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INTRODUCTION

The Basic idea behind the Instant chiller to not use the traditional HVAC components like
compressor or expansion coil and the creating a chilling effect in the evaporator with the help
of refrigerant.

We wanted to design a system which is portable and doesn’t consume much power and at the
same time create a chilling effect in much smaller time period.

Refrigeration is the process of heat-removal from a space in order to bring it to a lower
temperature than surrounding temperature. In this context, our project, “Aqua TEC" which
works on thermoelectric refrigeration, aims to provide cooling by using thermoelectric effects
rather than the more prevalent conventional methods like ‘vapour compression cycle’ or the
‘vapour absorption cycle’.

There are three types of thermoelectric effect: The See beck effect, the Peltier effect, the
Thomson effect. From these three effects, Peltier cooler works on the Peltier effect; which
states that when voltage is applied across two junctions of dissimilar electrical conductors, heat
is absorbed from one junction and heat is rejected at another junction.

Peltier coolers are basically used as a cooling element in laser diodes, CCD cameras (charge

coupled device), blood analyzers, portable picnic coolers laser diodes, microprocessors, blood
analyzers and portable picnic coolers.

OBJECTIVE OF THIS PROJECT

The objective of this Project is to analyze the working of Peltier cooler. Scope of this work
includes:

- Study of the principles and working of Peltier refrigerator; working parameters; performance
parameters of the same.

- Studying new heat sink designs, which improves the performance of the Peltier cooler.

COMPONENTS

Peltier Module
Q =6, [TEC 12703]

Heat Exchanger

Water Block
120mm * 40mm [Aluminium]

Water Pump
RS128 (6W), 500 L/H



COMPONENTS

Peltier Module

The Peltier module (thermo- electric cooler) operates based on the Peltier effect. The outer
layer is made up of ceramics. Inside the ceramics lies a series of two types of semiconductors
on two sides.

Peltier effect states that when you apply a certain voltage to two different conducting materials
joined together, one of the junction heats up and the other junction cools down.

You can see the Cu-Fe thermocouple. Current flows from Cu to Fe, at junction 1. Here heat is
absorbed.
Thus, this junction becomes hot.

Similarly, current flows from Fe to Cu, at junction 2.
Here heat is released. Thus, this becomes cold.

If you reverse the direction of voltage, then junction 1 becomes cold and vice versa. This implies
that it is a reversible process.




Thermoelectric effect

The thermoelectric effect is the direct conversion of temperature differences to electric
voltage and vice versa. A thermoelectric device creates voltage when there is a different
temperature on each side. Conversely, when a voltage is applied to it, it creates a
temperature difference. At the atomic scale, an applied temperature gradient causes
charge carriers in the material to diffuse from the hot side to the cold side.

The term "thermoelectric effect” encompasses three separately identified effects: the
See beck effect, Peltier effect, and Thomson effect.

The See beck effect

The See beck effect is the conversion of heat directly into electricity at the junction of
dissimilar electrical conductors. It is named for the Baltic German physicist Thomas
Johann See beck.

As shown in Figure, the conductors are two dissimilar metals denoted as material A and
material B. The junction temperature at A is used as a reference and is maintained at a
relatively cool temperature (TC). The junction temperature at B is used as temperature
higher 3 than temperature TC. With heat applied to junction B, a voltage (Eout) will
appear across terminals T1 and T2 and hence an electric current would flow continuously
in this closed circuit. This voltage is known as the See beck EMF.

The Peltier effects

Peltier found there was an opposite phenomenon to the see beck Effect, whereby
thermal energy could be absorbed at one dissimilar metal junction and discharged at the
other junction when an electric current flowed within the closed circuit.



In Figure, the circuit is modified to obtain a different configuration that illustrates the Peltier
Effect, a phenomenon opposite that of the see beck Effect. If a voltage (Ein) is applied to
terminals T1 and T2, an electrical current (I) will flow in the circuit. As a result of 4 the
current flow, a slight cooling effect (QC) will occur at thermocouple junction A (where heat
is absorbed), and a heating effect (QH) will occur at junction B (where heat is expelled).
Note that this effect may be reversed whereby a change in the direction of electric current
flow will reverse the direction of heat flow.

Joule heating, having a magnitude of 12 x R (where R is the electrical resistance), also occurs
in the conductors as a result of current flow. This Joule heating effect acts in opposition to
the Peltier Effect and causes a net reduction of the available cooling.

The Thomson effect

As per the Thomson effect, when an electric current is passed through a conductor having a
temperature gradient over its length, heat will be either absorbed by or expelled from the
conductor. Whether heat is absorbed or expelled depends on the direction of both the
electric current and temperature gradient. This phenomenon is known as the Thomson
Effect.



eat Exchanger

A heat exchanger is a system used to transfer heat between a source and a working fluid. Heat
exchangers are used in both cooling and heating processes. The fluids may be separated by a
solid wall to prevent mixing or they may be in direct contact. They are widely used in space
heating, refrigeration, air conditioning, power stations, chemical plants, petrochemical plants,
petroleum refineries, natural-gas processing, and sewage treatment, The classic example of a
heat exchanger is found in an internal combustion engine in which a circulating fluid known as
engine coolant flows through radiator coils and air flows past the coils, which cools the coolant
and heats the incoming air. Another example is the heat sink, which is a passive heat exchanger
that transfers the heat generated by an electronic or a mechanical device to a fluid medium,
often air or a liquid coolant.



Water Block

A water-cooling block is the water version of a heat sink. Basically, it works by passing cool
water over the heat source and other components to absorb the heat, then the heated water is
moved away, and replaced by new cool water. This happens in a continuous cycle, to ensure
that the heat source is cooled and does not overheat.

So, the block is the component that houses the tubes that the water passes through. A full
water-cooling system may also have additional fans, tubes and even radiators.

Normally if you were using a standard heat sink, you would have thermal paste on the heat
source, then a heat sink attached to the paste, with a fan or cooler attached to the heat sink.

Then the fan or cooler would draw out the heat from the heat source and push the hot air
outside the System casing, while other fans or coolers draw in cool air. This process keeps cool
air circulating inside the casing, to ensure the heat source doesn't overheat.



Water Pump

A pump is @ mechanical device, that is used to pick up water from low-pressure level to
high-pressure level, Basically, the pump changes the energy flow from mechanical to the
fluid. This can be used in process operations which needs a high hydraulic force. This process
can be observed within heavy duty equipment. This equipment needs low suction and high
discharge pressure, Because of low force at suction part of the pump, the liquid will pick up
from certain deepness, while at expulsion side of the pump with high force, it will drive liquid
to pick up until reach preferred height. The pump has since developed into a continuous
range of forms, sizes, & applications.

The working principle of a pump is, it enhances the fluid's pressure to provide the driving
strength which is necessary for flow. Usually, the pressure filter supply pump is a centrifugal
type pump, and the working principle is that slurry penetrates the pump during the rotating
impeller's eye which informs a circular motion




DESIGN

The Figure Represents the blueprint of
our project.

N
- Here Tank A is the cooling tank whereas \——_——/
the Tank B is the storage tank to store [—
water for the non-contact heat
exchanger.
TANK A
- Tank A and Tank B are made of plastic
since it is poor conductor of heat but at @
the same time has good absorbing
capacity. \.______,/

- Thus, wrapping it with form help to
maintain the temperature in the tank A
for some time.

- 3 Peltier modules are connected on each
side of the aluminium water block and
then 2 water blocks are on the heating
side of the Peltier.

- Water Blocks are made of Aluminium
instead of copper to maintain the
budget of the project.

- the middle water block is exchanging
heat of the water in tank A.

- the water blocks on the outer sides are
transferring heat of the Peltier to the
water in Tank B.

- At last, the water in the Tank B is ~_  “

transferring its heat in the heat
exchanger with the atmospheric air
with the help of forced convection.

Heat Exchanger




ERMINOLOGY

Formulas Used
Q=m* CP*AT

Where,
Q = Heat needed to be transferred [KW]
m = mass flow rate [Kg/s)
Cr = Specific Heat of Water [KJ/Kg/K]
AT = Temperature Difference ['C]

COP = Refrigeration Effect / Power supplied

Where,
COP = Coefficient of Performance

In Calculations,
Qa = Actual heat transferred
Qi = Ideal heat transferred
Ti = Water temperature at the input
Toa = Water temperature at the output [actual]
Toi = Water temperature at the output [ideal]

Conversions Used,
1L=1kg
CP=4.2)/g"C=4.179kl/kg K
1kW =3412.142 BTU/hr
1 H=60min
1min = 60 sec

Observations
Temperature of middle water block = Tc =-16°C
Toa=-4"C=269.15K
Pump Flow, V =500L/h =0.138 kg/sec
Power Supplied, P =167 W

Assumptions

Ti=28°C=301.15K[S.T.P]

Toi =-16°C = 257.15 K [under ideal conditions the temperature of the water block and the outlet
water should be same since there are no losses]




ALCULATIONS

Data,

1L = 1kg, Specific Heat of water (CP = 4.2)/g °C) or (CP = 4.179 kl/kg K)
Ti=28°C=301.15K

Toi=-16°C=257.15K

Toa=-4"C=269.15K

Pump Flow, V = 500L/h = 0.138 kg/sec

1kW =3412.142 BTU/hr

Cooling Capacity of S5ingle Peltier = 30 W

Ideal Case

Q=m* CP*AT
Q=0.138%4.179*(301.15 K - 257.15 K)
Q=2537 kW =25374.88W

Q =86579.681 BTU/hr

Q = 1442.994 BTU/min

Q =24.0499 BTU/sec

Actual Case

Q=m* CP*AT
Q=0.138%4.179%(301.15 K - 269.15 K)
Q = 18.454 kW = 18454.464 W

Q= 62967.668 BTU/hr

Q=1049.461 BTU/min

Q= 17.491 BTU/sec

Efficiency

n = Actual heat rejected/Ideal heat rejected
n=[17.49 / 24.04] * 100

n=72.753%

Coefficient of Performance (COP)-
Actual COP = Refrigeration Effect / Power supplied
Actual COP = 269.15 / 167 = 1.61

RESULTS

35
30
23
20
15
10
3

a
-5
-10
-15
-0

Temprateure [C]

Time

& Actual ¢ deal










	 

