Heat and Mass Transfer (2022) 58:1381-1391
https://doi.org/10.1007/500231-022-03190-6

ORIGINAL ARTICLE q

Check for
updates

Thermoelectric investigation of low-cost modular night-time
electricity generation

Shahvaiz Khan' - Taqi Ahmad Cheema'® - Malik Hassan' - Muhammad Sohail Malik - Cheol Woo Park?

Received: 10 September 2021 / Accepted: 16 February 2022 / Published online: 23 February 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract

One of the major pressing issues in today’s world is meeting the ever-increasing demand for sustainable and environment-
friendly energy. To address this issue, renewable systems that capture energy through diverse energy scavenging techniques
and devices are gaining interest. Among the aforementioned devices, thermoelectric generators (TEGs) are the temperature-
dependent electricity-producing component that converts the temperature gradient (thermal input) directly into electrical
energy without negatively affecting the environment. In the present study, a TEG was used to generate electricity using the
radiative night-time sky cooling phenomenon. Both experimental and numerical approaches were applied to investigate the
morphological characteristics of TEGs for night-time electricity generation. An in-house built night-time TEG model con-
sisting of top and bottom plates, a block, and a TEG module sandwiched between them was used in this study. The effect of
morphological characteristics, such as the type of material (Aluminium and Copper), the plate thicknesses, the number of
thermocouples and the TEG leg length, on the open-circuit voltage was investigated. Experimental and numerical simula-
tion results were found to be qualitatively consistent. Moreover, the reduction in plate thickness, the increase in the number
of thermocouples, and the increase in TEG leg height increased the open-circuit voltage. The proposed model can act as a
base model for the design and development of future models for night-time electricity generation.

1 Introduction

Currently, 1.3 billion individuals worldwide do not have
consistent access to electricity, primarily in developing
nations [1]. Moreover, the rapid industrial development and
world population growth pose a serious threat to worldwide
energy resources, leading to an increase in global warming
[2—4]. Fossil fuels are presently the most familiar energy
assets being utilised for power generation. Meanwhile, solar,
wind and hydro energy are the renewable energy resources
widely used for electricity generation [5—10]. Except for solar
energy, all these resources are expensive. However, most of
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the sun’s radiations collected by a photovoltaic (PV) panel
are dissipated as heat and a solar conversion efficiency of
only 10% to 20% is achievable in practical applications [11,
12]. Furthermore, the distribution of solar energy around
the globe is non-uniform, depriving some regions of PV
energy for months [13]. In addition, solar panels can only
operate efficiently during the day; thus, night-time consum-
ers of electricity are dependent on storage devices that are
attached to PV plates. Developing an off-grid electricity
generator that can generate electricity at night-time is a
viable approach to this problem. In this regard, researchers
have employed radiative cooling phenomenon in combina-
tion with thermoelectric generators (TEGs) for night-time
electricity generation. In the future, this approach will not
only benefit the people living in remote regions but also help
in off-grid electricity generation, like in traffic signal lightning
[14]. Moreover, TEGs can be coupled with solar panels to
increase their efficiency [15].

TEG is a thermoelectric device that uses the Seebeck
effect to convert the temperature gradient effectively into
electrical output [16]. The Seebeck effect is a type of ther-
moelectric effect in which voltage is produced by the tem-
perature difference [17]. TEGs are made up of P-type and
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N-type semiconductors with a heat sink and a heat source on
each side [18-20]. Furthermore, the temperature difference
across a TEG can be obtained by either lessening the cold
side’s temperature or elevating the hot side’s temperature or
simultaneously adjusting both. Consequently, thermal man-
agement of TEG’s cold side is also important for maintain-
ing enough temperature difference [21-25].

In radiative sky cooling, an object on earth is cooled by
the emission of thermal radiations to the cold atmosphere
through an air window with a wavelength range of 8—13
pum [26]. Materials that can absorb energy and emit it in the
afore-mentioned wavelength display a cooling phenomenon.
Moreover, materials that can reflect 95% of the sunlight
exhibit cooling even in direct sunlight [27]. According to a
recent discovery, a silicon photodiode undergoes radiative
interchange with a cool surface and generates electricity by
scavenging the diode’s outgoing thermal radiation [28-31].
Moreover, daytime radiative sky cooling has also received
great interests globally [32, 33]. On the basis of the radia-
tive sky cooling concept, the first piece of work related to
night-time electricity generation was published by Raman
et al. [1]. They experimentally developed a basic and cost-
effective method for obtaining energy at night through
a TEG that produces sufficient energy to power a light-
emitting diode without any active power input. Later, they
made improvements in their setup to enhance the power out-
put. For this purpose, the emissivity spectra, the figure of
merit (a term used to describe the system’s performance,
process, or equipment relative to its alternatives) and thermal
convection were improved, and the ratio of areas between

Fig.2 Detailed view of the
night-time TEG model used in
the present study
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Fig.1 3D model of night-time TEG used in the present study

the TEG and the radiative cooler was adjusted, resulting in
a power density increase of 153% [13]. Moreover, Ishii et al.
developed a model that generated electricity during the day
and at night using radiative cooling [34]. The model’s core
purpose was to generate electricity without dropping the
electric potential to zero in 24 h. To achieve that goal, two
models were developed. One model had a selective emitter
(SE) surface that comprised a 100-nm thick aluminium film
mounted on the bottom of a glass. The other had a black
emitter surface with a layer of black paint on a glass’s top
side. The SE surface resulted in the generation of electricity
during the day and at night without falling to zero within 24
h, whereas the black emitter resulted in the generation of
electricity during the day and at night, but its value dropped
to zero multiple times.

The literature clearly indicates that most of the studies
involving night-time electricity generation are experimental
and theoretical works. However, the potential in this area
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Table 1 Characteristics of TEGs

Parameters Length Width Height Leg Leg Leg Number of
of TEG (mm) of TEG (mm) of TEG (mm) length (mm) width (mm)  height (mm)  Thermocouples
inside TEG
Values 40 40 3.8 1 1 1 127

has not been fully explored. In this regard, the authors of the
present study identified a research gap that requires the use
of numerical simulation. Given the advantage of numerical
simulation over experimental studies in terms of forecasting
the physical phenomenon, the performance of experimental
and numerical models must be elucidated, and the param-
eter distributions should be visualised with improved and
cost-effective designs. Moreover, simulations can provide an
approximate solution when an analytical solution is impos-
sible, and the system’s future can also be predicted.

Inspired by the experimental study of Raman et al., the
present study aims to develop and investigate a numerical
model of night-time TEG and validate it using an in-house
developed experimental setup [1]. After validation with the
experimental results, the proposed model can act as a base
model for the design and development of future models for
night-time electricity generation. The potential of this model
lies in its ability to provide a clear comparison between the
maximum open-circuit voltage achieved through experimen-
tation and the maximum electric potential achieved through
the numerical model. Moreover, improvements can be made
by investigating the material and design modifications. Fur-
thermore, by just changing a few parameters, the model can
work for other commercially available TEGs.

2 Model description

The schematic representation of the night-time TEG model
consisting of aluminium plates, an aluminium block, and
a TEG is shown in Fig. 1. Similarly, the inside view of the
TEG is shown in Fig. 2. The TEG modelled in the present
study uses the geometric dimensions and features of the
actual TEC1-12706 model as given in Table 1. Table 2 lists
the temperature-dependent thermo-physical properties of
the same TEG. The temperature differences are applied at
the top and bottom plates with a maximum value of 2.5 K.
The material properties of the aluminium and copper used
in the night-time TEG are also shown in Table 2. Moreover,

the thermocouples in the TEG are electrically connected in
series while thermally in parallel as shown in Fig. 3. In the
proposed model, the plate on the upper side is the cold plate,
while the plate on the lower side is the hot plate. Thus, the
temperature differential is set up between the plates, and
voltage is produced.

3 Mathematical model and governing
equations

The numerical model assumes the following:

a. A steady-state 3D model

b. Negligible internal, thermal and electric contact resist-
ances

c. Heat is solely transferred by conduction because the
thermoelectric domains are insulated

3.1 Governing equations

Given that the thermoelectric effect is a Multiphysics
study of the thermal and electric effect, the equations of
both effects are employed.

i. Heat transfer modelling

For the steady state, the energy balance in the three
domains is governed by Eq. (1). The first and sec-
ond terms on the left side of the equation represent
the rates of convection heat transfer and conduction
transfer, respectively. The first term at the right side
of the equation is the heat source or sink term, and
thermoelastic damping is shown in the second term.

pCouVT + V.q = Q + Qreqs (1)

where p represents the density, C, denotes the heat
capacity, and VT denotes the temperature gradient.
Moreover, conduction heat transfer rate q is given by
the well-known Fourier’s law of heat conduction

Table 2 Material properties of

Alumini Material Electrical Resistivity Thermal conductivity — Coefficient of
Copper and Aluminium Property conductivity [S/m] (Q-cm) [W/(m-K)] thermal expansion
[1/K]
Copper 6x 107 1.72x1078 400 1.7x107°
Aluminium 3.77x 107 2.65x1078 238 23x107°

@ Springer



1384

Heat and Mass Transfer (2022) 58:1381-1391

Fig.3 Thermopile inside a thermoelectric generator

dT

= —kA—,
d dx

@
where k is the thermal conductivity of the material,
A represents the area through which heat passes, dT
is the temperature difference and dx represents the
thickness.

ii. Electric current modelling

According to the law of conservation of charge,

the electric charge in an isolated system remains con-
stant. The Eq. (3) is used for charge conservation for
a stationary case for the finite element analysis of the
model.

ViI= Qj’v, 3)

where Q; , represents charge source; J represents the
current density and is derived using Eq. (4) in which
J. denotes an external current source and 6E represents
the conduction current with electrical conductivity c.

J=0cE+]J,, 4)

where E denotes the electric field which is derived
using Eq. (5), VV represents the potential difference,
and negative sign indicates that the vectors represent-
ing the electric fields point in the direction of decreas-
ing electric potential.

E=-VV, ®)
3.2 Datareduction

Heat transfer is considered to occur through conduction only.
Thus, heat transfer by convection, heat source or sink and

thermo-elastic damping is considered to be zero. Hence, Eq.
(1) becomes

@ Springer

V.q=0, (6)

Moreover, no source of charge is attached. Thus,Qj’V =0,
so Eq. (3) can be rewritten as

vVi=0, )

Furthermore, no current source is attached. Thus, J, = 0,
and Eq. (4) becomes

I =0E, ®)

4 Thermal model

The thermal model of a unit thermocouple for night-time elec-
tricity generation is presented in Fig. 4 in the form of thermal
domains. The thermal resistances represented in Fig. 4b are
connected in series and parallel combinations. In Fig. 4b, R1,
R2, R3, R4, R5, R6, R7, R8, R9, and R10 denote thermal
resistances of the top cold plate, the ceramic on the top side,
the copper conductor, the N-type semiconductor, the P-type
semiconductor, the N-type side copper conductor, the P-type
side copper conductor, the bottom ceramic plate, the insulated
block, and the hot bottom side, respectively. Equation (2) can
also be written as

q=(T,-T,)/R )

where, T), represents the temperature of the hot plate (hot
bottom side), 7, represents the temperature of the cold plate
(cold top plate), and R is given as

(R4 + R6)(R5 + R7)

R=R1+R2+R3
FRes +R4+R5+R6+R7

+ R8 + R9 + R10,
10)
In the present model, the Dirichlet boundary condition is
applied with a fixed value of temperatures in different cases
on the top and bottom surfaces of the plates. Moreover, one of
the surfaces of the copper conductor was grounded, while the
aluminium block was insulated to have as much temperature
difference between the top and bottom domains as possible.

5 Mesh independence

The results of mesh independence analysis for three differ-
ent plate thicknesses and the finally used three-dimensional
mesh across the computational domains are displayed in
Figs. 5 and 6. Tetrahedral elements were used to divide the
heat flow domains. After the element selection, its sensi-
tivity was examined for different grid sizes for three dif-
ferent models with different top and bottom thicknesses as
shown in Tables 3, 4 and 5. The value of open-circuit voltage
which is also a reference in the present study is analyzed at
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Fig.4 Thermal model for unit thermocouple representing, (a) Ther- »

mocouple’s different parts (b) Thermal resistive circuit

different values of grid sizes. In physics-controlled meshing,
the voltage was not balanced, requiring a shift from physics-
controlled to user-controlled meshing. In user-controlled
meshing, upon iteratively changing the minimum element
size, maximum element size, and maximum element growth,
a balance in voltage was achieved for all the three plate
thickness models at a minimum element size of 0.000008
m, maximum element size of 0.0008 m and a maximum
element growth of 1.20.

The number of elements at the mesh independent con-
dition for a model with a plate thickness of 10 mm were
34,935,598 and the study’s solution time was 1,034 s. For
plate thickness of 5 mm, the number of domain elements
were 24,024,473 and solution study time was 687 s and for
plate thickness of 2 mm, the number of domain elements
were 17,643,662 and solution study time was 337 s. Moreo-
ver, mesh independence for the three different cases with
respect to maximum elemental growth is also shown in
Fig. 5.

6 Experimental setup

The experimental setup used in the present study consisted
of two aluminium plates. One of the plates was painted black
with commercial black paint as shown in Fig. 7a. This black-
painted plate was to behave as a blackbody with an emissiv-
ity of 0.95. The other plate was also an aluminium plate but
was not painted, as shown in Fig. 7b. The TEG used in the
present study was a TEC 12706 with a Seebeck coefficient
of 43.5 mV/K which is calculated using Eq. (11) [35].

Vv,

= Th’ (11
where V,, .. and T}, were obtained from [36]. The hot side of

TEC 12706 was coupled with an aluminium block having
dimensions of 45 mm X 45 mm and a height of 40 mm, while
the cold side was joined with a black painted aluminium
plate. Moreover, the bottom surface of the aluminium block
was coupled with the normal aluminium plate. The alumin-
ium block was enclosed in polystyrene and polystyrene was
covered with aluminium foil to provide as much insulation to
the block as possible to constrict the amount of heat flowing
out of the block as a result of conduction from a hot alu-
minium plate. The temperature differential between the top
(cold emitter surface) and bottom (hot conductive surface)
was measured with K-type thermocouples connected with a
K-type thermometer, while the voltage was measured using
a digital multimetre. The entire setup was placed on a steel
frame whose height was 0.3 m from the rooftop as shown
in Fig. 8.

Radiative Cooler

Top Ceramic Plate

Copper conductor

N-Type
Semiconductor

P-Type
Semiconductor

Copper Conductor Copper Conductor

Bottom Ceramic Plate

Insulated block

Hot Bottom Side

(a)

R1

R2
R3

R4 R5
R6 R7

R8

R9
R10

(b)
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105.5 Table3 Grid independence point for a model with 10-mm plate
105.0 1 —=— Plate Thickness 2mm thickness

1 Plate Th!Ckness Smm Min Element Maximum Max Element Domain Solution
104.5 — Plate Thickness 10 mm Size (m) element growth  Size (m) Elements study time
] - a rate (s)
104.0
— 1 8.00E-04 1.4 0.011 132502 30
2 1035-
é : 3.00E-04 1.35 0.007 382827 36
S 10304 4.00E-05 13 0.004 637085 47
% 1 1.00E-05 1.25 0.001 18137855 437
—
> 1025+ ¢ ° . . 8.00E-06 12 0.0008 34935598 1034
102.0
101.5
1 A A N N N . . .. . .
101.0 . : : . . of 11.49 mV as shown in Fig. 9. This rise might be attrib-
1.40 1.35 1.30 1.25 1.20

Maximum Element Growth Rate

Fig.5 Mesh independence for three different thicknesses of plates

7 Results and discussion

In the present study, the numerical results were validated
by the experimental outcomes. During the experiment, the
geometric and operating characteristics were maintained the
same. In addition, the numerical study of the parametric
influence on the night-time TEG model was also examined.
At a temperature difference of 2.5 K, a maximum open-
circuit voltage of 92.95 mV was achieved for TEC 12706.
Under the same operating conditions, an open-circuit voltage
of 104.44 mV was obtained, thereby resulting in an increase

(a)

(b)

(c) |

i

Fig.6 Mesh representation in (a) night-time TEG model (b) TEG (c)
thermopile inside a TEG

@ Springer

uted to the fact that the experimental findings depict the
real-world behavior and may include losses such as ohmic,
geometric and material concentration losses that were not
addressed during the simulation studies. The numerical
model’s material characteristics may differ from the TEG’s
real properties [37]. Additionally, convective, radiative, and
conductive losses are some of the additional losses in a real
TEG. [38].

In a simulation, the ground boundary condition was
assigned to the bottom left end of the TEG in Fig. 9a.
Thus, voltage generation began there and ended on the
bottom right, as shown in Fig. 9a, because the voltage
adds up in a series combination, increasing from the first
thermocouple on the bottom left to the last thermocouple
on the bottom right of Fig. 9a. Furthermore, to study the
effect of thickness, the material of the plates, the number
of thermocouples, and the height of the thermocouples on
the performance of night-time TEG; numerical simula-
tions were performed through parametric assessment. The
considered thicknesses were 2, 5, and 10 mm with varying
temperature differences. The results are reported in the
following sections in terms of the open-circuit voltage, the
temperature of the hot surface 7, the temperature of the
cold surface 7, and the time ¢.

7.1 Effect of change in thickness of the plates

In the first arrangement, the assessment was conducted
by assigning the aluminium as the material of the top
plate, the bottom plate, and the block. In this arrange-
ment, simulations were performed for three different plate
thicknesses. The maximum values of open-circuit volt-
age obtained were 101.25, 102.62, and 104.44 mV at a
temperature difference of 2.5 K for plate thicknesses of 10,
5, and 2 mm, respectively, as shown in Fig. 10. It clearly
shows that open-circuit voltage obtained from the numeri-
cal simulations was higher than that obtained from experi-
mental results. Moreover, the increase in temperature dif-
ference between the plates, increased the corresponding
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Table 4 Grid independence point for a model with 5-mm plate thick-
ness

Table 5 Grid independence point for a model with 2-mm plate thick-
ness

Min Element Maximum Max Domain Solution Min Maximum Max Domain Solution
Size (m) element growth  Element Elements study time Element element growth  Element Elements study time
rate Size (m) (s) Size (m) rate Size (m) (s)
8.00E-04 1.4 0.011 127154 24 8.00E-04 1.4 0.011 117416 23
3.00E-04 1.35 0.007 354669 31 3.00E-04 1.35 0.007 340541 29
4.00E-05 1.3 0.004 545294 51 4.00E-05 1.3 0.004 497081 50
1.00E-05 1.25 0.001 12585059 340 1.00E-05 1.25 0.001 11472000 319
8.00E-06 1.2 0.0008 24024473 687 8.00E-06 1.2 0.0008 17643662 337

voltage. Furthermore, the results obtained from the simu-
lated open-circuit voltage are near the theoretical results
because the voltage generation in thermoelectric materials
follow the Eq. (12).

AV = aAT, (12)

where a represents the Seebeck coefficient, and AT is the
temperature difference. Taking the Seebeck coefficient of
43.5 mV /K, the theoretical value of the voltage at a tem-
perature difference of 2.5 K is 108.75 mV, and the values
obtained from the numerical simulation at the same tem-
perature difference were 101.25, 102.65, and 104.44 mV for
the aluminium plates of 10, 5 and 2 mm thicknesses, respec-
tively. Moreover, Eq. (2) clearly shows that the decrease in
thickness of bottom plate from which the heat had to move
to the bottom of the TEG resulted in an increase of the rate
of heat transfer. In addition, a higher temperature difference
was obtained across the TEG thereby yielding higher open-
circuit voltage. Figure 10 also shows that the voltage fluctu-
ated with time, due to the change in wind velocity. As the
wind speed rose, more air particles came into contact with
the hot conductive plate, resulting in an increased tempera-
ture differential, and vice versa. Similarly, Fig. 11 shows
the different values of open-circuit voltage with respect
to different temperature differences in increasing order. It
can be observed that open-circuit voltage increased with
temperature difference. This result is based on the Seebeck

Fig.7 Aluminium plates (a)

(a) black painted acting as a
thermal emitter, (b) non-painted
acting as thermal absorber

200 mm

phenomenon according to which when two conductors of
dissimilar materials are joined together at their ends and then
heated, they produce an electric potential. Thus, greater the
temperature difference, the greater will be the open-circuit
voltage.

7.2 Effect of change in material of the plates

In the second configuration, the impact of the change in plate
material was investigated numerically. Copper was chosen
as a plate material because it has superior heat conductivity
over aluminium. Using the same difference in temperature
as in Sect. 7.1, the same three degrees of thickness were
tested. The open-circuit voltage at a maximum temperature
difference of 2.5 K was 102.24, 103.46, and 105.507 mV
for the plate thicknesses of 10, 5, and 2 mm, respectively
as shown in Figs. 12 and 13. Moreover, the results indicate
that when the material of the plates was changed from alu-
minium to copper, the open-circuit voltage increased for all
three cases of thicknesses, because the Fourier’s law of heat
conduction (Eq. (2)), clearly shows that higher the thermal
conductivity, higher will be the rate of heat transfer. Thus,
due to the higher thermal conductivity of copper than alu-
minium, a high temperature difference was achieved between
the top and bottom surfaces of the TEG. Hence, a high open-
circuit voltage was achieved as shown in Fig. 12 and 13.
Furthermore, Figs. 12 and 13 shows that open-circuit voltage

(b)

@ Springer



1388

Heat and Mass Transfer (2022) 58:1381-1391

Radiative Cooling
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Fig.8 Night-time TEG experimental setup used in the present study

increased with a decrease of the plate thickness. Moreover,
open-circuit voltages obtained using copper as the plates’
material was higher than those obtained from aluminium at
all the temperatures considered in the present study.
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Fig.9 Voltage distribution in TEG (a) two-dimensional representa-
tion (b) three dimensional
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—=— Experimental Data
—e— Plate Thickness = 10mm
—a— Plate Thickness = 5mm
—v— Plate Thickness = 2mm
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Time

Fig. 10 Comparison of an experimental and numerical model for
voltages for different thicknesses of aluminium plates

7.3 Effect of increase in number of thermocouples

The TEG is a combination of a several thermocouples or
thermopiles that are temperature-dependent entities capable
of producing a voltage in response to the applied tempera-
ture gradient and are arranged in series in the TEG to pro-
vide the summed-up voltage. Hence, the response of vary-
ing the number of thermocouples on the night-time TEG
model was also investigated. Thus, the number of thermo-
couples in the TEG with aluminium plates of 2 mm thick-
ness were increased from 127 to 136 in the simulations. The
open-circuit voltage at different temperature differences as

110

—=— Experimental Data
—e— Plate Thickness = 10mm
—a— Plate Thickness = 5mm
—v— Plate Thickness = 2mm

100

90

80
704

60

Voltage (mV)

50
40

30

20 | L B R R AN B E N L L
08 10 12 14 16 18 20 22 24 26
Temperature difference (K)

Fig. 11 Effect of aluminium plate thicknesses on voltage vs tempera-
ture difference
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110 T T T T T T g T
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Fig. 12 Numerical prediction of voltage for different thickness of copper
plates

presented in Fig. 14 was higher than the similar night-time
TEG model with 127 thermocouples. The finding can be
attributed to the equation of the Seebeck effect which obvi-
ously indicates that the open-circuit voltage varies directly
with the number of thermocouples, the Seebeck coefficient,
and the temperature difference between the top and bottom
surfaces of the TEG. In this case, the temperature difference
and the Seebeck coefficient were the same as those of the 2
mm thick aluminium plates. Thus, a maximum open-circuit
voltage for the different temperature values represented in
Fig. 14 are obtained as 112.74, 103.72, 58.62, 54.112, and
45.093 mV.

110

—e— Plate Thickness = 10mm
100 | —a— Plate Thickness = 5mm
—v— Plate Thickness = 2mm

90
80
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60

Voltage (mV)

50

40 -
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20 —71 r 1 - 1 1 1 Tr r 1 1T ' 1T
08 10 12 14 16 18 20 22 24 26
Temperature Difference (K)

Fig. 13 Numerical prediction of the effect of copper plate thicknesses
on voltage vs temperature difference

Mo—r——

—a— 127 Thermocouples
—e— 136 Thermocouples
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T T — 1 r T T T T T T T T T
08 10 12 14 16 18 20 22 24 26
Temperature Difference (K)

Fig. 14 Effect of increase in thermocouples on the open-circuit volt-
age at different temperatures

7.4 Effect of increase in leg height of TEG

The influence of modification in the height of the ther-
mocouple’s leg was also studied numerically. The height
of TEC1-12706 is given in Table 1 to be 1 mm, so it was
changed from 1 mm to 1.17 mm, and the impact of the
change in height on the open-circuit voltage value was ana-
lyzed. The results indicated that increasing the leg height
increased the open-circuit voltage. The comparison was
performed between thermocouple leg heights of 1 and 1.17
mm for a model with a 10 mm thick aluminium plate. An
increase in the value of open-circuit voltage was observed,

120

—a— Leg Height Tmm
—e— Leg Height 1.17mm

110

100
90
80

70

Voltage (mV)

60

50

40+

30 1 -~ r - 1~ 1 T 1T 1 T 1
08 10 12 14 16 18 20 22 24 26
Temperature difference (K)

Fig. 15 Impact of leg height on open-circuit voltage for different tem-
peratures
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as depicted in Fig. 15. The open-circuit voltage increased
because the number of charge carriers (electrons and holes)
responsible for conduction increased when the height of
P-type and N-Ttype legs increased.

8 Conclusions

In the present study, experimentation and numerical sim-
ulations for night-time electricity generation were per-
formed. Results were obtained for the thickness change,
the material change, varying the number of thermocou-
ples, and increasing the height of legs of the thermocouple
legs. The maximum open-circuit voltage obtained for all
the four cases was higher than those with the experimental
values. Moreover, it was observed that.

e On reducing the thickness of the top and the bottom
plates, the open-circuit voltage increased.

e On changing the material of the top and bottom plates
from aluminium to copper, the open-circuit voltage
increased.

e On increasing the number of thermocouples, an
increase in open-circuit voltage was observed.

e On increasing the height of the TEG legs, an increase
in open-circuit voltage was observed.

Hence, as the temperature difference between the top
and bottom plates increased, the temperature gradient
available across the TEG also increased, consequently the
value of open-circuit voltage increased. Moreover, mate-
rial change from aluminium to copper, the thickness reduc-
tion, the increase in the number of thermocouples, and the
increase in the height of thermocouples legs increased the
open-circuit voltage.
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