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ABSTRACT

This paper presents some results of experimental research addressing the
influence of magnetic field dynamics on the Seebeck effect (i.e.,
performance) of some selected classical thermocouplesnamely: Cu-Fe, Fe-
constantan, constantan-nichrome, Fe-nichrome and Cu-nichrome.
Thermocouples were selected on the basis of their esay availability and
low cost with an aim of their (thermocouples) suitability towards the
conversion of waste heat into electricity, i.e. as generator thermoelements.
Effect of magnetic field dynamics of thermo-emf generation wasinvestigated
inthe temperature range from 30°C to 350°C. The generation of thermo-emf
for these thermocoupl eswas studied at different values of applied magnetic
fieldforitsthree(i.e., parallel, anti-parallel and perpendicular) orientations
w.r.t. thermocouple. The magnetic field dependence of the Seebeck voltage
was found to be large. Results show not only the significant increasein the
thermoemf generation in case of all these thermocouples but also indicate
greater stability of thermoemf generation with temperature variation. Thus,
highlighting the importance of presence of magnetic field not only interms
of increasing the thermoemf generation and stability, but also towards the
need of accuracy concern about the thermocouple response in temperature
measurements. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION thermod ectricity toexplainthegeneration of thermo emf,

. 1 -
. . ISE=aT + -5T~ where o and § are the Seebeck
Seeback thermoel ectric phenomenonisthe con- z p * P

version of heat into electricity with the advent of ther-
mocouples. Where asathermocoupleisan assembly
of two different materials, generally metals; joined at
thetwo endscaled junctions. When atemperaturegra-
dient isestablished a thetwo juctionsthereisthe gen-
eration of thermo-emf dueto thecontact potentia which
dependson el ectron density. The general equation of

constantsin uV/°C and uV/°C? respectivelyand T is
thetemperature gradient (temperature difference be-
tween two junctions). Thermopower, therateof change
of magnitude of thermo emf w.r.t. thetemperaruregra-

o dE .
dient, isgivenas: S oot BT.Hence,itisclear
that thethermo power increaseswithincreasein tem-


mailto:ssverma@fastmail.f

20 Magnetic field dynamics of thermo-emf generation in the high temperature range

MSAIJ, 11(1) 2014

Full Poper =

peraturegradient because“a”” and “B” are the constants
for agiven materid. Finaly, theequation of thermo-emf
generationisgeneraly taken asdE/dT = of¥ because 8
isvery smal ascomparedto o. Thermoelectric genera
tion of eectric power isdso beneficid duetoitspollu-
tion free nature, no moving partsand no complex de-
signing. With such advantagesit can play animportant
roleto overcomethe energy crisisand environmental
degradation. Thishasaways motivated theresearch-
ersfor advancementsof thisfiedtolook for increasein
thermoemf generation with classical or advanced ther-
moel ectric materialsaswell asto study the effect of
other operating parameters®4.

Waste heat isan integral part of al theindustrial
applications/processesin generd and of combustionin
particular. Advancementsintheutilisation of waste heet
by thermoelectricmaterid sisof greet interest. With the
improvementsin thetechnol ogies: theefficiency, mod-
eling, designing and sel ection of materialscan vary but
thewastage of energy (mostly intheform of heat) can’t
be completly eliminated. It isnot availabeonly inthe
domesticaresslikeinthekitchensbut dsointheindus-
triesi.e. generators, electric motors, computersandin
thefurnancesa so. Sometimes, wasteheet in significant
amount al so originatesfrom the datacentres, rubing
processes, wel ding technol ogiesand in the heeting cool -
ing systems. Thiswaste heat can be utilised by convert-
ingitinto eectricity with the advent of thermocouples
i.e. thermogeneratord™7. The power generated by ther-
moel ectric techniques can berecycled or stored for the
use of same devices. So, athermogenerator making
useof efficient and cost effective thermocouplesisal-
waly's sought to recover waste heat by converting it into
useful thermo power. The prospective use of low cost
and easly availabiledassicd thermocouplemateriadsin
thermogenerator isthe basic approach of present re-
search work with an aim to investigate the enhance-
ment of thermo-emf generation. Thus, wehave sdlected
the classical thermoel ectric materials (copper, iron,
nichrome and congtantan). Theelementd characteriza
tion of thesemarket avia ablethermoelectric materias
wasasodonein order to find out their composition for
quaity comparison.

Effect of magneticfield on the performanceof ther-
mocouples has been reported®4 for itsrolein signifi-
cant enhancement of the thermo emf generation under

different conditionsand materias. Avidbility of waste
heat can be accompai ned by the presence of magnetic
field or can aso be applied from outside. Presently,
measurements of the change in Seebeck voltagewere
carried out with full length thermocouplein the mag-
neticfieldfor pardlel and anti-paralel modesand ap-
plying magneticfield at the centre of thermocouplein
perpendicular modeswith temperature. Magneticfied
strength dependencewasinvestigated for itsthreel ower
values of 260, 360 and 460 Gauss. Being an energy
dependent parameter, the magneticfield strength was
selected initslower range so that theratio of energy
produced to energy used should remain greater than
one. It wasfound that thegeneration of thermo emf can
be enhanced consderably for an optimum valueof ap-
plied magneticfield which highlightstowards better ef-
fidency of thermo-emf generation from wasteheat with
cheap and easily avail ablethermocouples under the ef-
fect of applied magneticfield.

EXPERIMENTAL

M easur ement of physical parameter

Thephyscd parameterslikedectrica conductivity of
thermocouple wires and thermo-emf generation were
measured withthe hel p of astandard digital multimeter
(makeHP34401A) withanaccuracy of 9x decimd places.
Themeasured physcd parametersof differentwiresused
tomakethermocouplesaregiveninTABLE 1.

Char acterisation of thermoelectricmaterials

Thethermoe ectric materialssdected in presentin-
vestigationswere chracterised to find out their compo-

TABLE 1 : Experimental parameters of the selected
thermoelectric materials

Parameter Copper Iron  Constantan Nichrome

No.

1, Resistance 1918 07062 05174  1.6874
(Ohm)
Area of |

2. Cross-Section 1'516“0 9.5x107 1.112x10% 9.7x107
(m)

3. Length(m)  48x102 48x102  48x102  48x107

g, RESSIVIyp (5106 1ax10°  12¢10°  3.41x10°
Ohm-m)
Electrical

5. Conductivity 1.67x10° 7.143x10° 8.33x10° 2.933x10°
o (Sm™)
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gtionfor thesakeof performance comparison withthe
other versonsof thesethermoel ectric materidsavilable
inthe market. The characterisation wascarried out us-
ing the XRF technique at the TataInstitute of Funda-
mental Research (TIFR) Bombay (India). The charac-
terization graphsaregiven below :
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Experimental set-up

Thetemperaturegradient isestablished at thetwo
junctionsof thethermocouplesby theheating and cool -
ing arrangements. Thegenerated thermo-emf measure-
mentsin thetemperaturerange of 30°C to 350°C were
madewith digital multimeter HP34401A. The experi-
menta set up isshowninFigurel. Theeectromagnets
wereusedto providetherequired magnetic field stength.
Thevariation of magneticfield strength asafunction of
thelength of thethermocoupleisshownin Figure 2.

FormtheFigure2, itisvery clear that thelength-
magneticfidd curveisparabalici.e magneticfid d hasits
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lected classical thermocouples in various modesis
shownin Figure 3. Figure 3ashowstheresultsinthe
norma mode(i.e., without any applied magneticfield).
From Figure 3a, itisvery clear that Fe-constantan ther-
mocouplegeneratesmaximum thermo-emf whereas Cu-
Fegeneratesminimum. Theva uesof generated thermo-
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highest concentrationa thecentreof thermocouplewheress
it decreaseswithincreaseinlength. Thepardld/antipard-
lel and perpendicular orientationsof magneticfiddw.r.t.
thermocoupl eswereobtained by kegping thethermocouple
and e ectromagnetswith duecons derationtovariation of
magneticfield dong thelength of thethermocouple.

RESULTSAND DISCUSSION

Normal & parallel mode

Thegraphical comparison of thermo-emf genera
tion asafunction of temperature gradiant for all se-
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emf a the maximumtemperaturegradiant of 330°Care
1.8mV and 0.1mV respectively for thesethermocouples.
With paralel modeof applied magneticfield, thermo-
emf generationin comparision to norma modefor al
thethermocoupleswith temperature gradiant not only
enhancesbut a so showsmoregeneration stability. Fig-
ure3b,c& dshow thethermo-emf generation withtem-
peraturegradiant for theapplied magneticfield strengths
of 260, 360 and 460 gaussin parallel mode. Thermo-
emf generationismore stableascomparedto thatin
norma modeand itincreaseslinearly withincreasein
temperaturedifference. Themaximum vauesof thermo-
emf generated with 260, 360 and 460 gauss applied
magnetic field strength in parallel mode are 2.3mV,

4.2mV and 2.7mV respectively a the maximum tem-
peraturedifference. From Figure3b,c & d, itisvery
clear that Fe-constantan and congtantan-nichromether-
mocouplesturn up to be better thermoel ectric materi-
als. Besides, it isalso found that thermo-emf genera-
tion under similar conditionsfor samethermocouples
for pardld modeisafunction of magneticfied strength
and avalueof 360 gaussmagnetic field strength gives
the best thermo-emf generation resultsas compared to
260 and 460 gauss.

Per pendicular mode

Figureda, b & cgivethegraphical representation
of thermo-emf generation asafunction of temperature
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Figure3a: Normal mode
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Figure3c: Parallel mode (for B = 360 gauss)
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Figure3d: Parallel mode (for B = 460 gauss)

gradiant for al selected classca thermocouplesin per-
pendicular mode of applied magneticfield. The per-
pendicular modewasfound to generate higher thermo-
emf under sametemperature gradiant and gpplied mag-
netic field strength with more stability as compraed to
even parallel mode of applied magneticfield. Inthis
modefor amagnetic field strength of 260 gauss, con-
stantan-nichromethermocouplegeneratesabout 3.4mV
thermo-emf at the maximum temperature difference of
330°C. Whereas, for 360 gauss and 460 gauss the
maximum thermo-emf generated at themaximum tem-
peraturedifferencewas 3.7mv for nichrome-constan-
tanand 10.2mV for Cu-Fethermocoupl erespectively.

Investigationsindicatethat in perpenicular mode,
higher magneticfidd strength givesbetter resultsinterms

mV)

Thermo EMF (

Thermo EMF (mV)

Thermo EMF {mV)
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of thermo-emf generation. But generation of higher mag-
netic will again need more energy, therefore, itsopti-
mum val ue hasto be chosen. Thelower value of mag-
neticfieldi.e. 260 gaussisnot that effectiveeitherin
paralé or inthe perpendicul ar orientations, however
somethermocoupl esdo generate dightly morethermo-
emf at sometemperature differencesfor thisvalue of

magneticfield dso ascompared to thenorma mode. A
comparison of thermo-emf generation at the minimum
and maximum temperaturedifferencein the normal,
parale and perpendicular modes of applied magnetic
fieldfor dl presently investigated classcal thernocouples
are given in TABLE 2 for their suitability as
thermogenerator e ementsfor wastehest utilization.

TABLE 2: A comparison of ther mo-emf gener ation with temperaturegradiant and magneticfield

. Fe- Cu- nichrome- Fe-

I\SIE).. M ode Te‘g’;g?'ff ((::1'\5)6 constantan nichrome constantan nichrome
(mV) (mV) (mV) (mV)
1 Normal 30 0.0076 0.1819 0.0046 0.0191 0.0423
350 0.1201 1.7906 0.11305 0.6349 0.2591
5 Perpendicular 30 4.3293 1.5839 0.0112 0.4139 0.1023
" (460 gauss) 350 6.9161 8.9185 0.2791 3.6865 0.5567
3 Parallel (360 30 0.1651 0.1975 0.0309 0.137 0.0058
' gauss) 350 0.6935 42771 0.4867 2.4798 0.2742

[3] J.Zheng; Front.Phys.China, 3, 269 (2008).
CONCL USION [4] PJ.Chandler, E.Lilley; Journal of PhysicsE: Scien-

It wasfound that the generation of thermo emf not
only enhances considerably with increasing tempera-
turegradient under the applied magneticfield but makes
the generation amore stabl e processwhich highlights
towardsbetter efficiency of thermo-emf generationfrom
waste heat with cheap and easily available thermo-
couplesunder theeffect of applied magneticfield. The
paper concludesthat the thermo-emf generation en-
hanced in both the pard el and perpendicular modes of
gpplied magneticfid d than thenorma modeand higher
thevaueof goplied magneticfieldisbetter specidlyin
perpendicular modewhereasin pardlel modethereis
an optimum value of magnetic field. From the present
experimental investigations, Fe-constantan and
nichrome-constantan thermocouples emerged as bet-
ter choi cesasthermod ements of athermogenerator to
convert waste heat into e ectricity under all themodes
of applied magnetic field and other operating param-
etersinthehigh temperaturerange.
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