PIIT JOURNAL
OF

MECHANICAL ENGINEERING s

"E vew

M
. =
4 A

Year | 2017




EECONTENTS

1. Modeling Fabrication and Testiing of Artificial
Gecko adhesion using multi layer fibrillar structure

2. Performance Analysis of Crash box in
Automobiles

3. Application of Therml Imaging Camera for
Finding Ripening of Fruit

4. Magnetic Actuator using FerroFluid-Polymer
Composite

5.Condensation Heat Transfer In Helical Coil




I :DITORIAL

Principal:

HOD:

Chief Editor:

Team Leader:

Creative Head:

Technical Team:

AESA/MESA

& Project
Activities:

Dr. RI.K Moorthy

Prof. Dhanraj P Tambuskar
Prof. Divya Padmanabhan

Prof. Ameya P Nijasure

Shravan Raikar (TEMech )

Shubhang Rajput  (T.E. Mech)

Aditya Nair (TEMech )
Monish Pillai (TEMech )
Chetan malpe (TEMech )
Copakumar Nair  (T.EMech )
Shreeyash Sansare (T.EAuto )
Jaydeep Navasare (T.EMech )

Jaydeep Navasare (T.EMech )
Mayur Wagh (TEAuto )



Modeling Fabrication and Testing of Artificial
Gecko adhesion using multi layer fibrillar
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Abstract- The iden of dezigning o micro level artificiol gecka
aithesive stracture is inspired from akility of geckes to climb any
surface, Gecko can cllnsl any Tiﬂ.lﬂ ar siEEth surTace becase af
ifs hierarchical strucinie present oo feel which hindlions a8 =
smart @ihesive [1]. The key parameber that sfTects gechs
adhesion are pattern perledicity of a synthedic setas, hierare hical
structure, bengih, diameter, angle, size, stilffoess of end tips and
fexibility of & hase [.'I!j Tha dﬂ.‘lp and fabwication of nonmber of
simzle and mulh Jeved hierarehical pattern were performed, ©02
LASER cufting machine having power of 60 W i used 1o
mannfaciure mondds. The moed 5 fabricabed from methsd
mathacr viale sheets of different (hickness 3 nom o 190 mm. Ligoid
silicone polymer PDAS i weed s o ocast masierial Viordous
patterns having dimensionsn o8 micremeter with different tip
‘.:-lllpﬁ and gﬂ:mn'lm wele fabricated, Foa ﬂ@t Bevel I:IETM'HH
like dense paitern, misbroom shape patiern and wedge patiern
(lmellar structme] were falicated. Attempts were mads to
design amd Tabricate Rulti level derarehical straciure patterns
rhot mlmies gecko like fool strociee. These micrs level artifcial
EOCED sInaciare D‘-IT'l."l.Hl'Ef soope ol HIJIJHIi'H-ﬂDIH snch as climbing
roeboly, pon-sicky adhesion tapes, miliiary saryelllance apd even
medical npplicaiions.

Keywords: LASER curring, artificksl gecko, Adhesion, Setag,
Spatula.

I IrrropucTIoN

A mumber of researchers studied pecko adhesion wsing
various theorefical and experimental techmiques fo understand
frictional adhesion properiies and mechanism of gecko fest,
hairs and sefae i order o pinue the gecko feel as stromg, von-
sticky amcl self-chenmng adlesion, The comvenitonal adhesves
like Pressure Sensive Adhesives (PSAS) are soft and stcky o
make contmusus comtact with the sirface, PSAS have major
effects of fouling, degrade and aceidentally adhere any surface
when not required. Whereas comgpared to PSAR amificial gecko
adhesives are non-tacky, seli-cleaning, easy o aftach and
detach, The ability of geckos o clink aov rough of smooth
surface af any angle inspired researcleers so develop non-tacky
pads for vertical chimbing robots and minny such applications.

The principle behmd geckos extraordinary adbesion 35 van
der waals forces of moelecular afimachon, Due 1o hierarchical
fibmiliar sruchire thos weak van der waals Tiwce get comveried

wrtes stromg boaid becase of inore than million member of poin
of contacts; The advantage of desigoing fbeillar adhesave
struchme when conmpared with fat struciure is that each fiber
defonn independently, which makes sure that each fiber
reaches deeper m case of rough surface 1o achewve clean
condact [8]. The key parameter that plays omportant role in
gecko adhesion are paitemn penodicity of a synihens setas,
hiemrclocal strscture, kength, dumeter, sagle, size, snffness of
erd tips and Bexibility of a bass

Eacl five-toed foot of the gecko lms abont 300,000 food-
badrs called erae a wafonnly distbaoted sy ench abou
1 10pan m lemgtls amd 4.2 o disaoerer, Fooller o i divided in 1o
spatalac - a thin stalk with beangular shape tiny end. of 0.2pm
bengrh and width. [1].

Figure 1. Gecko foot stracture [1]

I the developments of syathetic setas, pobaners like
polvimsde, polypropviens and polvdimethylsloxane (FDMS)
are frequently used since they are flexible and sasily Bbocad,
Later, as nanotechnology developed, carbon nancubes are
prefemed and ueed in most recent projects [6].  Carbon
manribés have both extracrdinary strengih amd flexibilior, as
well a5 good elecinical propemies. Gecko - adbesion widely
dependent oo peomety of pecko fot and adhesive material
propertics.

Gecko setal aravs bave excellent ability of self-cleamng.
Also they are noo-sticky which bas considerably wider
application potential over pressure sensitive  adhesives in



several nreas such as robobcs for mescwe sl detection,
chermical séneang, space position aod medical applicaton,
Altbongh Geeko adhesives are widely used i robotes
application 1t ¢ be also used info mdustrma B himg
application where residue free and releasable tape is requined.
From the inmodiection of nanotechnofogy m gecke adhesion it
can be divectly applied o surfiace, which conld replace serews,
ghees and inserlocking surfice Tike Velcros in mairy assembly
ppplications -such as i potomotve, mobile phomes et [9]1
Gecko imspired dry adbesives can be used m beo-medical
application such as endoscopy and tissue adbesion. However
material selected for swnthetic satas for such application mwust
be mon-toxic awd pon-iriating Other applications mehide
imero  mechanical and electrical swstems (MEMS),  wafer
alignoent, micro-usmnpulation [Z].

I DESIGH AT FARRICATION

CCh LASER cutfing machine heving povwer of 60 W 1s used
to manufachre moulds, The paruneters wioch affects LASER
cutting are speed and power. Cutting depth and cquality are
determmned by a combmation of power ond spesd. Slower
speeds at bigher povwer will produce desper oo Whereas
higher speeds- at lower power will prodoce more shallow cufs,
With various combinations of these paramerer fabrication of
different types of moulds done. The mould is fabricated fom
meetlivl miethacrylate sheet of 3 oo to & mom thickness.

Liquid silicovne polyvoer PDMS having tesile sorength of
165 MPa amd clomgation at beeak s 25086 15 used. This
methed of fabrication &= smiple ond Iow cost.

Takmg referepce from reseach papers vanous fypes and
shapes of fibllar stuchures ke smgle level, multi-level and
lamellar etc. are chosen Kesping area of contact as
preference samnple sre kept comstant to 20mm X 20mm for i
bypes of patterns. Fabmication of  dense  pattern with  base
diameter apgreccimately 200 micren and height of Toom 15 done
shown in fig 2 (a)

Sirnilarly considering lamellsr pattern fabricated wedge
patiem with base dimension as 200 micron and height wp o
400 micron. The challenge in designing wedge pattern is
muaking one edge of wedge mclined as our laser angle and bed
base 15 fixed workpiecs mwade melnsed at 10 degree shown in
fig 2 (b} [3].

While laser cutting various meaterials bke wood acrylic,
paper te. also tal culhing on plastic sheets were perfonned,
So while laser cutnng & plastic sheet it is foamd thas tip hike
structre on emd of each haw because of far (sudden

vaponzaton due o hogh temperature of LASER) 15 formnesd
which can beuwsed a5 5 contact area for adhesion.

Flgure 1. a) Dense pattern wsing varvions combinations of
spedd pmdd power as parametlers, by Wedge shape paitem
wsdng inclined sample ¢) Plastic msould pattern using
plastic sheel as » raw material,

Various amempns for fabrication of mwo  level fibillar
st e were performed nsing LASER cotting, Tle clallenge
i fabricating such onilti-level struche 15 integrated geotmetry
ard consistent pattern over a surface.  Fabrneahon of some
min-level fibillar struchire shoem m fig 2(a and b

Figure 3, a) Mushroom head patfern using Laser culling
and engraving b) Mukti-level pattern using multl level
monlding process

From reference o Michel P. Murphy, Seok kim “enhanced
adhesion by pecko inspied hierarchical fikillar adhbesipes™
pelti-level dcre seale stmicnme resudis in significant decrease
ety Acdluesiomn [4].

L EESULT AND DESSCTRERT

Insialestswereper fommedonthe samplestodeerminecoeficie
ntofvdhesion therelationshpo Bhearforcetononmal Baceisac ot
amtvaluesstatedbyAmonton sfizstlaw when setae are deaggped
across-a surfsce they exhibit friction oypically called Amonios
friction. The coefficient of adhesion can be expressed as

E

h= 7

b |

Where p = Coefficient of Adhezion
Fyy = Normal Torce
Fr= Tangent fores

Tests wese perfoned on three sumples fo determine
coafhcient of adhesion Le (il pattern (no geometry), wedgpe




pattern and plastic mould patern In Dense pattern sharp tips
were observed because of the mannfachunng process [LASER
cutting). As tip dimension is smaller it will not sustain load
applied bence net considered m testing. Alse omlt-leve]
pattern fabricated wng LASER cutting method is oot
consistent over e susface,

Proclosd| Coeffaciend ol adbesion i |
ipms) | Flod sample  Mushroom head pattern | Wedpe patiern
3 RER ) ] 2w
T | daee | T | K5
23 .50 O . 2407
R 23 [} | T
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Table 1. Calenlations for Coefficient of adhlesion
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Craph 1. Graph - preload against coeificient of adhesion
for wedge, Mat and plastic mauld pattern

Frown above graph and resdi table wedge patiern 15 havng
mrore consistent coefficient of adhiesion over & barge range
when pre kead is incressed,

. COMCLUSION
Wedoe shaped lamellar patiern, dense patiern and plashc
mould pattern 15 fabncated vsing laser cothing process. From
above result for a micro kevel fballar stmctre m basic testing
coefficiedt of adheson g can be determined wp 1o 283,
Whereas the adbeson coefficient of real gecko sewme iz

typically $-16{7].

Further tests can be performed on wedge pattern and more
geometry shapes for a better adhesion. Laser cutting is having a
limtation of least dimension approx. 150 mécron so it cannot
be used for Bbricating o multi-level smuchrs for better and
accarate resulis.
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Absiraci- For prni\ﬂ:ling the occupants m the car many Hmes the
safety features are of poime imporinnce. The crash box of ihe
mntoamobile b5 alse one of the jmporiant safety fentare which
absorbs  initiel impact. The pats sach as femder, ool
Intereoaler and radiator wideh arve expensive 6 vepalr sre
pratected with the help of crash Dos. Whike moving car has
Hinetle emergy and beconses zeio wWiem I conses oo siop. For
nmuinimiTing the 118K of the Tatal ar sevbons injury to the occapants
in the car, crnsh box is necessay. Kinetic epergy of the cor s
mlsorbed by crash box, 5o g8 fo redoce risk of imjary and deagh of
orcapanis. As there were many socidents pmd collisions, o avoid
risks the comcepd of energy aboorplion componend ie crash box
came imfo cxtstenee. Crash Box analysis focosed on e study of
atEcrral configurations of crash box, Abagus & wed Tor the
simmlation purposs which provides ample information regarding
tatal emergy absorpiion of the crash box configurations before
Eallmre. Ako the inspact on the different orash box configarations
provides the idea abeoal s o (o foil. Thies the crashwarThiness
tbeals with the energy absorplion, crash box deformmbion and
chariclerigiics. The square, réclamgulor, hexagomnl and
penimgoiinl configurations ove considered foa the simdy. The
configurations are simuinied for the epergy absorpiion siody
tnder impact lond Duoring vehicle colliston the crash box i
supposcd to absort the impact encegy which b its intenided
Tumction. This research is carrbed ot to design the configuration
far crash box at concepiual disign stage using Abagus,

Kepwends; - Oraslh Sax, Peivlcle Safefn, Cmsh Peefermance,
Crasiowr il iness

L INTRODUCTION
Crash bomes are genetally made of steel with various
compositions, A stady 15 required for understanding the crash
box bebavior under mopact In addibon weight should be
rduced while proviog the performiance, Crash box is 2

LD Finmvak H Kiiatmvate

Departmenrs OF Mechanical Engineering,
DT Sanghee Collsge of Enginesring,
Yile Parle, Mumbad, Tndia

vinayakhkirgmail.com

separate comperEnt i vehicle whicls is mounted 1o betwean
pan frampe of the car and front bumper, At the tise of the
accident it deforms axially and absorbs accidental energy.
Crash box stmacnwe provides condfon te the passenmer ar the
timee  of impact. It works as safe gusrd for the costh
components behind the bumper like engine hood and cocling
sysiem

Mowadays thin walled stichures have becon: very popular
a5 eneTgy absorbers because of thew desimble energy
absorpiion copacity, light weight and low cost, They are widels
used 1 automobile, astospace, defense and other mdustries. In
the automnobile design i1 Ias become very miportant o reduce
the occwrmence and consequences of accidems and W rake
effective precamions W minimize e daage

In fiooeal collisions, e body stachure pecfonns diffesent
fiwetions, The fromt is designed to act a5 a crumgle zone,
mapaging aod absorbitg crash energy by collapsing in a
controlled manmer, so that the 1mpact affects the car and oot the
occupamts, Crashworthiness 15 8 measure of the vehick's
stmchual abiliby to - plastically deform and vt maintain a
sufficient survival space for its cccupants m survivable crashes.
Cars  demopstrate maxinsun  vehicle driving  performance
resuling  Bom  high rech developnents in e area aof
hightweight nterials and aecodyuamic desigm. Sixce extreimne
racing speeds may lend o severe accidents with high amoamis
of energy mvolved, specinl messures were taken over a period
of tine m order to engure the drivers safety in case of high-
gpeed crashes. Besides the driver’s protective equipment like
belme:, harpess or head and neck suppoit device and the
cizcuit's safety features like nu-off areas apd baniers, the car
itself 15 designed for crashworthiness and possesses pecial
snerificial impact stractures that absorb the mee car's kinetx
energy and lim# the deceleration acting on the huonan body. At
the moment svery mamfacturer has o differsmt method of
prosdncing their aash gmetmes, The choice of the matera)l o




use s increasingly: often dictated by weight and azrodyviamic
needs as well a5 struchmal performance. Recently it becane
preferable o make such struchires m than sheel maenal or
compostte mermks, doe 10 their advantgs such as hagh
strength 1o weight rtio, the lugh level of energy absorption and
the possibility to reproduce complex geometry. The excellent
performance of cornposites, sometiines beter than those of
sinilar mefallic stocnwes, can be obfainsd by choosing
appropriae nechanical and geotuetrical design parameters,

The main ocbjective of the smdy is to shudy the
crashworthiness “of the crash box and to find the energy
absorbed by the dfferent comfipmations of the cash box
through Abagus smmdation sofivware.

0 LITERATURE REVIEW

Yoshiaki Makazpara et al [1] smdied and designed
different cross sectional crash box so as fo make sure 1§ absorbs
masimon energy. LI Qumg-fen ot al. [2] studied energy
atcorption claracters and shape optimézation design for thin
walled tabes. He chose proper cross section and adopsed
appropriate grooves, He mworporated gooves af different
Yocation of six different crash boxes, Also used finite element
anabysis. Gangadhar Biradar [3] Used catia. hvpermesh and L 5
dvnn for meodelling, meshing and smmlating rectangular cross
section orash box. Siva Kumar of al. (4] desigoed a cnsh box
for differsm sepment cars and checkng ws performance
through mumencal smmelation N Masr Hussam ef al [3]
companng the different designs developed ne unpaoved ¢ross
section conventiosal design and  designed  hooey  oomb
soictire, Dbanangay [ Desan ef al, [6] nsed analyiical and
experimenta]l method o study plape crash box. M 5 1
ShakDawood et ol [7] used E-GlossEpoxy matenial by
deveboping grooved crash box. B A Constantime al [8]
concenirated on the modern imaper which has to-fislfil with
ihe low speed urban impact, the load structure, the suitable
regulation, the challenging needs of a modern front assembly
amd the finite elemient simmlation of st is camied out. Gabriel
Jign ef al [9] idenbfied that a light asccident betwesn
awtomobiles, the intetior of the car & damaged. Yanjie LIL et
al, [10] applied the Fuite Eleament (FE) method to mode] the
smichirs and pateral of the cash-box. Modelmg and
simlation nsing the seftware LE-DYMA was carvied ont. Se-
Jang Lee etal [11] proposed study with nmitistep approach as
ooe s oa parmneter study. tsing discrete design wath an
orthogonal array, Man Yang [12] By coupling the design of
stvling and crash box's crash performance be designed a new
technique m stylmg design phase and B-class car. BP.
[rPaolo e al. [13] performed an experimental investigation (o
stivdy a specific axial crush configuration response of steel,
square box components under quasi-sialic feshing conditione.
Eartik Solabannawar et al [14] improwved the crashwoerthiness

of the vehicle for from impact asalysis by replacing the spot
swelds s e BIW struchure wath TOX jodnts,

A Research G

Mary of the researchers Irad studied the crash box as
vehicle safery device nsing varions methods like analysis,
optimization, CAD, CTAE, Simulatien ete. Also different
comventional meterials are considered for the study. But sill
thve problem of vehicle safety exists. Continuous lmprovement
in case of crash box as safety device was carried out. But still
pone of the researcher heave undergone with different cross
sectional configurations of the crash box plate o merease the
crash performance of the velnels,
[1] Desgns of honeveomb structure are comparatively very
compiicahed
[2] lmplementafion of such smachwes
advanced mwachinery
[3] Mammfacturing of perfect grooves on suck a small square
cinss sectional wbes i very difficult asd cost mvobred i
higher
[4] Honeycomb structure tedquires highly advanced machimery
amd skilled operator to used them cansing greater cost
imvolved for its mamifachuring
[5] Some of the researchers mmlyzed the crash box designs
with swess amalyas and differens CAIDVCAM tools bt actisal

simutlabon of for the deflection is oot studied by them.

requires  highly

B, Prolden Daffnidon

While dealing with the inipact the vebicles mndergo major /
minor dansge or driver’z safery might be bampered, Crash
box & a spfery stnenme winch deals wirl this problem, The
various sirucnial combinations or shape along with matenals
may provides fhe best results which will substantially enbance
the crash performance. A pew or refined quantification
methodology for mmproving crash performance of wvelicle
safery using crash box based on conpuitationl, experimental
andd hvhbred amalysss 1 necessary for accurate evaluation prior
[0 1% innplensntation

M. METHODOLOGY

The paper discuss about the steps to be followed to achieve
the objective of designing the crash box. This study and its
exccution will provide path for perfect mplementation of
steps with greater efficiency. There is no best way for material
evalmaon and selection therefore decision making applics
variery of approaches, Material selection and evaluation is one
of e kev activities for design and metallurgy depaninen in
Ay onganisation, Decasse ot briggs considerable savings as
well as reduce nsk azards 1 company. Fig.1 describes the
process of matenial selection for decision making.
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A Sanilaion {'.!,Iﬁli'.lw.:..rl Hoxy

The varions confignrations of the crash box may be arises
from different combination bat the simple and effiective
sodurton 15 The curveni need of the ||||:||,|.~:I;|}' The cross =&chion
of the product nnest be efficient to sustain at desived loads and
At epmuning e veliicle &wl passenges safery. The
following are the posdble design confipurations considersd
for the study &5 per the company”s guidelines.

Abagus 15 a st of influental engnesrmg  smmlation Fig4. Pentagonal Configuration

cmriculums bwl oo the fmite element method, sold by
Diaszaalt Systems as part of their SIMULLA Prochet Life-cvele
Management L)

Fig 3. Hexagonal Configumiion

Fig 2. Square Configuration
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Fig.10. Hexaponal Model

IV, RERULTS

Fig12. Total Ensrgy Absorbed by Square Tobe

Thie total etrergy absorbed by the square configuration of
= crash boo 15 36.3 X106 T and it crashes i 020 qec.

Fig E Boumdary Conditions




Loy .

Fig13, Total Ensrgy Absorbed in Rectangular Tube

The tefal energy  absorbed by the  rectangulas
configurntion of crash box 15 355 X106 J and o crashes in
.28 sec.

L

e T —————— T

Fig:14. Total Energy Absorbed by Hexagonal Tube

The total eoergy absorbed by the hestaponal confipueation
of crash box s 37X 1006 T and 1t erashes m 028 sec

Fig. 15. Energy Absorbed by Pentagooal Configuration

The total energy  ebsotbed by the pentagonal
configwation of crash box & 36 3X10% 1 and if crashes m
.20 sec

The above grapls of the energy absorbed depicts that the
encrgy absorbed by the hexagonal cress secten of the oash
box - absorbs more epergy as compare to the remaining crash
box configiuanons and takes shightly greater G 10 crash than
other configurations. Hexaponal erash box configuration gives
better resulis for the fomtal collisions iscslents than otlier
compirred confipurations of the crash box.

Y, EXPERIMENTATION

The different manufachred samples are rested on the Low
velocity mmpact test machine for Andmg o the total absorbed
enerey by the imdividual sample masnfacired

The experimentation for the square. rechngular,
pentaponal. hexagonal configurations 15 camied ot to find the
eirergy abserbed by these crash boxes. The low wvelocaty
prgpact feter machine s used for the purpese. After clamping
the specunen m the fxture, the op head was put dova fo see
i 1 rested on the fop surface of the specimen conecily, The
Iow velocity unpact sesting is taken to find the max cnergy
abworbed by the crash box configarations prior o failure.

Fig 17, Low Velocity Tipact Tesier

i



V1, CONCLUSION

The energy  absomed by the  differemt  desigm
configuranons for automobile crash box are analvzed with the
help of Abagqus and experiment. Crash box conmonents
absorbing energy are smdied through basic types of different
cross sections, Square ind Rectmmgular profile bave sipnficnt
lower energy absorpton than the other profiles. Hexagonal
configmation  absorbs  mewe  eépergy  than  the  other
configuration and sustains comparatively for more time than
other configurations,
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Abstrecr:

FA%G of Food conteimed i fedin £ produced O sur ovwn cowiny. The farmers ghe direcil)y aifeciad iy aericuliure
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L INTRODUCTION

Indin 15 an agriculiare based couniry. Diedia has very
poor rural roads, flnes it affects the wanspormation of
supply and outpat. Regioaal Qoods, lack of cold
storzpe all spoils 30% of the swplos produced.
Lack of organized refadl limis Indian frmer’s
ability to sell the surplus and conunercial crops,
Iiedian farmers receave ondy 10-23% of price the
copsumer pavs for the same poodhice dwe 10
inefficiencies & middie men. Farpers of developed
coumtries such as Europe and US receive 64-81%:
[

Another reason fmmd for the loss &5 that, every
therd food produced m agnculmre, ol doe 1o
e fficient supply cham. The absence of fsctor o
distingiish the three sfapes of maturity of fiait viz
imumaturs, mathure and over-tipe causes the fiuit 1o
rof as it isn'T picked up at proper time. All these

Canieri, Lab¥TEW,

Thevna-couple

reasons lead o economic loss of our commiry and
more concerm as farmers incurs maxinmm loss for
they give away theie lives. Matare stage o maturity
of mipen means that the bt bas pained the
aesthetic charactenistic which 15 seen by changes m
concenimation. oolowr, shades, smell. @ste or other
sensory propertics [Z]. Matmty evaluation s an
iportant  facrtor or step while harvesting  aad
sioring frnis [3]. In cady ages, the fiuid Is
considersd o be npeming by visual inpack o
sefisory  paramielers such s s colour, smell
pexiure and tasse. But o medieval ages due to
artificial ripeming and due o addinen of chenicals
or by giving a laver of wax -over the fuit surface
(2.2 o case of apples), the frut owter sk gets the
colour that it gets when nipen thouph inside the
flesh s siill inunanre: It also bams homan health,
Thesefore there is a need of an optinuzed amd
chieaper rechmigue of stoming the mafured foats and




identify tlee mamnity of faits by other way than
vistil parameters. There 15 alwo a need o find a
condiion that will belp in controlling the rate of
ripeming of fimits i natural way. As fpenng is a
biological change there must be a heat output or
heat inpat that is exothennic or endothermic
reactions al thus teere munst be a relation witl s
surfice tenperaiure as tempemre affects nwost of
the biclogical processes in the developmernt of
fnaits which mm turn infiGences fnut-size, colour,
sugar eontent, acid content, starch content, smell,
erc [4].

IE thermo-graphy 15 an example of infrared
imaging science that detects IR rangs of bamds 1n
the electomagnetic spectrum.  Every  substance
surfhces emits infrared radiation with refaton 10 the
temperatire of the surface of the substance [9),

F_

Figure 1: Beal time bowise detection m (apple)
frusts usimg thermmal chmera [5]

Fimure 1 shows the image of an apple thet was
taken by normal camers and Infraved camsera for
detection of bruise in apples [3]. Thus Thermal
imaging canera helps to geot themmal irmages of foit
sitrface and the vamaton of the femperatire could
be ko by thee different spectnumn band and the
temperature vahes alse could be measured.

. METHODOLOGY

The fruit that clogen must be an all season
fruit = that fhe availability doesn’t affect and fresh
fruits are svailable during experiment or ressarch
work. The vanation of femperatire with npening
will be monstored contimenshy to determine the
oplimized  emperiine  and  ambiem  condition
(temperatme} at which they will be npened fast.
Periolic monitoring will be dene by thermal
imaging camera and coufims. montorieg by
Lab¥WIEW software, The relation between the
sirfice temperature and ripemng will be sndied
with the belp of the graph, Wads this result a simple
and chzap storing system will be desigoed and

fmbaicated. This will help o dizcnss the eptimized
emperatire - at which  fust mpenmg can be
comtrolled.

Choose n oot

Mcariior the temperahme of the frnt surface along
the days of rpemng 1sing themanl emnerm

Aot the fenpeaiure of the fmil suface alogg
the days of ppeniig nang thenmo=-cougle
COMpArso

Pliat the nabure of the. groph of surince temperatiore
with respect 1o mTdaEm fEmperature

Relnte the clemae i the s SnpeTire of
HLATILE

Fig X; Process Flow

M. EXPFERTVMENTATION
A, Monitoring of fruit uwing  Thermal

Camera

The finir serface temperafure was moniored ol
recorced nsing Thermal hunaging Camera and alowg
with the picture was faken by ordinary camera.
Following set of readings were taken thoough the
days of incubaton by thermal camera

Fignre 3; Companson between the acinal images
and thermal camers unages for day |

The above resdings and tuages show the results for
the thermal camers pichie and nomual camers
picture for Day 1 of 6 different apples,
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Figure 4 Comparisen between the actunl images
and thermal camera images for day 2

The above readings and omages show the resales for
the. thermal camer picture . and normal camera
pichire for Day 2 of & apples that was kept on Day
l.

Figure 5: Compartson between the actunl tmages
and thermal camera images for dav 3

The above resfings and images show the resales for

the. themmal camers pichme and normal camera
pichire for Day 3 of & apples that was kept on Day

1
._.-F"'- |
B

Figure & Comparison between the actnal images
and thermial camers hnages for day 4

The above rendings mid unages show the resulis for
the - thermal camera: pichure - and normal camern
pictoe for Day 4 of & apples that was kept on Day
1

Fignre 7, Companson between the aciual images
and thermal camers tnages for day 5

The above resdings and magas show the resulls for
the thermal camera pecfure and wormal canvera
picture for Diay 3 of & apples that was kept on Day
1. There & uo much change in e remperanre axl
the remperanme shown in approximation. The
pbove results show that there 1s no mach change in
the memperante Wit pespect to the tiome amwd
ripening stages. The colowr patiern does not change
with the davs of ripening. It adapis the remperahme
of the sumounding and thus the colmm pattem =
uniform. The reason might be because of the poos
resolution of the thermal camera. Another reason
oy be becauee of pe temperaiire eontrol systen,
Tnt erder 1o check whether the problem i becanse of
the thermal camer or other cause the momtoriug of
the frait was done using Lab VIEW.

B, Monitering of firuit wdog LabVIEW

The thermo-couples were calibrated s first ar 0°C
amd 100°C. Two  thermo-couples - sense
temperatures of two apples named as Appls 1T and
Apple 2. A thermal insularion tape was shick in
befween the sficking tape md thenuo-couple
Junction m oorder o avord ary heat generation due
o sticking tape. The mmages below show how the
nusction 15 shuck to the surface of Apples.

Figure §: Appk | and Apple 2 with TC



Ope thermso-conple was pui freely inside the box
near the surface of the appie o séme the mside
tempeeratize of the box, that 15 the amer ambiet
tempeerature. Then the box is filled with hav so as
to maimiam beat m equlibriwm: The two images
below shows the ner ambient lemperanme senses
e me-conple and the box filled with hay.

Fipure 9: TC for mner anibiznt and Box covered
with Hay

Oie (henme-couple i5 attached 1o outer wall of die
box for sensing the outer fequperanire, The box
drlled hole 15 sealed from where thermo-couple 1,
2apd 3 were taken insade de box,

Figure 10: TC for outer ambient and gap sealed &
box sealed

The themmo-couple senses tempernure and these
dpta are acquired by the Bata Acquisifion Sysfem
the havdware for the lab view, These analog signals
of temperalure are converted 1o voliege sigmals
by ML 9211 card (module), a module for the
thermo-couple.

Fignme 11: Setup and DA

Figure 12 Complese set-up

The data (rmperatire data) was acquaired by Lab
view. The circuits were made in lab wview by
butlding N1 that is assishng data o acguire amalog
temperature sigiaks. The teadings were fecorded
after every 30 manutes.

IV, BEsSULTS AxD Inscussion
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Figure 13: Graph showing the variation of
temperanires witli respect of e

The above graph was plotted for temperabure
reading for every 3 minntes for pericd of 4 days.
Fromm the -abose graph it is scen thal at starting
when the fonl were kepd in the box the surfsce
temperature of the apples is more coompared fo the
ambient temperature of the nside and outsids box,
A tke passed by tle surface temperature of the
fiit startedl falling down below the wsade -and
outside surice remperanme of the mweubation box
Soont iF was seen that the nature of the graph of the
temperature of the surface of te apples and the
mner ambient temperatre of the box followed the
outer  ambient  femperanwe  ourve.  This 10
particular conclusion could be dravn Bom the first
rendmg other than the conclusion that the
temperatire of the apple swaface  teniperaiure
decreases while dpening as mentioned in the
hireranare,
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Figuze 14 Graph showing the viariaton of
temperatures with respect of time

The abowve graph was plotted for temperatire
reading for every 30 numtes for a period of 4 dayvs,
This tume the mmtal surface lemperatire of the
appies taken vere kept less them the outer and mmer
amibient temperanme of the box ar the beginmng.
As fime passedd by the temperamre of the surface of
the apples were fallmg below the mner amd siter
ambient temperanue of the box, showmg that the
surface of the apple temperanmas remaned less
thany the mper ambient temoperahue of the box
followed after onter ambient femperanue, Again it
was seen that the sature of the graph of the
temperature of the surface of the apples mnd the
inner ambient tetrperatre of the box follows: or
traces the outer amhient temperahure path or carve.
The woperature of the appk swface lemperature
again seens o decrease while rpenmg, The other
thing that was noticed was the drop of temperature
in equal mferval of tme. The reason might be
sidden voltage diop or Feciation as the droep was
soen during the naght hours in the graph
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Figure 15: Graph showing the variation of
tempreratures with respect of ime

The abeve graph was plotted for femperabme
reading for every 30 minates for a period of 3 days;
This time the initial surface temperatire of the
apples taken were kept less than the fnner ambient
temperatire &nd more than the owler ambient
temperature: of the box at the begmping, Again the
fimal temperatres of the apple sirfaces and the
curve of thew teinperatre fell below the inner and

curer-ambient emperamres of the box, It was spen
that the nature of the graph of ihe femperature of
the surface of the apples and the inmer aobaent
temperature of the box follows or traces the outer
ambient temperature path or curve even m this set
of reading. The remperanure of the apple srface
temperatiire  agait seems o decreasze  while
ripening. There is agam sudden drop of temperature
i equal interval of time.
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Figure 16: Graph showing the vanastion of
temnperatires with respect of me
The above praph was plotted for temperature
reading for every 20 minutes with box msdated
nsing thermocol for a period of 2 days. At starting
when the it were kept m the box the surface
tenperature of the apples 15 more compared to the
ambient temperatre of the inside and outside box,
Ag tine passed by the surface temperatre of the
finir started flling down below the msxte and
outside. surface teperanme of the iseubation box,
Soom it was sosn that he pamre of e graph of the
temperature. of the surface of the apples and the
muer ambient temperamre of the box followed the
ouber aunbdent teimgeraige coive. The teurperanoe
of the apple surface  tempemhume  was  seen
decreasig whibe npemng. As e readings i the
graph tells s thar the inner surface femperamre just
rephicates the- narue of graph of outer ausldent
condition it was difficudr fo come in any conchision
where the surface temperatime of the fut con be

montored through the penod of npenmeg,

V. CoNCLUSIONS

The resulfs from the thenmal camers images show
that there is pol unxh change o he emperatre
though it should rise while ripening as per the
veferred literamre. The reason oogly b= becase of
the canera quality and measigement precision. The
thermal camera which was wed. for  the
expernmentation wis of very low pixelresolonen
andd specification. Tt had the issue of range as it was
maccurate working in range moee than 1 meter,



which is the thenmal camers would show very
inaccurite Teading if the distance of the obyect and
the thermal camera is more than 1 meder. Also the
thermal camern weed did not show proper thermal
gradient by the different colows patterns of
temperature and the feniperanue readings was also
less approxicsate. These reasons made it difficalr 1o
momtor the actual emperatre vartation of a frut
abong wirth time during the stages of fipening.

The results of temperature graph and variance of
Lab WIEW shows that the surface semperature of
the froir waces the path of be outer ambiem

temperature  throughout  the day. Thus, 3t is
concloded that the results do not show a paricular
chasacteristic wlich can help ws 1o foons on the
ripeiing leperanee,
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MAGNETIC-ACTUATOR USING
FERROFLUID-POLYMER COMPOSITE
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Abstreei—In this paper we have developed a slicone mbber
ferroflusd composite contflever ot micre-scale. The method of
mﬂl:l.l'ﬂl'l.ll':ll! is oo cost using lzser cutter o creste & msonbd.
The neoulds are menafaciared with metiv] methacrylate sheet
Wit & o 10 pum (hickness, We are alde o create cantilever that
are randomly sriemted or have a ualdirectionsl distribvetion of
magnetiie particles or have magaethe particles at Hp Cantileyer
with 400 poy dinmeter and op o 10 num lengih nre fested wilk

Iow magnetic feld of 15 T, We got maximun delection of §2,5°
ar 44 T III!FJ.H" Tild.

Eapwonds—mPDME; ferrafTufd; offin: caniiever

I FeTRODACTION

The undeveloped and new emerging field of sman
materials triggers researchers mind to mimic the nanral
cocoming  stmactures. The manwe has developed §ts system
through optimizatien crtena liks to alkow smnll biologcal cells
o do very complex task together, The apalysis of such system
at micToscopic fevel grves us lots of new 1dea that can be used
0 enginesnng design to sobve our problems, The mwn different
matertaks are combined to fonn new composite, which gves
entanced propesties Than base mateiials. The smarm marerials
are combined @ forn such compesite called sosan congrosaie
respomive o external stinnsh, The pancsize magmetite {Fe3 O4)
particles can be emtmpped oo elastomer by cross-linking
reaction to form magnetic responsive elastic stmuchme [4].
These magnetic particles has alse been inpregnated in porows
materials ke tsswe paper b0 make magmetic  respotisive
acmmiars [2], with these fervoelastic composite we get
combined magnetic and elastic properties. These polviners
composite gives good application as artificial cilio. Cikia and
fagelin are mainly used for movement exhitated by cells and
sperms. Ciba are beir hke struchoe responstble for oich
iokrgical fnction like tmovenent, taking i food particle [3].
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Fig. | Schemabio of {a) [sotrome, (b Anrcotropae and ()
‘I'p compomte cantilever samples {nof foscaley

[I. THEORY

The magnetic polymer contain magnetite particles dispersed in

polvier perwork. These pamicle are connected o polyines
clain by adbesve fosces Tn fareflad these wapo size pasticle
tends o agglomerate due o magnetic dipole infemction, s
protdem is solved by coating the particle with surfactant made
of long chained molecule[5]These particles m magnetic
polymer are mndomly onented. As we apply external magmetic
field the particle as dipole tends to align with field and produce
magnedization, M [1].

Me=<MHA>+H= Ms < cos @ - {1}

Where © 15 the anghe between the magmetic axes of 4 particle,
bels iy magnenc sanuwation H is the eoaemal ficld stvength, The




average cost? is taken overall the pamticles. The silicon rubber
mves econoiical elastic matenal w hold magnetite particle.
These magnetic responsive polymer composite are knovwn as
mPDMS,

Il. RESULT AND DESSCUSHN

The magmetic silicone mbber 55 prepared by various
methods. One method 15 faroflnd miked with polymer and
allowed pobviner 1o cre and amest magmetite particles in m
polviner network Another method is o coad podviner with
magnetite particle wsing adhesive Hepe we have prepared
pobyviner by first method and - different samples are fested af
different magnetic field,

The silicone mbber is prepared by mixing conumercially
avallable (A-B silicone compound  fionn  SMOOTH-OMN-
OHOMIO0-30) pobymer compound in ratio of L:1 bw volume. Tt
I oeasy o use silicope mubber compounds that featire
comvenient  one<fo-ong by volmme mox maboz (uo scale
necessaryv]. Both ave very low wiscostty for easy miang and
pounng sud vacnen degassing 15 usually pol necessary. This
product cures gt Toom Empersturs with negligible shmnkage
and have good tenr stength,

The fermothud is maxed with nnenred silicone rabber (20 %
by voliope of polviver) Polymer mixnge with feroflud s
poured in moualds for 7 e ot temp 232 C for complete curing of
pedvmer composite. The amoun of ferroflud can be vaned fo
change magneti and mechanical properies of conposite. The
mould for casting the canblever 5 mamnfachired in methyl
methacrylate 10mm sheet. The cavity in sheet 15 made by laser
engraver {LaserPro, spint) with thickness of laser 0001 inch.
Three sampdes of canfilever are compared ;-
{1} Tsotropic composite
(HpAmsotropic conpasite
{IIT) Tip keaded with magnetite particle,
The magmetite particles i composite are rmdomly distributad
that composite shows [zotropic properties and called sodropic
composate as shownm B 1. (1)
Second smupde 15 prepared by keeping the moukd m aniform
magmetic field durmg cmmg process, Becanse of magmetc
field e magnetnte paticls gets araged along magmetic Held
direction, Figh shows the microscopic suage of composite
prepaved in absence of mapnetic field and i présence of
magnetie fiebhd Mounld 5 kept for 7 lo (cusnng period of
polsneer) o amiform mageetic field o fix e omdirectional
arrangerment of particles,

Fig. 2 Sheps i mamuficmnng sy of sanhleves composste, allsser
e il process o Ay sheet DiFinished scnde monkl wilh
holes ¢ liqeed silicen compound mixed with ferroffuid poered n
ooz b dparmay of siticon ferrodlosd conposste after Gl

Tiee particies are arranged along lengih of dambilever gang
anisotrope. properies, called amsotropic coanposie, the
prepamation of amsolropic  cooposite 5 shown  m
figg. 1 b0 Third sample is made having imazhetic particles ar
the fip.fig. 2. () shows the cantilever body is tuade up of



“silicone mbber and the Gp band of 1 mo fom fiee cud &
filled wath mngmietite particle.
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Fig 2. Bendiog rmgle v mageetic field Comprozon of daee samples.
Trmensson of canttlever (00 pm dim, 10 mo kength)

A single cantilever of each sample 15 subjected ro differem
magnetic field 0 mT to 44 mT to check its respouss. The
nesdyminm magiets (K & ] Magnetics, fue. Jansson) are used
to create magnetic field The mepnetic field direction was
perpendicular o lenprh of cantilever, The magnetic feld is
measured with Hall probe at the tip of cantilever. Each sampls
of cantilever B kept in magnetic field aod the image is
acquired with microscope (Dano-Lite digital  microscope
AM3011) Deflection images from microscope are processed
m MATLAB (Matlab F2013a). The RGB image 15 converted
inso grayscale and again to black_white 1o measure deflection
angle, All the images are processed on matlab for angle
measurement. Figure 4 shows the magnatic field vs angle of
deflection. As con be seen the ausoiropic sample shows more
deflection compared o isotropic and tip composite cantilever.
Amisotropic cantilever has particle fixed in polvmer chain and
oriented along length & shown in g3, When magoetsc field
perpendicular to ength of cantilever is applied, these particles
together try o orent along direction of applied magnetic fisld
As magnerite patticles are fixed in polviner, the whok
cantilever gets deflected giving larger angke. The field can be
applied fioan opposite. divection o severse the deflecton
Isotropic cantiever have well dispersed magnetite particles
can be considerad canfilever beam with wniformly distributed
load theougl 1ts length, In case of up composite cantilever the

magnetc feld acts an s 1p ooly |, gives lower defection that
isoropic ind anksotropic cantilever.

Fig. 5. Movemest of rsetrogac cartilever (00 pis daa, 10 nen Bogiklk
under magmetc feld rampmg (1) 0mT o} 36 mT.

The fig5 shows isoiropic canfilever sibjected ko different
isagmetic feld from 0 T (036 ml m one direction,

vV, COMNCLUSION

We have fabricated magnetic responsive canfilevers. These
cantilevers can be wed as actuators, We repored cheap amd
simple method 1o mamofactoe these mucro level cannlevers,
These cantilevers were tested ar different magnetic ficld.
Three different sunples were: fested as anisolmopie, 1setropc
apd fip composite. The anisotropic sample showed better
response (82%eflection for several miliTesla) as compared 1o
other iso and tip composite. Cantilevers from mm level to
mnerolevels were mannfactured vsing methyl methacrylale
mnterial moulds, Laser engraving gives cheap and effective
method 10 mamifzchure these moulds, These cantilevers has
optimun applications #s artificial cilia. micro puong and micro
Valves,

V. REFERENCES

[1] GFbpesmlCoeineln A Szbipw M Zrmpe “Mapnens  deld-
ppEsave  snkit  polyme scmnpoabs” Spemger-Veelsy  Berln
Havleloarg | pp: 137-185, jan 2007

[2]  Zhermen Ding. Pmplnmg 'Wei, and Bahak Fime, "'Feroopaper actusior”
IEEE MEMS, Hong kempp. 1127-8130, Faip 2000

[3] Al Ghesban. »ohsen Bahrom, “a novel swinening micromobot based
oo azficial eilin: for biomedical applications "Sponger 1intel Rohot
Syst, vol, 63, Negherland, pp 399496 Seps 2001

[4f 5. de Pedme % 1 Cadarso, X buooe-Bechel LA Plaz, JS5ort ] Brugger
& Butigenbach et al "MMagnetically-actuated vanable opticsd attermioes.
usang (eeodhbd-doped slsboms  moplemesal by combuation of soff
Whography ssd  mlgel  prnmg (chnelomes™TEEE - MEMS,
Trwan pp 348551 Jan 2013

[3] =Odenhech Femofhids-mapnetically controfied suspensions "Elsevier,
Callails dqnl St val INT Ciomwnany i | TE-178, 2003



Condensation Heat Transfer In Helical Coil
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Abitracl— The purpose of this vesearch is fo study the effect of
the codl dizsmeter apd indet ftempersture of steam on fhe heal
tramsfer co-efficient and demperatnre drop in fhe belical coll. The
study was based on fiukd fo fald heat oassfer. Experiments wers
condwcied on o different ks Oow rate of water. Inded
fempervatire of sleam inaging Tom 1007 © te 1167 © e
considered and vartous beal fransfer cosfficiems are celenladed
for the above range, To se1ve the purpose experimental setnp was
il with three different belieal codl amd water fank. The resal
shaws thal there there B increase In Beal mansfer coelOcient with
inerense in indel temapersiure of stenm,

Eeywords: Heat Transfer Co-elficient, Helical Codl, dMass Flow
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L INTRODUCTION

Heat transfer is one of the most important physical processes,
Different type of heat exchangers are designed and fabocated
for different heat tansfer applications. Heat exchangers are
desimed to get an efficient method of heat tmnsfer from one
fhnd to other fhd. The three principles of heat mansfer are:
conduchion, comvection and radiation. In a heat exchanger the
radiation heat transfer is oot taken iote sccoumt as it is
negligble a5 compared to conduchion and convection. These
are different heat tansfer enhancement techmbques: Active,
passive and compound  Application of electne, and magnetic
fields and fuid Ssvstem vibration are ackve techmiques. Helical
cotls, additves, rough and extended surfaces, swirl fow
devices, are all passive emhaocement teclimques. Passive
methads are preferred over active methods because of ease m
manufachuring, bow cost and longer life.

Curved  fubss are widely mwed passive heat  transfer
enbancement techoique 1 sévesal biear ransfer applications,
Heat mansfer enhancement by usimg helical cool has been
recearched and studied by many researchers. Vanous helical
ooil configurations are possible, and the most common
configuration 15 of vertically stacked belically coiled rgbe, The
end of the fubes act s the inbet and oudlet for bot as well as

cold fuwd Tlis confipuration offers compact stnciure and
high heat mansfer. Helical cols offer advantages over straight
mles o 1o their compact structure and higher beat transfer

Cosffcients, Helically codled hear exclisngers are widely nsed
m mbastnal apphcations such as power sector, food processang
iaifs, leat recovery systems, refrigeration and air conditicang,
HYACS 2.

A Hear rronsfer enhavcament and secondary oy in cofled
nibay
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Fig. | Secondary flow in helical cod [1]

D to the curved shape of the tabe the flowing flaid mside
the coll expenences centrifugal force, The cenirifugal force
depends on the velocity of the floid particle and coil diameter.
The velocity of fhid particles Aowmg atl the center of the pipe
1= higher than the flmd particles flowmg near o the pipe wall.
Thus the centnfugal force on fud particles Bowing close fo
the tube wall is lower than the fluid particles flowing m the
core, This difference in centrifugal forces causes the fuid from
the core region to be pushed fowards the outer wall of mbe,
The stream bifurcates at the wall and the flwd move towards
the mmer wall along the mibe periphery, causing 2enarabion of
secondary flows. This secondary flow produces addinoanal
comvective transport of fhnd wiach mcreases both the beat
wansler and the préssure drop as compared to strasgly rube of
same donension.

Significan! expenmental research has besn reporied for single
phase flow m helical coil ad two phase fow in staght bes.
However, very lumited liear mansfer stusies lave been reported
m the hemtue for two phase flow m helical coals.



Additionally, very lingted mamber of shdies repored on
condensation heat transfer vsing steam m helical coils,

I. LITERATURE REVIEW

This chapier presents a review of the ressarch dobe on heat
wansfer m helical coils. Several smdies have mdicared that
helical coiled mwhes are supenior 1o sraight obes when
emploved 0 heat tomsfer apphications. Secondly, a review of
experimental work of condensstion hear wansfer in siraiglt
coils is presenied, MNext review of the research dose on
codensation heat transfer in helical coil

Linmig zhae {2003) et al stadied the boiling beat
fransfer charactenstics aod pressure drop of steam-water fwo-
phase flow in & siall boaizontal belically coiled biag once-
teouph steam penerators, They bave obtaned & new o=
phase frictional pressure drop co-relation. Tt was found that
boiling heat tramsfer dependent oa both mexss Max aod bear
fux. Both the maclestion and the convection have e same
mupottance o forcsd convective boiling leat transfer. The
frictional pressuwre drop madbplier of two phase flow 13 2
fumetion oot only of the mass qualiry and pressure, but also of
the miass flow rate, (2]

Prabhajan (2(M} performed an experiment study on nanral
comvection best transfer frem helscal coiled mibes it water,
Expenimental set up made wp of 4 cols, 3 flow mates, and 2
water bath remiperatures: In this study he correlatéd the ourside
Nosselt mmmber to the Rayleigh pwuber wsing different
characteristic lengths ir was found that the coil beight is the
hest characteristic bength for 8 vertical codl in this smdy. He
firther developed a prediction model 1o predict the onrle
wmperaire of a fimd Bowing through a belically coiled heat
exchanges if the inler temperamre, bath temperamre, codl
dimensions, and flod few mie & mown,

Tn tas stucy he compared the predicted cutlet emperature with
the measred values from experimental sefup, It was

foumsd that the results of the predicted femperanres were closer
10 the expermmental vahes.{3]

M.H. Al-Hajeri (2007) et al experimental investigated the
condensation beat transfer and  pressure drop of an ozone
firiendly refrigerans, R-134a, inside a helical tube for climaric
copditomng of hot regions. This stdy  concems  the
condensation of R-134s flowing through anmular helical mbes
with different operating refgerant saturated temperatures. The
AVerAge pressure drop 15 measured and compared with data
from relevant literature. The measurements of E-134a were
performed on mass flow fhx mnges from 50 to 680 kgm? s,
The study provides expenmental datm that could be used for
the design amd development of more efticient condensers for
refiigeration and air condifonmg (A/C) systens working with
the same refriperant. They bave found that heat transfer
coeffictent and overall heat tramsfer coefficwent of the
refiigerant side decrease as the vapor samurated temperatres of

E-d

B-1Ma increase, Presswre drops in anmilar belical wibes
merease as the mass fhux of refngerant merease_ [4]

Jayakumar (2008) fabrcated an experimental sebop to stdy
Hud—-fned heat transfer in a helically coiled heat exchanges.
Heat mnsfer chamcteristics of the helical coil beat exchanger
arg also studied usmg the CFD code FLUENT. The CFD
predictions and the experimental resulis metched reasemably
well wathin experimental ror L. Based oi flds resulis a
correlation was developed to for moer heat tamsfer coelficent
calculanon for the belical coal.[5]

Salimpour (20089} pecfonned experimental nvestigation on the
heat tansfer coefficients of shell and helically coiled tube beat
exchanger, He performeed experiments oo thies  beat
exchanpers with different pirches for bot parallel-fow and
connter=fow, It was fonnd oot from the expeninents that the
heat tramsfer comffacienis with larger puiches. are lagher than
these  for staller pitches, Empincal comrelations  were
proposed for shell-side and tube-side beat tansfer coefficient.

{61

I 5. Javakumar {20107 in this stady developed a cogrelation
based on the CFI apalysis reoults to evaluate the beat framsfer
coefficient in belical coil. Avalvsis was done for both the
constant wall temperaturs amd  constat wall beat fux
boundary conditions, Varousnnmerical analyses were done 1o
rébate the coil parameters fo the beat ranskr. 1t was found that
The coil parameters like the tbe dimmeser, coil diameter lave
stpmaficant effect on the heat transfer aid (he affect of the jHich
is negligahle, [ 7]

M. Mozzafari (2015) et al conducted the experiment in order
for Tiried ot the condeqsation amd pressure drop charactenstic of
Fola mside a helical tabe in tabe heat exchanger. Experiment
were conducted on different welizabon angle of axis of
comdenser. Inclination angle of zero, <307 , ~60" 40" from
Borizontal were taken, Experiments were comnducted oo straight
fube-in-tube condenser and inside @ helical be-in-fabe beat
exchamger, After conducting expermiznt it was foumd that
highest value of heat transfer co- efficient ocowr at 30% and
lowest value of heat wansfer co- efficiem oceur ar 90°
inclination angel, Pressive drop has the maxinmm vatue for the
horizotdal case It was found et o comparison . with
horizontal stight comdenser. the average heat transfer and the
pressure drop of the berizontal helical comdenser increases: [8]

IIL PROBLEM STATEMENT

Consederable experimental work has been done on
helical coil of different material such as mild steel, copper ete.
Few work has been reported for condensation beat transfer for
samless steel materinl Helical coil made up of stainless
materal 5 fbdcated and 1 tested under different working
condihings
(1} Impact of vanable mlet temperature of stemn and mass
flow rate of steam on condensation beat tramsfer co-efficient



IV, OBJECTIVES
LTo constnict the Experimental setup to invesizate the
condensation of stearn owsade helical coil

11 To study the effect of indet terperanres of steam on heat
transfer coefficient.

V. SOLUTION PROCEDURE

Solution for the above defmed preblem statement can be
achicved through these sieps:

A Experimetital seiup:

rEnLa

— zam

Fig 2. Shows a schemane diagram of the expermental
fgiliry. IV eomsst of follewing conrponent;

(1} Mind boiler
{2) Hehical coil
{3) Test section
{4) Water storuge tamk

1 Mini Bovler:

It s a snall size boiler capable of peperaiing steam of
pressures up to 4 kglom®, T gives out dry stesm ot 4 Do
pressure. [T works on 240V, 16A power supply, It has a
pressure gaige, buili-in presure regnlator and safety valve in
case he pressure mereases bevond safe levels.

2 Helical cail:

The helical coil is made from the ¥ mch 5.5 seamless pipe.
Thres helcal cotls are made of conl diasseter of 175, 150, and
125 mm regpectively. Number of tarms are 6. Pitch is kept
S The aas of the coil s m the verhical direchon. The
steam entered the coil from the top and the condensate exited
from the boftom.

2 Test sechion,

The tank 15 to be made of cvlindrical nold steed vessel having
diameter of 300,285, and 2550 respectively, heaghn 250 s,
It & made from the MS sheet of 2 mmn thickness by rollmg the
sheet i the ralhng machne, The temperature of the fwd
tank &5 measured with the belp: of RTD (Resistance
tentperature detector). The tank bas & water mlet and o waler
autlet valve and a valve for draming the water after expertment
 performed. The fmler and outlet for water = 05 inch
chaneeter pipe. Ome of the tubes s connected to he mam water
stpply D and the othér goes mio the dram. The dramage
vilve given at (he bodtom of the fnk 15 commected to fhe dm
md after the experiment 5 performed the drain vabve 15
opened, all the water collected mside the dnen 15 dramed. It
has hofe for thermnocouple connection and air vent,

& Water sforage Gk
Witer storape tank 15 used to supply the water 1o bodler
as well as to sesl section

B. Instrinnentation:
Following are the instnument required for experimental
sefmp:

L Temperatire indscator:
Temperamré indicator 15 used to mdicate the surface
temperature of belical coul. Mulb-chammel mdicater 15 required
as we need to measwe the temperaire across each nen of
heheal coul. Temperature indicator with baast count of 0.1 *C 15

Prefermed.

1. BETD {Resistance temperaturs mdicator):
Resistance  temperature  defectors 15 used as ftemperahure
sensing element which sense the tempernture of helical coil,
Range of temperaturs sensing element required 15 D00-150 2,
RTD sensors are available in vanous forms sach as rod type,
rectangular bvpe, circular pe ek

III. EBaotametes:
Rotameters are used as a flow control device. Thas 15 used o
control the cooling water flow rate. Range of mofameter

required is 2-10 LPM.

IV, Presure gage:
Pressure ganges are wsed s measure the mlet and outlet steam
pressure, Range of pressire muge requared is 0-8 Kg'onr’,

. Measurement and Bethodolery:

Buoiler is operaed mamsally, puanp Gried inside the mind boaler
sucks e wafer inside the bodley. Water is electrically heated
mside the boiler &t 4 kg'cn’ pressure, Stepm generated iside
the baoaber is allowed to pass throngh mlet of belical coil,
Helical oil is placed inside e water tak. While passang
through the helical coil steam gives its energy to suroimding
coolitg water, Condensate stean 45 collected froo the owtles of
helical coil. Batameter 1s used fo contrel the flow rate of



cooding water going to the tank, Experinsent is casried out for
different flow rate of steam.

Tenmperature across each tum of helical coil 15 measurad wath
the help of BTD. nlet and outlet temiperature of steam s also
recorded. Pressuse pmyiges are usad to record the miel and
autlet pressure of stemn. Temperatare of conling water and hot
waler is also recorded.

VI. RESULTS AND DISCUSSION

A Effect af mlet reviperatine of steam o heaf ransfer co-

efifetend for 1 25nnr kelical coll ar 5 g o valer ooy rafe!
Wariation in beat wansfer co-¢fficient for variens nlet
rempranme of steam while passing throwgh the hebcal coil s
shovn in figre,

125mm coil @5ipm
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From the above figure it is very clear that as inlet temperature
of sfeam increasing the beat ratsfer co=efficiemt also
mcreases,

B Effecraftnlet reviperarve of iteam on hear mangfer co-
efficient for 1 250m ke lical coil af 2 fmm of water flow rate

: Vanation in heat transfer co-efficient for varions inlet
emgperange of steam while passing through the helical coil is
shown in figure,

135mm ool @ 2ipm
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Fig 4 Forianon in Hear transfer co- efficiant for diffevent
mazs inlet temperafire of steam of 2 pm of water floe rate.

From the above figare it is very clear that as inket temperahure
of siean increasing the lean tansfer co-efficient also

IRCIEASSS.

V. CONCLUSION

From the above fgure 1t 15 very clear that heat tramsfer co-
efficient increase with uscreasing inlet temperanees of sleam
For botl Slpos and 2hvin of water Bow rafe. For Slpon the range
of heat transfer co-efficiant is from 2150.50% 10 4806536
(Wi ) amd for 2lpin the rage of beat transfer co-efficient
i from 2698 278 f0 4939634 { Win' " K). Therefore the
range of heat transfer co-efficient for Ilpa 15 more comgrred
to that of Mpm
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