ISSN (0): 2393-8609

International Journal of Aerospace and Mechanical Engineering

Volume 8 — No.2, September 2021

Experimentation of a TEC-Module Cooling System using
Regenerative Braking with Model Based Approach

Debarupam Gogoi
Jorhat Engineering College
Mechanical Engineering
Department
debarupam@gmail.com

Akshay Kalul Saikia
Jorhat Engineering College
Mechanical Engineering
Department
aksaikial2@gmail.com

Anupjyoti Burhagohain
Jorhat Engineering College
Mechanical Engineering
Department
agohain00@gmail.com

Manisha Kardong
Jorhat Engineering College
Mechanical Engineering
Department
kardongmanisha82@gmail.com

Subhajit Sen
Jorhat Engineering College
Mechanical Engineering
Department
subhajitsen3214@yahoo.com

ABSTRACT

Conventional air conditioning system in four-wheeler vehicle
consumes significant amount of fuel to run its motor. Keeping
this in view, we designed an analogue working model for
converting the energy otherwise lost due to friction in
conventional braking into an electrical energy that can be
stored in an ESD (Energy Storing Device) for running a
thermoelectric cooling system. The model is mainly designed
keeping in aim for four-wheeler vehicle to use the
regenerative braking to run an air-cooling system inside of
that without consuming extra fuel. Main work is divided into
two stages, in first stage two roller brakes of diameter 3.2 cm
and mass 0.075 kg each work against the rotating brake-drum
of mass 1.3 kg and 14.6 cm diameter connected to a 1500 rpm
and 0.75 H. P motor to convert the rotational kinetic energy
into electrical energy by a dynamo of 6v. The variation of
voltage due to application of brake at different rpm is
validated by an oscilloscope. 0.18-amp current can be
achieved around 23 v at 900 rpm of brake drum. In second
stage of work, the energy is used from the ESD by the
thermoelectric cooling device consisting of two sandwiched
thermoelectric modules of 12v and is applied in a 1.2 cubic
meter closed chamber. Result shows, temperature inside the
chamber drops markedly from 40.8 degree Celsius to 28.4
degree Celsius within 3.6 minutes. COP of the system was
found to be 12.02.

NOMENCLATURE

Moment of Inertia of Brake Drum [kg-m?]
Moment of Inertia of Roller Brake [kg-m?]

NP

Cy Specific heat of air [kd/kg. K]

d diameter of the shaft [mm]

m Mass flow rate of air [kg]

N R.P.M of shaft

R Resistance of Heat Sink [°C/W or K/W]
SMPS Switch Mode Power Supply

TEC Thermoelectric Cooling

COP Coefficient of Performance

Vinax Maximum Voltage

Minimum Voltage

Mass of Brake Drum [kg]

Mass of Roller Brake [kg]

Mean radius of Brake Drum [m]

Mean radius of Roller Brake [m]

Torque Transmitted [N-mm]

Shear strength of shaft material [N/mm?]
Power transmitted to shaft

Angular velocity of Brake Drum [rad/sec]
Angular velocity of Roller Brake [rad/sec]
Kinetic Energy of Brake Drum [Joule]
Kinetic Energy of Roller Brake [Joule]
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INTRODUCTION

Regenerative braking and thermoelectric cooling are two
methods of conversion of energy into some useful effect from
economic point of view. Regenerative braking system may be
used to convert rotational kinetic energy into electrical energy
and on the application of electrical energy, thermoelectric
module can give cooling effect. Till now, regenerative vehicle
has found its major application in electric vehicle and some
hybrid vehicle. The consideration of regenerative braking in
improvement of energy efficiency for electric vehicle has
been discussed with two different evaluation parameters by
Chen Lv et al. [1]. For improving regeneration efficiency, a
modified control strategy has been carried out on design and
control of a regenerative braking system for a rear driven
electrified minivan and compared the outcomes with a
baseline control strategy [2]. Another modified control
strategy of regenerative braking on a method of braking
intensity was developed and found to be effective on
consideration of various slope road condition [3]. A dual
control strategy [4], with bi-directional cascaded converter
can increase the power stored during braking by 2.5 times and
vehicle comes to a faster halt in comparison to existing
control strategy. Regeneration Factor = Energy recovered to
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the battery during braking/Total braking energy, can be
measured by reinforcement learning method on fuzzy logic
model for regenerative braking [5]. It is necessary to analyse
the potential for energy regeneration in cars and therefore
similar study shows detailed data set representing individual
car movements including elevation of a normalized vehicle
model [6]. Considering energy transfer and hybrid energy
distribution strategy with battery and ultra-capacitor, an
optimal power allocation strategy may be developed to
improve recovery and utilization efficiency of regenerative
braking [7]. Here, ultra-capacitor is a rechargeable energy
storing device utilized to transmit high current on acceleration
and capturing regenerative braking on deceleration and during
braking [8]. The regenerative energy may also be maximised
by transmission downshifting. Results shows that 10.5 to
32.4% more energy conversion of regenerative braking can be
obtained with downshifting [9]. Moreover, both up and down
power shifting together may improve the efficiency and
recovery capability during regenerative braking [10].

Now, on the other hand; if voltage is applied at the junction of
the TEC module, current will flow around the circuit causing
one junction to heated up and the other cooled down. This
principle on which thermoelectric cooling works is known as
Peltier effect [11]. While designing a Peltier cooler by
experimental analysis [12] of effect of air and water
parameters on exergy distribution and thermodynamic second
law performance, it was found that thermoelectric cooler is
suitable for warmer weather regions than moderate climate.
The basic concept of thermoelectric and its recent material are
coming to focus under research area such as application of
thermoelectric module and generator with structure
optimization for low temperature recovery, heat resource and
application of thermoelectric cooler including thermoelectric
model [13]. Again, for building space cooling operation, a
numerical model for the thermoelectric cooling system has
been developed [14] where normal current pulse operation of
the thermoelectric cooler is modified by adding pulsation of
heat transfer coefficient of hot side to it. Moreover, improving
performance of TEC module has been a continuous effort of
the researchers in this field. The Performance enhancement is
also dependent on thermoelectric geometry and parametric
optimization of the module [15]. In a study, the maximum
cooling capacity, temperature difference, and co-efficient of
performance can be markedly improved in two segmented
thermoelectric  coolers  [16]. Also, tubular  shaped
thermoelectric module shows better performance than flat
shaped one. Similarly, cooling capacity and coefficient of
performance may increase up to 35.73% and 21.59% in a non-
constant cross section thermoelectric cooler [17, 18]. Again,
in some special cases, cooling performance may be enhanced
by using radiative sky cooler [19] on both heating and cooling
sides of the thermoelectric module to increase additional
cooling power and heat dissipation respectively. Like Peltier
effect, Thomson effect has also considerable effect on cooling
performance of micro thermoelectric cooler [20] while
considering interfacial and size factor. The positive Thomson
coefficient may slightly increase the cooling performance of a
thermoelectric device [21]. On the other hand, position of the
thermoelectric module inside the cooler and number of
modules has vital role in cooling performance. It was found
that wall position is most effective as compared to the other
positions like, top, bottom or middle inside the cooler [22].
Similarly, a two-jointed thermoelectric module has better
cooling performance than a single one. It has been shown in
the study that six-jointed modules have 100% higher
coefficient of performance than two-jointed modules [23] for
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the same input electrical power. In this project, two-jointed
thermoelectric module has been considered enough for two or
four seated vehicles.

1. METHODOLOGY

A thermoelectric cooling model is developed for a four-
wheeler vehicle which will be run by regenerative braking
power from the vehicle without consuming any extra fuel. The
performance of the model is investigated at two stages:
regenerative braking unit and thermoelectric cooling unit. In
first stage, the energy lost due to application of brake is
converted into current and the e.m.f generated is validated by
an oscilloscope. In second stage of work, the stored electrical
energy is being utilized for cooling effect by two TEC plates
inside a chamber and temperature dropped is recorded. The
procedures adopted for the work from beginning to end is
reflected in the Flow-chart shown by Fig. 1.
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Figure 1: Flow Chart showing the methodology of work

2. EXPERIMENTAL SET-UP

To conduct the experiment, a test model was set up as: A
frame (80x29.5cm) is made through welding process and it
includes two stands of height 43cm to carry the two bearings.
A shaft passes through the bearings and is fitted to the brake
drum of 14.6 cm diameter and mass 1.3 kg. The shaft is
coupled to the shaft of a motor (1500 rpm, 0.75 HP) through
clutch coupling. Roller brakes made of P.V.C are used of
diameter 3.2 cm and mass 0.075 kg each. Dynamos of 6v are
fitted to the roller brake shafts to produce the current during
brake application. Two 12 V TEC plates are sandwiched
between two heat sinks with the help of thermal grease. A
suction pipe with fan fitted at one of its ends is fixed in such a
way that the air sucked in from the atmosphere strikes the
cold side heat sink. Fans are also used to discharge the cold
air from the chamber. The cooler is insulated with the help of
Styrofoam. A chamber of 1 cubic meter is used as cooling
space to analyse the working of the cooler. Fig. 2 shows the
first angle projection view of wire-frame model and isometric
view of solid model of the prototype.

MODIFY
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Figure 2: Schematic of the Test-Model
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Figure 3: Experimental set up of regenerative and
thermoelectric unit
The model mainly consists of two units: 1) Regenerative or regenerative unit consist of motor, shaft, coupling, Brake
braking unit and 2) Thermoelectric or cooling unit. The drum, Roller brake, Dynamo and ESD. The thermoelectric



unit comprises of ESD, SMPS, Heat sinks, TEC modules,
cooling and exhaust fans etc. Detailed connection between the
two unis is shown in Fig. 3

The materials and specification of the parts used in the actual
model are listed in Table 1

Table 1: List of materials used in fabrication and assembling
of the model of our project.

sl . . No
no Name of items Specification of
parts
1 | Brake drum 14.6 cm 1
2 Shaft 20 mm 1
3 | Bearing 20 mm U.C bearing 2
4 | Jawcoupling | - 1
5 | Motor 1500rpm,0.75hp 1
6 | Roller brakes | 3.2cm 2
of P.V.C
Dynamo
7 | T.E.Cplate 6V 2
8 Heat sink 12v 2
9 Fans 85.4mmx85.4mmx41.5mm | 3
10 | P.V.C pipe 12V,13 A 4
11 | Cardboard - 1
12 | Styrofoam 31mmx37mmx17mm 1
13 | ESD - 1
14 | Transformer | 12V 1
15 0-12 Ma 1

2.1 Regenerative Unit
After fabricating the models, we carried out the required
experiments to find out the energy recovered by the use of
regenerative braking and the cooling capacity of the thermo-
electric cooler. For determining the energy recovered, the
mass and diameter of brake drum and roller brakes were
measured in order to find out the moment of inertia of each.
The brake drum and the roller brake can be
considered as a general rigid body constituted with ‘N’
numbers of particles and rotating about an axis. Let r; be the
radius of i"" particle from point ‘O’ as shown below:

+ o
L= m; = Mass of i"" particle
P ™, n = Unitnormal
I 4
I' i Particle
I|
\
b
O
N :
'\.\‘ E
\'.
) ||
\ /
\"-. "

Axis of Rotation

The moment of inertia for the rigid body about its axis of
rotation can be expressed a
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Here, (r; x n) is the perpendicular distance of the i particle
from the axis of rotation. Now, moment of inertia for the
brake drum and roller brake can be written in the form:

For Brake Drum,

1= 0.5MR’ @)
For Roller Brake,

I, = 0.5mf? (3)
The motor runs the driving shaft and thereby the brakes drum
which varies in between 100 - 900 rpm. The speed of roller
brake and voltage as well as current generated by the dynamos
were noted down with multi-meter (VOM) and digital
tachometer. The kinetic energy of the brake drum and the
roller brakes can be found out as follows: Referring to
the rigid body above, the kinetic energy of motion of a system
of particles is defined by,

Mg = 0.5 ¥;ym; v} (4)

Here, v; is the linear velocity of the i particle relative to
point ‘O’. From vector geometry,

v = 5’ X Ti (5)

So, Eqg. (4) can be re-written as:
HK =0.5 Zml— V. (W X Ti)
i

=05Ym . Xv;) (6)
Little rearranging Eq. (6), we find that;
My = 05w .[X;m; (1r; x v)]
=05w.L (7
Where, L is the linear momentum vector about point ‘O’ and
it is written in terms of moment of inertia tensor I and @ as,

L=%Yim( xv) )
=Xim; [ X (@ x1;)]
=imy [@rf = (r.d)r] €)
=Zim [ —r(n))a@ (10)
In terms of components of vectors,
L=iLy+jLy+kL, 11)
From Eq. (9),
L=3Ym [(iwe +jwy + ko) — (1. @) (x; +
Jyi + kz)] (12)
Emphasizing the linearity by introducing Ly , Iry , Iz + Lyx

Iyy ’ IyZ ’

can write:
Ly = Ly, + Ixya)y + L ,w,

and I, , I, , I,, ; from equations (11) and (12) we

Yy

Ly = Lywy + Lyw, + [0, (13)
L, = Liywy + Lywy + 1,0,

In matrix form,

Lx Ixx Ixy Ixz Wy
Ly )=|bx Ly Iy (‘*’3/> (14)
Lz sz Izy Izz Wz

or, L=13 (15)

So, angular momentum of brake drum and brake can be
written as:

Ly  (for brake drum) (16)

And Lo (for brake) a7



From Eq. (7), kinetic energy of the rigid body is

g =05w.1.a

=0.51 &? (18)

Now, the expression for kinetic energy of brake drum and
roller brake may be written as,
For Brake Drum,

Mg, = 0.5 Lo? (19)
For Roller Brake,

Mg, = 0.51,0? (20)
Figure. 4 shows the regenerative unit in which, how the
essential parts were assembled and connected with each other
is shown.

S
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Figure 4: Regenerative unit showing the assembled parts
connected with each other.

Total kinetic energy of the two roller brakes:

2, 051,02 (21)
Since the roller brakes were initially at rest, the kinetic energy
of the brakes must have been derived from the drum after the
application of the brakes. Fractions of energy recovered were
calculated thereafter.

Highest speed to be analysed = 1000 rpm.

Ox60
Torque generated, T = —
2nN

i.e. T=(60%x559.275)/ (2nx1000)
= 7=5.340 Nm =5340 N-mm

(22)

Now,

Shear strength of mild steel, 1 = 240 MPa = 240 N/mm?,
assuming factor of safety to be 4,

Permissible shear strength of mild steel, A= 240/4 = 60
N/mm?

So, shear strength of mild steel,

_ let
A= e (23)
=d =7.68 mm
So, standard shaft diameter = 10 mm as per Design Data

Handbook [24].
Mass of the drum = 1.3 kg, Diameter of drum = 0.146 m,
Radius =0.073 m
M.1. of drum, from Eq. (2)
1,= 0.5MR’
=0.00346 kg-m?
Mass of brakes = 0.075 kg each, Diameter = 0.032 m
M.1. of brakes, from Eq. (3),
I, = 0.5mr?
=3.84 x 10 ® kg-m?.
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At 100 rpm of Brake Drum, RPM of brake,
o =24 (24)

T

2.2 Results, Discussion and Verification
(Regenerative Unit)

Rotational K.E. of the Drum, from Eqg. (19)
HK,I = 0.5 Il(bz
=0.189J
Rotational K.E. of Brake, from Eq. (20)
HK,Z = 0.512(‘1)2
=0.0437J
The following Table 2 is prepared throughout the process at
nine different rpm of brake drum ranging from 100 to 900 at

an interval of 100 rpm.

Table 2: Rotational K.E. of Brake Drum and brake at different
RPM of Brake Drum

RPM Rotational Rotational Percentage
(Brake K.E. K.E. Energy
Drum) (Drum) (One Brake) Recovered
100 0.189 0.0437 23.12

200 0.757 0.175 23.11

300 1.705 0.394 23.1

400 3.03 0.70 23.10

500 474 1.094 23.08

600 6.822 1.58 23.16

700 9.284 2.15 23.15

800 12.12 2.8 23.1

900 15.35 3.55 23.13

Again, nine samples of angular momentum of brake and brake
drum against their r.p.m, using Eq. (15) and Eq. (24) have
been shown in Fig. 5 in time and frequency domain analysis.
The normalized frequency is in log scale and magnitude is in

Time domain Frequency domain
1 T
Leskage Factor 1051%
~ 16| Pehwndzlnhemmvuﬂl
El T Miclobe wid(-5): 023638
H 14
2w 4
g b EeizDrm
£ / 1
F3 s
g ER
B ED
£ =
8
C=/ 0.
20 % $
]
2 Bde 04
] > 7 K
g PP /
<
/’ by e \'\_,-\_,_
2 9 7 08 05 04 02 0 a2 04 06 08

3 4 5 6 7
Samples (Against RPMvalies) Normalized Frequency (ot rad/sample)

Figure 5: Angular momentum of brake and brake drum in
time and frequency domain analysis

The distribution of angular momentum of the roller brake
which have significant contribution in braking has been
shown in contour plot with corresponding best surface fit
model (poly13) in Fig. 6.
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Figure 6: Distribution of angular momentum of brake against
different rpm of motor shaft and corresponding surface model.

The energy stored in the battery is proportional to the energy
recovered during regenerative braking. The regeneration
factor may be defined as the ratio between the energy
recovered to the battery and the total braking energy. The
graphical representation of results listed in table 2 to show
percentage of energy recovered when rotational kinetic energy
is transferred from brake drum to roller brake is shown in Fig.
7 below.
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The distribution of energy recovered as a function of kinetic
energy of brake drum and brake has been shown in contour
plot and its corresponding surface fit model with bi-harmonic
Interpol function (no residual). Plot is shown in Fig. 8.

This recovered energy is converted into current by the
dynamo with induced e.m.f. Before carrying further
investigation, the voltage generated was checked by multi-

RPM vs. Rotational KE of Brake Drum and Brake
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Figure 7: Rotational K.E. of brake Drum & Brake vs. RPM
of Brake Drum and Percentage of Energy Recovered

The diverging gap between the rotational kinetic energies of
brake drum and brake shows how much useful energy has
been wasted as frictional or heat energy and other ways. On
the other hand, plot (inside window) shows optimal energy
recovered by one brake unit is around 600 rpm of motor shaft,
assuming no torque lost during transmission to brake drum.

meter and further validation were done with an oscilloscope.

During the test in oscilloscope, it has been found that a
varying current is existing in the oscilloscopic graphs. This is
because as we apply the brakes, the speed of the brake drum
goes on changing and hence the speed of the dynamo shaft
rotation also changes. At higher speed higher voltages are
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Figure 8: Plot showing energy recovered during regenerative
braking as a function of K.E. of brake drum and brake.

found to develop due to the very same reason. The Vmax, Vmin
for different RPM are shown in the graphs itself in Fig. 9.
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Figure 9: Oscilloscopic Graphs of Voltage at Different RPM
of Motor Shaft

The measured value of voltage in volt and current produced
(Amp) by dynamo at different RPM of Brake Drum and Brake
are listed in Table 3.
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Table 3: Rpm of Brake Drum and Brake vs. Current and
Voltage

Rpm Rpm Curr
(Brake Drum) (Brake) Voltage ent

100 456.25 4.7 0.1

200 9125 6.1 0.11
300 1368.75 10.3 0.11
400 1825 117 0.13
500 2281.25 16.4 0.14
600 27375 17.4 0.14
700 3193.75 18.5 0.14
800 3650 19.4 0.16
900 4106.25 23.6 0.18

The graphical representation of voltage generated at different
RPM of brake drum and brake can be compared in Fig. 10
shown below.

RPM of Brake Drum vs. Voltage generated
T T

. RPM of Brake vs, Voltage Generated

Voltage generated
T

Voliage Generated

0 1000 2000 3000 4000 5000
RPM of Brake
| | I |
foo 200 300 100 500 600 700 500 900
RPM of Brake Drum

Figure 10: Voltage generated by terminals at different RPM
of Brake drum and Brake.
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Similarly, current produced by the dynamo at different RPMs Also, contrary to energy recovered; current production is
of Brake and Brake drum can be compared in Fig. 11. showing constancy from 500 rpm to 700 rpm although voltage

RPM of Brake Drum vs. Current produced

0.18
\ \ \ | \
RPM of Brake vs. Current Produced
018 s
017 017 / 1 |
016 ]
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016 = -
o S0 . .
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Qs 0.12 P -l
> Y y
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S 013 =
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=
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0.11 -
01 \ | \ \ |
1 400 500 600 700 800 900
RPM of Brake Drum

Figure 11: Current produced at different RPMs of Brake

drum & Brake
generation is regular. This may happen on account of fault

The total energy recovered by the two brake units can be insulating or miss-contact of commutator brush of the
determined using Eq. (21); but instead, current converted by dynamo. Distribution of current as a function of rpm of motor
Contour Plot Surface Fit

T T T T T

=
=)

e
-

Current produced
o

Voltage generated

0.05

100 200 300 400 500 600 700 800 900
RPM of Motor Shaft
Figure 12: Plot showing current distribution against RPM of
motor shaft and voltage generated by dynamo

dynamos are showing highest at 900 rpm as seen from Fig. shaft and voltage generated by dynamo has been shown in
12. contour plot with corresponding surface fit model in Fig. 12.



From Table 2 and Table 3, a comparative study between
rotational kinetic energies of brake drum and brake with
voltage generated at different RPM of brake drum can be
done. Similarly, rotational kinetic energies of brake and brake
drum for current produced by the dynamometer at different
RPMs of brake drum can be shown in Fig. 13

Time domain
25 T T

20t

Amplitude

Current produced

Samples (100 rpm increment/sample)

Figure 13: Comparisons of Rotational KE of Brake & Drum
with Voltage & Current at different RPMs

Again, Distribution of current as a function of kinetic energy
of brake and voltage generated by dynamo has been shown in
contour plot with corresponding surface fit model (poly22) in
Fig. 14.

Contour Plot

=
o
T

=

Voltage generated
=

i L

1 15 2 25
Rotational K.E. of Brake

Figure 14: Distribution of current against rotational kinetic
energy of brake and voltage generated by dynamo.

The voltage generated and current produced may also be
validated by using ‘Karl Pearson’ model. Here, the coefficient
of correlation is determined by:
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_ S i
"= Teren @)
Here, V=V - mean and [= | — mean, and value of correlation

coefficient is found to be 0.96.
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2.3 Cooling Unit

The 12 V, 10 A SMPS gets D. C voltage from the ESD. The
connection is shown in Fig. 3.

Surface Fit

Current produced

The output of the SMPS is connected with cooling fans, TEC
modules, exhaust fans, thermocouple, switch etc. All positive
connections are assembled together (red wires) and connected



to positive terminal. Similarly, all negative connections (black
wires) are collectively attached with the negative output
terminal of the SMPS as shown in Fig. 3. Relationship among
different parts of cooling unit is shown in Fig. 15. For finding
appropriate TEC module in thermoelectric cooling, factors to
be given importance are:

The temperature of the cold side of the TEC is T, to
which the object to be cooled comes in contact with. Here the
object is air inside the car and has to be cooled when passed
through aluminium heat sinks.

The hot side temperature (T,) is mainly the temperature of the
ambient air in surroundings to which heat is being rejected.

The difference between the two temperatures T, and
Th is noted as AT which should pose much accuracy for
operating the cooling system in desirable range. The equation
of AT is written as:

AT =T, —T, (26)

Similarly, system AT may also be expressed in terms of
temperature difference between ambient and load to be
cooled.

The amount of heat to be removed or absorbed (Q.)
by the cold side of the TEC is expressed in terms of mass flow
rate of air, specific heat of air and temperature difference.
Here the temperature difference is system AT

Qc = mC,AT 27)
The hot side of TEC plate require heat sink to dissipate the
heat. For a set of ambient temperature and cooling load
temperature, thermal resistance of heat sink could vary the AT
and thereby could increase the current flow across the TEC.
Thermal resistance is a measure of the capability of heat sink
to dissipate heat. Thermal resistance may be expressed as:
R = TntD (28)
Qn

R is the thermal resistance (in °C/W or K/W) Expression for

heat load into heat sink is given as:
Qpn=0Q,+PF, (29)
B, =1V (30)

ESD
COOLING UNIT

Cooling Fans
(2 nos.,12V,
2200 rpm)

o (Tu—AT) \ =
Qn | Heat Sink
12V, 10A
Qn = Qu+ Py ‘ Hot Temperature (T}) s
P, =1V ‘ ~
=
TEC-12706 |
Plate, 2nos. = =
(6A, 12V DC) 7
5

Cool Temperature (T.)
Q. = mC,AT

e
I Thermocouple |

-~ | ON/OFF
Switch

Cooled Air

Figure 15: Relationship among different parts of cooling unit.

The product of required voltage and current may
determine the power of TEC. Temperature control which is
generally based on cold side for a cooling system, can be
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maintained by incorporating a thermostat included on-off or
control technique.
For determining the cooling capacity of the thermo-

electric cooler, we take a chamber of 1.2 cubic meter as the
space to be cooled. We insulate the chamber using Styrofoam
and attach the cooler with the chamber. In order to increase
the temperature of the chamber we combust coal inside the
chamber till the temperature inside reaches 40.8 degree
Celsius. After the temperature has been raised to a desirable
level, we take out the coal from the chamber and switch on
the cooler. The corresponding drop of temperature of the
chamber with respect to time and temperature drop of heat
sink with respect to time is noted down. The heat transfer rate
and the COP are calculated.

2.4 Results, Discussion and Verification
(Cooling Unit)

Table 4 is prepared to list temperature drop against time in
sec.

Table 4: Temperature drop in chamber, body and heat sink
with respect to time

Samples | Time(sec) g?;lgb °r ifg‘ Sjﬁt
1 0 40.8 38 23.6
2 10 39.8 37.6 20.1
3 20 38.5 36.8 18.8
4 30 37.3 36 18

5 40 36.1 35.2 17.5
6 50 35 34.4 17.2
7 60 33.9 33.7 16.9
8 70 33.1 324 16.8
9 80 32.4 32 16.7
10 90 31.8 314 16.7
11 100 31.3 30.8 16.7
12 110 30.8 30.3 16.7
13 120 30.5 29.8 16.7
14 130 30.1 29.4 16.7
15 140 29.8 28.9 16.6
16 150 29.6 28.6 16.6
17 160 29.5 28.2 16.6
18 170 29.3 27.9 16.6
19 180 29.2 27.5 16.6
20 190 29 27.2 16.6
21 200 28.9 26.9 16.6
22 210 28.8 26.5 16.6
23 220 28.4 26.3 16.6

The chamber temperature is measured by incorporating a
thermometer inside of it. The body temperature is measured
with a thermocouple attached to the A.C exhaust fan as shown
in Fig. 3. The noted temperature drops listed in table 4 against
time, have been graphically uploaded in Fig. 16 to give a
better picture for understanding.
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Figure 16: Plot showing temperature drop of chamber, body
and heat sink against time in sec.
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Figure 17: Surface and Contour plot for best polynomial in
chamber and body temperature

From experiments of cooling unit, the chamber temperatures
reading (by a thermometer) are not much differ from the
recorded body temperatures (by a thermocouple connected to
exhaust fan) as seen from Fig.16. The minimum heat sink
temperature is limited to 16 degrees Celsius.

The chamber temperature and body temperature are
compatible with best surface fit in 3™ and second order
polynomial in ‘X’ and ‘y’ values. Fig.17 shows the surface fit
and its corresponding contour plot.

2.4.1 Determination of COP

Temperature of the plate when cooled, T, = 16.7°c.

[ = B - B =)
< < < =1 =1
l

b

Chamber Temperature
(=]

15-

1 1 1 Il 1 Il 1 1
Y01 02 03 04 05 06 07 08 09
Normalized Frequency (xm rad/sample)

Surface Fit

ngcﬁ

e

Temperature of the hot chamber, T, = 40.8 °c.
Coefficient of heat transfer for air, h = 100 W/m2 °c.

Heat transfer per unit area, g = h(T, — T,) (31)
= 2410 W/ m2,
Coefficient of performance of the cooler,
p— TD
COP= ) (32)
=12.02.
3. Conclusion:

Because of very little difference between body temperature
and chamber temperature (Fig. 16) and markedly temperature
drops from 40 degrees Celsius to 28 degrees Celsius within
four minutes inside a 1.2 cubic meter chamber, the concept
may be applied in practical situation. We have selected the 12
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Figure 18: Plot showing cooling and heating temperature
inside the chamber versus time

15

V, 10 A SMPS, as the input power source (D.C) from the
ESD and enters the high frequency switch without passing
through the rectifier in it. Similarly, the reason for using roller
brake in our prototype is that, it is convenient to assemble
with the dynamo. We are concentrating on combination of [2
experiments through regenerative braking to thermoelectric
cooling. In our actual model, there is also setup for heating the
chamber with a heating element. Heating the chamber with
filament results in raising the inside temperature from 28.4°C
to 33.3°C in 3 minutes 40 seconds as shown in Fig. 18. The
plot is modification of Fig. 16. [3]

A maximum of four and minimum of two brake drums
can be utilized in a four-wheeler vehicle for more current
production as compared to a single brake drum in the [4]
prototype model.
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