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Abstract

An advanced concept to produce electric power has been
present by using thermoelectric device that is joining the end of
two difference type of semi-conductor(Junction). The electric
power generate when couple junction are aclivated by high
temperature(hot junction) and low temperature(cold junction), it
revealed that if temperature difference (hot and cold junction) is
high then power generation rate is also high. However, in general
thermoelectric device maintaining the temperature at junction is
Jcomplicate and must use high heating value of fuel when demand
high difference temperature. .

Since general thermoelectric device has some disadvantage,
the new concept of thermoelectnc devnce have been developed

by using reciprocating gaseous combustion in porous med»um
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The new concept has some attraction such as wide flammabilitiy

limit, high steep temperature gradient, high maximum
temperature, etc. From last two attraction are characteristic
appropriate with thermoelectric device because another joint is
hot junction and joint is cold junction, as a result that energy
conversion efficiency is elevated. This research construct
mathematical model that can be compared with experihental
result. Furthermore, mathematical model will be used in
parametric study te find optimum working condition for generating

power. The steep temperature gradignt and maximum
temperature are increased with optical thickness(T) equivalence
ratio(CD) and gas velocity (u). Effect of half period(t,,) is
negligible. To aim'of this research is to apply with low heating
value ((D) which parametric can help to improve generating
power (P) and conversion efficiency (T]). The result of
comparison between mathematical model and experimental show
good agreement.

Keyword : Thermoelectric Device/ combustion/ porous

1.NOMENCLATURE

A = frequency factor for reaction kinetics [s"]
Cp = specific heat at constant pressure  [kJ/kgK]}

= diffusivity [mzls]

= activation energy [kJ/kmat}
E, = exponential integral functions of n-th order
hg = combustion heat [kJ/kg]
hy - = heat transfer coefficeint around aparﬁcle

Wim’K]

Iy = blackbody radiation intensity [w/mz]
lat = incident radiation intensity [Wlml]
i = current density [Am’]
m = electric resistance ratio (R/r)
ne = number density of particle m]
P = electric power [w/m3]
q' = radiation flux [W/mz]
R = external specific electric resistance [Qm]
RR = reaction rate
Re = Reynolds number
r = internal specific electric resistance [Qm]
T = temperature K]
Tes = temperature at hot junction K}
Tus = temperature at cold junction Kl
thp = half cycle [s]
u = gas velocity [m/s]
W = reaction rate [kg/mas]

X = coordinate [m]
Xe = ength of thermoelectric device [m]
Y = product mole fraction

Greek Symbols

o =  Seebeck coeffient VK]
n =" conversion efficeintoy
K = = absorbtion coefficeint m
A = (gas)thermal conductivity [WimK]}
98 = (gas)viscosity {Rg/mK
o) = (gas)density [kglms]
(] = stefan-bolzmann constant [WlmzK]
() = equivalence ratio
T = optical thickness = Kx
7 = dummy variable of integration
Subscripts
¢ = cold junction
e = exit
H = hot junction
max = maximum
o = initial state, inlet
p = particle
=  porous medium
2.unsn

n'mmvl.mj’t%aLw?muna‘lui'aqw;u(l:orous medium) NUAI
Jou ﬁﬁmmﬁuﬁﬂmomﬂmmaa'taﬁazimﬂuiam:mfum.2,3]
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suyvisinenndisliyn)  dodnsuziduresizgniufio
m:nm'tvaﬂu,uuﬁa:n‘Jmmuaaoamu:(multiphase) Usznoudy
snuzvadudy(Solid phase) AadaawiuuasanIusuna(Gas
phase) %ai&gwguﬁé’mwdwﬁuﬁﬁmaﬂ‘%mmga fiennm R
waz@anawisinuTan(Emissivity and absorptivity)ﬁgen’j’mmuz
ungun MldifaufA3emiaedi(Chemical reaction) uaznisdng
inanwdeu(Heat transfer) leganinmanndlusouzunsialy
S‘fmqm&qﬁ'l,afa’ﬂﬁmmaan(Downstream)ﬁﬁmgoﬁm Fbuiled
nsaaufiennsina@Emas nannerandas) ledfdhunlvaif
fa:i”umw'?aumni’a@;wwﬁﬁnLﬁuvli'luiom:ﬁuﬁ’a (Downsteam
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Adnsaduiiema) "la?m:gn Preheat lﬁﬁqmwgﬁgﬁu rlwdle
Lﬁﬂnwsmﬂﬂﬁqm%qﬁma\1uJa'ﬂvﬁ’igi‘ymgmhqmﬁgﬁmmqwﬁ
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Species equation

aY+ x D 82Y+w ™)
= tpy—=

P P o

w = Ap(1— Y)exp(— E/RT) 2)

Gas phase energy equation

C, — +pC 2T . (-7, )+h,w )
N pU T = AT Thpnp At 0
P P PY. s

Solid phase energy equation

oT, o*1, o4 i
3 s - bhn A (T =T, )+ 1% @)
Ox

pSCPS_-a—l,—::;\’S axz ppMp
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Divergence of net radiative heat flux

E,(T)+ |ef£2('1e - r)— 2,(7)

G - % 5)
Ox + Ilb(Tl)E,QT—TI|)1TI
1,(1) =‘G#T;t:(5—)> (6)

1 -7
E(T) = ["? exp| — [dt N
0 H
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2
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r(1+m) (HS CS) Xe
P
n= (10)
hyWx,

5.Boundary condition WAz Initial condition
5.1 Boundary condition
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fau?iﬁwLmu‘,ag@t%au(Junction)éauﬁ’m %m’;ms”auﬁns:ﬁﬁﬁuqm
(Feufli3unin Peltier heat [5]9zlef

Adumiia Cold Junction ( X = 0, X, )

pcpsj Sdax=\ I~—dx—f—é—dx+

hpnpApj(T - Ts)+ jrfdx + 0T, (1)

AdUmiie Hot Junction ( X = X4/2 )

pstsf—?T—sdx=7\.sI%:—2—dx—_[—a-§x—-dx+

hon,A, [(T=7,)+ i fax— i (12)
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