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Abstract

Thermoelectric generators (TEGs) use the Seebeck effect to transform thermal
flow into electrical potential, have no moving parts, are low maintenance, have a long
material life, and can be readily serviced. Utilizing these principles in conjunction with
heat transfer manipulation, TEGs could be utilized as a new avenue for energy recovery.
A cubical system was built with TEGs within the walls of the structure. The top was
covered with standard building materials to simplify the proof of concept. The inside
was then heated to be approximately 30°C with manipulation of the thermal conductance
of the cover of the system. The heat recovery is ~40mW for the control case and ~50
mW for the experimental case. Using the regression model indicates, based on the
improvement in energy recovery, that this technology and approach can be implemented
on a greater scale to produce the desired result of increased energy savings, through
increased energy recovery. The results of the study netted some sporadic data so a much
simpler system was tracked. This simple system in conjunction with the other collected
data showed an improvement of power production. The relationship between the
suppression and the generation is related to the ratio changes of thermal fluxes

throughout the system.
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1. Introduction

In both industrial and residential energy applications, waste heat often accounts
for a disproportionate share of the energy losses. Thermoelectric generators (TEGs) are
useful semiconductor devices that operate based upon a phenomenon called the Seebeck
effect. This is part of a larger relationship called the thermoelectric effect, which
correlates the contributions of William Thomson, Johann Seebeck, and Jean Peltier[1].
TEGs convert heat flux across a boundary and cause work to be imparted on electrons.
This work produces electrical potential, which can be used, much in the same way as a
battery. TEGs are solid-state devices that do not require any fluids for fuel or cooling,
making them non-orientation dependent. These characteristics allow for a variety of uses
such as: zero-gravity and deep-sea applications [2], and any control volume in which a
temperature gradient exists between an internal boundary layer. This power generation is
achieved passively; thus, the primary generation operation is independent of the operation
conditions of the tertiary system. The flexible applications, resulting from these
properties, allow for TEGs to be implemented in creative ways.

The potential creative applications of TEGs is of specific interest in industrial
energy conservation practices, due to their capability to remedy the outsized heat losses.
This approach also generates a potential for hybridized systems which have higher
efficiencies than their homogeneous counterparts. The option to use the waste energy

and, to some degree, isolate the plant operation from the main line operation[3] is a



viable one. Other alternatives such as utilizing the recaptured energy for purposes aside
from the tertiary system are also feasible. Several obstacles are encountered when using
standard approaches to recapture waste heat, such as:

Temperature limits and cost of recovery equipment.

Low-grade waste heat (when waste heat exists at a low temperature difference compared
to the ambient).

Difficulty of recovering waste heat from sources not considered such as:

Efficient Electronics

Efficient Housing

TEG embedded materials

The generators are perfect to address heat loss phenomena by a physical process
called the Seebeck Effect, which is a conversion of thermal energy to electrical energy.
This would occur in a way that would be economically significant if properly
implemented. TEGs are often seen as a novelty but are assumed to lack practical
application due to limited progress made on improving the Figure of merit (Z) which is
defined as the ratio of the Seebeck Effect squared and Thermal Diffusivity. In the non-
transient case this relationship simplifies to be a ration of the Seebeck Coefficient
squared and the Thermal Conductance. This lack of Z score improvement often leads to
a misconception involving the low maximum theoretical efficiency, which is 5.4% [4],
[5] of the available heat loss. This could seem like a low performance but given its use as
efficiency booster rather than a mainline generation system provides many advantages to

1ts use.



2. Literature Review

A review of current academic literature was implanted to ensure that a new
approach was being considered. This first started with verifying the behavior of
individual TEGs. In the study, “Thermoelectric Power Generation Using Waste-Heat
Energy as an Alternative Green Technology,” an assertion of tiered Peltier module stack
is considered.[3] The hypothesis is that the system can be improved upon by introducing
these tiered systems. The study designs a set up in which the largest tile area is directly
contacting the heated surface, and the progressively smaller tiles are stacked centered
directly above. The resulting data plot from this study shows the expected behavior,
Figure 1 (page 5) each of the tiled surface. Thus, to validate our findings the early ramp
up values should have a “similar” shape. This does not mean the same, however, due to
the other electronic components the behavior will deviate as time passes and then will be

bound by the internal temperature, but the positive correlation should hold.
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Figure 1. Resulting Data Plot replicated from study[3].

In, “A potential candidate for the sustainable and reliable domestic energy
generation- Thermoelectric cogeneration system,” an approach with similar consideration
that had originally been proposed for this study were presented. This approach
considered the outflow piping from the heat source, however, instead of directly
connecting to a boiler wall. This was asserted to produce a higher output of electrical
than the current location. Thus, the use of transport system with higher temperatures can

also be established in conjunction with the use of such systems on walled surfaces. The



formerly observed system and the proposed new system are shown in Figure 2. This
would utilize a preheater arrangement and would also require thermal radiation input.

The mixed case creating several intertwined tertiary systems is what was experimented.

Tap waler in

Preheated water
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|
. - [
To house hcating | M To house heatin

Figure 2. Previous Designs. New Designs. Reproduced from [6]

This resulted in a system that was constructed that pushed heated water through a
TEG cladded pipe and tracked the electrical output the schematic is shown below in

Figure 3.
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Figure 3. The Test System in the "Cogeneration Study” reproduced from [6]

The conclusion drawn shows that such a system would be viable and lower the net
embodied carbon by raising the total energy production. Thus, it is shown the viability of
TEGs previously and also the newer system could further generate a higher generation.

The study, ‘Effect of micro-channel geometry on fluid flow and mixing,” uses a
method of fluid flow in which through subtle geometric changes fluid flow can be
manipulated in the same way that electricity is manipulated.[7] The approach can really
best describe the way a logic machine works. If we consider that the constants used in
thermoelectric generation as probabilities of heat flowing through, then if we increase a
probability of heat flow through one port then we can decrease heat flow through another
port such that the input and the outputs are equivalent when they are summed but one of
the outputs will receive a lower magnitude of the sum.

In, Heat Convection, the mathematics of the Convection are considered.[8] This
directs the convection as Navier Stokes equation and assume constant pressure. Using
vector calculus, a result is generated, and the output is given using various geometric
relationships. A similar consideration for the final representation of the complexed

thermo-electric circuit.



Given the consideration of manipulating geometry the first consideration was the
thickness, however, without any ability to manufacture TEGs this approach was instead
looked into from the literature perspective. The study proposed a complete redesign of
thermoelectrics that where thinner than the currently implemented. It was found that
these would as well as the standard with standard TEGs with miner design consideration
being made at the small scale causing hard to control geometries. This, however, is based
on the acknowledgement that by making a thinner component you increase the thermal
conductance thus decreasing the Figure of merit (Z)[9].

In the PhD Dissertation, by Yuri M. Zuev, a nano scale experiment using nano
wires is created to observe the nanoscale thermoelectric transport.[10] This helps to
better understand the way that thermo electric transport works and thus helps to better
consider within the system. This will allow for a more advanced relationship with the
thermo electric generators be established in the document’s theory section. It is
discovered based upon the materials he is working with that these are not suitable
candidates for these Nanoscale materials. The text discussed the mathematics of the
micro and nano scale TEGs from a pure mathematics perspective. It is shown that the
relationship is thought to be a tensor of the flux through the wall. This has basis in reality
given the relationship of heat and electricity to other physical phenomenon. [5]

The electrical optimization first considered a potential for back flow. It was
discovered through a website called, “electronics hub,” that diodes can be used to prevent
backflow. It was also considered how to exchange the voltage and current to reuse the
energy in the circuit to keep it powered even after the power was off. This, however, was
abandoned due to the layer of complexity added to tuning the system.[11] The buck-boost

was the component considered and this operates by using a switch and that introduces a



duty cycle to the output line. This duty cycle then math mathematically introduces
momentum into the circuit which is produced by the constriction of the input and then
sudden relieve of that constriction.[12] [13]. Thus, when designing the thermo-electric
circuit tuning the electrical parameters must include the estimated voltage drop across the
diode. These were shown to be piece wise with a minimum drop defined as parameter of
the diode. To avoid complications the diode was considered a resistor in all future
calculations but will be picked such that the voltages production overcomes the voltage

drop.



3. Theory

The theory is best approached using modules. For the purposes of consistency,
the analogous methods of the electrical system and mechanical system are implemented.
The modular electrical and mechanical control volumes are connected by nodes that act
as a “black box” conversion circuit. This allows us to treat each connecting node as if it
were simply a current dividing circuit. This allows for tuning of the output power
optimization and the tuning the thermal conductance.

3.1. Heater Module

The first electrical module is the electrical heater and Arduino microcontroller

power circuit. This is used to heat the chambers and also to take measurements. These
measurements are taken through manipulation of the voltage flows to leak a small
amount of power to this component of the circuit. The microcontroller is programmed to
take these measurements and transmit them to another microcontroller. These values are
transmitted to an external PC called a Raspberry Pi. The Raspberry Pi B can be used
with a few lines of code to read the data and write to CSV file. While these concepts are
interesting the actual data transmission losses will be neglected and thus any
communication beyond the initial value voltage readings would be unnecessary. Some of
the simple considerations are the voltage drops across the Arduinos and the voltage
inputs of the Arduinos. This can be simplified further if a voltage regulator is introduced
in the circuit. This allows one to only consider the first loop while holding the second

9



loop as directly correlated and thus the circuit will behave predictably. In Figure 4, the

circuit is shown using Simulink for clear and easily interpreted examples.

Acthuing Ay Power {+)

Voltage Regulatar

Viltage Regulator Gain 5120
E——br
b L ANAA- rﬁ —

4
G/

Switch Thermocouple

o 1

{
s

L

TEG Array Gnd

Figure 4. Electrical Heater Circuit

The loop that should be considered is the loop for the heater as this will be the
only time in which a heat momentum input is experienced. It can be quickly discerned
that the power rating for the heater will be met for the system to turn on and thus the first

loop will follow the behavior in equation 1.

P, =%12R0T (t) (1)

This allows us to relate our power input to the circuit. While this is a simple circuit and
thus the components are easy to discern if a more complicated system is considered or to
optimize the power to run the microcontroller further optimization can be considered.

However, by assuming a power consumption of the heating element (60 W), the

10



additional loops can be neglected and ignored from a power input perspective. The node

of Thermo-electric relationship, caused by the heater, is shown in equation 2.
I i
0=KQJT+EU%+KW)T @)

As we have previously asserted the equation is written with appropriate representation for the
power input to find a relationship between the differential equations. The voltage drop across the
Arduino circuit is the same as the voltage drop across the heating element with the voltage regulator
acting as to reduce the voltage. This works like a boost buck converter and acts as an increase to
the input current and a decrease to the voltage. The current is then decreased by powering the
microcontroller in parallel.
3.2, Inner Chamber Heat Transfer

In the inner chamber the shell thermal circuit was considered first. This employed the use
of symmetry in separated octants of the system. The energy balance for heat transfer were divided
into two types of octants. Each Octant has an initial heat flux from the temperature potential across

the boundary. This allowed for a simple relationship between the input variables and the output.

An important but relevant consideration is that quadrants containing the Octants #, (On)and

(n + 4) , (On . 4) are not symmetric, but rather the quadrants are symmetric with one another.

3.2.1.0ctant 1-4
Octant 1-4 receive a heat flux of magnitude related to the previous equation. To
appropriately engage this conceptually a balance between the heat out should match the heat in the

air volume elements of each octant. This is shown in the relationship below.

4, =49 +t49,t4;tq,

q,, = hAT, + AT, + AT, + h,AT,
AT = AT, = AT, = AT, = AT,

4, =(h+h, +h+h)AT

11



Now if we consider the change in temperature with respect to time, we get the relationship in
equation 3

Gy =(h +hy+h +h,)T 3)
Now recall that the heat in is dictated by the previous differential equation. Next an energy balance

on the octant 1 shell is performed.

E E -E

stored out
Eabsl + E'tegl + E‘abs16 + Etegl(, + Eair = qin,l - (qabsl + qtegl + qabsl(j + qteg16 + qmofl + qOH )
E = pcVT

4., =HT  where H = hA

Introducing the relevant relationships results in the output shown in equation 4.

air air

0 = q'inl (ZkT;eg +2k]:1bs +H TZZW KT:zbs) (2(pCV) bs T;zbs +2(pCV)te T (pCV) T )

qml (2kT;eg +2kTahv +H Tatr +K]-;zbv) (2(pCV) bs T;sz +2(pCV)te T ('OCV) air alr) (4)

Using Figure 5 for the abs allows for a single loop being generated.

12
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Figure 5. This is the octant Circuit diagram. Each line represents a parallel circuit each
parallel line represents a series circuit.

The abs line will be a similar approach but will only consider the main line and results in equation

S.

(pcV)Abs T, = Holz;ir - KT, ®))
Each octant will have terms that are similar with the only distinction made being the flux

at the input nodes being flux for the first 4 octants.
3.2.2.0ctant 5-8

In octant 5-8 shown in Figure 6. Using the same approach as Octants 1-4 a set of
correlation for the Octants 5-8 can also be asserted. This energy balance technique used previously

result in

13
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Figure 6. Lower Octant schematic showing Octant 5.

abs

0=H, T, -(2kT,, +2kT,, + KT, )~(2(pcV ), T +2(pc¥ ), T+ (peV),, Ty ) ©
This relates the input of Octant 5 with the octant geometrically above it which is Octant 1.
3.2.3. Top/Bottom Thermal Resistance loop

This thermal loop has two orientations related to variation of the thermal conductivity. The
thermal resistance for the control system will be the same as the bottom thermal conductivity. The

bottom surface is built to be geometric symmetrical with the bottom. Below both the insulated

surface and non-insulated surface thermal circuits are shown in Figure 7 and Figure 8.

14
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Figure 8. Insulated wall thermal circuit.

This circuit shown while it looks like a simple electrical circuit it is closer in computation
to the circuit shown in Figure 9. This circuit acts only through single section of the wall

with irregular materials and thus the wall circuitry seen in the following sections will be

more detailed. It must be noted that to consider the approach equivalent it must be

acknowledged the order of materials physically and the truly complexed interlaced

behaviors.
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Figure 9. Electrical Equivalent of the thermal circuit
Thus, by performing analysis on the individual loops and then we received the non-homogeneous

DE shown below. Where the homogeneous case occurs at the steady state temperature.

T, =T,~(CpuT+K,,.T)

mat,i mat,i

If the energy balance is performed at each point, the results are

7:)uzf = Tz"n - Z(Cmat,ijt" + Kmat,iY;)
i=1
If the approaches used for the octants analysis are used, then the correlation in equation 7

can be used for the insulated surface. Meanwhile, equation 8 may be used for the bottom

surface and the non-insulated.

T;lmb = T;n - (CplyTply,l + KplyTply,l ) - (CinsT;ns,Z + KinSYZns,Z ) - (CplyTply,S + KplyTply,3 ) (7)
];mb = ]—;n - (CplyTply,l + KplyTply,l ) - (CplyTply,3 + KplyTply,3 ) (8)

16



By implementing the heat transfer loop of the material, we can achieve a
relationship of heterogenous material shown in equation 9 and 10. This is achieved by

assuming the average temperature of the wall surface.

2 . 2
O=—-T7T,+—I, )
Cply K ply '
Q:(L+LJTIW{L+L]% 0
Cply Cins K ply K ins

3.2.4.Thermal electric conversion circuit
Thermal electric circuit energy balance is somewhat straight forward. First performing the
energy balance of a single tile, we can produce the output below given half joule heating electrical

loss and thermal conduction. This is shown in equation 11.

qzaThl—%IzR+KT (11)

q:aThl—%IzR+KT

Equation too is a meeting of two energy frames and using this relationship produces the electrical

power input for each TEG in the electronic circuit.
1,
E=alll,, ——1I,, R (12)

gen 2 gen

The resulting 16 tile circuit is shown in Figure 10.

17
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Figure 10. Thermal Electric Conversion Circuit

This circuit because of its uniqueness will be mentioned in the proceeding section to act

as a connection between the relationships and the power generation.

3.3.  Power Generation Circuit

The power circuit is a simple mathematical optimization. However, this does not indicate
that physical optimization will be simple. The case for the project in shown in Figure 11 with a
digital drawing of the breadboard circuit shown in Figure 12. The input however, at each node
requires consideration of the circuit in Figure 11. This circuit shows batteries powering a circuit
and small amount of power is being leached by introducing a large resistor and a diode. This

ensures the electrical power will maintain desired polarity. This voltage reading would be captured

18



in bits and then would be converted to a voltage. This approach does require dampening to ensure
that 5 V maximum is not achieved. The voltage drop can be recovered by considering it in the
voltage calculation performed by the microcontroller. This creates a potential for error that must
be acknowledged. The way the system is designed if the system deviates in any way from the

standard operation, then the microcontroller would need to be programmed with the new values

initialized.
To— o o o o ToO— o—
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Figure 11. Arduino Circuit Drawing
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Figure 12. Digital Drawing of the Arduino circuit connected with the TEGs
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Figure 13. TEG circuit diagram
The results of balancing the loops of the electrical circuit are shown below. This implies that after
the first voltage each proceeding voltage must be diminished to appropriately measure the voltage

produced. This is shown in equation 13.

AP:(V])teg,i_%(Ii)z R, (13)
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Using the standard loop law this equation represents the power dissipation or generation at the
various nodes. The reason this will helpful is it will achieve our power outputs for each TEG cell
quickly. There is one set of considerations be made to appropriately optimize the circuit. These
considerations are shown below.

R <R _ <...R,<R

This allows the circuit to seep the circuitry and overlay loops to perform further optimization. This
would be done by tuning the combined circuitry at the various nodes of interaction. To avoid such
complication the standard of large and progressively smaller resistances is used with the final
resistance minimized to maximize the power dissipation at the load resistor.
3.4. Combined system

The combined system while maintaining a number of relationships, was simplified in the
previous section to create common variables. These common variables would be represented to
values related to the energetic interactions. These energetic actions have behavior based on the
material properties.as long as each node is considered to be approaching some convergent point.
Thus, the bias array will be represented by the various coefficient for each variable. This can
then be used to compute the values of each measurement and was necessary in the setup of the
manipulation of the data collection systems. Each node is assumed to converge on common
nodes. The common nodes are the heating element power rating and the ambient air temperature.
approaching some convergent point. Thus, the bias array will be represented by the various
coefficient for each variable. This can then be used to compute the values of each measurement

and was necessary in the setup of the manipulation of the data collection systems. The combined
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system shown in Figure 14 (page 21) show the connections of the various components. Figure 15

(page 22) shows the expanded unique components.

Figure 14. Full Thermal Electric Circuit
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I

Figure 15. Full Thermal Electric Circuit with expanded components
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4. Experimental System

The initial experimental system is not covered due to a more accurate and a system that could be
more easily tracked. This completed system no insulated system shown in Figure 16 and the
insulated system shown in Figure 17 (page 22). The chamber is heated and all electronics capturing
the system are going through the simple circuit from Figure 12 with the batteries marked TEG
representing the thermoelectric components. The components can be seen in Figure 16 Labeled

TEC1-12706.

Figure 16. Non-Insulated System

This smaller system was designed after some unforeseen data noise was experienced in the

previous datasets. This simplifies each wall to be small enough to be treated as individual cases.
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The Thermal Electric Circuit for each wall is shown in Figure 18. The general premise from system
1 and system 2 is the flux proportions themselves are being manipulated. Thus, if the flux is
decreased through the top of the system some of the flux will be stored and provide a new set of
steady state conditions, however, the power increase is predicted to be disproportionate to the
temperature increase. The system operates simply by plugging in the power. The system as been

tuned to prevent temperature that are too high and are explicitly meant to explore the phenomenon.

Figure 17. Insulated System with Material Showing
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5. Simulations

To avoid difficulty associated with the computations, SIMULINK, a simulation
software, was utilized to perform the two test cases. This was done to verify the
theoretical observation made. This allows for a quick performance test to ensure that the

cases can hold true and that the changes will influence the way the heat flow occurs.

5.1.  Simple Simulation

The simulated system involved tuning related to the circuit relationships. As was shown
in equations 1-12 (pg. 10-20) there is a connection between tuning the thermal
conductivity and the electrical resistance to achieve an optimum. This difficulty was not
previously observed due to the control volume being centered around the TEG. This
proved quite a challenge. The reason for this is the simulation was considered at a steady
state. Therefore, the complete behavior is not observed until the transience in the fluid is
accommodated, as well as the tuning the resistance. To reduce this complexity is
impossible with standard resistance values, and more advanced circuitry knowledge
would be needed to fully address this obstacle. A picture of the test cases and only

optimized electronics are shown in Figure 18 (page 24).
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Figure 19 The simulated Steady State Signal of both Case 1 and Case 2

The left side of Figure 19 (pg. 24) is a single element and would symbolize the standard
system with cladded insulation system. If not correcting for the presence of the TEGs,
the system will operate at a lower temperature based upon this test. In Figure 19, the
modified system that uses insulation on the side. This should increase the internal
temperature which would show an increase in the internal energy. This would be easiest
to see by observing if there is a power increase. These are based on a steady state
operating condition. The simulation results at steady state conditions shows an
improvement in the simple system of just over 5%. This outcome justifies an additional

physical experiment to confirm practical application.
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Figure 20 The efficiency change based on the system being utilized.

This also proved to be the case with the more complicated mixed circuit. The

w

values however are lower by an order of magnitude with convective forces at 1 =5— :
m .

. The approximate mixed circuit power values typically resulted in a maximum 70 mW
of recovery per tile on average and reached up to 105 mW for the more advanced system.
The maximum power increase was about 5%. This was based upon the utilization of a
temperature controller to create an oscillating heat load on the thermal volume.

5.2. Simulation Based on Redesign

After receiving feedback from the initial design, a new simulation shown in Figure 21 on

page 26 can be seen. This simulation was produced to confirm the value received by the data
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collection in the newer simplified system. The approach was the same limit heat flux through the
individual tile cells. This simulation set up is shown below. This is for the non-Insulated set up

with only the thermal resistance value varying across the two systems.

Figure 21. Redesigned Simulation Setup

After running the simulation, the top wall TEG was tracked separately as the case for
power reduction and the all the other tiles contribute to power. The results in Figure 22 and
Figure 23 show the Voltage over time graphs. These graphs indicated that power in the insulated-

tile cell in the insulated system and the non-insulated system. Comparatively, it can be seen that
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the insulated system does successfully add dampening to the thermal system at that node by

making an exchange of fluxes.
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In Figure 24 and 25, the flux has been shown to decrease through the top TEG, and now the
voltage increase phenomenon is observed. The temperatures internally at each node were tracked
and are all the same. Thus, under normal conditions should produce the same power for each tile.
In other words, the single tile should be exactly % of the total given by the second node being

measured. This has been shown to be false and a new physical system tracking was necessary.
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6. Experimental Results

Using a data logger, the internal and external temperature was tracked, and the
electrical power generation of each tile was measured. The average internal temperature
of the system was tracked using several data sets, and these sets performed consistently
with only slight data noise. The noise in the data set was permitted due to small quantities
being computed, in order to mitigate the prediction that the data sets would unreasonably
smooth. In Figure 26 and Figure 27 (pg. 31) the resulting plots of a random sample was

generated from the data sets of three hours of 0.25 second time steps.
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The purpose of the energy relationship is to ensure an increase in energy along

with the increase in power. This implies that we increase the heat flux through the TEG

array while reducing the energy losses to surroundings.
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Figure 27. Control System Temperature Plot

Then by using the material properties[9][3][6] shown in table 1 above, and the

geometric properties shown in table 2 (pg. 32),

Table 1 Material Properties of the System[9][3][6]

k p A A C

Material w kg \ , kJ
(m*k) | W m m (kg k)

ABS 0.175 0232 | 6.74E-04 0.0071 1.17
TEG 0.175 770 6.27E-06 0.0016 0.15
Insulation 0.63 0.98 4.24E-03 0.00016 0.81
Plywood 0.833 0420 | 4.24E-05 0.0167 1.20
Air 26.1 1.15 1.98E-03 0.0144 0.72
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Table 2. System Geometric Properties

Wall

Basic Shape Hole Dividers

Height [Width  |Thickness Height [Width  |Thickness Height [Width  |Thickness
1292 1292 9 39.6 39.6 9 40 20 7

Area Quant  |Volume Area Quant  |Volume Area Quant  |Volume

Area Volume

Wall Air Tile Divider NetABS Wall Air Tile Divider [Net ABS

0.016693| 0.014448| 0.00156816( 0.0008 0.007093 0.00015| 0.001978| 6.27€-06| 1.6E-06| 0.000131

by tabulating the change in energy over time, a measurement of the relationship between
power and internal energy can be observed.

This internal energy is proportional to the temperature, and the power is
proportional to the temperature difference across the boundary. Careful observation
reveals that the experimental system has an internal energy that trends higher (i.e., has a
higher temperature). A condition for application is that in our case the system energy trend
must be higher. Thus, this confirms the condition has been met.

To track that models’ performances of the individual models, the power plots
were generated and then a logarithmic regression line was found for each. The distance
between the logarithmic regression lines would indicate an effect caused by the approach.
It can be seen the results provide a divergence from the standard power generation of
Case 1, shown in Figure 28 (pg. 23). The comparisons of the early transience power
generation are also shown in Figure 29 (pg. 23). This looks similar to Figure 1 (pg. 3),
which helps verify that the system is generating power properly. The value at peaks

shows a ~40mW and ~50mW for Case 1 and Case 2, respectively.
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Figure 29. Power Graph for Transient Conditions

While our initial data set was promising it showed some slight concerns. These concerns
were rectified by simplifying the phenomenon present in the system. These restrictions used
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methods such as a smaller air cavity and more physical contacts where air gaps are present. The

data, plotted in Figure 30
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Figure 30. Power TEG 1 Cell Versus Insulated TEG

correlates the power generations of the system. This in fact does show a strong correlation in the
change and the power production, however, it is not a one-to-one change and thus confirms the
hypothesis. This power production appears to be a linear increase as function of power which is a
function of temperature. However, the internal temperatures of the system are almost identical and
thus we can neglect the temperature driven heat exchanges and thus conclude the flux changes are
the primary increase.

These relationships are shown through time using the simplified system in Figure 31. The results
show a power production difference in the new tile element while them temperatures are the same.
This supports the hypothesis that redirecting the heat rather than preventing it entirely might be a

more useful endeavor.
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Power versus Time
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7.  Conclusions

Based upon the initial data sets and the theoretical considerations, the hypothesis
appears to have a basis in practical application. However, because the data was a little bit
abnormal and given the low values a new set of tests was conducted while considering
the flow through a specific region and whether or not it could be shown to be increased.
These results were shown to have a positive correlation.

This had some behavior that was not foreseen and thus a new approach was
considered which simplified much of the potential complications. This simplification
shows a change in the behavior that is not one to one and thus it can be stated that there
seems to be some benefit. Further research could be done to optimize the various
parameters and sizes to discern the ration of cladding to tiles and the optimum quantity of
power producing regions. This would require a parametric study of large magnitude to
fully take advantage of this particular design.

The initial assertion has been met. The many obstacles throughout the course of
the research made certain approaches unachievable in the given span of time. The
outcome shows a small increase of power across all tiles and each tile receives a small
percentage of the losses experienced from the insulated side. This resulted in a list of
several design concerns that could be added to, or modified, to improve the concept. One
consideration would be to promote additional heat transfer through the generators using a

heat sink on the TEGs. Another approach, that is much harder given limited experience,
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involves tuning the electric circuit to synchronize with the heat transfer direction and
magnitude such that the thermal resistance equivalent is equal to the thermal circuit. This
would be achieved by using air flow sensors connected to a switch designed to modify
the resistance value based upon the local air velocity. The final consideration is
designing a system that makes full use of all fixtures, such as walls, pipes, burnout
valves, and any other fixture that emits heat and can have a TEGs practically integrated
with it. This research hopes to give groundwork for more complex cases for future
research. These complicated cases could involve highly advanced and versatile TEGs,
such as flexible TEGs[15], micro[9], and nano[5] TEGs. These advanced devices would
allow for the optimization of the ratio of generators versus insulation. Thus, using TEGs
and thoughtful thermal fluid design in a highly versatile electrical system can be

achieved.
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