis of a thin Fibre
Reinforced Plastic (FRP) skew laminated compasite plate with a circular cut-out at the geometric centre [6] the
interlaminar siresses are predicted for a bidirectional skew laminated unidirectional continuous fibre reinforced
plastic (FRP) composite with a circular cut out at the geumelric centre of the plate using three dimensional finite
eleinent method with geometric nonlinear option [7],

The present investigation intends to apply the finite element technique, based on classical lamination theory, for the
analysis of symmetric and anti-synimetrie thin laminates under uniform pressure load and thermal Ibadin g
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Nomenclature:

1 length of the plate

h Total thickness of laminaste

5 ('), thickness ratio of the laminate

dfl Diameter ratio,

o Skow angle

Eij Young's modulus of lanina.

Cij Shear modulus of lamina,

uij Poisson's Ratio of Lamina,

o MNormal stress.

w Deflection

™y Shear stresses

1. PROBLEM MODELING

2.1 Geometric modelling

A laminated composite general shell clement (SHELLSY) is used for méshing the geometry of the problem. This
clemenl is suited for modeling moderately thin laminates composite shells, As shown in the Fig 1, the eloment
consists of number of layers of perfeetly bonded arthotropic materials. The element |8 quadratic and has six degrees
of freedom per node namely, wanslations in x, v and z directions respectively, and rotations about %, y and z axes
respectively,

The clement gives results of high accuracy and discratization involves fewer clements, As shown in the Fig.3, the
lamination sequence is between the bottom and top faces of the element with the layer setup starting from the
boitom face. This element is used to model the present problem with 0/90:90/0, layer sequence,

Fig 1, Geometric modelling

1.2. Finite Element Modeling

The finite element model of the problem are shown in Fig.2, The side of the plate ‘I' is taken as 20mm and five
Inyers are considered with total thickness (1) of 1mm, a0 taat the length to thickness ratio becomes *s°=20. The skaw
angle o is taken as a value varying from 0 w 500, A ciccular hole is placed a1 the geometric cenire of the plate. The
size of the cut out is varied as per the ratio d//] ranging feain 0.1 to 0.6mn,
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Fig.2, Finite element mesh on skew plate

2.3 Boundary Conditions and Loading

All the sides of the skew plate are clamped. The skew laminale is subjected o the combined transverse pressure load
of IMPa and thermal load 2007,

2.4 Material properties
The maierial preperties used for the Graphite and Beron epoxy materials are given takle below!

Boron-cpoxy  Graphite-epoxy
Young's modulus in GPa

El 241873 141675
EZ=E3 255105 123839
Polesin's Ratig

vi2= ‘vI3 0.25392 (25772
vl 26454 042057
Rigidity Mudulus in Gpa

Gl12=(3]3 67158 3HRO
23 10054 43156

Temperature effects

Al 5.30E-06 | .ODE-D7
A2 2.20E-05 2.80B-03

Ad 2 40E-05 2.40E-05

I, RESULTS AND DISCUSSIONS

The Finite element model is generated in the ANSYS software and the siresses are obtained. The results are taken in
Cross-ply laminates. The effect of skew angle and the effect of diameter of the cut out are taken into considered in
the following cases. These results are taken the case of Four-layered Cross-ply laminates,

3.1 The arrangements of material in individua) Tayers are as follows,
Casel - Taking all boron -epoxy layers
Cased - Taking all graphite -epoxy layers
Cased - Hybrid-1: Graphite-epos y/Borop- epoxy! Boron-epoxy/Graphite-epoxy
Cased - Hybrid-2: Boron-epos y/Graphite-epos v/ Graphite-epoxy/Boron-epoxy
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3.2, Stresses Evaluation: .

3.2.1 Analysis Of Cross-Ply Laminates: A laminate is callsd cross-ply laminate if all the plies used to fabricate the
laminate are only 0°and 90° The proposed work deals with the static analysis of the Hybrid FRP thin skew
laminates with cutout. The main aim is to evaluate the siresses in the clamped skew laminates, which are
subjected 1o combined ransverse pressure load and temperature load. Amrange the four layers in 0%/90"/90°%0°,

3.2.2: Casel- Taking all boron -epoxy fayery
i} " Effect of d/| at o =" : The values of ax, oy, and 1xy pradually decreases as increases d/l ratio at the skew
angle 0°, txy values are small compared 1o ox and ay.
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i) Effect of dv| nt = 30" The values of ox, ay, and txy gradually decrenses as increases d/l ratio at the

skew angle 30°, ox and ay are same at d/l=( 6, Txy values are small compared to ox and ay.
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3.2.3: Case 2- Taking all graphite-epoxy layers
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i) Effect of d/l at = 0" The values of ax, oy, and txy gradually decreases as increases d/l ratio at the skew
angle 0", stresses in case-2 are high compared to case-1
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i) Effect of d/l at @ =20"; The values of ox, oy, and txy gradually decrenses as increases d/l ratio at the skew
angle 30"
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3.2.3:Case J- Hybrid-1: Graphite-epoxy/Boron-epoxy/ Boron-epoxy/Graphite-epoxy

1) Effect of d/l atee=0": The values of ox, oy, and txy gradually decreases us increases df] ratio at the skew angle

0", Values of ey are mare compared to case-1 and case-2.
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i) Effect of dfl at a=30": The values of ox, oy, and txy gradually decrenses as increases d/] ratio at the skew angle
30,
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3.2.3:Cased- Hybrid-1; Boron-epoxy/ Graphite-epoxy’ Graphite-epoxy Boron-epoxy
i) Effect of &/l at @ =0 : The values of ox gradually decreases as increases &f) ratio at the skew angle 0°, The
values of oy, and txy very less compared to ax,
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ii) Effect of d/1 ata=130"; The values of ox gradually decreases as increases d/l ratio at the skew angle 20°,
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THERMO ELASTIC BEHAVIOUR OF A THIN HYBRID FOUR-LAYERED FRP
SKEW CROSS-PLY LAMINATES WITH CIRCULAR CUTOUT
K. Durga™ & T. Srinivasa Rao’ & D.Gopi Chand’

"I Department of Mechanical Engineering, Vikas Group Of Institutions, Nunna, India

ABSTRACT

The present paper deals with the prediction of thermo elastie bebaviour of the thin four-layered Cross-ply Hybrid
Fibre Reinforeed Plastic (FRF) skew laminated coczposite plate with cireular cut out by considering two composite
materials Graphite- Epoxy and Boran-Epoxy materials which are subjected 1o uniform pressure load and thermal
londing. The problem is modaled by using ANSYS software based on the Classical Lamination Theory (CLT) which
s suitable for the analysis of thin laminates with circular cut-out, The effect of size of the circular cut out and skew
ungle vn the stresses are shown for Cross and Angle-ply laminates. The principle stresses and shear slresses are
evaluated for different cross scotions. The present analysis is useful for the safe and effective design of the skew
laiminates with circular cut out under uniform pressure load and thermal load conditions.

Keywords: lybrid FRP, Skew luminate. Finite element analysis, cross-ply | classical theory, thermal stresces.
Lirendar el o,

I. INTRODUCTION

A compogite material is made by combining two or mare materials — often ories that have very different properties,
The twa materials work together to give the composite unique propertics. However, within the composite you can
ensily tell the different materials apart 2s they do not dissalve or blend into each other. Most composites are made of
Just two materials, One is the matrix or binder. It surrounds and binds together fibres or fragments of the other
material, which is called the reinforcement. The first modem composite material was fibreglass. It is still widely
used today for boat hulls, sparts equipment, building panels and many ¢ar bodies. The matrix is a plastic and the
reinforcement is glass that has been made into fine threads and often woven into a sort of cloth, On its own the Blass
is very strong but brittle and it will break if bent sharply. The plastic matrix holds the glass fibres together and also
protects them from damage by sharing out the forces wcting on them, Some advaneced composites are now made
using carbon fibres instead of glass, These materials are lighter and stronger than fibreglass but more expensive to
prodice

They are used In gircrafl siructures and expensive sports equipment such as golf clubs,

Statical and dynamicil behaviour of thin fibre reinforced composite laminates with different shapes Based on the
classical laminated plate theary [1] Thermal buckiing analysis of symmeiric and antisymmetric cross-ply laminated
hybrid compuosite plates with an inclined erack subjected to & uniform temperature rise {2], buckling of functionally
graded plates (FG plates) with an elliptical cut out under combined thermal und mechanical loads is investigated
using Finite Element Method [3] The free vibration analysis of laminated composite skew plates with delsmination
around u centrally located quadrilateral cut out is carmed out based on the high-order shear deformation theory
(HSDT) [4] the prediction of interlaminar stresses in situply supporied laminated FRP composite plate with s
circular cut-out under transverse load using 3-D finite element analysis [3] the free vibration analysis of a thin Fibre
Reinforced Plastic (FRP) skew laminated compasite plate with a circular cut-out at the geometric centre [6] the
interlaminar siresses are predicted for a bidirectional skew laminated unidirectional continuous fibre reinforced
plastic (FRP) composite with a circular cut out at the geumelric centre of the plate using three dimensional finite
eleinent method with geometric nonlinear option [7],

The present investigation intends to apply the finite element technique, based on classical lamination theory, for the
analysis of symmetric and anti-synimetrie thin laminates under uniform pressure load and thermal Ibadin g
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Nomenclature:

1 length of the plate

h Total thickness of laminaste

5 ('), thickness ratio of the laminate

dfl Diameter ratio,

o Skow angle

Eij Young's modulus of lanina.

Cij Shear modulus of lamina,

uij Poisson's Ratio of Lamina,

o MNormal stress.

w Deflection

™y Shear stresses

1. PROBLEM MODELING

2.1 Geometric modelling

A laminated composite general shell clement (SHELLSY) is used for méshing the geometry of the problem. This
clemenl is suited for modeling moderately thin laminates composite shells, As shown in the Fig 1, the eloment
consists of number of layers of perfeetly bonded arthotropic materials. The element |8 quadratic and has six degrees
of freedom per node namely, wanslations in x, v and z directions respectively, and rotations about %, y and z axes
respectively,

The clement gives results of high accuracy and discratization involves fewer clements, As shown in the Fig.3, the
lamination sequence is between the bottom and top faces of the element with the layer setup starting from the
boitom face. This element is used to model the present problem with 0/90:90/0, layer sequence,

Fig 1, Geometric modelling

1.2. Finite Element Modeling

The finite element model of the problem are shown in Fig.2, The side of the plate ‘I' is taken as 20mm and five
Inyers are considered with total thickness (1) of 1mm, a0 taat the length to thickness ratio becomes *s°=20. The skaw
angle o is taken as a value varying from 0 w 500, A ciccular hole is placed a1 the geometric cenire of the plate. The
size of the cut out is varied as per the ratio d//] ranging feain 0.1 to 0.6mn,
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Fig.2, Finite element mesh on skew plate

2.3 Boundary Conditions and Loading

All the sides of the skew plate are clamped. The skew laminale is subjected o the combined transverse pressure load
of IMPa and thermal load 2007,

2.4 Material properties
The maierial preperties used for the Graphite and Beron epoxy materials are given takle below!

Boron-cpoxy  Graphite-epoxy
Young's modulus in GPa

El 241873 141675
EZ=E3 255105 123839
Polesin's Ratig

vi2= ‘vI3 0.25392 (25772
vl 26454 042057
Rigidity Mudulus in Gpa

Gl12=(3]3 67158 3HRO
23 10054 43156

Temperature effects

Al 5.30E-06 | .ODE-D7
A2 2.20E-05 2.80B-03

Ad 2 40E-05 2.40E-05

I, RESULTS AND DISCUSSIONS

The Finite element model is generated in the ANSYS software and the siresses are obtained. The results are taken in
Cross-ply laminates. The effect of skew angle and the effect of diameter of the cut out are taken into considered in
the following cases. These results are taken the case of Four-layered Cross-ply laminates,

3.1 The arrangements of material in individua) Tayers are as follows,
Casel - Taking all boron -epoxy layers
Cased - Taking all graphite -epoxy layers
Cased - Hybrid-1: Graphite-epos y/Borop- epoxy! Boron-epoxy/Graphite-epoxy
Cased - Hybrid-2: Boron-epos y/Graphite-epos v/ Graphite-epoxy/Boron-epoxy

- 287
=
G JESR (ClGlabal Journal Of Engineering Science And Researches

"‘h-.



RESEARCHERID
'1;{’ THOMSON REUTERS

[ICESTM-2018] 155N 2348 - B034
Impact Factor- 5.070

3.2, Stresses Evaluation: .

3.2.1 Analysis Of Cross-Ply Laminates: A laminate is callsd cross-ply laminate if all the plies used to fabricate the
laminate are only 0°and 90° The proposed work deals with the static analysis of the Hybrid FRP thin skew
laminates with cutout. The main aim is to evaluate the siresses in the clamped skew laminates, which are
subjected 1o combined ransverse pressure load and temperature load. Amrange the four layers in 0%/90"/90°%0°,

3.2.2: Casel- Taking all boron -epoxy fayery
i} " Effect of d/| at o =" : The values of ax, oy, and 1xy pradually decreases as increases d/l ratio at the skew
angle 0°, txy values are small compared 1o ox and ay.
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i) Effect of dv| nt = 30" The values of ox, ay, and txy gradually decrenses as increases d/l ratio at the

skew angle 30°, ox and ay are same at d/l=( 6, Txy values are small compared to ox and ay.
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3.2.3: Case 2- Taking all graphite-epoxy layers
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Impact Factor- 5.070

i) Effect of d/l at = 0" The values of ax, oy, and txy gradually decreases as increases d/l ratio at the skew
angle 0", stresses in case-2 are high compared to case-1
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i) Effect of d/l at @ =20"; The values of ox, oy, and txy gradually decrenses as increases d/l ratio at the skew
angle 30"
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3.2.3:Case J- Hybrid-1: Graphite-epoxy/Boron-epoxy/ Boron-epoxy/Graphite-epoxy

1) Effect of d/l atee=0": The values of ox, oy, and txy gradually decreases us increases df] ratio at the skew angle

0", Values of ey are mare compared to case-1 and case-2.
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i) Effect of dfl at a=30": The values of ox, oy, and txy gradually decrenses as increases d/] ratio at the skew angle
30,
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3.2.3:Cased- Hybrid-1; Boron-epoxy/ Graphite-epoxy’ Graphite-epoxy Boron-epoxy
i) Effect of &/l at @ =0 : The values of ox gradually decreases as increases &f) ratio at the skew angle 0°, The
values of oy, and txy very less compared to ax,
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ii) Effect of d/1 ata=130"; The values of ox gradually decreases as increases d/l ratio at the skew angle 20°,
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THERMO ELASTIC BEHAVIOUR OF A THIN HYBRID FOUR-LAYERED FRP
SKEW CROSS-PLY LAMINATES WITH CIRCULAR CUTOUT

Chand’

. K. Durga™ & T. Srinivasa Rao’ & D.Gopi
*'Department of Mechanical Engineering, Vikas Group Of Institutions, Nunna, India

ABSTRACT

The present paper deals with the prediction of thermo elastie bebaviour of the thin four-layered Cross-ply Hybrid
Fibre Reinforeed Plastic (FRF) skew laminated coczposite plate with cireular cut out by considering two composite
materials Graphite- Epoxy and Boran-Epoxy materials which are subjected 1o uniform pressure load and thermal
londing. The problem is modaled by using ANSYS software based on the Classical Lamination Theory (CLT) which
s suitable for the analysis of thin laminates with circular cut-out, The effect of size of the circular cut out and skew
ungle vn the stresses are shown for Cross and Angle-ply laminates. The principle stresses and shear slresses are
evaluated for different cross scotions. The present analysis is useful for the safe and effective design of the skew
laiminates with circular cut out under uniform pressure load and thermal load conditions.

Keywords: lybrid FRP, Skew luminate. Finite element analysis, cross-ply | classical theory, thermal stresces.
Lirendar el o,

I. INTRODUCTION

A compogite material is made by combining two or mare materials — often ories that have very different properties,
The twa materials work together to give the composite unique propertics. However, within the composite you can
ensily tell the different materials apart 2s they do not dissalve or blend into each other. Most composites are made of
Just two materials, One is the matrix or binder. It surrounds and binds together fibres or fragments of the other
material, which is called the reinforcement. The first modem composite material was fibreglass. It is still widely
used today for boat hulls, sparts equipment, building panels and many ¢ar bodies. The matrix is a plastic and the
reinforcement is glass that has been made into fine threads and often woven into a sort of cloth, On its own the Blass
is very strong but brittle and it will break if bent sharply. The plastic matrix holds the glass fibres together and also
protects them from damage by sharing out the forces wcting on them, Some advaneced composites are now made
using carbon fibres instead of glass, These materials are lighter and stronger than fibreglass but more expensive to
prodice

They are used In gircrafl siructures and expensive sports equipment such as golf clubs,

Statical and dynamicil behaviour of thin fibre reinforced composite laminates with different shapes Based on the
classical laminated plate theary [1] Thermal buckiing analysis of symmeiric and antisymmetric cross-ply laminated
hybrid compuosite plates with an inclined erack subjected to & uniform temperature rise {2], buckling of functionally
graded plates (FG plates) with an elliptical cut out under combined thermal und mechanical loads is investigated
using Finite Element Method [3] The free vibration analysis of laminated composite skew plates with delsmination
around u centrally located quadrilateral cut out is carmed out based on the high-order shear deformation theory
(HSDT) [4] the prediction of interlaminar stresses in situply supporied laminated FRP composite plate with s
circular cut-out under transverse load using 3-D finite element analysis [3] the free vibration analysis of a thin Fibre
Reinforced Plastic (FRP) skew laminated compasite plate with a circular cut-out at the geometric centre [6] the
interlaminar siresses are predicted for a bidirectional skew laminated unidirectional continuous fibre reinforced
plastic (FRP) composite with a circular cut out at the geumelric centre of the plate using three dimensional finite
eleinent method with geometric nonlinear option [7],

The present investigation intends to apply the finite element technique, based on classical lamination theory, for the
analysis of symmetric and anti-synimetrie thin laminates under uniform pressure load and thermal Ibadin g
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Nomenclature:

1 length of the plate

h Total thickness of laminaste

5 ('), thickness ratio of the laminate

dfl Diameter ratio,

o Skow angle

Eij Young's modulus of lanina.

Cij Shear modulus of lamina,

uij Poisson's Ratio of Lamina,

o MNormal stress.

w Deflection

™y Shear stresses

1. PROBLEM MODELING

2.1 Geometric modelling

A laminated composite general shell clement (SHELLSY) is used for méshing the geometry of the problem. This
clemenl is suited for modeling moderately thin laminates composite shells, As shown in the Fig 1, the eloment
consists of number of layers of perfeetly bonded arthotropic materials. The element |8 quadratic and has six degrees
of freedom per node namely, wanslations in x, v and z directions respectively, and rotations about %, y and z axes
respectively,

The clement gives results of high accuracy and discratization involves fewer clements, As shown in the Fig.3, the
lamination sequence is between the bottom and top faces of the element with the layer setup starting from the
boitom face. This element is used to model the present problem with 0/90:90/0, layer sequence,

Fig 1, Geometric modelling

1.2. Finite Element Modeling

The finite element model of the problem are shown in Fig.2, The side of the plate ‘I' is taken as 20mm and five
Inyers are considered with total thickness (1) of 1mm, a0 taat the length to thickness ratio becomes *s°=20. The skaw
angle o is taken as a value varying from 0 w 500, A ciccular hole is placed a1 the geometric cenire of the plate. The
size of the cut out is varied as per the ratio d//] ranging feain 0.1 to 0.6mn,
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Fig.2, Finite element mesh on skew plate

2.3 Boundary Conditions and Loading

All the sides of the skew plate are clamped. The skew laminale is subjected o the combined transverse pressure load
of IMPa and thermal load 2007,

2.4 Material properties
The maierial preperties used for the Graphite and Beron epoxy materials are given takle below!

Boron-cpoxy  Graphite-epoxy
Young's modulus in GPa

El 241873 141675
EZ=E3 255105 123839
Polesin's Ratig

vi2= ‘vI3 0.25392 (25772
vl 26454 042057
Rigidity Mudulus in Gpa

Gl12=(3]3 67158 3HRO
23 10054 43156

Temperature effects

Al 5.30E-06 | .ODE-D7
A2 2.20E-05 2.80B-03

Ad 2 40E-05 2.40E-05

I, RESULTS AND DISCUSSIONS

The Finite element model is generated in the ANSYS software and the siresses are obtained. The results are taken in
Cross-ply laminates. The effect of skew angle and the effect of diameter of the cut out are taken into considered in
the following cases. These results are taken the case of Four-layered Cross-ply laminates,

3.1 The arrangements of material in individua) Tayers are as follows,
Casel - Taking all boron -epoxy layers
Cased - Taking all graphite -epoxy layers
Cased - Hybrid-1: Graphite-epos y/Borop- epoxy! Boron-epoxy/Graphite-epoxy
Cased - Hybrid-2: Boron-epos y/Graphite-epos v/ Graphite-epoxy/Boron-epoxy
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3.2, Stresses Evaluation: .

3.2.1 Analysis Of Cross-Ply Laminates: A laminate is callsd cross-ply laminate if all the plies used to fabricate the
laminate are only 0°and 90° The proposed work deals with the static analysis of the Hybrid FRP thin skew
laminates with cutout. The main aim is to evaluate the siresses in the clamped skew laminates, which are
subjected 1o combined ransverse pressure load and temperature load. Amrange the four layers in 0%/90"/90°%0°,

3.2.2: Casel- Taking all boron -epoxy fayery
i} " Effect of d/| at o =" : The values of ax, oy, and 1xy pradually decreases as increases d/l ratio at the skew
angle 0°, txy values are small compared 1o ox and ay.
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i) Effect of dv| nt = 30" The values of ox, ay, and txy gradually decrenses as increases d/l ratio at the

skew angle 30°, ox and ay are same at d/l=( 6, Txy values are small compared to ox and ay.
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3.2.3: Case 2- Taking all graphite-epoxy layers
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i) Effect of d/l at = 0" The values of ax, oy, and txy gradually decreases as increases d/l ratio at the skew
angle 0", stresses in case-2 are high compared to case-1
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i) Effect of d/l at @ =20"; The values of ox, oy, and txy gradually decrenses as increases d/l ratio at the skew
angle 30"
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3.2.3:Case J- Hybrid-1: Graphite-epoxy/Boron-epoxy/ Boron-epoxy/Graphite-epoxy

1) Effect of d/l atee=0": The values of ox, oy, and txy gradually decreases us increases df] ratio at the skew angle

0", Values of ey are mare compared to case-1 and case-2.
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i) Effect of dfl at a=30": The values of ox, oy, and txy gradually decrenses as increases d/] ratio at the skew angle
30,
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3.2.3:Cased- Hybrid-1; Boron-epoxy/ Graphite-epoxy’ Graphite-epoxy Boron-epoxy
i) Effect of &/l at @ =0 : The values of ox gradually decreases as increases &f) ratio at the skew angle 0°, The
values of oy, and txy very less compared to ax,
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ii) Effect of d/1 ata=130"; The values of ox gradually decreases as increases d/l ratio at the skew angle 20°,
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VIBRATION ANALYSIS OF CARBON NANOTUBE REINFORCED COMPOSITE,
USING ANSYS
V.Eeswari' & Md.Shareef®
'*?Department of Mechanical Engineering

ABSTRACT

The energy crisis and global inclination to reduce green house gas emissions have been catalytic in directing the
attention of research seientists to look for light weight materials with high strength .Composites are the ones with
this kind of excepticnal propertics ,The emergence of Carbon Nanotubes has created new opportunities for
fabrication of polymer composites that possess strong potential for & wide spectrum of the applications . The ane-
dimensional structure of carbon nano tubes has g very high anisotropic nature and unusual mechanical properties,
which made them as promising nano filler for the compaosiie structures, The primary focus currently is 1o develop
new generation of Nano-composite materials capable of exhibiting good combination of propertics \The present
rescarch work is focused ot the evaluation of mechanical properties like Young's modulus and also to imvestigate
the natural frequency of nana particle reinforced compasites through Finite Element Analysis. The Vibration test is
carried oul to get the information of the first mode shape of this discrete Nano composite, and this is used to further
estimate the mode shapes in the composite for different end conditions and also to check this composites
performance in real time simations using the probable cuts in the model and this procedure is done by using ANSYS
Pack.

Keywords: Composite: a material made from two or mare constituent moterials,

L INTRODUCTION

Composite comes from a Latin word commoncr means (o put to gether. A comiposite material consists of two or
more constiluent materials with significantly different properties combined together at & macroscopic scale with o
recognizable interface between them, to produce & material with charscteristics different from its constituents,
Nature itself has a number of Composite materials like Wood, human bone, Bamboo ete, The Composites are
classified into differant types based on the matrix and reinforcement materials,

lI. PROBLEMOBJECTIVE

The objective of the present work is to analyze the vibration of carbon nano tube reinforced composite using
ANSYS o utilize it in industries. First we have to find the Elastie propettics of the CNT reinforced composite which
18 having spherical shape particles of micron diamcter as reinforcement in the epoxy resin as matrix.. And to find the
first Natural frequency of the SWONT reinfarced composite .Now we have to model and simulate for different
boundary end conditions and see the vibrational behaviour of the 1.2 and 3 wih CNT reinforced composite at these
cenditions .And finally we have to find the Narural frequency of the SWONT reinforced composite which is having
A drregulority in tsshape,

I, RESULTS ANDDISCUSSION

Micro mechanical analysis of swent reinforced composite

The Elastic propertics of coniposites are evaluated effectively by adopting Representative Volume Element (RVE)
that consist of a single spherical particle surrounded by matrix material and a One-eighth portion is considered for

analysis as shown in Figure 3.1, Due to the spherical shape of the nanotube, the cubic shape unit cell is considered
for the analysis.
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Figure I.(a}Uniform distriburion af spherical particles in mateix, (hifsolared Unitcell and (c)one eigthmodel

The Finite Element Analysis of the composite is done by adopting RVE and for this volume fraction of the particle
15 mecessary for the generation of RVE. The Experimentation was done by weight fractions which are to be converted
nto volume fractions for Fimte Element Analysis of CNT reinforced composite The Finite Element Models were
preparcd for difTerent volume fractions of the SWCNT and Elpstic properties were caleulated. Finite Element Model
ol | wi, % of SWONT reinforded epoxy resin composite is shown in Figure2,
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FIG 2 FE Model of CNT relnforced Composite ar T we. % of SWCNT,
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FiG.3 Convergei mexh madel of SWCNT; reinforced composite at | wi% of SWCNT,
The Elastic properties of the Cinposite at different weight fractions are caloulated, Figure 3.5 shows a variation of

Young's Modulus (E) of CNT reinforced composites with respect to wt. % of SWCNT. The Young's modulus
increases with the increase in the weight percentage of the reinforcement in the matrix materjal,
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£IG 4. Young’s Modulus (E) with respect to wt. % of CNT
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eased wilh the ingrease 1n the weight percentage of reinforcement wherees the
o considerable change. From the FEA gnalysis, it is understood that on addition of
s is a considerable inerease in the Elastic properties say, Young's modulus.

3

The Younge's Modulus (E) ¢
puisais ratio 1s neutral show
the CNT aos a reinforcement

»

Finite element analysis of swent reinforced composite to evaluate nat_i_l_rul frequency

Vibrational Analysis is Perﬁ;.,—& to obtain the mode shapes of the CNT feinforced composite using FEA software.
The geometry for this simulion is considered 4s a square plate that we fabricated according to the ASTM
standards, say the length and s breadth of the plate are 100 mot and the thickness is 3 mm, The Finite Element
Models were prepared for difflint volume fractions of the SWCNT and gatural frequency was caleulated.

The meshed Finite Element [wf-_tgcll.c] of 1 wt. % of SWONT reinforced epoxy resin composite is shown in Figure 6
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The boundary conditions are given according to the testing performed on the specimen. It is seen that the plate is
assumed to be simply supported so for our present simulation we go for the simply supported end conditions for the
plate and the end conditions dre as follows

¢ Constrained for all four edges of the plate inZ-direction

= Anytwo parailel edges are constrained inX-direction

*  Remaining two parallel edges ars constrained in Y- direction,

The boundary condition applied plate of 1 wt, % CNT reinforced composite is scen in Fig 7

Fig 7.Loaded 1% CNT reinforced Compusite

The vibration propertics of the Composite say the natural frequency at different weight fractions are caloulated,
Figure 4.3 shows a variation of first mode shapes of CNT reinforced vomposites wilh respect to wi. % of SWCNT.
The mode shape increases with the increase in the weight percentage of the reinforcement in the matrix material,

90 - ] :
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= : 1.5 2 25 3 Vijayawada Rural, NTR Dist., 85

Weight Percentage of SWCNT
Fig 8, First mode shape with respeet to wi. % of CNT
From the previously procured mformation we were capable of successfully performing the FEA and thus got the

natural frequencies for the composite at simply supported condition and hereby we can conclude that the vibration
behiaviour is competent withi! the composite for such combination of miaterials, in other words the SWCNT can
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enhianee the natural frequency of the epoxy by adding only a little amounts and there by providing the stiffness in the
matrix though they are deficient m this property solely, Therefore it can be concluded that the small amounts of
SWONT added eon enhance the vibrational behaviour of the matrix chosen,

Effect of the boundury conditions on natural frequency of swent reinforeed composite

The main objective of the present work is to find the Natusal frequency of the SWONT reinforced composite which
s having spherical shape particles of nano diameter as reinforcement in the epoxy resin as matrix. The overall
analysis is taken using the ANSYS Software

The boundary conditions are different end conditions like Cantilever, All edges fixed and Two parallel edges fixed
on the specimen. So the boundary conditions to be applied are as follows

Fig 8. Cantileverend conditfoned TwiYcam posite

Fig 10.ull edges fixed end condition 2 wt% Compasite
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Fig 1L Two edges fixed 3wt CNT composite
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The simulation is done for all 3 different conditions and the results are compared along with the experimental end
condition and the result ean be seen in the Fipurel2.

Frequency (in 11z)

Fig 12.Result graph of natural freguency of 1,33 with ONT reinforced composite for all end conditions,
Result graph of first natural frequency of 1,2 and 3 wi % CNT reinforced composite for all endeonditions.

F'rom the result diagram we can see that the vibrational properties differ for all end boundary conditions i.e clearly
there iz a difference in the natural frequency though there is no change in the amounts of the reinforcement.

The natural frequency of the SWONT reinforced composite with all fixed condition is showing higher value rather
than other boundary conditions because of the stiffness provided with in it by the end boundar condition.In other
words along with the stiffness provided from the reinforcement additional stiffness is offered to the composite by this
boundary condition,

The cantilever end condition provided onlby small amounts of natural frequency values due to the same fact of lesg
stiffness offered by the end condition, Se in such cases we may increass the amount of the reinforcement upto a level
of close package of the SWCNT with in the matrix,i.e the addition is restricted for any internal defects that are
generally observed in the experimentation,

So we can conclude that the first natural  frequency increases for the increase in wt % of the ONT in any end
condition provided for CNT reinforced composite. The affect of boundary condition is quite commaom a8 of the
vibrational behaviour is concerned unless to get the betier frequency, a certain limit of SWCNT can be added to
attain the requirement,

Effcet of geometrical irregulurities on the swent reinforced composite
The main objective of the present work is to find the Natural frequency of the SWONT reinforced composite which
is having a {rregularity in its shape. The overall analysis is taken using the ANSYSSoftware.

The boundary conditions are applied to the plate as previous plates FEA is done to get the results of the mode shapes
for all 3 wi% composites and a: all four end conditions and also for all the ueomelrical shapes,
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Fig 13.Rectangularcut Fig 14 Suarecur

Figl5Traingulurcut Fig 16, Cicularcut
All the geometrical irregularities provided SWONT reinforced composite are constrained with the different end
conditions, and the results arc understood from the following figure.

It is scen that the results obtained shows a good correlation with the results from the previous chapter ie, the
resiills or the natural frequency does nol get effecied by irregularities provided in other words it is secn that the
natural frequency for a particular weight percent of CNT at a particular end condition gives the same or near
1dentical mode shape for any kind of geometric cutprovided.

: B ® 0 1%volumefraction ¥ 2% volume Fraction
B0 3%VolumeFraction

i
o

MNatural Frequency
[ ]
o
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Fig 17.5imply supported result for all shaped cuty
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1.2 7 ¥oaxvolumeFraction H0.2% Volume Fraction
E (. 3% VolumeFractian

Cirgular Cut SquareCut Trizngular CutRectanaularCut

Fig 20. All end fixed result for all shaped cuts

The modelling of four geneesl geometrical shaped iregularities, say square, triangle, reciangle and circle are
provided for the composite and the simulation for each type in all four distinet boundary condition is done,

Now from the results we can elearly say that there is no variation in the natwral frequency obtained for a particular
wt % composite, at a particnlar boundary condition provided with a particular shaped iregularity. This clearly
undersiood that the siniply supported conditioned | wi® conposite's natural frequency is identical to the all the four
geometrical irregularities’ simply supported end conditioned natural frequency Hence we can conclude that despite
of the geometrical irregularity thers is insignificant change in the fiatural frequency of the SWONT reinforced
composite. '

1¥. CONCLUSIONS

In the present research, the evaluation of the elastic properties and natyral frequency of Single Walled Carbon
naotubes (nano particles) reinforced epoxy composites by Finite Element Analysis is presented by doing the micro
mechanical analysis for the evaluation of Elastic properties of SWONT Reinforced Composite. The Flastic
properlies oblained from Experimentation are utilised for the evalustion of gatural frequency of the CNT reinforced
composite in FEA thus deriving the natural frequency from th cANSYS,

From the results and discussions of sach the following conclusions have been made from this present research work,
The following conclusions were made from the different aspects as of dang in the report work
I~ The addition of the SWONT to the epoxy increases the Young's moduli or the elastic moduli of the
composite (¢ the inciease in the amounts of reinforcement induces the strength to the matrix there by
increase the Elastic Modulii of the compasite, Hence the addition uf the SWCNT as the reinforcement can
lead to the successful sustainment and excellent behaviour of the Composite,
2. The sddition of the 8WCNT decreases the deflection or percenlige elongation in the composite that is by
providing the stiffndss to the matrix. This provided stiffess makes the composite to withstand or exhibit
guod vibrational perfrmance, *
3. It is clearly seen thatthe first natural frequency increased mlh" the increasing amounts of reinforcement
added. This shows that the SWCNT provides the stiffiess within the matrix to exhibit best
vibrationglhehavior ’
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4. From the FEA, we can say that the addition of SWCNT to enhance the elastic moduli purely depends up an
the diameter value of the SWONT, as there will be decrease in the elastic moduli after a particular point of
weight percentage proving the importance of the diamtere consideration, This can be understood  clearly
that the diameter consideration is important for the comnposite to overcome the defects like agglomeration
that is from this study we have shown the close packing of the SWONT in the epoxy matrix at a distinet
level of weight percentage.So it proves that the diamtere of the SWONT effects the particular Elastic
modulii of the produced Compasite
3. The natural frequency obtained from the different boundary conditions prove that the best possible mode
shapes can be procured from the All edges clamped condifion as an additional end conditioned stiffness is
provided for the composite along with the reinforcement’s stiffiiess.
6. Irrespective of the shape of the irregularity provided there is negligible change in the mode shapes of the
composites at any weight faction and at any boundary condition proving that the produced cOmposite can
be used in real time applications were frequency is featured as & important factor.
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ABSTRACT

The energy crisis and global inclination to reduce green house gas emissions have been catalytic in directing the
attention of research seientists to look for light weight materials with high strength .Composites are the ones with
this kind of excepticnal propertics ,The emergence of Carbon Nanotubes has created new opportunities for
fabrication of polymer composites that possess strong potential for & wide spectrum of the applications . The ane-
dimensional structure of carbon nano tubes has g very high anisotropic nature and unusual mechanical properties,
which made them as promising nano filler for the compaosiie structures, The primary focus currently is 1o develop
new generation of Nano-composite materials capable of exhibiting good combination of propertics \The present
rescarch work is focused ot the evaluation of mechanical properties like Young's modulus and also to imvestigate
the natural frequency of nana particle reinforced compasites through Finite Element Analysis. The Vibration test is
carried oul to get the information of the first mode shape of this discrete Nano composite, and this is used to further
estimate the mode shapes in the composite for different end conditions and also to check this composites
performance in real time simations using the probable cuts in the model and this procedure is done by using ANSYS
Pack.

Keywords: Composite: a material made from two or mare constituent moterials,

L INTRODUCTION

Composite comes from a Latin word commoncr means (o put to gether. A comiposite material consists of two or
more constiluent materials with significantly different properties combined together at & macroscopic scale with o
recognizable interface between them, to produce & material with charscteristics different from its constituents,
Nature itself has a number of Composite materials like Wood, human bone, Bamboo ete, The Composites are
classified into differant types based on the matrix and reinforcement materials,

lI. PROBLEMOBJECTIVE

The objective of the present work is to analyze the vibration of carbon nano tube reinforced composite using
ANSYS o utilize it in industries. First we have to find the Elastie propettics of the CNT reinforced composite which
18 having spherical shape particles of micron diamcter as reinforcement in the epoxy resin as matrix.. And to find the
first Natural frequency of the SWONT reinfarced composite .Now we have to model and simulate for different
boundary end conditions and see the vibrational behaviour of the 1.2 and 3 wih CNT reinforced composite at these
cenditions .And finally we have to find the Narural frequency of the SWONT reinforced composite which is having
A drregulority in tsshape,

I, RESULTS ANDDISCUSSION

Micro mechanical analysis of swent reinforced composite

The Elastic propertics of coniposites are evaluated effectively by adopting Representative Volume Element (RVE)
that consist of a single spherical particle surrounded by matrix material and a One-eighth portion is considered for

analysis as shown in Figure 3.1, Due to the spherical shape of the nanotube, the cubic shape unit cell is considered
for the analysis.
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Figure I.(a}Uniform distriburion af spherical particles in mateix, (hifsolared Unitcell and (c)one eigthmodel

The Finite Element Analysis of the composite is done by adopting RVE and for this volume fraction of the particle
15 mecessary for the generation of RVE. The Experimentation was done by weight fractions which are to be converted
nto volume fractions for Fimte Element Analysis of CNT reinforced composite The Finite Element Models were
preparcd for difTerent volume fractions of the SWCNT and Elpstic properties were caleulated. Finite Element Model
ol | wi, % of SWONT reinforded epoxy resin composite is shown in Figure2,
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FIG 2 FE Model of CNT relnforced Composite ar T we. % of SWCNT,
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FiG.3 Convergei mexh madel of SWCNT; reinforced composite at | wi% of SWCNT,
The Elastic properties of the Cinposite at different weight fractions are caloulated, Figure 3.5 shows a variation of

Young's Modulus (E) of CNT reinforced composites with respect to wt. % of SWCNT. The Young's modulus
increases with the increase in the weight percentage of the reinforcement in the matrix materjal,
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£IG 4. Young’s Modulus (E) with respect to wt. % of CNT
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eased wilh the ingrease 1n the weight percentage of reinforcement wherees the
o considerable change. From the FEA gnalysis, it is understood that on addition of
s is a considerable inerease in the Elastic properties say, Young's modulus.

3

The Younge's Modulus (E) ¢
puisais ratio 1s neutral show
the CNT aos a reinforcement

»

Finite element analysis of swent reinforced composite to evaluate nat_i_l_rul frequency

Vibrational Analysis is Perﬁ;.,—& to obtain the mode shapes of the CNT feinforced composite using FEA software.
The geometry for this simulion is considered 4s a square plate that we fabricated according to the ASTM
standards, say the length and s breadth of the plate are 100 mot and the thickness is 3 mm, The Finite Element
Models were prepared for difflint volume fractions of the SWCNT and gatural frequency was caleulated.

The meshed Finite Element [wf-_tgcll.c] of 1 wt. % of SWONT reinforced epoxy resin composite is shown in Figure 6
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The boundary conditions are given according to the testing performed on the specimen. It is seen that the plate is
assumed to be simply supported so for our present simulation we go for the simply supported end conditions for the
plate and the end conditions dre as follows

¢ Constrained for all four edges of the plate inZ-direction

= Anytwo parailel edges are constrained inX-direction

*  Remaining two parallel edges ars constrained in Y- direction,

The boundary condition applied plate of 1 wt, % CNT reinforced composite is scen in Fig 7

Fig 7.Loaded 1% CNT reinforced Compusite

The vibration propertics of the Composite say the natural frequency at different weight fractions are caloulated,
Figure 4.3 shows a variation of first mode shapes of CNT reinforced vomposites wilh respect to wi. % of SWCNT.
The mode shape increases with the increase in the weight percentage of the reinforcement in the matrix material,

90 - ] :
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Weight Percentage of SWCNT
Fig 8, First mode shape with respeet to wi. % of CNT
From the previously procured mformation we were capable of successfully performing the FEA and thus got the

natural frequencies for the composite at simply supported condition and hereby we can conclude that the vibration
behiaviour is competent withi! the composite for such combination of miaterials, in other words the SWCNT can
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enhianee the natural frequency of the epoxy by adding only a little amounts and there by providing the stiffness in the
matrix though they are deficient m this property solely, Therefore it can be concluded that the small amounts of
SWONT added eon enhance the vibrational behaviour of the matrix chosen,

Effect of the boundury conditions on natural frequency of swent reinforeed composite

The main objective of the present work is to find the Natusal frequency of the SWONT reinforced composite which
s having spherical shape particles of nano diameter as reinforcement in the epoxy resin as matrix. The overall
analysis is taken using the ANSYS Software

The boundary conditions are different end conditions like Cantilever, All edges fixed and Two parallel edges fixed
on the specimen. So the boundary conditions to be applied are as follows

Fig 8. Cantileverend conditfoned TwiYcam posite

Fig 10.ull edges fixed end condition 2 wt% Compasite
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Fig 1L Two edges fixed 3wt CNT composite
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The simulation is done for all 3 different conditions and the results are compared along with the experimental end
condition and the result ean be seen in the Fipurel2.

Frequency (in 11z)

Fig 12.Result graph of natural freguency of 1,33 with ONT reinforced composite for all end conditions,
Result graph of first natural frequency of 1,2 and 3 wi % CNT reinforced composite for all endeonditions.

F'rom the result diagram we can see that the vibrational properties differ for all end boundary conditions i.e clearly
there iz a difference in the natural frequency though there is no change in the amounts of the reinforcement.

The natural frequency of the SWONT reinforced composite with all fixed condition is showing higher value rather
than other boundary conditions because of the stiffness provided with in it by the end boundar condition.In other
words along with the stiffness provided from the reinforcement additional stiffness is offered to the composite by this
boundary condition,

The cantilever end condition provided onlby small amounts of natural frequency values due to the same fact of lesg
stiffness offered by the end condition, Se in such cases we may increass the amount of the reinforcement upto a level
of close package of the SWCNT with in the matrix,i.e the addition is restricted for any internal defects that are
generally observed in the experimentation,

So we can conclude that the first natural  frequency increases for the increase in wt % of the ONT in any end
condition provided for CNT reinforced composite. The affect of boundary condition is quite commaom a8 of the
vibrational behaviour is concerned unless to get the betier frequency, a certain limit of SWCNT can be added to
attain the requirement,

Effcet of geometrical irregulurities on the swent reinforced composite
The main objective of the present work is to find the Natural frequency of the SWONT reinforced composite which
is having a {rregularity in its shape. The overall analysis is taken using the ANSYSSoftware.

The boundary conditions are applied to the plate as previous plates FEA is done to get the results of the mode shapes
for all 3 wi% composites and a: all four end conditions and also for all the ueomelrical shapes,
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Fig 13.Rectangularcut Fig 14 Suarecur

Figl5Traingulurcut Fig 16, Cicularcut
All the geometrical irregularities provided SWONT reinforced composite are constrained with the different end
conditions, and the results arc understood from the following figure.

It is scen that the results obtained shows a good correlation with the results from the previous chapter ie, the
resiills or the natural frequency does nol get effecied by irregularities provided in other words it is secn that the
natural frequency for a particular weight percent of CNT at a particular end condition gives the same or near
1dentical mode shape for any kind of geometric cutprovided.

: B ® 0 1%volumefraction ¥ 2% volume Fraction
B0 3%VolumeFraction

i
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MNatural Frequency
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Fig 17.5imply supported result for all shaped cuty
JESR (C)Glubal Journal Of Engineering Science And Researghes .

PR‘MM \.c':rﬂﬁi £
VIKAS GROUP OF INETI FUTIONS

~ NUNNA - 521 212 _
Vijayawada Rural, NTR Dist., Ak

l '
?



[ICESTM-2018]

[SSN 2348 - 8034
Impact Factor- 5,070

0.8

1.2.5

- ®9.3% VolumeFraction

-1.33E-15 9

L3

B 0 1% VolurneFraction

- Cireular Cut SguareCut

]

#p.2%Volume Fraction

!E E

I_l

#rp “'T’T“'E'-""E“.f."""""'r:'?.‘ -

L4
TriangularCutRectangularCut

——

Fig I8 Cantilever end result for aff sh

1.2 1

=
i

L]
L]
i

Natural Frequency (Hz,

0.3 7

B 0 1%volumeFraction
B0 3%Volumefraction

LI B LT

VEERPY
- .’ll
- B -

T TSUu—

-3

e L

Ll —

U Engineering Science And Researches

- Rmcpﬁumnmmn

§ GROUP OF INSTITUTIONS .
NUNNA - £24 212
awada Rural, NTR Dist,, A.P.



RESEARCHERID

THOMSON REUTERS

[ICESTM-2018] ISSN 2348 - 8034
Impact Factor- 5.070

1.2 7 ¥oaxvolumeFraction H0.2% Volume Fraction
E (. 3% VolumeFractian

Cirgular Cut SquareCut Trizngular CutRectanaularCut

Fig 20. All end fixed result for all shaped cuts

The modelling of four geneesl geometrical shaped iregularities, say square, triangle, reciangle and circle are
provided for the composite and the simulation for each type in all four distinet boundary condition is done,

Now from the results we can elearly say that there is no variation in the natwral frequency obtained for a particular
wt % composite, at a particnlar boundary condition provided with a particular shaped iregularity. This clearly
undersiood that the siniply supported conditioned | wi® conposite's natural frequency is identical to the all the four
geometrical irregularities’ simply supported end conditioned natural frequency Hence we can conclude that despite
of the geometrical irregularity thers is insignificant change in the fiatural frequency of the SWONT reinforced
composite. '

1¥. CONCLUSIONS

In the present research, the evaluation of the elastic properties and natyral frequency of Single Walled Carbon
naotubes (nano particles) reinforced epoxy composites by Finite Element Analysis is presented by doing the micro
mechanical analysis for the evaluation of Elastic properties of SWONT Reinforced Composite. The Flastic
properlies oblained from Experimentation are utilised for the evalustion of gatural frequency of the CNT reinforced
composite in FEA thus deriving the natural frequency from th cANSYS,

From the results and discussions of sach the following conclusions have been made from this present research work,
The following conclusions were made from the different aspects as of dang in the report work
I~ The addition of the SWONT to the epoxy increases the Young's moduli or the elastic moduli of the
composite (¢ the inciease in the amounts of reinforcement induces the strength to the matrix there by
increase the Elastic Modulii of the compasite, Hence the addition uf the SWCNT as the reinforcement can
lead to the successful sustainment and excellent behaviour of the Composite,
2. The sddition of the 8WCNT decreases the deflection or percenlige elongation in the composite that is by
providing the stiffndss to the matrix. This provided stiffess makes the composite to withstand or exhibit
guod vibrational perfrmance, *
3. It is clearly seen thatthe first natural frequency increased mlh" the increasing amounts of reinforcement
added. This shows that the SWCNT provides the stiffiess within the matrix to exhibit best
vibrationglhehavior ’
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4. From the FEA, we can say that the addition of SWCNT to enhance the elastic moduli purely depends up an
the diameter value of the SWONT, as there will be decrease in the elastic moduli after a particular point of
weight percentage proving the importance of the diamtere consideration, This can be understood  clearly
that the diameter consideration is important for the comnposite to overcome the defects like agglomeration
that is from this study we have shown the close packing of the SWONT in the epoxy matrix at a distinet
level of weight percentage.So it proves that the diamtere of the SWONT effects the particular Elastic
modulii of the produced Compasite
3. The natural frequency obtained from the different boundary conditions prove that the best possible mode
shapes can be procured from the All edges clamped condifion as an additional end conditioned stiffness is
provided for the composite along with the reinforcement’s stiffiiess.
6. Irrespective of the shape of the irregularity provided there is negligible change in the mode shapes of the
composites at any weight faction and at any boundary condition proving that the produced cOmposite can
be used in real time applications were frequency is featured as & important factor.
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EXPERIMENTAL ANALYSIS OF DOUBLE PIPE HEAT EXCHANGER BY USING
NANO - FLUIDS AL;0:& S10,

Sk.Subhani' & D.Gopi Chand®
"“Assistant Professar, Department of Mechanical Engineering, Vikas Group Of Institutions, Nunna,
Vijayawada, AP,

ABSTRACT

In this research work forced convection flaws of Nano-fluids consisting of water with Nanoparticles ALaDzand
S$I0:in a horizontal tube with constant wall temperature are investigated numerically, A single-phase model
having two- dimensional cquations is employed with either constant or temperature dependent properties to
study the hydrodynamics and thermal behaviors of the Nano-Nuid flow, The velocity and temperature vectors
are presented in the entrance and fully developed region. The variations of the fluid temperature, local heat
transfer coefficient and pressure drop along tube length are shown in the paper. Numerical results shows that
the heat transfer enhancement due to presence of the Nanoparticles in the fluid in accordance with the results of
the experimental study used for the validation pracess of the numericalmodel,

Keywords: CSTR-PID-ZN-Furzy-MREAM-MATLAR.

L NANO FLUID PREPARATION METHOD

L1 Two-Step Method

This is the most widely vsed method for preparing Nano fluids, Nanoparticles, Nano fibers, Nanotubes, and
other Nano-materials used In this method are first produced as dry powders by chemical or physical methods.
After that the Nano sized powder is to be dispersed into a fluid in the second processing step with the help of
intensive magnetie force agitation, ultrasonic agitation, high-shear mixing, homogenizing, and ball milling.
Two-step method is the most econsmic method to produce Nano fluids in large scale, because Nano powder
synthesis techniques have slready been scaled up to industrial production levels. Due to the high surface area
and surface activity, Nanoparticles have the tendency to aggregate, The important technigue to enhance the
stability of Nanoparticles in fluids is the use of surfactants. However, the functionality of the surfactants under
high temperature is also & big concern, especially for high-temperature,

Fig 111 Two-Step Mixing Procedure Diggram of Nano- Fluid

!
Due to the difTiculty in preparing stable Nano fluids by two-step method, several advanced techniques are developed
to produce Nano fluids, in one-step method. :
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1.2 One-Step Method
To reduce the agglomeration of Nanoparticles, Enstman et al, developed a one-step physical vapor condensation
method (o prepare (AI203+water and SiO2+water) Nano fluids. The cue-step process consists of simultaneously
making and dispersing the particles in the fluid. In this method, the processes of drying, storage, transportation, and.
dispersion of Nanoparticles are avoided, so the agglomeration of Nanoparticles are minimized, and the stability of
fluids are increased. The one-step processes can prepare uniformly dispersed Nanoparticles, and the particles are
suspended in the base fluid The vacuum-SANSS (submerged arc Manoparticle synthesis system) is another
efficient method to preparc Nano fluids using different dielectric liquids, The different morphologies are mainly
mfivenced and determined by various thermal conductivity propetties of the dielectric liquids, The prepared
Nanoparticles exhibit needle-like, polygonal, square, and circular morphological shapes. The method avoids the
undesired particle aggregation fairly well, One-step physical method cannor synthesize Nano fluids in large scale, |
and the cost is also high, so the one-step chemical method i3 developing rapidly. Zhu et al. presented a novel iF
one —step chemical method for preparing copper  Nano  fluids by reducing C u 8 04- 5 H20 with N
HZP 02- H20 in cthylene glycol under microwave irradiation Well-dispersed and stably suspended copper
Nano fluids were obtained. Mineral oil- based Nano fluids containing silver Nanoparticles with a narrow-size
distribution were also prepared by this method the particles could be stabilized by Koran tin, which coordinated
to the silver particle surfaces via two oxygen atoms forming a dense layer around the particles, The silver
Nanoparticle suspensions were stable for about 1 month, Stable ethanol- based Nano fluids containing silver
Nanoparticles could be prepared by microwave-assisted one-step method .In  this method,
polyvinylpyrrolidone (PVP) was employed as the stabilizer of colloidal silver and reducing agent for silver in
solution. The cationic surfactant octadecylamine (ODA) is also zn efficient phase-transfer agent to synthesize
silver colloids the phase transfer of the

reactant 2

Reaction

Reactant 1 Nanofiuld solution
Figl.1.2 One-Step mixing procedure of Nano-Fluid

silver Nanoparticles arises due to coupling of the silver Nanoparticles with the ODA molscules present in
organic phase via either coardination bond formation or weak covalent interaction. Phese transfer method has
been developed for preparing homogeneous and stable grapheme oxide colloids. Grapheme oxide Nano sheets
(GGONs) were successfully transferred from water to n-octane after madification by oleylamine.

II.  EXPERIMENTAL WORK

Ohbjective
To study the overall heat transfer co-efficient & effectiveness of the heat exchanger by using Nano fluids and

making a comparison with bage (luid as water at different flaw rates.
|
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Introduction

Heat exchanger is a device in which heat is transferred from one fluid to another. The necessity for doing this

arises in a multitude of industrial applications. Common examples of heat exchangers are the radiater of a

car, the condenser at the back of a demestic refrigerator and the steam boiler of a thermal power plant.

Heat exchangers are classified in three categories:
o Transfer Type,
= Storage Type,
¢ Durect Contact Type

Theory
A Iransfer type of heat exchanger is one on which both fluids pass simultancously through the device and heat
is transferred through separating walls, In practice most of the heat exchangers used are transfer type.

The transfer type exchangers are further classified according to flow arrangement as

«  Parallel low in which fluids flow in the same direction.
+  Counter flow in which fluids flow in the opposite direction.
s Cross flow in which they flow at right anglesto each other.

A simple example of transfer type of heat exchanger in the form of a fube type arrangement in which one of
the fluids are Nowing through the inner tube and other through the annulus surroundings it. The heat transfer
tnkes place across the walls of the inuer tube,

Heat transfer rate, LMTD and overall heat transfer coefficient can be calculated as follows:
Q =M Cp {'ru ‘TF} =

AT, =T

e

AT, = aTy
s
U= .Mr,

Where Q is amount of hest transfer, U is overall heat transfer cocfficient and AT 18 log mean temperature
difference, M, T,, T, wre mass Now rate, outlet temperature and inlet lemperature respectively. AT, AT,
outlet temperature difference, inlet temperature difference and heat transfer area respectively,

s o e
Figd.3 Double pipe Heat Exchanger appuratus "
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Description:
The apparatus consists of a conceniric tube heat exchanger. The hot water flows through inner tube and cold
water flows through outer tubes. Direction of cold fluid flow can be changed from paraliel or counter to hot
water so that unit can be operated as parallel or counter flow heat exchanger. For flow measurement Rota
meters are provided, A magnetic drive pump is used to circulate the hot water from a recycled type water tank,
which is fitted with heaters and digital temperaiure controller,

Required utilities:
*  Electricity Supply: Single phase, 220 V AC, 50 Hz, 5-15 Amp combined socket with esarth
conneclion.
= Water Supply: Continuous 5 LPM at 1 Bar.
=  Floor drain required.
= Bench arca required: 1.75m * 0.5m.

Experimental procedure:
I. First switch ON the unit panel,
2. Starl the flow of cold water through the annulus and run the exchanger as counter flow or parallel Now,
3. Switch ON the geyser provided on the panel & allow to flow through the inner tube by regulating the
valwve,

4. Adjust the flow rate of hot water and cold water by using valves,

5. keepthe flow rate same till steady state conditions are reached.

6. Mote down the tempersliures on hot and cold water sides. Also note the Keep flow rate.
7. Repeat the experiment for different flow rates and for different temperatures.

Precautions & maintenance instructions:
o Never run the apparatug if power supply iz less than 200 volts and more than 230 volts,
»  Never switch ON mains power supply before ensuring that all the ON/OFF switches given on the
panel are at OFF position.
»  Operetor selectors switch OFF temperature indicator gently,
s Alweys keep the apparatus free from dusr.

Heat exchanger
Heat exchanper is nothing but a device which transfers the energy from a hot fluid medium to & eold Nuid
medium with maximum rate, minimum investment and low running costs,

About heat exchanger

The heat transfer in a heat exchanger involves convection on each side of fluid and conduction taking place
through the wall which iz separating the two fluids. In a heat exchanger, the temperature of fluid keeps on [
changing as it passes through the tubes and also the temperature of the dividing wall located between the,
fluids varies along the length ofheat exchanger.

Examples:
*  Boilers, super heaters, re-heaters, ir prelicaters,
Radiators of an automebile.
Oil coolers of heat engine,
Befrigeration of gas turbine powerplant.
In waste heat recavery system.
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Types:

Based on conract
l. Direct contact type of heat exchanger,
2. Non-contact type of heat exchanger

Based on direction of flaw
Direction of motion of fluid:
1. Parallel flow,
2. Counter Now
3, Mixed flow,

IIl. RESULTS AND DISCUSSION

3.1 Result: comparison between Nano fluids (Al,Os+water and Si0s+water) and water

Table 6.1 comparison between Nano fluids (AL water and SiQytwaterd and warer
F1 Overs | Water AlyD, 802 t
o 11 heat (0.2% (0.2%

W transf volume yoliime
ri er concentrati concentr
fe cocffi on'} ation)
k cient Pa o Par o i ]
g | Wim' ral un alle] | un ar | un
sC =K lel ter ter al ter
C lel
4 Us 57 75 H56. Bd &7 | B2
3 1.5 0.5 542 3.5 9, 0.1
] 3 7 45 |2
o 1, 11 15 140 17 14 18
5 B3, 56, .50 30, 36 20,
a6 02 65 2 23 7
| 7

From the above results which we have obtained shows that the heat transfer rate and overall heat transfer oo-
efficient increases by using Nano fluids

Fairallel flow
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Fig 6.1a parallel flow rate vs. overall hear transfer cogfficient
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Fig 6.1b counter flow rate vs. overall heat transfer co- afficien:

IV. CONCLUSION

From the above experimental analysis we are going to say that by using Nano fluids in the heat exchangers we
can improve the overall heat transfer co-efficient due to the thermal properties of Nang powders. go that the
efficiency of the heat exchanger can be increased.
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ABSTRACT

In this research work forced convection flaws of Nano-fluids consisting of water with Nanoparticles ALaDzand
S$I0:in a horizontal tube with constant wall temperature are investigated numerically, A single-phase model
having two- dimensional cquations is employed with either constant or temperature dependent properties to
study the hydrodynamics and thermal behaviors of the Nano-Nuid flow, The velocity and temperature vectors
are presented in the entrance and fully developed region. The variations of the fluid temperature, local heat
transfer coefficient and pressure drop along tube length are shown in the paper. Numerical results shows that
the heat transfer enhancement due to presence of the Nanoparticles in the fluid in accordance with the results of
the experimental study used for the validation pracess of the numericalmodel,

Keywords: CSTR-PID-ZN-Furzy-MREAM-MATLAR.

L NANO FLUID PREPARATION METHOD

L1 Two-Step Method

This is the most widely vsed method for preparing Nano fluids, Nanoparticles, Nano fibers, Nanotubes, and
other Nano-materials used In this method are first produced as dry powders by chemical or physical methods.
After that the Nano sized powder is to be dispersed into a fluid in the second processing step with the help of
intensive magnetie force agitation, ultrasonic agitation, high-shear mixing, homogenizing, and ball milling.
Two-step method is the most econsmic method to produce Nano fluids in large scale, because Nano powder
synthesis techniques have slready been scaled up to industrial production levels. Due to the high surface area
and surface activity, Nanoparticles have the tendency to aggregate, The important technigue to enhance the
stability of Nanoparticles in fluids is the use of surfactants. However, the functionality of the surfactants under
high temperature is also & big concern, especially for high-temperature,

Fig 111 Two-Step Mixing Procedure Diggram of Nano- Fluid

!
Due to the difTiculty in preparing stable Nano fluids by two-step method, several advanced techniques are developed
to produce Nano fluids, in one-step method. :
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1.2 One-Step Method
To reduce the agglomeration of Nanoparticles, Enstman et al, developed a one-step physical vapor condensation
method (o prepare (AI203+water and SiO2+water) Nano fluids. The cue-step process consists of simultaneously
making and dispersing the particles in the fluid. In this method, the processes of drying, storage, transportation, and.
dispersion of Nanoparticles are avoided, so the agglomeration of Nanoparticles are minimized, and the stability of
fluids are increased. The one-step processes can prepare uniformly dispersed Nanoparticles, and the particles are
suspended in the base fluid The vacuum-SANSS (submerged arc Manoparticle synthesis system) is another
efficient method to preparc Nano fluids using different dielectric liquids, The different morphologies are mainly
mfivenced and determined by various thermal conductivity propetties of the dielectric liquids, The prepared
Nanoparticles exhibit needle-like, polygonal, square, and circular morphological shapes. The method avoids the
undesired particle aggregation fairly well, One-step physical method cannor synthesize Nano fluids in large scale, |
and the cost is also high, so the one-step chemical method i3 developing rapidly. Zhu et al. presented a novel iF
one —step chemical method for preparing copper  Nano  fluids by reducing C u 8 04- 5 H20 with N
HZP 02- H20 in cthylene glycol under microwave irradiation Well-dispersed and stably suspended copper
Nano fluids were obtained. Mineral oil- based Nano fluids containing silver Nanoparticles with a narrow-size
distribution were also prepared by this method the particles could be stabilized by Koran tin, which coordinated
to the silver particle surfaces via two oxygen atoms forming a dense layer around the particles, The silver
Nanoparticle suspensions were stable for about 1 month, Stable ethanol- based Nano fluids containing silver
Nanoparticles could be prepared by microwave-assisted one-step method .In  this method,
polyvinylpyrrolidone (PVP) was employed as the stabilizer of colloidal silver and reducing agent for silver in
solution. The cationic surfactant octadecylamine (ODA) is also zn efficient phase-transfer agent to synthesize
silver colloids the phase transfer of the

reactant 2

Reaction

Reactant 1 Nanofiuld solution
Figl.1.2 One-Step mixing procedure of Nano-Fluid

silver Nanoparticles arises due to coupling of the silver Nanoparticles with the ODA molscules present in
organic phase via either coardination bond formation or weak covalent interaction. Phese transfer method has
been developed for preparing homogeneous and stable grapheme oxide colloids. Grapheme oxide Nano sheets
(GGONs) were successfully transferred from water to n-octane after madification by oleylamine.

II.  EXPERIMENTAL WORK

Ohbjective
To study the overall heat transfer co-efficient & effectiveness of the heat exchanger by using Nano fluids and

making a comparison with bage (luid as water at different flaw rates.
|
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Introduction

Heat exchanger is a device in which heat is transferred from one fluid to another. The necessity for doing this

arises in a multitude of industrial applications. Common examples of heat exchangers are the radiater of a

car, the condenser at the back of a demestic refrigerator and the steam boiler of a thermal power plant.

Heat exchangers are classified in three categories:
o Transfer Type,
= Storage Type,
¢ Durect Contact Type

Theory
A Iransfer type of heat exchanger is one on which both fluids pass simultancously through the device and heat
is transferred through separating walls, In practice most of the heat exchangers used are transfer type.

The transfer type exchangers are further classified according to flow arrangement as

«  Parallel low in which fluids flow in the same direction.
+  Counter flow in which fluids flow in the opposite direction.
s Cross flow in which they flow at right anglesto each other.

A simple example of transfer type of heat exchanger in the form of a fube type arrangement in which one of
the fluids are Nowing through the inner tube and other through the annulus surroundings it. The heat transfer
tnkes place across the walls of the inuer tube,

Heat transfer rate, LMTD and overall heat transfer coefficient can be calculated as follows:
Q =M Cp {'ru ‘TF} =

AT, =T

e

AT, = aTy
s
U= .Mr,

Where Q is amount of hest transfer, U is overall heat transfer cocfficient and AT 18 log mean temperature
difference, M, T,, T, wre mass Now rate, outlet temperature and inlet lemperature respectively. AT, AT,
outlet temperature difference, inlet temperature difference and heat transfer area respectively,

s o e
Figd.3 Double pipe Heat Exchanger appuratus "
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Description:
The apparatus consists of a conceniric tube heat exchanger. The hot water flows through inner tube and cold
water flows through outer tubes. Direction of cold fluid flow can be changed from paraliel or counter to hot
water so that unit can be operated as parallel or counter flow heat exchanger. For flow measurement Rota
meters are provided, A magnetic drive pump is used to circulate the hot water from a recycled type water tank,
which is fitted with heaters and digital temperaiure controller,

Required utilities:
*  Electricity Supply: Single phase, 220 V AC, 50 Hz, 5-15 Amp combined socket with esarth
conneclion.
= Water Supply: Continuous 5 LPM at 1 Bar.
=  Floor drain required.
= Bench arca required: 1.75m * 0.5m.

Experimental procedure:
I. First switch ON the unit panel,
2. Starl the flow of cold water through the annulus and run the exchanger as counter flow or parallel Now,
3. Switch ON the geyser provided on the panel & allow to flow through the inner tube by regulating the
valwve,

4. Adjust the flow rate of hot water and cold water by using valves,

5. keepthe flow rate same till steady state conditions are reached.

6. Mote down the tempersliures on hot and cold water sides. Also note the Keep flow rate.
7. Repeat the experiment for different flow rates and for different temperatures.

Precautions & maintenance instructions:
o Never run the apparatug if power supply iz less than 200 volts and more than 230 volts,
»  Never switch ON mains power supply before ensuring that all the ON/OFF switches given on the
panel are at OFF position.
»  Operetor selectors switch OFF temperature indicator gently,
s Alweys keep the apparatus free from dusr.

Heat exchanger
Heat exchanper is nothing but a device which transfers the energy from a hot fluid medium to & eold Nuid
medium with maximum rate, minimum investment and low running costs,

About heat exchanger

The heat transfer in a heat exchanger involves convection on each side of fluid and conduction taking place
through the wall which iz separating the two fluids. In a heat exchanger, the temperature of fluid keeps on [
changing as it passes through the tubes and also the temperature of the dividing wall located between the,
fluids varies along the length ofheat exchanger.

Examples:
*  Boilers, super heaters, re-heaters, ir prelicaters,
Radiators of an automebile.
Oil coolers of heat engine,
Befrigeration of gas turbine powerplant.
In waste heat recavery system.
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Types:

Based on conract
l. Direct contact type of heat exchanger,
2. Non-contact type of heat exchanger

Based on direction of flaw
Direction of motion of fluid:
1. Parallel flow,
2. Counter Now
3, Mixed flow,

IIl. RESULTS AND DISCUSSION

3.1 Result: comparison between Nano fluids (Al,Os+water and Si0s+water) and water

Table 6.1 comparison between Nano fluids (AL water and SiQytwaterd and warer
F1 Overs | Water AlyD, 802 t
o 11 heat (0.2% (0.2%

W transf volume yoliime
ri er concentrati concentr
fe cocffi on'} ation)
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From the above results which we have obtained shows that the heat transfer rate and overall heat transfer oo-
efficient increases by using Nano fluids

Fairallel flow
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Fig 6.1a parallel flow rate vs. overall hear transfer cogfficient
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Counter flow
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Fig 6.1b counter flow rate vs. overall heat transfer co- afficien:

IV. CONCLUSION

From the above experimental analysis we are going to say that by using Nano fluids in the heat exchangers we
can improve the overall heat transfer co-efficient due to the thermal properties of Nang powders. go that the
efficiency of the heat exchanger can be increased.
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- ABSTRACT
In general springs are used to ubsorb shocks and to prevent the vibrations, Even though various types of springs are
availahle in the market, Leaf springs are plays 2 major role in the automobile industey, The objective of this present !
work is to estimate deflecti ¢35 and mode fequency induced in the mono leaf spring of a lorry . The Leaf was
modeled and analysis were castied out on Steel and Composite materials (E glass epoxy and carbon epoxy) for both,
The results show that by u&iEg the composite Leaf, We can reduce the stresses induced in the member. After
comparing Results Composits Leaf has less stresses and will been added advantage to use leaf springs in
Aptomebile industries. Replacing of conventional springs with composites reduces the total weight of the body and

hence power consurption coull be reduced and Life is Increases,
Kevwords: Leaf Soring Pro- w-13.

L INTRODUCTION

A spring is defined as an cla i bady, whose function is o distort when loaded and to recovers its original shape
when the losd is removed. SEGi- elliptic leaf springs are almost universally used for suspension in light and heavy
commercial vehicles, For carsialso, these are widely used in rear suspension, The spring consists of # number of
lewves calted blades. The bis are varying in length. The blades are us psuslly given an infdal cusvanire or
cambered so that they will wgl 1o sieaighten under the losd. The leaf spring is basad upon the theory of a beam of
uniform strength. The lenglingst blade has eyes on 115 ends. This blade is called main or master leaf, the remaining
blades are called graduated leaies. All the blades are bound together by means of steel siraps. The spring is mounted
on the axle of the vehicle, The entire vehicle rests on the leaf spring. The front end of the spring is connected to ﬂ‘i%
frame with & simple pin joint, while the rear end of the spring is connected with a shackle as show in figl. 1 :

Figure 1: Leaf Spring
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hetwr:&n the spring eyes. 1: iy the ends are fixed, the spring will not be i_j_b_l_:: o al.mrtmmdam this change of length,
So, to sccommodate this chatge in length shackle is provided as one end, which gives a flexible connection,

&5 are ysually bushed with phosphor bronze bushes, However, for cars and light
transport vehicles: like vans 182 use of rubber has also become a conmmin practice This obviates the ncl.:ssiw of
lulrication -as in the caze of --:
bush 15 negligible. Moreover, u}r nilﬂw fur sllght asmmbl}r :'r:llsﬂhgl:l.rn.a;ﬂe “Silentbloc’ 15 an example of this type of
bushes. Fatigue strength nnlﬂ wiee the life of spring can be increased by .ﬂmt pecning the top surlace of each leaf)
which introduces a compressie residual stress, rounding the edges of the leaves also avoids stress concentration,
thcrr:b}r J'.mpru'»in,g the futiglestréngth, When the leaf spring deflects, th& upper side of cach leaf tips slides or rubs
_'f above it. This pmducﬂ some damping which reduces spring vibrations, but since
thiz available damping ma:.t. anpe with time, it is preferred not to gvail of the same. Moreover, it produces
squeaking sound, Further if moisture is also present, such inter-leaf friction will couse fretting corrosion which
decreases the fatigue strength _ " the spring, and phosphate paint may reduce this problem fairly. Occasionally, thin
liness of zing or any other saff metal are also help to keep the value u,ﬁ,_the friction coeffiziant constant. In some
springs special inserls are protaded al the end of each leaf, excepting however the master leaf. The material for the
iiserts may be rubber or wax ;,;_ eloth, or even some soft bearing metal impregnated with oil, This gives efficient
spring operation. Sometimes:fie leaf springs are provided with metallic gr fabric covers to exclude dirt. The covers
also serve to contain the lubrifint used in between the spring leaves, The leaves of the leaf spring require lubricant
thivehicle is jacked up so that the weight ofithe axle opens up the leaves, The spring is
then Llcmnd ﬂ:oruughl}r and Spcaved with graphite penstraling oil I—h}%}'fﬂ', it is important to remember that in
AT it 1% specified that the lubricant of swiﬁeﬁm should not be done. In such cases

TN intervals, say 1000km, should also be
dane with S.AE 140 oil. H& cr bushes are used, as in case of the

Hindustan Ambassador car.
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L EAF SPRING
Winensions.
Camber = 8dmm
Span = 1100mm
Thickness of Leaves = I]mn-g :

Mumber of Leaves = (]
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Number of Full Length Lﬂﬁ‘-'u"}:?\f'— 1

o

Number of Graduated Lenglh, _.\.,ﬂvas Ng =1

Width = 70mm &
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ANSYS

Fig 2 deaf with dimensions
I1I.  ANALYSIS OF -I'rl_'j,‘}Nﬂ LEAF (STEEL) WORK BENCH

A point Load of [D00N is apuplfed at centie

¥
1) . | o B
L — o i 1 I’—=| Pt
) R 1100

it

Analytical Calculations

Bending stress = (6 F.L)/ !:.sii.-} 109.9] N/mm2 E
Deflection §=4F.L3 /Ebt3 =22.34 mm
E
ot { ..-
=1 267 . -
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Parameter Analytical FEA Difference
Deftaction (mm) | 2242 | 2613 | 1304
i _' : - ;-: '-..JiI av .-.':-}..:_r-_:q& -
Eending Stress 30812 247.05 20.03 %
[M/rame )

IV.  COMPOSITE MATERIALS

Composite materials (also called composition materials or shortened to composites) are malerials made from two
of more conslituent materisls with significantly different physical or chemical properties, that when combined,
produce a materinl with characteristics different from the individual com ponents. The individual components remain
separate and distinet Material Properties are shown below for both within the finished structure. The new material
may be preferred for many reasons: common examples include materials which are stronger, lighter or less

expensive when compared to traditiozal material for The Analysis E- Glass Epoxy and Carbon F.p?xysls are
' -

considered. And Divided the Leal into Ten Layers By u=ing Ansys

(=]

B B &8 @ =

[x

ﬁ]ESR

Property
Exy
Eyz=Ezx
HXY & pxz
wyz

G1,2 & G1,3

GZ,3

E-Glass Epoxy

34000 MPa
6530 Mpa
0.217
0.366

2433 Mpa
1698 MPa
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Classic= 13

Carbon
Epoxy

147 GPa
103 GPa
0.27

“0.54

7 Gpa
3.7 GPa
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Leaf with Fibers

V. ANALYSIS OF MONO LEAF (E-GLASS EPOXY)

VONMISES STRESS  STRESSZ-COMPONENT
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VL ANALYSIS OF MONO LEAF (CARBON EPOXY)

VOMN MiSES STRESS MAXDEFLECTION
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Tabular form of results
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STRESS -X COMPONENT

E-Cﬂmpunem

COMPOSITE [ Z-Component | Deflection. | Von Mises Stress
MATERIAL | Srass (N/mm?) | Stress (N/mm?) | fmm) {N/mm2)
=y
E_GLASS  [ie o7 .15 507 B8.05
EPOXY 9
CARBON WS¢ 7.18 14,60 104.24
EPOXY P
e
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- ABSTRACT
In general springs are used to ubsorb shocks and to prevent the vibrations, Even though various types of springs are
availahle in the market, Leaf springs are plays 2 major role in the automobile industey, The objective of this present !
work is to estimate deflecti ¢35 and mode fequency induced in the mono leaf spring of a lorry . The Leaf was
modeled and analysis were castied out on Steel and Composite materials (E glass epoxy and carbon epoxy) for both,
The results show that by u&iEg the composite Leaf, We can reduce the stresses induced in the member. After
comparing Results Composits Leaf has less stresses and will been added advantage to use leaf springs in
Aptomebile industries. Replacing of conventional springs with composites reduces the total weight of the body and

hence power consurption coull be reduced and Life is Increases,
Kevwords: Leaf Soring Pro- w-13.

L INTRODUCTION

A spring is defined as an cla i bady, whose function is o distort when loaded and to recovers its original shape
when the losd is removed. SEGi- elliptic leaf springs are almost universally used for suspension in light and heavy
commercial vehicles, For carsialso, these are widely used in rear suspension, The spring consists of # number of
lewves calted blades. The bis are varying in length. The blades are us psuslly given an infdal cusvanire or
cambered so that they will wgl 1o sieaighten under the losd. The leaf spring is basad upon the theory of a beam of
uniform strength. The lenglingst blade has eyes on 115 ends. This blade is called main or master leaf, the remaining
blades are called graduated leaies. All the blades are bound together by means of steel siraps. The spring is mounted
on the axle of the vehicle, The entire vehicle rests on the leaf spring. The front end of the spring is connected to ﬂ‘i%
frame with & simple pin joint, while the rear end of the spring is connected with a shackle as show in figl. 1 :

Figure 1: Leaf Spring
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hetwr:&n the spring eyes. 1: iy the ends are fixed, the spring will not be i_j_b_l_:: o al.mrtmmdam this change of length,
So, to sccommodate this chatge in length shackle is provided as one end, which gives a flexible connection,

&5 are ysually bushed with phosphor bronze bushes, However, for cars and light
transport vehicles: like vans 182 use of rubber has also become a conmmin practice This obviates the ncl.:ssiw of
lulrication -as in the caze of --:
bush 15 negligible. Moreover, u}r nilﬂw fur sllght asmmbl}r :'r:llsﬂhgl:l.rn.a;ﬂe “Silentbloc’ 15 an example of this type of
bushes. Fatigue strength nnlﬂ wiee the life of spring can be increased by .ﬂmt pecning the top surlace of each leaf)
which introduces a compressie residual stress, rounding the edges of the leaves also avoids stress concentration,
thcrr:b}r J'.mpru'»in,g the futiglestréngth, When the leaf spring deflects, th& upper side of cach leaf tips slides or rubs
_'f above it. This pmducﬂ some damping which reduces spring vibrations, but since
thiz available damping ma:.t. anpe with time, it is preferred not to gvail of the same. Moreover, it produces
squeaking sound, Further if moisture is also present, such inter-leaf friction will couse fretting corrosion which
decreases the fatigue strength _ " the spring, and phosphate paint may reduce this problem fairly. Occasionally, thin
liness of zing or any other saff metal are also help to keep the value u,ﬁ,_the friction coeffiziant constant. In some
springs special inserls are protaded al the end of each leaf, excepting however the master leaf. The material for the
iiserts may be rubber or wax ;,;_ eloth, or even some soft bearing metal impregnated with oil, This gives efficient
spring operation. Sometimes:fie leaf springs are provided with metallic gr fabric covers to exclude dirt. The covers
also serve to contain the lubrifint used in between the spring leaves, The leaves of the leaf spring require lubricant
thivehicle is jacked up so that the weight ofithe axle opens up the leaves, The spring is
then Llcmnd ﬂ:oruughl}r and Spcaved with graphite penstraling oil I—h}%}'fﬂ', it is important to remember that in
AT it 1% specified that the lubricant of swiﬁeﬁm should not be done. In such cases

TN intervals, say 1000km, should also be
dane with S.AE 140 oil. H& cr bushes are used, as in case of the

Hindustan Ambassador car.

e

%

L EAF SPRING
Winensions.
Camber = 8dmm
Span = 1100mm
Thickness of Leaves = I]mn-g :

Mumber of Leaves = (]

B Rl T et B s |

Number of Full Length Lﬂﬁ‘-'u"}:?\f'— 1

o

Number of Graduated Lenglh, _.\.,ﬂvas Ng =1

Width = 70mm &

Model is created witth Pro-¢ it
iy
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ANSYS

Fig 2 deaf with dimensions
I1I.  ANALYSIS OF -I'rl_'j,‘}Nﬂ LEAF (STEEL) WORK BENCH

A point Load of [D00N is apuplfed at centie

¥
1) . | o B
L — o i 1 I’—=| Pt
) R 1100

it

Analytical Calculations

Bending stress = (6 F.L)/ !:.sii.-} 109.9] N/mm2 E
Deflection §=4F.L3 /Ebt3 =22.34 mm
E
ot { ..-
=1 267 . -
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Parameter Analytical FEA Difference
Deftaction (mm) | 2242 | 2613 | 1304
i _' : - ;-: '-..JiI av .-.':-}..:_r-_:q& -
Eending Stress 30812 247.05 20.03 %
[M/rame )

IV.  COMPOSITE MATERIALS

Composite materials (also called composition materials or shortened to composites) are malerials made from two
of more conslituent materisls with significantly different physical or chemical properties, that when combined,
produce a materinl with characteristics different from the individual com ponents. The individual components remain
separate and distinet Material Properties are shown below for both within the finished structure. The new material
may be preferred for many reasons: common examples include materials which are stronger, lighter or less

expensive when compared to traditiozal material for The Analysis E- Glass Epoxy and Carbon F.p?xysls are
' -

considered. And Divided the Leal into Ten Layers By u=ing Ansys

(=]

B B &8 @ =

[x

ﬁ]ESR

Property
Exy
Eyz=Ezx
HXY & pxz
wyz

G1,2 & G1,3

GZ,3

E-Glass Epoxy

34000 MPa
6530 Mpa
0.217
0.366

2433 Mpa
1698 MPa
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Classic= 13

Carbon
Epoxy

147 GPa
103 GPa
0.27

“0.54

7 Gpa
3.7 GPa
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Leaf with Fibers

V. ANALYSIS OF MONO LEAF (E-GLASS EPOXY)

VONMISES STRESS  STRESSZ-COMPONENT
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VL ANALYSIS OF MONO LEAF (CARBON EPOXY)

VOMN MiSES STRESS MAXDEFLECTION
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Tabular form of results
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STRESS -X COMPONENT

E-Cﬂmpunem

COMPOSITE [ Z-Component | Deflection. | Von Mises Stress
MATERIAL | Srass (N/mm?) | Stress (N/mm?) | fmm) {N/mm2)
=y
E_GLASS  [ie o7 .15 507 B8.05
EPOXY 9
CARBON WS¢ 7.18 14,60 104.24
EPOXY P
e
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