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ABSTRACT

Induction heating (IH) is a technique of heating electrically conducting materials by the application of
electromagnetic induction.The heat generated in the object using eddy current itself in the object , instead
of by an external heat source via heat conduction. This technique obeys contactless heating. Using this
technique objects can be heated very rapidly. Ferromagnetic material and its alloys like iron, stainless
steel responds best to induction heating. This technique has good efficiency up to 94%. This technique is in
practice at industries for annealing, brazing, welding, melting of metals. Due to the large evolution in
technology this technique became much popular food processing at day to day life.

In the present study, IH technology successfully introduces to heat liquid materials like water, oil, etc. Two
types of load coils are prepared 1) Mild steel and 2) Stainless steel material, respectively. The objective is
to investigate the amount of heat absorption generated using IH into the fluid flowing through the load coil.
It is observed that the amount of heat is 80C to 120C more than the conventional systems.
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1. INTRODUCTION

Hot water has various applications, such as bathing, washing, equipment sterilization, cooking,
and many more activities. Some special applications in industries require hot oil baths for various
processes. It is also observed that ready-to-eat food also needs to heat in food processing
industries. Mostly, such type of heating is achieved using immersion heating or using liquid
petroleum gas (LPG) technique. Improved efficiency along with minimum power consumption is
the need of today’s world. But immersion heaters have less efficiency (59% to 74%) [1, 2]. Also,
these applications have the risk of hazard, due to the leakage of the immersion coil [3]. It requires
more time for immersion heating technique and the user has to wait for hot fluid (water or oil).
LPG geysers cause pollution and may be dangerous if the LPG flow becomes faulty. Such a
system leads to gas leakage, due to the aging of the gas flowing pipe, especially in industries
where chemical processes occur continuously. Due to carbon monoxide emission, such systems
are also called slow killer systems [4]. The efficiency of the LPG system is up to 70% [2].

The IH technique has attained considerable growth in its original system. Today, this technology
has become very comfortable in controlling the power. The IH principle has been employed in
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industries for several years to heat numerous magnetic materials. Sometimes, it is also included in
the process of melting metals [7]. Taking these factors into account; the employment of the IH
principle for fluid heating appears practical.

The paper is organized as follows: Section “I” provides the overall operating principle of the IH.
Section “II” presents a description of practical setup and the procedure used to carry out the
experiment. This section also depicts design for various load coils. Various results and
discussions on the same is carried out in the last section. Here, practical observations are noted,
and the parameters, such as temperature, power, cost, safety, efficiency, emission and time, and
SO on.

Section I

2.IH SYSTEM

The IH technique is well known as a contactless heating technique. The technique is divided into
three major aspects: a) electromagnetic coil in combination with the b) driver circuit and c)
microcontroller based controlling unit. The user can program the circuit to achieve the desired
temperature using the controlling unit. The electromagnetic waves generated by the IH system
can link only with magnetic materials. Hence, the user has to apply this principle only for
magnetic materials such as iron, steel, nickel, manganese, cobalt, and so on.Fig.1 demonstrates
the operating principle of an IH system. When the inductor (IH coil) is energized, it develops the
alternating flux around the IH coil [8 & 12]. The strength of the flux depends on the frequency
and the power applied to the IH coil. The alternating flux induces eddy currents in the target, i.e.,
the metallic piece shown in Fig. 1. As the load is a solid magnetic material, the eddy currents
induced in it get short-circuited. This process develops heat in the target using Joule's effect.
According technology target is heated by means of two physical phenomena: eddy currents and
magnetic hysteresis [§—13].

This phenomenon is the main heating source in the IH process. In addition to this, magnetic
hysteresis creates an additional heating component in ferromagnetic materials. The typical
operating frequency of these systems ranges from line frequency to few MHz, and the operating
voltage ranges from several volts to several thousands of volts.
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Fig. 1 Working Principle of Induction Heating
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Section 11
3. EXPERIMENTAL SETUP AND METHODOLOGY
The application is founded on a 4-bit microcontroller. The power manipulation capacity is

2000W, with a supply voltage of 230v/50 Hz AC. The induction generating coil is made up of
multi-strand copper lead technology. Fig. 2 illustrates the interfacing diagram of the experiment.
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Fig. 2 Block Schematic of a System

The IH coil has 45 turns of 30 copper strands to handle maximum power. The thickness of each
strand is 32 AWG. The arrangement of IH coil and load coil is modified as per the requisite for
easy handling and better operation. In addition, the Rotameter is inserted in the inlet terminal to
control the flow of liquid and the temperature meter to monitor the temperature in degree
centigrade. To measure the power consumption throughout the experiment, the digital display
panel power meter is also wired with the circuit [5-7, 11-19].

To obtain maximum efficiency, two segments of load coils are designed. Fig. 3 shows the
experimental load coil construction for the same. The first coil is made up of mild steel (MS)
material. The 8mm hollow MS pipe is spirally twisted as shown in the diagram. Each turn is
neatly welded with MS material to form an electrically closed loop so that maximum EMF will be
short-circuited in the coil. The MS pipe has a length of 11.5' (3.35 meters). The outer diameter of
the complete coil is around 9 inches.



Electrical and Electronics Engineering: An International Journal (ELELIJ) Vol.§, No.2, May 2019

" =

.sn_ —

Side View Smm

Top View

Fig. 3 Construction of Load Coils

The second load coil is made up of stainless steel (SS) material. Both surfaces are welded at the
ends only. The load has a circular shape with an inner diameter of 8 inches, and the separation of
both surfaces is 10mm internally, with the thickness of the plate being 1mm.

Fig.4 Practical Setup using SS load

Heat absorption, also known as heat transfer or heat exchange, is an endothermic process
described by the second law of thermodynamics. The law states that thermal energy transitions
from a hotter mass to a cooler mass to reach thermodynamic equilibrium. Once both objects reach
thermodynamic equilibrium or the same temperatures, the heat transfer between the two objects
will equal zero. Heat is conducted in the metals from a hot object towards the cold object.
Longer an object is exposed to a heat source; the more heat will be absorbed. Different substances
have different capacities for absorbing heat [25, 26]. For both methods; the procedure to measure
temperature is the same. The water flow variations in the steps, with the help of the Rotameter,
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and simultaneously, the input and output temperature is noted. Fig. 4 shows the practical setup of
the IH-based geyser with the SS load coil.

Section 111

4. RESULTS AND DISCUSSION

Power is constant at 1300 W. Here, the measurement of the total rise in temperature is observed
with respect to the water flow. For example, the total rise in temperature is 30°C when the flow of
water is 1 LPM.

Table 1 shows the observations for the MS and SS load coil. It also shows the observations for
the immersion geyser technique. Power is kept constant at 1.3 KW. For 1 LPM flow of water, the
total rise in temperature is 30°C for the SS load coil, whereas it is 29°C for the MS load coil. The
total increase in temperature is from 0.8°C to 1.8°C in the SS coil rather than the MS coil.

Nowadays, immersion geysers are popular. The observations for the immersion geyser are made
with reference to the system developed by Jamie Bristol, which attempts to achieve a total rise in
temperature. To observe the behavior of the system again, the same power is considered. As the
volume of fluid increases, the required power in Watts also rises to achieve the same temperature.
The time and power required to heat the same quantity of water using this method are also noted
[20-24].

Table 1. Rise in temperature for [H and Immersion Technique.

Power
Rise i | Rise i Rise in | Time Powe | needed to [ Time to
temperatur | for IH [ r for | heat 60 Sec. | reach for
LP | Temperatur | Temperatur 0 . .
M e (°C)M. |e(’C)s.s. e ( C ) |in IH for . Immersio
S. Coil (X) | Coil Immersion | second | (Watt | immersion n - geyser
Geyser S ) geyser in second
(Watt)
0.3 [40 NA NA NA NA
0.5 |36 36.4 37 1330 64
0.7 [34 NA NA NA NA
0.75 | NA 34.9 25 1840 84.72
1 29 30 19 2180 100
1.2 |25 NA NA NA NA
1.25 | NA 25.8 15 2260 104.1
1.5 [NA 24.6 12.5 60 1300 | 2590 119.1
1.75 [ NA 23.8 10.6 2920 133.29
2 19 19.3 9.3 2780 122.6
2.25 [ NA 18.5 8.3 2920 134.4
2.5 | NA 17.8 7.45 3100 143.6
275 | NA 16.4 6.75 3170 145.6
3 13 13.8 6.2 2740 125.8
4 6 NA NA 1680 77.46
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The first column indicates the flow of water in LPM. The second column shows the total rise in
temperature for the MS load coil and the next column defines the total rise in temperature for the
SS load coil. The fourth column indicates the observations for the immersion geyser. The time
and power to heat the water are kept constant at 60 Sec and 1300W, respectively, which is noted
in the next two columns. It is observed that the lower temperature is absorbed by the fluid in the
immersion geyser. To consider the issues regarding efficiency calculations, the observation of
temperature, required time and power requirement for the immersion geyser system is to be
measured. The second last column shows the power in Watts when the time is kept constant at
60Sec. Additionally, the last column depicts the time in seconds required to achieve the same
temperature as per the SS load of the IH system, when the power is kept constant at 1300W for
the immersion geyser.

4.1 LPM Vs Total Rise in Temperature

The graphical analysis exhibits a total increase in temperature of the respective flow of water in
LPM. Initially, for the low flow rate (0.5 LPM), the total rise in temperature is about the same
with only a 2-degree centigrade difference. However, as the flow rate increases, the IH
technology provides better results and also provides a considerable increase in temperature.
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The plot of the IH technology has an almost straight line, while such behavior does not occur in
immersion geyser technology. One thing that is observed again is that the temperature gain of the
SS coil is highest among all others.

4.2 Heat Absorption

A material such as SS absorbs more heat and transfers it to the fluid, as compared to MS material.
In terms of the immersion geyser, the filament gets heated first, and then the surrounding metal
tube is heated. The electrical insulator is placed between the filament and outer tube. Due to the
fact that indirect heat is induced in the outer coil, the heat absorption appears less as compare to
IH. Also, in terms of the Gas geyser, the heat is produced at the burner. This heat is absorbed by
the metal fins, and again, it's absorbed by the copper tubing, and then, it is transferred to the
liquid flowing through it. As direct heat is not transferred to the copper coil, the heat absorption is
much lesser than in the LPG technique as well as in the immersion geyser also.

From Table 1, it is noted that up to the flow of 2.5 LPM, the IH system performs excellently.
After the value of 2.5LPM, the ratio decreases but is still considered good.

4.3 Power Requirements

The power required in IH is considerably low. In terms of the immersion geyser, the power loss is
due to the high resistance of the coil, so it isn't able to induce more temperature as in the case of
the IH [1]. If LPG geysers are taken into account, the required volume of gas is more as compared
to the aforementioned methods [1-3]. Fig. 6 shows the plot of power and the rise in temperature,
where it is observed that there is the constant line at 1300W for the IH system. The immersion
technique needs more power if requires the same temperature in the same time that is required for
the IH technique. When power is kept constant, it is observed that the temperature gain is more in
IH, with respect to immersion technology. The average increase in temperature is 6°C to 8°C. The
temperature in an LPG-operated geyser can be increased by increasing the gas flow, which is
more expensive than in IH [2, 5].
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4.4 Efficiency

According to the research conducted by the energy-ex of non-conventional power devices Pvt.
Ltd. Panaji, Goa, India, the parameters of various devices are a) efficiency, b) time required to
boil 2 liters of water and c) power applied. The observation clearly shows that the IH system
provides better efficiency than any other method that depends on either gas or electricity.

Table 2. Efficiency chart for various methods.

Type Efficiency | Time Energy Power
Induction | 44, 4 minutes | 745K)/s | 3.1KW
stove

Electric ) 1220

Coil 55% 9 minutes Ki/s 2.3KW
Gas 40% 8 minutes | 1700KJ/s | 3.54KW

The results given above are the open pot applications for the IH system. Here, the efficiency
ranges from 88% to 94% for the water flow from 0.5 LMP to 4 LPM.

4.5 Emission

Compared to nature-friendly equipment, the immersion geyser and IH geyser have no emission.
But, the same is not considerable in the case of an LPG geyser, due to the burning of fossil fuels.
Sometimes, in atmospheric conditions, these geysers emit more smoke. In such cases, suffocation
takes place if ventilation is not maintained properly.

4.6 Safety

The manner in which your system will become more eco-friendly and safe, one cannot neglect the
possibility of an electric shock for immersion geyser, because the heating coil is fitted around the
metal tube with an insulator. In working conditions, these tubes may go bust and the coil may
directly come into contact with the fluid, which may cause an electric shock. An LPG geyser has
a pipe with gas flowing through made up of rubber. After a periodic interval, it gets damaged and
simultaneously, if the ignition process in the geyser is occurring, then in such situations, a fire
hazard may take place. In industries where it this occurs in large amounts, the hazard may
become a serious case. In contrast, IH technology is contactless heating technology. The
associated fluid does not come in contact with the electric circuitry and it also does not emit
explosive gases. Hence, there is no possibility of a hazard and it is completely safe.

4.7 Time required

By taking into account all the aforementioned results, it is implied that the total time required to
heat the fluid using IH technique is less as compared to earlier methods.

4.8 Power loss

Table2 in terms of fuel conversion implies that the power loss in an LPG gas geyser is 60%,
whereas, in the immersion geyser, it is closer to 26%. Furthermore, in case of the IH method, the
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total power loss is in between 6% to 12%. This is the minimum figure as compared to traditional
methods.

4.9 Cost

By considering today’s market trends, the cost of any system must satisfy all its required
constraints. The cost for an LPG gas geyser is within the range of Rs. 3000=00 to 6500=00 in
Indian Rupees, whereas the immersion geyser costs within the range of Rs. 3500=00 to 7000=00.
In accordance with available equipment, the IH geyser will be priced from Rs. 3000=00 to
5000=00. For large volume applications, the cost of the IH technique will be less as compared to
other techniques.

5. CONCLUSION

It is observed that the average temperature increases from 6°C to 8°C in IH technology as
compared to immersion heating technology, whereas the same increases from 0.8°C to 1.2°C in
the SS load coil as compared to MS load coil. In the case of the flow ranging from 0.5 LPM to 4
LPM, the rise in temperature is from 36.4°C to 13.8°C using IH technology. From the history and
the current observations based on IH, it is seen that it has delivered better efficiency. In the figure,
it falls within the range of 88% to 92%, which is 17% to 25% more than in traditional methods.
The system has a power loss ranging from about 8% to 12%. Hence, the IH technique for a geyser
can be a better power saving application than the immersion geyser technique and obviously the
LPG technique. This application can be adopted for geysers in bathrooms, kitchens, hospitals,
restaurants and in many more places where the instant hot fluid is required. This may also apply
to heat slurries of various ready-to-eat preparations, hot oil baths, and so on.
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