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Abstract - As we know that, the future of the Automobile
industry is Electric so, now all automobile companies are
working on their Electric vehicle versions. For the comfort of
the passenger, AC works on an Electric compressor in EV.
But as per the study, EV Compressor consumes more electric
energy, which affects battery efficiency and directly on
vehicle performance in terms of average Km/charge.

During the study, we are optimizing the design by
adding the Peltier's & analysis on the AC unit to achieve the
required Airflow by using CFD analysis, material selections
study, Design of heat sink, CAE & vibration analysis for AC
unit & Peltier unit.

We are trying to integrate this system for Electric
Cars as there is no refrigerant used since no compressor is
required.

Keywords: AC un
1.Literature Survey -

Pankaj Ratnaparkhi & Nikhil Hajgude has done Design
optimization & analysis of the Air Conditioner by using the
Peltier effect. The CAD model done in CATIA and Analysis
was done in ANSYS under similar loading conditions for
parameters like deformation, stress, Normal stress,
Simulation done in the Heat load calculation sheet for
deciding the Airflow, Performance & capacity, etc. We have
compared Conversional AC & Electric Peltier AC for an
application of automobile & domestic purposes.

2.Problem Statement-

We had studied the performance of EV vehicles, Where the
vehicle runs on battery power. In the same, vehicle for
passenger comfort AC/ HVAC unit works on batteries by
using.

The electric Compressor is the replacement of the
mechanical Compressor.

Normally, The Compressor takes almost 20-25% of total
power to perform the AC, And as in EV’s compressor works
on HV & LV from batteries. So to reduce this consumption in
a vehicle is important for Vehicle high / long range.

We are researching to optimize the existing AC system by
designing the AC with a Peltier effect.

Fig. 1 Conversional AC & Electric Peltier AC
Comparison

3.Introduction: -
Basic Concept & methodologies used: -

We are designing the AC system & optimizing it by using
Peltier plates. We are adding the Peltier plates, Heat sink &
cooling tank instate of the Evaporator unit from the existing
AC system.

In the Peltier effect, plaiter plates having two faces/surfaces,
one gets- cools & one rejects the heats. We are taking the
cooling energy from the paltrier & heat energy needs to
rejects into the environment.

We designed the Peltier unit with Peltier plates, Heat sink &
water tank. The heat sink absorbs the cooling from Peltier &
we are allowing the air to pass from these fins/heat sinks.
Air will cool & We get a cooling effect.
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Same, with that, we need to maintain the heating side of the
Peltier. We are allowing the water to pass through these hot
side fins of the heat sink. This water gets circulated by using
pump & heatrejected by heat exchange i.e low-temperature
radiator (LTR).

Peltier Unit

Blower

Fig.3 Demo - Bench level AC unit

Computational Fluid Dynamics (CFD) :- For Optimizing
the performance & airflow, we are doing Computational
Fluid Dynamics (CFD) for our design & as per that we are
designing the housings & ducts in CATIA.

Fig. 4. CFD analysis at vehicle level.

CAE Analysis: - We are integrating the Peltier unit & tank in
the AC unit by replacing the Evaporator & fitment done by
brackets, snaps & bolts. Also, at the unlit level, for checking
all strengths, we are doing CAE analysis.

Noise, Vibration, And Harshness (NVH) : The
computational analysis of automotive noise, vibration, and
harshness (NVH) performance is most often done with
mode- based finite element procedures. The accuracy of such
analyses increases if the associated frequency range is
increased to cover a larger fraction of the audible spectrum.

4. Peltier Methodology

Thermoelectric cooling uses the Peltier effect to form a heat
flux at the junction of two differing kinds of materials. A
Peltier cooler, heater, or thermoelectric apparatus may be
a solid-state active apparatus which transfers heat from one
side of the device to the opposite, with consumption of
electrical energy, counting on the direction of the present.
Such an instrument is also
called a Peltier device, Peltier apparatus , solid state
refrigerator, or thermoelectric cooler (TEC). It are often used
either for heating or for cooling,[1] although in practice the
most application is cooling. It also can be used as a
temperature controller that either heats or cools. This
technology is way less commonly applied to refrigeration
than vapor-compression refrigeration is. The primary
advantages of a Peltier cooler compared to a vapor-
compression refrigerator are its lack of moving parts or
circulating liquid, very long life, invulnerability to leaks,
small size, and flexible shape. Its main disadvantages are
high cost for a given cooling capacity and poor power
efficiency. Many researchers and corporations attempt
to develop Peltier coolers that are cheap and efficient. (See
thermoelectric materials.) A Peltier cooler also can be used
as a thermoelectric generator. When operated as a cooler, a
voltage is applied across the device, and as a result, a
difference in temperature will build up between the
two sides. When operated as a generator, one side of the
device is heated to a temperature greater than the other side,
and as aresult, a difference in voltage will build up between
the 2 sides (the Seebeck effect). However, a well-designed
Peltier cooler are getting to be a mediocre thermoelectric
generator and therefore the other way around, because
of different design and packaging requirements.

4.1 Joule effect:

In the study by Julio-Betancourt and Hooton [20], it's defined
because the interaction between a physical phenomenon and
therefore the conduction of electrical current where a term
phenomenon related to the heating of a conductor through
which current flows is associated. Matter offers some
resistance to the movement of electrons, which give K.E. to
the environment in successive collisions. This energy
provided by the electrons dissipates within the sort of heat

(eq. 1).

Q=R e (1)

Where: Q is that the heat produced by the present, I is that
the current intensity that circulates, R is that the electric
resistance of the conductor and t is that the time.
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4.4 Seebeck Effect:

Thomas J. Seebeck discovered that during a circuit
formed by two homogeneous different metals, A and B, with
two unions at different temperatures, T and T + AT, an
electrical current flow | is established, or, if the circuit may
be athermal voltage (ftem) EAB that depends on the
metals utilized in the joint and therefore the temperature
difference between the two joints. The diagram of the
mentioned configurations is shown in the Fig. 5

Fig.5 Scheme of the Seebeck effect.

The relation between the item, EAB, and the temperature
difference between the joints AT, defines the Seebeck
coefficient in eq. (2)-(3).

ok,
d

o =

a = —a

Where: oA and aB are respectively the absolute
thermoelectric powers of A and B and are characteristics of
each metal.

In general, aAB is not constant, but depends on the
temperature T.

4.5. Peltier Effect :

Thermoelectric coolers operate by the Peltier effect
(which also goes by the more general name thermoelectric
effect). The device has two sides, and when a DC current
flows through the device, it brings heat from one side to the
opposite, in order that one side gets cooler while the other
gets hotter. The "hot" side is attached to a conductor in order
that it remains at ambient temperature, while the cool side
goes below temperature. In special applications, multiple
coolers are often cascaded together for lower temperature,
but overall efficiency drops significantly.

Hot side
Electrical connection

Cold side

Interconnect

Fig.3 Construction of Peltier
4.6 Peltier Construction:

Two unique semiconductors, one n-type and one p-
type, are used because they have to possess different
electron densities. The alternating p & semiconductor device
pillars are placed thermally in parallel to every other and
electrically serial then joined with a thermally conducting
plate on all sides, usually ceramic removing the necessity for
a separate insulator. The cooling ability of the entire unitis
then proportional to the entire cross section of all the pillars,
many are connected electrically serial to scale back the
present needed to practical levels. The length of the pillars
may be a balance between longer pillars which can have a
greater thermal resistance between the edges and permit a
lower temperature to be reached but produce more resistive
heating, and shorter pillars which can have a greater
electrical efficiency but let more heatleak from the recent to
cold side by thermal conduction. for giant temperature
differences longer pillars are far less efficient than stacking
separate, progressively larger modules, the modules get
larger as each layer must remove both the warmth moved by
the above layer and therefore the waste heat of the layer.

4.7 Materials:
Requirements for thermoelectric materials:

. Narrow band-gap semiconductors because of room-
temperature operation;

. High electrical conductivity (to reduce electrical
resistance, source of waste heat);
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. Low thermal conductivity (so that heat doesn't
come back from the hot side to the cool side); this
usually translates to heavy elements.

. Large wunit cell, complex
anisotropic or highly symmetric;

structure; Highly

5. Electric Air Conditioning by using Peltier:
5.1 Introduction:

As we know that the future of the Automobile
industry is Electric so, now all automobile companies are
working on their Electric vehicle versions. For the comfort of
the passenger, AC works on an Electric compressor in EV.
But as per the study EV Compressor consumes more electric
energy, which affects battery efficiency and directly on
vehicle performance in the terms of average Km/charge.

So, we are trying to integrate this system for Electric
Cars, As there is no refrigerant used since no compressor is
required.

5.2 Components For AC unit:

For the designing the Electric AC unit below some
components are used:

e  Peltier Plates

e Fan Blower

e Heat Sink

Peltier Unit

Blower

Fig. 5. Bech level Concept design

. . Atm. Air
0 Construction Of AC Unit

AC Unit

Housings
[ AirIntake

Grills
Air Vents
Cold Air
Out

Atm. Air

Fig. 6. Basic CAD Concept of AC unit.
e Low Temperature heat exchanger
e  Water pump
e  Water tank
e Plastic casing etc.
4.3 DESIGN DETAILS:

As we know that, the future of the Automobile industry is
Electric so, now all automobile companies are working on
their Electric vehicle versions. For the comfort of the
passenger, AC works on an Electric compressor in EV. But as
per the study, EV Compressor consumes more electric
energy, which affects battery efficiency and directly on
vehicle performance in terms of average Km/charge.

During the study, we are optimizing the design by
adding the Peltier's & analysis on the AC unit to achieve the
required Airflow by using CFD analysis, material selections
study, Design of heat sink, CAE & vibration analysis for AC
unit & Peltier unit.

We are trying to integrate this system for Electric
Cars as there is no refrigerant used since no compressor is
required.

Keywords: AC un
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5.4 Components for Peltier AC.

COMPONENTS:

o Fan Motor Blower:

FMS Assembly

Motor (12 V DO) | CAD Dosien

o0 Heat Sink

o Peltier:

6. Performance & design calculations:

6.1 AC Unit Performance & Design specifications:

. . 05t 1
1 Target: in kw Capacity Kw
. 200
2 Air Flow m3/hr
3 Temp. Peltier side 3 deg.
4 Grill level Velocity 10 m/s
5 Nose level velocity 2.5m/s

A single stage thermoelectric cooler will typically
produce a maximal temperature at cold sides 1 to

6 3 deg.
A common 40 mm x 40 mm can generate 60 W or
7 more, that is, 4W/ cm? or more, requiring

powerful radiator to move the heat way.

Table -3.1: Design specifications & AC performance.

Heat Load calculations:

From Heat load calculation we get the requirement of
cooling in Cabin i.e.

Q Heatload = Q Peltier

Overall heat transfer coefficient U = 1/hg + (V) sneer + (UK) nsu + 1/hy

h 5 is assumed to be constant (W/mzk) T
h;is assumed to be constant (W/m?k) 21
Heat transfer (W) Q=UAAt

At for sheet metal (Skin temperature - In ¢ab temperature)

Outside skin Sheet metal | Insulation
temperature Surface area | “yiness | thickness K shest mea K iauisten u Q
(c) (m?) (mm) (mm) Wimk Wimk Wim?k w
Peltier Load:

Peltier (thermoelectric) performance is a function of
ambient temperature, hot and cold side heat exchanger (heat
sink) performance, thermal load, Peltier module
(thermopile) geometry, and Peltier electrical parameters.

The amount of heat that can be moved is proportional to the
current and time.

Q = PIt where P is the Peltier coefficient, I is the current, and t is the time.
The Peltier coefficient depends on temperature and the
materials the cooler is made of. Magnitude of 10 Watt per

Ampere is common. But this is offset by two phenomena:

e According to Ohm's law, a Peltier module will
produce wasted heat itself,

Quaste = RI%t, where R is the resistance.

Cooling Vs Air flow graph:-
250 R
Cooling capicity (Kw) Vs Air Flow (in3/Hr)
200
150

100

50

0.25 Kw 0.5 Kw 0.75Kw 1 Kw

Cooling Capacity

Graph 1. Cooling Capacity VS Air flow
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7. CONCLUSIONS & FUTURE SCOPE

From the Environmental point of view, this system is Eco-
friendly as it involves the Peltier module which is not
responsible for OZONE Layer Depletion. In this way, we can
conclude technically that, higher COP can be obtained atlow
power input, thereby it reduces the energy consumption
rate. It offers the following advantages with respect to the
air conditioner:

O The primary advantages of a Peltier cooler
compared to a vapor-compression refrigerator are
its lack of moving parts or circulating liquid, very
long life, invulnerability to leaks, small size, and
flexible shape.

O Eco-friendly.

O Low Cost.

O Safety as no gas used.
7.1 Future Scope:

O Applicable for all Electric Vehicle where mechanical
compressor is removed.

Applicable for Domestic use as portable AC.

O From the Environmental point of view this system is
Eco-friendly.

8. ACKNOWLEDGEMENT

This project would have been distant if not for the help
and encouragement from various people. We take immense
in thanking Dr.V.V.Mane, Principal for college of engineering
Osmanabad for having permitted us to carry out this project
work.

I would like to express our heartfelt gratitude to Dr. D.D.
Date (Project guide) and Prof. Patel AZ. (Project
coordinator) for supporting us and guiding us to prepare this
detailed project work.

We are also thankful to the entire friend who directly and
indirectly inspired and helped us with the completion of this
project.

9. REFERENCES

1 ]. El Cosnier W, Gilles M., Lingai. “An Experimental And
Numerical Study Of A Thermoelectric Air-Cooling And Air-
Heating System”, International Journal Of Refrigeration, 31,
1051 - 1062,(2008).

2. Wei. Jinzhi. Jingxin & Chen.,”Theoretical And Experimental
Investigation On A Thermoelectric Cooling And Heating
System Driven By Solar”, Applied Energy, 107,

89-97,(2013).

3.Maneewan., Tipsaenpromand ertsatitthanakorn.,”Thermal
Comfort Study Of A Compact Thermoelectric Air
Conditioner”, Journal Of Electronic Materials, 39(9), 1659-
1664,(2010).

4. Manoj S. Raut and P. V. Walke. - “Thermoelectric Air
Cooling For Cars”, 2012

5. Astrain D., Vian ].G., & Dominguez M.,” Increase Of COP In
The Thermoelectric Refrigeration By The Optimization Of
Heat Dissipation”. Applied Thermal Engineering, 23, 2183-
2200,(2003).

6. Mohammad Jafari, Hossein Afshin, Bijan Farhanieh, Atta
Sojoudi,”Numerical Aerodynamic Evaluation And Noise
Investigation Of A Blade Less Fan”, Journal Of Applied Fluid
Mechanics, 8, 133-142,(2015).

7. Signe Kjelstrup,“Dissipated Energy In The Aluminum
Electrolysis”,Hydro Aluminum Technology Center, 467-
474,(1998).

8. “Experimental Development Of Two Phase Thermo
Siphons And Capillary Lift Which Performed Much Better In
Natural Convection” By Saket Kumar ; Ashutosh Gupta ;
Gaurav Yadav ; Hemender Palsingh.

9. “Review Paper On Thermoelectric Air-Conditioner Using
Peltier Modules” Benziger B, Anu Nair P & Balakrishnan P
Department Of Mechanical Engineering, Regional Centre
Anna University: Tirunelveliregion, Tirunelveli, Tamilnadu.

10. “Method for thermoelectric cooler utilization using
Manufacturers Technical Information”,Telkom University
Jalan Telekomunikasi Terusan Buah Batu, Bandung,
Indonesia, 40252, 020002.

11. “Effective Thermal Analysis Of Using Peltier Module For
Desalination Process” 1.School Of Engineering,

12. “Performance of a Portable Thermoelectric Water
Cooling System” ahmed Al- Rubaye, Khaled Al-Farhany* And
Kadhim Al-Chlaihawivolume 9, Issue 8, August 2018, Pp.
277-285, Article Id: Ijmet_09_08_030 Available Online At
Http://Www.laeme.Com/Ijmet/Issues.Asp?Jtype=Ijmet&Vty
pe=9&Itype=8Issn Print: 0976-6340 And Issn Online: 0976-
6359

13. “Specification of thermoelectric module TEC1-12706
Creative technology with fine manufacturing processes”,
provides you the reliable and quality products Tel:791-
88198288 Fax:791-88198308
Email:Sales@Thermonamic.Com.

Website:Www.Thermonamic.Com.Cn]. El Cosnier W., Gilles
M, Lingai. “An Experimental And Numerical Study Of A
Thermoelectric Air-Cooling And Air-Heating System”,
International Journal Of Refrigeration, 31, 1051 -

© 2021, IRJET | Impact Factor value: 7.529

IS0 9001:2008 Certified Journal | Page536



u, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 08 Issue: 09 | Sep 2021 www.irjet.net p-ISSN: 2395-0072

1062,(2008).

14.https://d2t1xqejof9utc.cloudfront.net/cads/files/23ef78
abaebac95620e600b9f5406b1c/original.zip

15.https://d2t1xqejof9utc.cloudfront.net/cads/files/660600
bf72baf4f166853922b2814427 /original.zip

AUTHORS

Mr. Pankaj Ratnaparkhi.

M.TECH Mechanical (Design Engg.)
Roll No : 1921302614001
College: College of Engineering
Osmanabad.University: Dr.
Babasaheb Ambedkar
Technological University, Lonere.

Mr. Nikhil Hajgude.
M.TECH Mechanical (Design Engg.)

Dr. Digambar D.Date, Associate
Professor, Dept. of Mechanical
Engg. College of Engineering
Osmanabad, Maharashtra, India.

Dr. Vikramsina V.Mane, Principal
and Professor, Dept. of Mechanical
Engg. College of Engineering
Osmanabad, Maharashtra, India.

© 2021,IRJET | ImpactFactorvalue:7.529 | 1S09001:2008 Certified Journal | Page537


https://d2t1xqejof9utc.cloudfront.net/cads/files/23ef78abaebac95620e600b9f5406b1c/original.zip
https://d2t1xqejof9utc.cloudfront.net/cads/files/23ef78abaebac95620e600b9f5406b1c/original.zip
https://d2t1xqejof9utc.cloudfront.net/cads/files/660600bf72baf4f166853922b2814427/original.zip
https://d2t1xqejof9utc.cloudfront.net/cads/files/660600bf72baf4f166853922b2814427/original.zip
https://dbatu.ac.in/
https://dbatu.ac.in/
https://dbatu.ac.in/

