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ABSTRACT

In any industry, the three top operating expensesoften found to be energy (both electrical anerthal), labour

and materials. If one were to relate to the mandgégs of the cost or potential cost savings in leaxf the above
components, energy would invariably emerge as adoger, and thus energy management function domessi a
strategic area for cost reduction. This contributianalyzes approaches that led to discovery ofntioetectricity.

Thermoelectric restrictions imposed on the appl@atareas of thermoelectric generators and, acaogtli, the

ensuing rational lines of their practical applicatis are considered. The possibilities of thermdetesystems’
contribution to “green” technologies, in particulato waste heat recovery from industry exhausting fjases.
Attention is focused on the selection of the thetewtric system and the experimental model reptesgrhe

system. Finally there is theoretical model calcigiatfor generation of emfs(voltage) and validat@mmparing the
experimental results of the emfs(voltage).

Keywords: thermoelectricity and its effects, thermocoupléss fjases, analytical model.

INTRODUCTION

The phenomenon involving an interconversion of laeat electrical energy may be termed as thermoilexftect.
This is the direct conversion of temperature dédferes to electric voltage and vice-versa. A thelteubgc device
creates a voltage when there is a different teniperan each side. Conversely, when a voltage psieapto it, it
creates a temperature difference. At the atomilesea applied temperature gradient causes chaayei@rs in the
material to diffuse from the hot side to the coides similar to a classical gas that expands whesatdd; hence
inducing a thermal current. This effect can be usedenerate electricity, measure temperature angé the
temperature of objects. The Seebeck, Peltier amtnbn effects are three related reversible themotiét effects.
The thermocouple is well known and has been usednsively over the last 100 years for measuremént o

temperature and process control. The principle gong the operation of thermocouple devices is Seebeck
effect.

In 1821, Thomas Johann Seebeck, a German sciatiisgvered that a small electric current will flawa closed
circuit composed of two dissimilar metallic condustwhen their junctions are kept at different tenagures.
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Fig 1 illustration of Seebeck effect

The electromotive force, or emf (V), that appearamn open circuit is the emf developed by the tleounple to
block the flow of electric current. If the circuit opened the emf createdyskis called the Seebeck voltage.

The emf ERg (V) created is directly proportional to the diffatial temperaturAT (K) between the two junctions
(S,5 is seebeck coefficient)
Eup = Syp X AT

In 1834, Jean Charles Athanase Peltier, a Frengsiqst, discovered that when an electric currémiv$ across a
junction of two dissimilar metals, heat is libechter absorbed depending on the direction of théstak current
compared to the Seebeck current. The rate of lfestated or absorbed P is proportional to the etecurrent
flowing in the conductor, that is

P=PyxI

where Rg (V) is called the relative Peltier coefficient. i$teffect is the basis of thermoelectric refrigenator
heating. The Peltier effect is illustrated in Figur

Metal A
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Fig 2 illustration of Peltier effect

In 1852, Thomson discovered that if an electricenir flows along a single conductor while a tempeeagradient
exists in the conductor, an energy interactionsgkace in which power is either absorbed or refhctiepending
on the relative direction of the current and grati®lore specifically heat is liberated if an electurrent flows in
the same direction as the heat flows; otherwigeabsorbed. Figure below illustrates the Thomstete
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Fig 3 illustration of the Thomson effect

The power P absorbed or rejected per unit lengtraportional to the product of the electric cutrenand the
temperature gradient that is
P=oZi
BRdPT:

While practical applications of the Thomson effapt few, the Seebeck effect is widely used in tlreouaples to
measure temperature and the Peltier effect is motby used for air conditioning and refrigerationits. Seebeck
effect is the result of both the Peltier and Thomefiects.

Types of thermocouples

There are several different recognized thermocotyples available. but the basic 3 types are
» Base metal thermocouples

» Noble metal thermocouples

» Refractory metal thermocouples

The noble metal and the refractory metal thermolssugre cost expensive so base metal thermocoapgesetter
for the experimental work and comparison.

Base metal thermocouples

Base metal thermocouple types are composed of comimexpensive metals such as nickel, iron and eopphe
thermocouple types E, J, K, N and T are amonggfasip and are the most commonly used type of theooule.
Each leg of these different thermocouples is compasf a special alloy, which is usually referredbtp their
common names.

For the evaluation of different type of thermocaglfrom the literature available the graphs awneist of the
temperature ranges versus the thermocouple voltage.

From the figure above we can find that the typédfmocouple gives the maximum thermocouple volfaggiven
temperature difference and that iu88°C so we will work with type E thermocouple. The ty|gehermocouple is
composed of a positive leg of chromel (nickel/10%6oemium) and a negative leg of constantan (nickét4
copper).The temperature range for this thermocoigte30 to 1600°F (-200 to 900°C). Our main oljecis to
get maximum voltage so we are opting for seriemtloelectric circuits which is famously called thexpiles.

Experimental section(Design and fabrication of thehermopiles and voltage generation)
In the fabrication there are basically 3 steps:

1. Gather required stuffs
2. Making thermocouple
3. Build a Thermopile
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Fig 4 Voltage-Temperature Characteristics of B, EJ, K, N, R, S, and T Type Thermocouples

Step 1 Gather required stuffs
The needs are chromel and constantan wires, sofd&dns, wire cutters, general purpose board [@isg plate),
thermometer, multimeter and gas stove.

Step 2 Making thermocouple

A thermocouple is made by connecting two differergtals, with one metal between two samples of duorsd
metal. If one of the two conjunctions is warmerrtlitts opposite side, small voltage is generated.abd solder a
length of 3.5 cm of chromel wire between two simikengths of constantan wire as shown in figurevabdf you
connect the two ends of this to a digital multi-exeand warm one of the two connections with atéghyou will be
able to detect a tiny voltage. Now let's make buntiseries of the thermocouple to get more voltedpch is
famously known as thermopile.

Step 3 Build a Thermopile :We have to make our thermopile as shown in thbdigw.
—

—  Heat flow

Active junction
Material A Material B

Reference junction

Leads

Heat sink

Fig 5 schematic of thermopile
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So keep on soldering the different alloy wires gud it of the hollow ring of the general purposealnt{GPB)as
shown in the fig below.

Fig 6 Thermocouples mounted on the GPB

When fabrication is all finished, you should haeengthing that looks roughly like the one in thetyie.

Fig 7 Completely fabricated thermopile mounted onte hollow GPB

Now you can go and get to the stove in the kitchéght the stove with the lighter and place it battcenter will be
the stove flame.

Secure your thermopile in place on top of the staith a little bit of cooling at each cold junctioffake the
readings of the voltage and note it down along Wihjunction temperature.

1081
Pelagia Research Library



Jaydeep. V. Joshet al Adv. Appl. Sci. Res,, 2012, 3(2):1077-1084

Fig 8 note down the voltage

Here with the experimental setup the generatedgelivas 26 mV as shown by the multimeter, havintp@ps in

it.

Thermocouple analytical model (theoretical calculabn)

The principle of cold junction compensation is ddesed for the evaluation of the voltage generédedalculation.

It is also called reference junction compensatidihen measuring temperature using thermocouplesefeeence
terminal may not be held at 0°C, but at the surdingptemperature of;fC instead. Without any compensation, the
thermocouple output will be reduced by’T. This is compensated by adding potential diffeeeto the internal
amplifier corresponding to,TC.

So now if the hot junction temperature i$°@ and cold junction temperature;°T then by cold junction
compensation principle

VTCrp-r1 = VTCr, —VTCry (A)

The temp of the hot junction by thermometer id 6@t ambient is 34°C.so applying above equatioorttieal
voltage generated ( VTC ) will be

VTCop-34 = VTCo0_0 — VT C34_g

Reference for the following examples and associdtgd is the NIST, National Institute of Standaads Testing,
equation below illustrates the power series modetfor all thermocouples

VTC = XL, G % (T (B)
Here VTC in mV and temperature in °C anglisGhe co efficient for the thermocouple type E.

The set of coefficients used in Eqn. to model E€Ttipermocouple is shown for 3 significant digitstlie Table
below.

1082
Pelagia Research Library



Jaydeep. V. Joshet al Adv. Appl. Sci. Res,, 2012, 3(2):1077-1084

Table 1: Coefficients G for the Type E Thermocouple

C; Coefficients | Value -270to 0°C| Value 0 t01000°C
(mV/°C) (mV/°C)
(0] 0.00E+00 0.00E+00
C1l 5.87E-02 5.87E-02
C2 4.54E-05 4.54E-05
C3 -7.80E-07 2.89E-08
C4 -2.58E-08 -3.31E-10
C5 -5.95E-10 6.50E-13
C6 -9.32E-12 -1.92E-16
C7 -1.03E-13 -1.25E-18
C8 -8.04E-16 2.15E-21
CS -4.40E-18 -1.44E-24
C10 -1.64E-20 3.60E-28
C11 -3.97E-23
C12 -5.58E-26
C13 -3.47E-29

Using equations A and B find out the VTC at the duad cold junction. The VTCs are

VTCgo_o = 3.69mV (hot) & VTC34_¢ = 2.05 mV (cold)

So the resulting voltage here will k64 mV per single thermocouple loop

There are 26 loops so the final VTC=no. of loopsB{s.=42.64 mV

In the power plants and other industries therdaiseof flue gases produced, having significant amaf thermal
energy in the form of heat. The heat is not eversiciered for recovery for the thermal energy waSteditilize this

wasted heat of flue gases we can use the prinofptleermoelectricity. The model proposed above remover the
wasted heat and we can utilize then

Fig 9 flue gases

heat in the form of the voltage. In the chimneyes ttmperature of flue gases would be around 11@hih can be
our hot junction in the proposed model & the ambancan be our cold junction having temperatus&C3so there
is clearly 80°C temperature difference.

Applying the same theoretical model with equatibmghe flue gas case then by doing the calculatsame as
above will give ust. 583 mV for one thermocouple loop. so by adding thesseiies in large no we can generate
applicable amount of electricity.
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RESULTS AND DISCUSSION

The difference in the practical and theoreticalitssvary because the gap between hot junctiontla@daeference
junction is less. Because of that some of the bktite hot junction can effect the heat at the goldttion resulting
in increase in the cold junction temperature. Thest effect can be reduced by maintaining certap lgetween
both junctions. By using this thermoelectric systeme can generate applicable amount of electrinity the high
temperature difference and it is available at lawstc Thus by this one can save energy which isedast the
industries. By doing this one can make energy nattegl industry and energy efficient system.

Even this system can be directly introduced to \hhicles exhaustion system where also there wilaibmple

amount of heat is just wasted which can be integrapto certain limit. In heavy duty vehicles timeoke coming

out of the exhaustion system will form the Nfases which are major concern for the green hoasesgBut by just
having this system installed the temperature vgline down of exhaust gases so, the formation of\tBg gases
will be minimal. The mV generated by the flue gasew can be increased by just applying many morefrioops

around them. And if this concept of thermoelecsgistem is taken to the nano level or micro levehtthere will be
ample amount of electricity can be generated whrehjust wasted into the atmosphere.
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