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The standard model

(aAT)?
w =
Standard models set as TE system Re|
the TEG + dissipators, solving heat
(or Domenicali) equation by
. . . . metal
imposing either fixed-temperature R —
TEG \

or fixed-flow BCs.

n

In general, neither of them is
correct:

» no real heat power sinks can fix

boundary temperatures for R R- R Renv=Reoi*Rno
. . cold TEG hot
arbitrarily small Ry,
* no real heat power source can
provide constant heat currents
for eXtremely large R V. Leonov, P. Fiorini, and R. J. Vullers, Microelectr. J. 42,

579 (2011)
V. Leonov and P. Fiorini, in Proc. 5th Eur. Conf.
Thermoelectrics (2007), p. 129.
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Geometry optimization in the standard model

As aresult
 under fixed-¢ BCs for R —oo both AT and w —o0 suggesting

long TE legs and/or small TE cross sections

 under fixed-T BCs for R— 0 both ¢ and w -0 suggesting
short TE legs and/or large TE cross sections

Optimization of geometry requires an a priori assumption
about the BCs better approximating the actual scenario

Aim of this work is to propose a different way of modeling
TEGs avoiding any BC stipulation



The model
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In the proposed model the system encompasses the TEG, the
heat source, and the heat sink. The whole system is in
thermal contact with the ambient. Fixed-T (T,) BC are there

bound to apply.



.

Model equation

K Ty (X) + G (X) =0
Ec (T,(dre) T, ) =—fcr T, (dy)
kT (x)+q,(x)=0
| B (T (=d,)=T,) =, T/(~d,,)
ks 1,(0)=x,T/(0)
T,(0)=T,(0)

QH(X)EQ_H i"'l >0
d, d, 2

s (X)= _ﬁn(i_lj <0
drg dp, 2




Dimensionless equation

Reduced variables:

r ,\ ,\ x=x/dy
v, (X) = pI1(x = 1) v(R)=T(x)/T, -1
Vo(1)=—4v;(1) Hy =dy /dTE
< Vi(R)=—p, (Xﬂ1 +7 ) ,=0.d, /(T,x,)
V1 (_:u1) — ,Ll4,ulV 1(_lul) TE TE /(T E)
v;(0)= ,v,(0) H, =Ky [ (dyh,)
vy (0)= v, (0)

Hs =K [ (dog c)
He = Ky [ Ky



Reconciling with Neumann and Dirichlet
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Reconciling with Neumann and Dirichlet
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For ideally dissipating cold
sides and perfectly
insulated heat sources (1/
U, = Ue = 0) constant

1 _ mmm g ;: ----------------------------------- temperature BCS are
%
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Dirichlet BC "%~
106 e,
s NeUmMann BC ey e . o
o, Ideal dissipation conditions
107} e This model e, show that proper BCs
—= = i 3 .1!56 u1 | switch upon dy/dyg ratio
py =dy [ dyg

Av=v,—v.=(T,-T.)/T,
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Dissipation efficiency F B
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If the hot side is not perfectly insulated (or the heat source strength decreases)
constant temperature/heat flow BCs do not apply around p,= 1. Since typical y, for
TEGs are between 10-1- 10! (bulk) and 10° (micro/nano), application of standard

analyses may mislead optimization of leg lengths.
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For sub-ideal hot side insulation or low heat source strength, power output remains
constant in the py; — 0 limit. Thus, TE legs should fulfill % < pj(relevant for bulk
H

TEGs).
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ZT, PF, x, and leg lengths
The solution of the ODE’s reads

Vi()A():Z(ﬂji/ﬂD))A(j with :Bij:ﬁij(---:uk---)

py =dy [ dyy M, =6dy [ (T, )=604R, /T,

Mg = Kog /KH_ B My = Oy /(YLAKTE) = HTERIE /T,

py =5y [(dyh))=1/(Ryh)  ps =xyy /(digh ) =1/ (Ryh,

Since x’s and d’s enter the solution independently, the optimization

of the TEG geometry will depend on material properties not only
through ZT but also through PF and « separately.

D. Narducci, J. Nanoeng. Nanomanuf. 1 (2011) 63-70.
D. Narducci, Appl. Phys. Lett. 99 (2011) 102104.
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Branched (shunted) thermal circuits

T, ~ Th ke Ore(¥)  Tc ~ T,
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—00 —d,, 0 Ton(X) dre +00
V()= TI(% - %) v,(0)=,(0)
V(1) = —uvy (D) = st gt ptg Vi (1) v3,(0)=0
) V;’()%) = _lLlZILll (X/u1 /) v,(0)=v,y(0)
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Impact on the design of micro/nanoharvesters

 Dirichlet and Neumann solutions recovered for ideally
dissipating systems

« When dissipation is less than ideal, deviations from
simplified models may be relevant both for micro and
macro-harvesters depending on the characteristics of the
heat source (power strength and insulation toward the
ambient)

e From the material scientist viewpoint, once again ZT and k
should be thought as interdependent parameters.
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Summary and Outlook

« A model allowing for a general analysis of TEGs with no need for
a priori assumptions about BC has been presented

« Standard solution are recovered as limiting cases

A transitional regime where neither fixed-temperature or fixed-
heat flow BCs can be stipulated was found and modeled

» Predictions about optimal power outputs are found to depend
on dissipation (well known) and on heat source strength and
size (less obvious)
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