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Abstract—The research on thermoelectric has been a blooming
field of research for the latest decade, owing to large amount of heat
source available to be harvested, being eco-friendly and static in
operation. This paper provides the performance of thermoelectric
generator (TEG) with bulk material of bismuth telluride, Bi, Te;. Later,
the performance of the TEGs is evaluated by considering attaching the
TEGs on a plastic (polyethylene sheet) in contrast to the common
method of attaching the TEGs on the metal surface.
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I. INTRODUCTION

S proposed by [1], thermoelectrics will able to provide a

significant role as the alternative source of electric energy
as long as the cost could be reduced and there is an
improvement of thermal-electric conversion efficiency. In
order to facilitate the thermal-electric conversion, heat is
supplied at the hot junction of the thermoelectric generator
(TEG) and the heat is removed at cold junction in order to
create a temperature difference across the hot and cold junction.
To date, numerous studies has been carried out, with different
types of heat source and heat sink, e.g. hot exhaust air [2]-[4],
hot water [5], air cooled or water cooled [6], [7].

From the aforementioned research conducted, the TEGs are
attached to a surface of highly conductive material and often,
on the surface of a metal plate as to provide a barrier for the
mixing of hot and cold fluid and yet providing a good heat
conduction. This paper will explore a slightly different
approach, which considering the use of plastic to replace the
use of metal in order to attach the TEG. Despite having a low
thermal conductivity (e.g. polyethylene with thermal
conductivity, k of 0.35W/m°C compared with aluminium with
k =205 W/m°C), plastic offer a relatively thinner thickness
(range from 30-100pum) and advantage of lighter weight and
lower in cost. Hence, its unfavourable lower heat conductivity
is compensated by its relatively thin thickness compared with
metal. As a result, the difference in the thermal resistance
exerted by plastic is about 30 times compared with aluminium
(assuming polyethylene sheet of 50um and aluminium sheet
thickness of 1mm).
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II. THE THERMOELECTRIC GENERATOR

A. Fundamental

Seebeck effect is the main effect that lies behind the working
principle of a thermoelectric generator (TEG). Seebeck effect is
a phenomenon where electromotive force (EMF) is generated
when two dissimilar metals connected together and subjected to
heat at one of the connecting junction (Fig. 1).
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Fig. 1 A pair of P-N legs coupled electrically in series and thermally in
parallel

Under a given load resistance of R;, and TEG internal
resistance of R , the power generated by the TEG is W = IR,
and the conversion efficiency of the TEG is:

14 IR,
Nt = o = o A Re KT )
h QTRI—I?R+K(Th~=Tc)

In an open circuit, the voltage generated (incorporating both
load resistance and the resistance by the wiring) is, hence:

Vye = alT = a(Ty-T,) = I(R, + R) 2)

By referring to (1) and (2), the power generated, I by the
TEG can be represented by:

2
iy _ [ aAT Ry
() 5 ©
From (2), V,. = aAT = a(T,_T.) and the maximum power

produced by the TEG for a given AT will be W, =%

where V. and I, are the open circuit voltage and short circuit
current. By using the relation of V = IR, , the maximum power
happens at R, = R, which gives:

Vv, 2
. =0¢) AT?
Winax = (AT4)R 4

Since a typical voltage-current and power-current relation
for the TEG is in linear and parabolic forms, respectively, as
illustrated in Fig. 2.

1385



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:9, No:12, 2015

)
*% current, I [A]

AT,> AT,

AT,

AT,

Power, P [W]

o
Ve vortage, v [V

Fig. 2 Typical voltage-current and power-voltage curve for TEG

B.Single TEG Laboratory Testing

The testing of the TEG was conducted by exposing the hot
side of the TEG to the heat provided by the cartridge heater,
being controlled using a variable power supply and water
cooled by a cooler. The electrical loading in the circuit was
supplied by an electronic load. The electric resistance tested in
current testing ranges from 0Q to 4000 Q. The TEG used in this
study is a commercially available bulk material of Bi,Te; with
the dimension of 40 mm x 40 mm (consists of 127 pair of P-N
legs). The layout of the testing schematic is shown in Fig. 3.

Fig. 3 The single cell TEG testing layout

Figs. 4 and 5 show the result of the TEG testing with hot side
temperature, T}, of 86°C and cold side temperature, T}, of 30°C.
At the load matching condition where R, = R, 1.0 W of electric
power had been produced. Furthermore, different temperature
difference had been tested by varying the input power of the
heater. As a result, different temperature differences were
created across the hot and cold junction of the TEG and the
result, are shown in Fig. 6. The shaded region in Fig. 6
represents the maximum power produce by the TEG under
different temperature difference, AT. From Fig. 7, maximum

power produced by the TEG at AT of 46°C was 0.87 W,
whereas at AT of as low as 11°C, 0.08 W of electric power had
been produced. Besides testing the TEG of its performance
characteristic curve, another important parameter in the thermal
modeling, which is the thermal resistance of the TEG was
evaluated. As depicted in Fig. 7, the TEG used in this study has
a fairly constant thermal resistance of 0.6 °C/W, for the range
of AT tested. Both the electric and thermal performance
established from the single TEG testing will be used in the
evaluation of the TEG performance (in the next section) when it
incorporates with plastic (polyethylene with thickness of 70pm),
and hence replacing steel plate (which is the most commonly
used method).
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Fig. 4 Voltage-current graph for single TEG
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Fig. 5 Power-voltage curve for single TEG
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Fig. 6 Voltage-current graphs with different temperature difference
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Fig. 7 Thermal resistance of singleTEG with temperature difference

III. THE PLASTIC (POLYETHYLENE)-TEG COMBINATION

A.Theory
The proposed design shown in Fig. 8 consists of a total of 12

TEGs, with 6 TEGs at each layers. Hot water will circulate
through the channel sandwiched by outer cold water channels,
as shown in (a). Imposing symmetry on the design, we have:

: . 1’
Q= mccp,c(Tc,out - Tc,in) = Emhcp,h(Th,in - Th,out) =
Th,out _Tc,in — Th,in _Tc,out
TR T, (5)

Using thermal resistance network method (as shown in Fig.
9), we will able to solve the unknown, which are T, ,,,; and

Th,out .

ZR =RC+Rteg +Rp + Ry
Rteg = 2Rrgc/N
Q

ATrge = Th,teg - Tc,teg = @

Cold Water Tank

Fig. 8 System schematic
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Fig. 9 Thermal resistant network

The thermal properties of water which are thermal
conductivity, k,,, density, p,,, and specific heat capacity, c,,
are calculated based on the following relations. For fresh water, S

which refers to salinity in g/kg is equivalent to zero and the unit
T refers to fluid temperature.

k,, = 0.5553 — 0.0000813S + 0.0008(T — 20) (6)
Pw = 998 + 0.655 — 0.4(T — 20) (7
€ = 4180 — 4.396S + 0.0048S2 (®)
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The hydraulic diameter of the water passage is calculated
via:

4wb
Dn = 3w ©)

and its corresponding Reynolds number are evaluated:

_ VD

Re = 222 (10)
_ PrVDy

Rey = 2002 (11)

For developed turbulent flow, the Nusselt number is
calculated using commonly adopted Dittus-Boelter equation
Nu = 0.023Re®® where n=0.3 for hot side and n=0.4 for cold
side. If the Reynolds number is less than 2300, then the Nusselt
number, Nu is equal to 4.36. Later, the convection heat transfer
coefficient is calculated by:

h= ek (12)

B. Theoretical Performance

The input values assigned for the theoretical analysis are
listed in Table I.

TABLEI
INPUT VALUES
Input Value
Tein 10°C
Thin 90 °C
b 3Xa =120 mm
R, = (kLA) with thickness | =70pum, k =0.35W/m°C, and area,
Ry, »
A=%a% =640 mm’
Rrgg 0.6 °C/W

From the theoretical modeling, at T,; of 10°C and
Ty im of 90 °C, by using 12 TEGs arranged as shown in Fig. 8,
17.2 W of electrical power will able to be generated as shown in
Fig. 11 with the corresponding ATgcillustrated in Fig. 10.
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Fig. 10 Temperature difference across TEG with regard to flow rate
and gap size
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Fig. 11 Electric power with regard to flow rate and gap size

C.Experimental Testing

The testing was carried out by supplying the hot water at
50°C with a flow rate of 1.4 LPM passing through a gap of 4
mm whereas the cold water was supplied into 4 mm cold water
passage at 15°C with a flow rate of 0.5 LPM. The layout for the
testing is as shown in Fig. 8 (b). The ambient temperature
during the testing was 14°C. Fig. 12 summarizes the testing
result.
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Fig. 12 Testing result

From the testing conducted, 0.17W of electrical power can
be produced at the aforementioned low flow rate and incoming
fluid temperature difference as low as 35°C.

IV. CONCLUSION

This paper has presented the testing and performance of a
commercially available bismuth telluride, Bi,Te; TEG. Later,
the performance of the TEGs when they couple with plastic is
analyzed. The result had shown the potential of generating
electric power under plastic-TEGs combination.
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