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Abstract

This paper present a new phenomenon of heatingqtd#nflowing through helical coilsing induction heatir
process is applied through induction cookene experimental setup is prepared according tpgeed pla
with helical coil configurations which is varyingdtor among the several has high heat transfeHelteal
coil is designed as per limitations of inductioroker with some parameters arftk tvalues of water out
temperature observed with variable flow rates aiewduring the experimental analysis is gettingetéd wih
the help of different helical coil configuratioby changing number of turns with coil pitch, coidiheter an
coil tube diameter maintainsconstant. The dditained from experimentation is analyse to sucdeghes
heat transfer from induction coakto water flowing through Helical coil with minimu time consumptio
less pollution and safety aspect specially reléddddustrial applications.

Keywords: Induction Cooker, Helical coil, Induction HeatiRgocess, Coil Pitch.

1. Introduction

Industry prerequisites of electricity and espeyiallater at certain temperature of °@&’ for different
processes to fulfill demands it required lot ofctlieity or fuel and also for hot water requiredpatrticular
temperature using different techniques includingcklc Heater, Gas Water Heater, Storage Heat Ruatgr
heater, Heat Exchanger using burning of fuel etee B degradable resources in environment it isssany to
find out alternative energy resources or use abigilaesources effectively; so for water heatingcpss it
should aimed at having effective use over the segptlectricity, the new technique of water heatirsing
induction heating process is being developed. Btmpplications of induction heating are meltingnodtals,
heating of metals for design, Brazing, Welding afidorts of Surface Treatments.

The previous work done by Yuki Makimura,hideo taaméind shin-ichi Motegi (2010), on improvement of
superheated steam generator by induction heatinchvi$ able to generate joule heat to metal effetfiand
this IH has been recently applied to small therpwker plants and home appliancesbecause of higm#he
efficiency, safety , cleanliness and conveniencenater heating . A green and renewable energy) bast,
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thermal efficiency, safety and clean environmeatal important issues that influenced the technolodgyome
appliances recently such as in stove and wateingedhduction heating is a non-contact heatingcpss and
one of the new technologies in home appliance. 8la@e some researches that discussed about inuuctio
heating process and implementation due to theancknd no pollution.Also previous work done by MiFa
Bara (2013), states the main advantages of usithgction processes when compared to any other Igeatin
process (gas furnace) are among others, their Haating rate, good reproducibility and low energy
consumption and it is check with finite elementlgsia of induction furnace.

The previous work done byL. C. Meng, K.W.E. Chemgl &.W. Chan (2009) on heating performance
improvement of the induction cooker studied magnééld and heating performance with identificasoof
problems where it changes the induction coil witkavel coil format is proposed. The conventionaluation
heating has been extended to the catering indastrgurrently; the Induction Cooker draws more arofem
attentions as one of the popular kitchen appliamtstead of ordinary stove plates andthese IndoCimker
works with the suitable magnetic material pots sastSteel,Enameled Steel and Cast Iron etc. Instepdt
utilized in water heating process using Inductiooker for continuous hot water requirement; ituggested
that helical coil is being used for water flow thgh it which placed on Induction cooker where irtthre
cooker acts as heat source to change the tempemitwater. The previous work done by Ordofiez Elore
Rafael, Reyes Castillo Fabiola and Carrefio Herrd@#los (2013) on water heater by magnetic indacti
shows new device that is proposed to heat the shaater as it obeys the excessive water wastirggaat of
knob of water, so it anticipates a water and gamgaThis water heater consumes less electricatgynthan
the resistance based boiler and it doesn’t storevater which signifies use of less energy thanghe based
boilers. A review study done by N. D. Shirgire dhdvVishwanath Kumar (2013), on comparison of hétcal
and straight tube heat exchanger heat transferficieet of helical coil is affected by geometry béat
exchanger. Helical coils offer advantageous oveaigitt tubes due to their compactness and increhsatl
transfer coefficient.The effectiveness of heat exger greatly affected by hot water mass flow eate cold
water flow rate when cold water mass flow rate @mstant and hot water mass flow rate increases the
effectiveness decreases and increase in cold wetss flow rate for constant hot water mass flow rasulted
in increase in effectiveness hence flow rate dtifplays vital role in experimenting with helicalit

A review study by S.S. Pawar, V.K.Sunnapwar and.Bujawar (2011), shows the heat transfer through
helical coils for circular cross sections utilizeither active (electric field, acoustic or surfadgrations etc.) or
passive (Fluid additives or special surface gedemtrtechniques had been applied which can improve
performance of heat exchanger in heat transfes 3iows that heat transfer in helical coil wittcalar cross
section varied by altering basic geometry of th# and different fluid types with different flow tas. The
preceding work done byMofid Gorji Bandpy and HaSagjjadi (2010), accomplished about various asjileet |
coil diameter, coil tube diameter and coil stepl(piich) of coil tube used in heat transfer pragemnsidering
coil step for coiled tube experimentally represdné@hancement of coil step in a fixed tube diameteell
side heat transfer coefficient increases. This alsoclude shell side heat transfer coefficientemisvith
increases with heat flux rate of coil for fixed pigliameter and heat transfer coefficient for caikt
temperature increases with enhancement of coilwiipfixed tube diameter at different mass flowesa This
shows coil step influence on heat transfer rateodffor both laminar and turbulent flow. The prews work
done by M.R. Salimpour (2008) on the experimeritadly shows that the shell-side heat transfer cgefits
of the coils with larger pitches up to certain &igher than those for smaller pitches and the dogbir
correlation for constant temperature boundary dmdiis quite in agreement with the experimentaiada
low Dean number region. With experimental datadatis shortcoming of enhancement of coil pitch show
correspond to the lower values of helical numberomse-coiling conditions decreases the inner Ntisse
number. These caused the heat transfer coeffic@ntesiled tubes are found closer to those of tinaight
pipes.

Helical coils are widely used in applications suh heat recovery system, chemical processing, food
processing, nuclear reactors and high-temperaaseagoling reactors. Because of helical coils lragempact
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configuration, more heat transfer surface can loeiged per unit of space than by the use of sttaighes,
ease of manufacture and longer operating life. Hdradical coil is used instead of Spiral or Pancaké for
heat exchange purpose. With the utilization oftadkse individual benefits of total system for hallicoil water
heater includes induction cooker and helical cathwneasuring instruments which is developed ta hiea
water flows through it and is placed on Inducti@oker. So there is continuous flow of water is rtaiimed
using rotameter attached in the system like in cdgms geysers.

2. Characteristics of Helical coil.

The schematic view of helical coil used as showifigare 1. The pipe has outer diametgr The coil has
diameter of D (measured between the centresofigie),pvhile the distance between the adjacent fwalted
as pitch is P and the coil is diameter also cadlegitch circle diameter (PCD). The ratio of pipenteter to
coil diameter (¢/D) is called curvature ratio and number of turhkedical coil N.

Many researchers have identified the effect oftledise parameters on the heat transfer rate torand f
fluid flowing through helical coil by varying oner anore parameter and keeping other constant. Shisn
present research work overall focus is given tolmemof turns of helical coil ‘N’ which three sepsraaumber
of turns for helical coil selected arbitrary with=8125, N=4 and N=5 for experimental work keepingeot
parameters constant such as coil diameter D=10®5 Fipe Diameter & 9.5 mm and pitch of coil is 9.5
mm.

Watér inlet

do Water outlet

P Front view

D

Figure 1: Basic Geometry of helical coll

So the previous work done by Ramchandra K. Patiy.BShende and Prasanta K. Ghosh (1982) on design o
helical coil heat exchanger where length of helicall and volume occupied by coil is determined by
analytical method as follows:

1. The length of coil L, needed to make N turns:

L=Ny(@*n*r)?+p? (1)
Where N= number of turns of helical coil
r = Average radius of helical coil, taken from t&tine of helix to the centerline of coil
P = Pitch spacing between consecutive coil tureasured from center to center

Hence for number of turns (N) as 3.25, 4 and 5stéon designing of helical coll

Length of coil For N=3.25,

L = 325,/((2* N *5475)2 + 9.52

L =1118.44 mm.

Tejas G. Patil, Atul A. Patil




Vol.2 Issue.7,

July 2014.

Pgs: 21-27

Also extra length is added at inlet and outlet @fidal coil for steady flow condition achieved for
experimentation purposed as follows:

Extra length added to inlet of helical coil = 13@hm

Extra length added at outlet of coil varies withmber of turn selected for experimentation purpgsse
as follows:

4. For N=3.25 Extra length added to outlet ofdalcoil = 75 mm

5. For N=4  Extra length added to outlet dfda coil = 95 mm

6. For N=5  Extra length added to outlet dfda coil = 120 mm

Length of coil with extra length ., for N=3.25:-
Lmax= L+ 130+ 75 =1118.44 +130 +74
Limax=1322.44 mm = 1.322 m.
Similarly,

Length of coil for N=4 |, = 1.601 m

Length of coil for N=5 L= 1.970 m
2. The volume occupied by coil, Vc:

_(n*d 204* L max) )

Vc

Volume occupied by helical coil For N=3.25

_ (N *9.5% *1322)
4

Vc

) Ve = 374824.9903 mhrr 3.748349¢-4 th
Similarly,
Volume occupied by helical coil For N=4 is 1.1348e?
Volume occupied by helical coil For N=5 is 1.39637&"

3. Experimental Setup and Procedure

3.1 Experimental setup:-

It is necessary to evolve physical design of anedrpental set up having provision of setting tesinfs,
adjusting test sequence, executing proposed expetahnplan, provision for necessary experimentafam
noting down the responses. The experimental sas wesigned considering various physical aspectisof
elements. The other sub system of the setup sucheasuring instruments and environmental factoes ar
considered. This generalized procedure of desigexpérimental set up however cannot be totallyfedd in
the field of experimentation. This is because ie field of experimentation, we are carrying out the
experimentation using the available ranges of theous independent variables to assess the valubeof
dependent variables. The experimental setup censibtinduction cooker, helical coil, Rotameter and
thermocouple arrangement as shown in figure 2.Bdjaj Majesty ICX 6 induction cooker with ratingd®w

is used in test set up for this experimentatiodutition cooker is works at 1200 Watt as constaat Beurce
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for heat transfer to water flow through helical Icaihich is work on induction heating process for
experimentation while helical coil is placed at tegrof induction cooker. Water is flow through leali coil
from top to bottom of coil and coil is subjectedduction heating process. These helical coil shawfigure

is replaced with other coil has differs in numbg&tusns.Water at atmospheric temperature is sugfitiem tap

to inlet of helical coil through rotameter wherewl rate is maintaining forten different levels fach helical
coil and flow from rotameter to insulated pipe whehermocouple is fixed which shows temperature on
display unit provided with it to measure inlet watemperature. Water from insulated pipe is supptie
helical coilis placed on induction cooker for heapply after passing through helical coil outleisitpasses
from insulated pipe after helical coil where agttiermocouple is attached to measure outlet watepeeature
and this water is collected in bucket for differaapplication in house hold applications. Also pblta
thermometer is also used to measure temperatuvatef outlet temperature is shown in figure 2.

The experimental set up is designed with the falhgwnstrumentation.
* Induction cooker arrangement
» Helical coil arrangement
* Rotameter and thermocouple arrangement

Figure: 2Schematic View of Experimental setup

1. Water Tap 2. Flexible Pipe to continue wakewf
3. Rotameter 4. Insulated Pipe for thermocouple
5. Portable thermometer 6. Thermocouple fixed suileted pipe
7. Helical coil 8. Induction Cooker
9. Temperature Display unit 10. Plastic Bucket
11. Supply cable of induction cooker 12. Switch Board

3.2 Procedure for Test Run

Different Helical coils are used for performing tiaesk of developing helical coil water heater udimguction
cooker.Experiments are conducted for ten differeater flow rates through the coil and for thredatiégnt
helical coil with N=3.25, N=4, N=5.The water flowte in Iph is noted down for different helical sowith
number of turns 3.25, 4 and 5 in observation tabAasper the plan the flow rate is varied at terels. The
readings for water inlet and outlet temperature ferat transfer analysis of helical coils are noted
down.Measurements are taken only after the tempexaittainsteady values.During the courseof eacbfs
experiments, the heat supply from induction coaket200 w is kept constant, which ensures a conbtat
transferin induction heating process.
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4. Resultsand discussion

355
350
345
340
335
330
325
320
315
310
305

—o—Helical coil N=3.25
—o—Helical coil N=4
——Helical coil N=5

Water Outlet Temperature Tout (in K)

16 24 36 46 52 62 74 8 8 %A
Water Flow Rate Q (in LPH)

Figure 3: Variation in water outlet temperature Vs. watemflate for different Helical N=3.25, N=4 and N=5

It is observed from the figure3 variations in wabettlet temperature Vs. water flow rate for diffetrélelical
coil using number of turns N=3.25, N=4 and N=5slfound that when one helical coil is selecteditierent
water flow rate viz. 15 Iph to 95 Iph the waterletitemperature decreases with increase in waier rfhtes.
During the change of Helical coil as number of tuincreases form N=3.25 to N=5 value of water autle
temperature is also increased at same water fltav itaalso clarify from the results that as numbgturns is
increases which causes increase in length of ggeired to form helical coil indicates that higllee length

of pipe used will increase the water outlet tempgeaof helical coil.

5. Conclusions

Helical coil water heater with the help of inducticooker is non-contactless, pollution free anétyagetup is
used to heat water up to certain temperature vetfations in flow rates. It is concluded from expentation
as number of turns of helical coil is increaseswiager outlet temperature also increases at canfitaw rates
keeping other parameters constant.This experimentatet up is utilised in industry where hot water
requirement is necessary for different process lwigads to optimize helical coil design to get maxin
output water temperature using induction cookeh \gast energy consumption due to faster procéss ra
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