Journal of Vibration
4 Engineering

ISSN:1004-4523

/) scopus {/) GOOGLE SCHOLAR
{7y DIGITAL OBJECT /) IMPACT FACTOR 6.1
IDENTIFIER (DOI)

@ Our Website
www.jove.science



Journal of Vibration Engineering(1004-4523) || Volume 24 Issue 2 2024 || www.jove.science

UtilizationofWasteHeatFromThermo-

ElectricGenerators
J avedHashmilEr.AnuragSingh2 Dr.C.K.Kaithwas’
'Student *AssistantProfessor  ~AssistantProfessor
**DepartmentofMechanicalEngineering
1,23

InstituteofEngineering& Technology,Dr.RammanoharLo

hiaAvadhUniversity,Ayodhya-224001

Abstract

A Thermo-electric generator is
asolidstatedevicethatconvertsheat
flux into electrical  energy
byusingtheprincipleofSeebeckeffe
ct. This device 1s also
knownasSeebeckgenerator,theyact
likes heat engines with no
movingmechanism and compact.
TEGs isused to  recover
exhaustwasteinlCengines.Theediti
onofthisdevicetotheengineexhaust
systemleadstolowersthebackpressu
reoftheengineandincrease the
overall efficiency oftheengine.
Theintegrationof TEGsarecoupled
withthemuffleroftheenginewithout
alteringthefunctionalityofthemuftl
ertorecoverthewasteheatoftheengin
eexhaustsystem.Theadditionofther
mos-electricmodules (TEMs) to
the muffler
togenerateelectricityusingtheexhau
stenergyavailableinthehot exhaust
gas.

Pharseology

T=Temperature
a=Seebeckcoefficient
V=Voltage

p
=Resistivityofthethermoele

ctricmaterial

K=thermalconductivityofthethe
rmo-electricmaterial

Y=Thermoelectric figureofmerit
n=Conversionefficiency

Pmax= Maximum power of
TEGOCV=0pencircuitvoltage

Rin=Internalresistanceof TEM

Page No: 1



Journal of Vibration Engineering(1004-4523) || Volume 24 Issue 2 2024 || www.jove.science

tootherenergy

Introduction

By2050,theworldenergyconsumpti
onisexpectedtoincrease by 45%.
Approx. 33.3%of the world energy
consumptionbelongs to
transportation sector,
inwhich75%energyisconsumedby
the road transportation
sector,accordingtotheinternational
energymagazine.Sincethereisextre
meresearchisgoingomtowardsrene
wableenergyresources  but  the

petroleum-basedenergy  sources
are dominating inroad
transportation sector

becausetheseenergyresourcesareno
treliable,efficientandcosteffective.
In IC engine nearly 65%of the
total energy i1s wasted as aheat
exhaust. Some improvementsare
held to improve their
energyefficiencybyin-
cylindertechniquesbutengineshave
become to its saturation level.
So,Bringingawasteheatrecoverysy
stem.Thermo-
electricgenerators(TEGs), Thermo-
acousticgenerators(TAGs)areprom
isingtoimprovetheefficiency of the
IC engines whichwillalso results
in lowering thefuel consumption
and greenhousegasemission.
Thermo-electric generators
(TEGs)havebeenfocusedasasolid-
statetechnologyinwhichthedirectly
conversionoflow-
gradeenergy(Thermalenergy)into
high grade energy
(electricalenergy).IncontextTEGsh
avebeen many advantages in the

recoverymethodsbecauseithasnom
ovingparts,cancellationofnoiseand
vibrations,lowmaintenanceandeco-
friendly.

(1,12)
Theelectricityproducedbythe TEG

can be directly used to assistthe
electrical system of  the
vehicleandhencethesizeofthealtern
atorofthevehiclecanbeeasilyreduce

d.
Thermo-ElectricPrinciple

The thermos-electric principle is
awaytoconvertheatenergyintoelecti
cal energy or the reverse
ofthis. Thetermisgenerallyconstrain
edtotheirreversibleconversion  of

electricity into  heat.Athermo-
electricgenerator(TEG) consists of
several numberofthermos-

electricmodules(TEMs).ATEMco
nsistsofseveralnumberofseriallyco
nnected thermos-

electricelementsandthiselementsar
emadeofpandnsemiconductormate
rials. Thethermos-electriceffect is
observed in a circuit
oftwodissimilarconductors.Increas
ing the number of thermo-
electricelementsinTEMresultsintot
heincrementofpowergeneration by
a TEM.
Accordingtojouleslaw,“Itsaysthata
currentcarryingconductorproduces
heatisdirectlyproportional to the

product of
theresistanceoftheconductorandthe
square of the current
passingthrough it”.

Around1800s,Seebeckbroughtto
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dissimilarmetalswherethejunction
at which the metals
touchareatdifferenttemperatures. )
Heobservedthatavoltagedevelopedb
etweenthejunctionsare  proportion
to the difference inheat. The
current developed is  duethe
difference in  temperature at
thejunctionisknownasseebeckeffect
.Thecurrentdensity(J)generatedbya
TEGcanbecalculatedbythefollowin
grelation —

J=0a(-AV+Eemf)

Sinceseebeckeffectaloneisnotsuffici
enttodescribethethermo-electric
principle, the peltier
effectcomesintotheboundaryofconsi
deration.Thepeltiereffecthelps  in
describing the heat loss
orabsorptionordissipationattheconn
ectionofconductingmaterials.Accor
dingtothedirectionofflowcurrent,he
atiseither dissipated or absorbed by
thematerialatjunction. Theconversio
nEfficiencyofTEmodule from heat
to electricity is afunction of
temperature differenceacross the
hot and cold side &
thepropertiesofthermos-
electricmaterial ~ (like  thermal
conductivity,electricalresistivity,se
ebeckcoefficient etc.).3)

y (%)

Mcienc

SOFTVErson &

TEM C

Temperature difference (K) Tc-400K

Materialsof TEM-

Sincethermos-
electricgeneratorsarenotyetpopular
dueitslowconversion
efficiency. In
thismoderngeneration,com
merciallyavailable TEMs are
made ofBismuth Telluride
(Bi2Tes)material,
whose
conversionefficiencyislessth
an10%withathermos-
electrictfigureofmerit(ZT)lessthan0
.Swhichimpliesthat the
overall
conversionefficiencyof TEG
isconstrainedduetoitsperformanceb
oundaryfromtheavailabilityofmate
rials.The thermo-electric
figure
ofmeritisafunctionoftemper
atureandsomematerialisticproperty
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ZT=T —

=0
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Sinceconversionefficiencyoftherm
0s-
electricmaterialisafunctionofZT.T
hereforetoimprovetheZTofTEmate
rialsscientist and engineers are
makinglotofefforts. Theconversion
efficiencyisgivenas i3

_ (\/ 1¥ZTavg  —1.(Th—Tc)
n \/1+ZTavg+(T—7f Th

Modelling of a Thermo-
electricgenerator

\

) LocationofTEG

) Modellinganalysis

) PhysicalparametersofSimulation

P
1) LocationofTEG:-

TEGsarefunctionallydesigned
to retrieve the
wasteheatfromtheexhaustgasoft
helCEngines(mainlyourfocusis
boundedtothelCengines). In an
IC engine
thereareseveralcomponentaree
mbeddedtoformexhaustsystemli
ke,CAT/(catalyticconverter),DP
F(dieselparticulatefilter), EGR(e
xhaustgasrecirculation)system,
SCR(selectivecatalytic
reduction) system,

andresonatorto
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manage the tail pipe
emissionandthenoiseaswellasad
versevibration.Sinceexhaust
gas that are producedbythe IC
engine needs
tobecleanedduringtheexhauststr
okethroughtheexhaustsystem,a
ndtocompletethisstroketheengin
eneedstoutilisetheenergyoftheb
urnt
gasinthecylinder.(s,6,7Asthe
exhaustgascomesthroughtheabo
ve procedure after
treatmentdevicesandnoiseattenu
ator,abackpressuredrops
increases with the speedand the
load of the IC
enginewhichleadstoincreasethe
exhaustgaspumpingpowerandre
ducesperformanceo\ftheengine
drastically.

2) ModellingAnalysis:-

An engine dynamometer test
iscarriedoutonamodifyfourstrok
eVbengineandtoinvestigate the
impact of
back[pressuredevelopmentitiss
howing that the 11.3 kPa

Page No: 5 backpressureincrementresultsin
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theresultsofpeaktorqueby fler asTEG. TEMs,ha

4.9%andthepeakpowerby6%wh Ifofthetot

ile al6 kPa alaremou
backpressure increment ntedon
results

adecrementofpeakpoweran
dpeak torque by 8.3

%approximately. The

majorfraction of overall

pressuredropareduetomuffl
erandresonator(55%-
65%).(6,89Accordingtoabovedat
aitishighlightedthatadditionofan
yotherheatexchangerdevice(or
wasteheatrecoverydevice)tothe
exhaustsystemwithfurtherlower
stheengineperformanceduetoinc
rementintheenginebackpressure

3) Physical Parameters

.Thetemperatureofthe exhaust ofSimulation:-
gas at
thesecondary  muffler of
a Para Texga | Mex. | Mcool | Teoola
Slenginearound573Kwhere me= s gas ot "
.. ter

astheexhaustgasofaClengineisa
round423K .thereforetheadditio X)) | (kgss) | kegls) | (K)
n of TEMs to

themuffler and Base | 800 0.2 1022 | 355

develop Case
themufflerasathermos-
electricgeneration will avoid
theadditional ~ back
pressureincrementandwillgives As shown in the above
uretythatthesummationof TEG— figure,anstandardpassengercall
mufflerwasteheatrecoverydevic muffler made of steel or
etotheexhaustsystemwill not steelalloywasusedtomounttheT
deteriorate EMs to modify the muffler
theperformanceoftheengineand] astheTEG.ANSY SFluentsoftwa
eadstohavehighpossibilitytorec re is used for modellingand
overtheheatfromthehotexhaustg simulation purpose. in
as.(10,11) thecasestudy,8thermo-
Thereforethisanalysisresults electricmodules(10cmx10cmx5

to embedded the TEMs ®ngeNo:6 mm) are mounted on the
rearmufflerandmaketherearmuf bodyof the muffler. Out of 8
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either side. Hot exhaust gas
ispassingthroughthemufflerand
raise the temperature of
themufflerbody. Analuminium(
al)allowbasedplateisfixedtotheh
alfmufflerbodyandthenTEMsar
eembeddedonthe  aluminium
alloy based. Anheat sink setup
is provided onthe other side of
the TEMs  tolower the
temperature and
thisisthewhenacoolantfluidbody
is mounted on the otherside
oftheTEMs.

Oulp

TEG Power

Maximumpowergeneratedbya
TEM can be calculated as
theratio of OCB to the 4 times
oftheinternalresistanceanditwas
definedas

anUDF (userdefinedfunction,wh
ichwasdevelopedanddefinedint
he ANSY Sfluentprogramtopredi
cttheelectricalpoweroutput)duri
ngthesimulation.

ocv
4Rint

Pmax=

Sincesimulationwhereperform

parameterandthereafter,exhaust
gasinlettemperaturewasvariedfr
om700K-850Kexhaust gas inlet
mass flow
ratewasvariedfrom0.1kg/sec-
0.25kg/sec,coolantinletmassflow
ratewasvariedfrom0.1kg/sec-
0.25kg/sec and
finallycoolantinlettemperaturew
asvaried from340 K-365K.

tput (W)

TEG Power Ou

16

) .i it »:-.; ,‘1 O \1‘,.-. H |-.-..|Ir| iF_.-..

These TEMs are designed
togenerateZ22wattmaximum,
whenthehotandcoldsidetemp
erature is maintained at280K.
So,expectingthemaximumpo
werof TEGwouldbearound200
Watt(approx.).Considering

the
discontinuoustotalpowergene
ration.
Resultsand Analysis

Theavailabilityoftheexhaustgasr
angingfrom35kW-
55kWasthetemperatureincreases
from700Kto850K.thepoweroutp
utisalsoafunctionof
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temperatureofexhaustflowwhich
arerelatedasdirectlyproportional.

e Dut put (W)

TEG Pow

Theavailabilityforexhaustgasflow
wasestimatedforvariousexhaust

gas flow rate and foundto be
ranging between 25kW
to75kWastheexhaustgasmassflo

wraterangingfrom0.10kg/secto0.
025kg/secrespectively.Also the
power generation by theTEG is
directly proportion is theexhaust
gasmass flowrate.

The simulation results also
focusthattheTEGpoweroutputisin
verselyproportiontothecoolantte
mperature,alsotheTEGpowerout

putisnotincrease as the
increasing in
thecoolantmassflowrateatoptimu
m coolant mass flow
ratetheTEGpoweroutputitmaxim

um but after the
optimumthevalueof = massflow
rate.

Conclusion

Fromtheresultsitisnoticedthat

is coupled to the exhaust
mufflerincreaseswhenincreasingth
eexhaustgastemperatureandtheexh
austmassflowrate. TEGpower
generation is lowers whenthere is
increment n the
coolanttemperature. TheTEGpower
outputcanbeoptimizedwhenselecti
ngthecoolantmassflowratewhenitis
itsonoptimumlevel.

TEG Power Output (W)
o % .

&

Whenthe TEGisattachedtotheexhau
stmuffler,wasteheatcanberecovere
dwithoutabdicateandadditionalbac
kpressureinengineexhaustsystemiti
sbecausethepressuredrop created
in
themuftlerisdirectlyproportio
ntotheexhaustmassflowratewhich
willresultintotheincrementofbreaks
pecificfuelconsumption(BSFC)and
theoverallefficiencyofanICenginec
anbeunaltered.Sothatexhaustheatre
coverycanbe impressively
enhanced
bycontrivingthe TEMsfromhi
gherfigure of merit  (ZT)
thermos-electricmaterials.
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Asasubsequentwork,theproposed
thermo-
electricgenerator can be integrated
with amuffler is expected to
embeddedandtestedtovalidatethesi
mulation results.
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