CHAPTER 1

INTRODUCTION
Refrigeration means removal of heat from a substance or space in order to bring it to a temperature lower than those of the natural surroundings. In this context, my topic, Thermoelectric Refrigeration aims at providing cooling effect by using thermoelectric effects rather than the more prevalent conventional methods like those using the ‘vapour compression cycle’ or the ‘gas compression cycle’.
There are 5 thermoelectric effects and these are observed when a current is passed through a thermocouple whose junctions are at different temperatures. These phenomenon are the Seeback effect, the Peltier effect, the Joulean effect, the conduction effect, and the Thomson effect. Thermoelectric cooling, also called "Peltier Effect", is a solid-state method of heat transfer through dissimilar semiconductor materials.  It is based on the thermoelectric effect known as ‘Peltier Effect‘ according to which if current is passed through a thermocouple, then the heat is absorbed at one junction of the thermocouple and liberated at the other junction. So by using the cold junction of the thermocouple as the evaporator, a heat sink as the condenser and a DC power source as the compressor of the refrigerator, cooling effect can be provided.

The coefficient of performance of compression refrigerators decrease with the decrease of it’s capacity. Therefore, when it is necessary to design a refrigerator for cooling a chamber of only a few litres capacity, thermoelectric cooling is always preferable. Also for controlling the temperature of small units, thermoelectric cooling has no competition from existing refrigerators of the conventional types. The importance of thermoelectric cooling can be best understood by examining other various advantages it offers over the conventional methods of refrigeration-

· There is ease of interchanging the cooling and heating functions by reversing the direction of current in the thermocouple

· Thermoelectric systems are vibration less and have no moving parts. Hence there is no problem of wear and noise.
· There is no problem of containment and pollution because no refrigerant or chemical is used.
· Since there is no bulky equipment it provides ease of miniaturization for small capacity systems.
· The capacity can be controlled easily by varying the current and hence the amount of heat absorbed or evolved at the junctions.
· The system is highly reliable ( with a life of  > 250,000 hours)
· This system also has the capacity to operate under various values of gravity (including zero gravity) and in any position.
Thus, thermoelectric cooling has a great relevance in today’s time.
1.0 OBJECTIVES OF WORK
The  objective of  the  proposed work  is  to present an  analysis of  the working of TE
cooling refrigerators. Detail scope of this work includes:
· Explanation of the principles and working of thermoelectric refrigerator.

· Finding ways and methods to improve the efficiency of the thermoelectric cooling      systems and suggesting ways for significant enhancement in the current  performance of these devices by increasing the value of the figure of merit, Z. For  this, discussion on new design techniques in this field which improve heat  transfer is intended.  
· Suggesting potential new materials which will have properties better suited to increase the value of  the figure of merit. This also includes  the following  –

            a)  broad range of temperature over which Z is high for different materials.
· Miniaturization and improved performance of thermoelectric devices is covered.  
· Various applications and fields in which thermoelectric cooling systems are used presently and   the overall effectiveness of   these devices is also discussed.
1.1 LAY-OUT OF THE REPORT

A brief description of all the chapters is given below:
Chapter first gives a brief introduction of thermoelectric cooling in which it is explained what is thermoelectric cooling and what are it’s advantages over the conventional means of refrigeration.

Chapter 2 explains the structure of a thermoelectric module and gives  it’s functioning. It also discusses the basic construction of a thermoelectric refrigerator.

Chapter 3 presents a mathematical analysis of the coefficient of performance of a thermoelectric refrigerator and the various types of loads which it has to encounter.

Chapter 4 deals with various methods and configurations which help to increase the efficiency of the thermoelectric refrigerators. It also aims at increasing the coefficient of performance of a thermoelectric refrigerator through the use of novel materials better suited for this purpose.

Chapter 5 presents the various applications and uses in which thermoelectric cooling is used at present. It also lists some of the new commercial products developed which can be bought off the shelf.

Finally Chapter 6 gives the conclusion based on the study and the scope of future development of thermoelectric cooling.

CHAPTER 2   

STRUCTURE AND CONSTRUCTION 

2.0 INTRODUCTION

Thermoelectric Coolers are solid state devices without moving parts, fluids or gasses. The basic laws of thermodynamics apply to these devices just as they do to conventional heat pumps, absorption refrigerators and other devices involving the transfer of heat energy. However, the construction and structural details of  a TE module are quite different from normal refrigerators and requires a knowledge of materials and semiconductor technology in addition to heat transfer. Therefore, selection of the proper TE Cooler for a specific application requires an evaluation of the total system in which the cooler will be used.

2.1 COMPARISON

Since thermoelectric cooling systems are most often compared to conventional systems, perhaps the best way to show the differences in the two refrigeration methods is to describe the systems themselves.[1] A conventional cooling system contains three fundamental parts - the evaporator, compressor and condenser. The evaporator or cold section is the part where the refrigerant is allowed to boil and evaporate. During this change of state from liquid to gas, energy (heat) is absorbed. The compressor acts as the refrigerant pump and recompresses the gas. The condenser expels the heat absorbed at the evaporator plus the heat produced during compression, into the environment or ambient.
A thermoelectric refrigerator has analogous parts. At the cold junction, energy is absorbed by electrons as they pass from a low energy level in the p-type semiconductor element, to a higher energy level in the n-type semiconductor element. The power supply provides the energy to move the electrons through the system. At the hot junction, energy is expelled to a heat sink as electrons move from a high energy level element (n-type) to a lower energy level element (p-type). As the electrons move from the p-type material to the n-type material through an electrical connector, the electrons jump to a higher energy state absorbing thermal energy (cold side). Continuing through the lattice of material, the electrons flow from the n-type material to the p-type material through an electrical connector, dropping to a lower energy state and releasing energy as heat to the heat sink (hot side). A TE module thus uses a pair of fixed junctions into which electrical energy is applied causing one junction to become cold while the other becomes hot.
2.2 SEMICONDUCTORS:

The semiconductor materials are N and P type, and are so named because either they have more electrons than necessary to complete a perfect molecular lattice structure (N-type) or not enough electrons to complete a lattice structure (P-type). The extra electrons in the N-type material and the holes left in the P-type material are called “carriers” and they are the agents that move the heat energy from the cold to the hot junction. Heat absorbed at the cold junction is pumped to the hot junction at a rate proportional to carrier current passing through the circuit and the number of couples. Good thermoelectric semiconductor materials such as bismuth telluride greatly impede conventional heat conduction from hot to cold areas, yet provide an easy flow for the carriers. In addition, these materials have carriers with a capacity for transferring more heat. Thermoelectric cooling couples (Figure 2.1) are made from two elements of semiconductor, primarily Bismuth Telluride, heavily doped to create either an excess (n-type) or deficiency (p-type) of electrons. Heat absorbed at the cold junction is pumped to the hot junction at a rate proportional to current passing through the circuit and the number of couples.

               
Figure 2.1: Thermoelectric module Assembly [1]
2.3 THERMOELECTRIC MODULE

In practical use, couples are combined in a module (Fig. 2.2) where they are connected electrically in series, and thermally in parallel. [1] Normally a module is the smallest component commercially available. Modules are available in a great variety of sizes, shapes, operating currents, operating voltages and ranges of heat pumping capacity. The present trend, however, is toward a larger number of couples operating at lower currents. The user can select the quantity, size or capacity of the module to fit the exact requirement without paying for excess power.

In a typical domestic refrigerator, a cooling power of about 50 watt is needed. The thermoelements are connected by flat strips of a good electrical conductor, e.g. copper or aluminium, so as to form a rectangular array. If the spaces between the elements are large they should be filled with a good thermal insulator, but if they are small this is unnecessary. The faces of the metal connectors are ground flat and are pressed against the falt surfaces of two large metal slabs to which fins are attached. It is important that the slabs should be electrically insulated from the metal connecting strips but the thermal contact must be good. These metal slabs are drawn together by bolts arranged round their periphery. 

The material used for the assembly components deserves careful thought. The heat sink and cold side mounting surface should be made out of materials that have a high thermal conductivity (i.e., copper or aluminum) to promote heat transfer. However, insulation and assembly hardware should be made of materials that have low thermal conductivity (i.e., polyurethane foam and stainless steel) to reduce heat loss.

              The fins attached to the hot face of the cooling unit are larger than those entering the cooled chamber. This is because the latter fins merely have to abstract heat from the chamber whereas the former have to pass this heat, as well as that developed in the thermocouples, on to the surroundings. Ideally the fins should be of sufficient area for the temperature of their bases to be insignificantly different from their respective ambient temperatures. However such fin areas are generally so large as to be economically impracticable and a balance must be drawn between the reduction of the fin sizes and the lowering of the temperature differences between the metal slabs and their surroundings.

These temperature differences must be taken into account while calculating the coefficient of performance of the units. They must be added to the temperature difference between the cooled chamber and ambient air in order to obtain the difference of temperature between the thermocouple junctions. It is also necessary to add any temperature differences across the electrical insulation between the metal slabs and the connectors. Such differences could be avoided by attaching separate fins to each junction but this would result in a mechanically weak structure. 

2.4 CONCLUDING RAMARKS

The overall cooling system is dynamic in nature and system performance is a function of several interrelated parameters. As a result, it usually is necessary to take into account each of the above factors and select the best module as per the requirements.
CHAPTER 3
ANALYSIS OF THERMOELECTRIC COOLING

3.0 INTRODUCTION


In a TE, energy may be transferred to or from the thermoelectric system by three basic modes: conduction, convection, and radiation. Comparison and evaluation of various refrigeration systems requires a parameter which is applicable for all refrigerating machines. The performance of cooling machines is therefore expressed in terms of a non-dimensionless parameter called the Coefficient of Performance (C.O.P.) which is expressed as the ratio of useful effect to work input.

3.1 COEFFICIENT OF PERFORMANCE

In a thermocouple, when a current is passed through the circuit, five thermoelectric effects occur. [2] Because of  the Peltier Effect, the cold plate will be cooled and the warm plate will be heated. Heat will flow from the warm plate to the cold plate by Conduction. Heat will be generated in each conductor and at each junction because of the Joulean Effect and part of the Joulean heat will flow to each junction. It is usual to assume that one half of the Joulean heat is transferred to each junction. Thomson Effect and Seeback Effect also occurs. The net Thomson coefficient (τp - τn) becomes zero if (αp - αn) is considered constant. Therefore we neglect the Thomson Effect and use mean thermoelectric power which gives results equivalent to those obtained when the Thomson Effect is included. We also assume that heat absorption and heat rejection occurs only at the junctions and that all material property value are constants. Under steady state conditions, we may write the following equations for the system shown above-
            QO = (αp - αn)TOI - U(T1  - TO) - ½I2R                                                 (3.1)
                        Q1 =  (αp - αn)T1I - U(T1  - TO) + ½I2R                                                (3.2)                  

where,

(αp - αn) is the mean thermoelectric power in the temperature range To to T1, U is the effective thermal conductance between the two junctions, and R is the total electrical resistance(conductors + contact resistance at junctions).

From Eq. (3.1)
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 EMBED Equation.3  [image: image3.wmf]

 EMBED Equation.3  [image: image4.wmf]       (3.3)
The Power input by the battery W must compensate for the power loss of the Joulean Effect and counteract the generation of Power by the Seeback Effect. Thus,
                        W = (αp - αn)(T1 – TO)I + I2R



                (3.4)
The Coefficient of Performance of the system as a refrigerating device is defined as-
                        C.O.P. = QO / W





                (3.5)
Therefore,
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For a completely reversible thermoelectric system (no Joulean Effect and no Conduction Effects) above equation becomes,
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which is the Carnot cycle value.

Differentiating the equation (3.6) with respect to current I , we obtain the maximum possible C.O.P. as –
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where,
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From above equation we see that the performance of a thermoelectric cooling system is a function of the parameter ZTm, where Z is called the figure of merit. Z has units of reciprocal of temperature.

The figure of merit Z is decisive in determining the performance of a cooling couple. For large values of Z, the couple must have a large thermoelectric power (αp - αn) ,small thermal conductance U, and small electrical resistance R.

3.2 LOAD CALCULATIONS:

Single stage thermoelectric devices are capable of producing a "no load" temperature differential of approximately 67°C. To select the thermoelectric(s) that will satisfy the particular set of requirements three specific system parameters must be determined. [3]  These are:

· TC

Cold Surface Temperature

· TH

Hot Surface Temperature

· QC

The amount of heat to be absorbed at the Cold Surface of the T.E.
Generally, if the object to be cooled is in direct intimate contact with the cold surface of the thermoelectric, the desired temperature of the object can be considered the temperature of the cold surface of the TE (TC). In situations where the object to be cooled is not in intimate contact with the cold surface of the TE, such as volume cooling where a heat exchanger is required on the cold surface of the TE, the cold surface of the TE (TC) may need to be several degrees colder than the ultimate desired object temperature. 
The Hot surface may be determined by two major parameters:

1)The temperature of the ambient environment (25OC) to which the heat is being rejected.
2) The efficiency of the heat exchanger that is between the hot surface of the TE and the ambient.

The heat sink is a key component in the assembly. The thermal resistance of the heat sink causes a temperature rise above ambient. If the thermal resistance of the heat sink is unknown, then estimates of acceptable temperature rise above ambient are: 
	Natural Convection
	20OC to 40 OC

	Forced Convection
	10OC to 15OC

	Liquid Cooling
	2OC to 5 OC (rise above the liquid coolant temperature)


. Table 3.1: Estimate of Acceptable Temperature Rise Above Ambient
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Figure 3.1: Typical Temperature Profile Across a TE system [3]
HEAT LOAD
The heat load may consist of two types: active or passive, or a combination of the two. An active load is the power which is dissipated by the device being cooled. It is generally equal to the input power to the device. Passive heat loads are parasitic in nature and may consist of radiation, convection or conduction. [3]
ACTIVE HEAT LOAD
· Qactive = v2/R = vI = I2R                                                                              (3.9) 

· Qactive = active heat load (W) 
· v = voltage applied to the device being cooled (volts) 
· R = device resistance (ohms) 
· I = current through the device (amps) 

RADIATION
· Qrad = F e s A (Tamb4 - Tc4)                                                                       (3.10)
· Qrad = radiation heat load (W)
· F = shape factor (worst case value = 1) 
· s = Stefan-Boltzman constant (5.667 X 10-8 W/m2K4) 
· A = area of cooled surface (m2) 
· Tamb = Ambient temperature (OK), Tc = TEC cold ceramic temperature (OK)
CONVECTION

· Qconv = h A (Tair - Tc)                                                                               (3.11)
· Qconv = convective heat load (W) 
· h = convective heat transfer coefficient (W/m2C) 
· A = exposed surface area (m2) 
· Tair = temperature of surrounding air(C) 
· Tc = temperature of cold surface (C) 
	Process
	h  (W/m2 OC)

	Free Convection – Air
	2-25

	Forced Convection – Air
	25-250


Table 3.2: Typical Values of Convection Heat Transfer Coefficient
CONDUCTION
· Qcond= (k A)(∆T)/(L)                                                                                (3.12)
· Qcond = conductive heat load (W) 
· k = thermal conductivity of the material (W/m C) 
· A = cross-sectional area of the material (m2) 
· L = length of the heat path (m) 
· ∆T = temperature difference across the heat path(C)
TRANSIENT 

Some designs require a set amount of time to reach the desired temperature. The following equation may be used to estimate the time required: 

· t = [(rho) (V) (Cp) (T1 - T2)]/Q                                                                (3.13)
· rho = Density (g/cm3) 
· V = Volume (cm3) 
· Cp = Specific heat (J/g C) 
· T1-T2 = Temperature change (C) 
· Q = (Qto + Qtt) / 2 (W) 
Qto is the initial heat pumping capacity when the temperature difference across the cooler is zero. Qtt is the heat pumping capacity when the desired temperature difference is reached and heat pumping capacity is decreased. 
3.3 CONCLUDING REMARKS
Proper design of a T.E. cooling system requires that various types of loads be properly accounted for and incorporated . It is through the above mathematical process only that we will be able to achieve the C.O.P. as required for any given design.
CHAPTER 4

METHODS TO IMPROVE C.O.P. OF TE REFRIGERATORS

4.0 INTRODUCTION

The performance of the thermoelectric cooling system is very closely related to the parameter ZTm  of the system. Conventional phase change systems have ZTm of the order > 4. In contrast the value of  ZTm for thermoelectric cooling systems is comparatibly very low of the order of 1.
The value of ZT, however, can be increased by the use of novel methods in the fields of heat transfer, semiconductor technology, material technology and design of thermoelectric cooling systems. Some of the new and emerging methods are described in the following sections.

4.1 MINIATURIZATION:

There are two fundamental issues related to miniaturization: [4]
a) Miniaturization allows one to use low cost and parallel semiconductor manufacturing technology to make thermal devices that would not be otherwise possible. 
b) The heat transfer design of microdevices is very different from macroscopic ones since the proximity and size can have a strong influence on the magnitude of thermal transport and time scales. As the objects become smaller heat transfer characteristics change dramatically. For conductive and convective heat transfer what is important is the ratio of surface-to-volume(A/V). This factor increases with reducing length scale, L. The thermal time constant, Γ, of an object is given as Γ= (rho)(C/h)(V/A). Assuming that (rho)(C/h) remains constant, the thermal time constant varies as 1/L. Hence, the thermal time constant can be extremely small, thus allowing fast thermal processes. The Reynolds number in flow scales with size, L, and hence flows tend towards laminar in small length scales. This makes heat transfer much more predictable. If the Nusselt number remains constant or largely unchanged, then the heat transfer coefficient, h, scales as 1/L. This makes convective heat transfer very efficient at small scales.

	Factors
	Scaling

	Surface-to-Volume, A/V
	1/L

	Thermal Time Constant, τ
	L

	Reynolds Number, Re
	L

	Heat Transfer Coefficient, h
	1/L


Table 4.1: Some Scaling Laws in Conduction and Convection

Thus, we see that as we go to the smaller scales, all of the above four factors tend to increase the efficiency of heat transfer. The better heat transfer, in turn, leads to an increase in the C.O.P. of the thermoelectric refrigeration systems.

4.2 SUPERLATTICES:

A new approach to increase ZT is to use superlattice structures to reduce k. [5]
In heat conduction, a quantum of vibrational energy is called a phonon, and heat conduction can be studied as a transport of phonons. To increase ZT, strategies to reduce k and ρ simultaneously have been very difficult. For example, by making amorphous materials, one can reduce k by introducing many scattering sites for phonons and thereby reducing l. However, they also scatter electrons and thereby reduce ρ. Because at the fundamental level, heat conduction by phonons is a wave transport problem, wave effects are being used to alter heat conduction. One such approach is to fabricate a multi-layer structure containing extremely thin films of two alternating materials. Such a superlattice should have a period of 1-10 nm since the wavelength of phonons that dominate in heat conduction fall in this regime. Phonon wave interference effects in superlattices reduce the propagation speed of phonons and thereby reduce the effective thermal conductivity. Therefore, as the superlattice period thickness decreases, thermal resistance increases and the thermal conductivity goes on reducing  with increasing number of such interfaces.

e.g. Using PbTe quantum wells and electron confinement to quantum wells with thickness ranging from 1.7 to 5.5 nm, a factor of 5 increase was found in Z relative to bulk PbTe of the same volume. 

Thermal conductivity reduction in this manner is being used in thermoelectric devices to produce high-performance refrigerators.

4.3 THERMOELECTRIC REFRIGERATION SYSTEM EMPLOYING  A PHASE   
      CHANGE MATERIAL:
Design or selection of a heat sink is crucial to the overall operation of a thermoelectric system. The heat sink should be designed to minimize the thermal resistance. Alternatively, the heat sink could be designed to have a large heat storage capacity, which would help to keep the sink temperature low relative to the junction temperature. This latter solution could be achieved using a phase change material (PCM).  
PCMs have long been identified as candidates for thermal storage systems, due to the high energy densities (MJ/m3). A further advantage of PCMs is that heat transfer normally takes place at a constant temperature (the transition temperature). The principle of this technique is that as the temperature rises due to dissipated heat energy, the PCM absorbs energy, first as sensible heat, and then as latent heat when the phase change temperature is reached. At this stage, the temperature remains constant until the phase change is complete. [6]
PCMs are available with a large range of phase change temperatures, and thus may be utilized on both the cold and hot junctions of a TEC and for a range of applications and environments. By selecting a PCM with suitable transient temperature and large storage capacity, the temperature difference across the thermoelectric module may be maintained at a low value, thus improving the performance of the device. 

When a conventional heat sink is used on the cold side, the temperature of the cold junction drops rapidly until the maximum possible temperature difference across TEC is reached. When the PCM is used, most of the cooling energy is absorbed by the PCM, and therefore the cold side temperature drops more slowly than when PCM is not used; this is shown in Figure 4.1. With PCM, the temperature drops slowly at the beginning until the transient temperature is reached. During the phase change process, the temperature of the refrigeration system is almost constant until the phase change process is complete. This helps to keep the temperature difference across the TEC to a minimum, thus improving its performance. 
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Figure 4.1: Variation of cold junction and PCM temperatures during the cooling process for the tests with, and without, PCM material [6]
Use of a PCM provides a storage capacity, which helps to overcome peak loads and cooling losses during periods of door opening. If the electrical power is turned off for any reason, the refrigeration system employing PCM would have a storage capacity capable of meeting the cooling load for a longer period. For example, as shown in Figure 4.2, after the electrical power was turned off, it took twice as long for the temperature in the cabinet with PCM to rise to the same value as in the cabinet with no PCM. 
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Figure 4.2: Variation of cold junction and PCM temperatures for the tests with, and without, PCM material, after the power was turned off. [6]  
In general, use of a PCM improves the performance of the thermoelectric refrigeration system, as shown in Figure 4.3. As can be seen, because the cold junction temperature remains constant during the phase change process, the rate of cooling is also constant, as is the COP of the refrigeration system. This is a major advantage of using a PCM compared with a conventional heat sink. 
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Figure 4.3: Comparison between performance of thermoelectric refrigeration system, with and without, PCM material [6]
4.4 SEMICONDUCTORS FOR USE IN TE REFRIGERATORS:

The best thermoelectric materials currently available, compounds of doped Bi2Te3, have ZT
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1 at room temperature and attain maximum temperature differential of 
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82K. Some of the commonly used conventional thermoelectric materials are as follows:

· Bi2Te3,  Bi2Se3 and Sb2Te3 ; ZnSb, PbTe and PbSe

The essence of a good thermoelectric is given by the determination of the material’s dimensionless figure of merit, ZT=(α2σ/k)T, where α is the Seebeck coefficient, σ the electrical conductivity, and k the total thermal conductivity (k = kL + kE ; the lattice and electronic contributions, respectively). High mobility carriers which have the highest electrical conductivity for a given carrier concentration are most desirable, and typically the most promising materials have carrier concentrations of approximately 1019 carriers/cm3 . The most promising thermoelectric materials should behave as a phonon-glass/electron crystal (PGEC). The paradigm of the PGEC material is that it should behave thermally as a glass(large phonon scattering and thus low lattice thermal conductivity) and as an electronic crystal (low scattering for the electrons, thus high electrical conductivity). 
· TRANSITION-METAL PENTATELLURIDES

The electrical resistivity, (ρ=1/σ), and thermopower for single crystals of the pentatelluride materials as a function of temperature (10 K<T<500 K) are shown in Figs. 4.4 and 4.5 for HfTe5 and ZrTe5, respectively. [7]  Both parent materials exhibit a unique resistive transition peak, TP
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80 K for HfTe5 and TP
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145 K for ZrTe5. In addition, each displays a large positive (p-type) thermopower (α ≥ +125 μV/K) around room temperature, which undergoes a change to a large negative (n-type) thermopower (α ≤ -125 μV/K) near the resistivity peak temperature. These materials exhibit thermopower that is relatively large over a broad range at low temperatures for both n type (T<Tp) and p type (T>Tp). The large values of thermopower (|α|
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100 μV/K) at temperatures below 250 K make these materials very interesting for potential low-temperature applications.
In summary, a promising class of materials, the transition metal pentatellurides, has been identified for possible development as low-temperature thermoelectric materials. These materials, when properly doped, exhibit very high power factors in the temperature range 150 K<T<300 K.
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Figure 4.4 : Resistivity ρ as a function of temperature for HfTe5 and ZrTe5 [7]
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Figure 4.5: Absolute Thermopower as a Function of Temp. for HfTe5 and ZrTe5 [7]
4.5 CONCLUDING REMARKS
Methods like miniaturization and superlattices allow us to manipulate the thermal properties of materials which can have a strong influence on the performance of thermoelectric refrigeration devices. Use of PCMs, new materials with unusual electronic and thermal properties and other novel heat transfer designs significantly increase the C.O.P. of TE devices and thus need to be developed more vigorously.
CHAPTER 5
APPLICATIONS OF THERMOELECTRIC COOLING

5.0 INTRODUCTION
Commercial devices based on thermoelectric materials have come up in a big way recently. In addition to the benefits thermoelectrics offer over the conventional devices, commercial factors like decrease in production costs  and significant opening of  consumer markets have helped it in a big way and the use of T.E. devices is increasing day by day.

5.1 USES
· Thermoelectric cooling is used in medical and pharmaceutical equipment, spectroscopy systems, various types of detectors, electronic equipment, portable refrigerators, chilled food and beverage dispensers, and drinking water coolers. 
·  Requiring cooling devices with high reliability that fit into small spaces, powerful integrated circuits in today's personal computers also employ thermoelectric coolers.
· Using solid state heat pumps that utilize the Peltier effect, thermoelectric cooling devices are also under scrutiny for larger spaces such as passenger compartments of idling aircraft parked at the gate. 
Some of the other potential and current uses of thermoelectric cooling are: [8]
Military/Aerospace
· Inertial Guidance Systems, Night Vision Equipment, Electronic Equipment Cooling, Cooled Personal Garments, Portable Refrigerators.
Consumer Products

· Recreational Vehicle Refrigerators, Mobile Home Refrigerators, Portable Picnic Coolers, Wine and Beer Keg Coolers, Residential Water Coolers/Purifiers.
Laboratory and Scientific Equipment
· Infrared Detectors, Integrated Circuit Coolers, Laboratory Cold Plates, Cold Chambers, Ice Point Reference Baths,  Dewpoint Hygrometers, Constant Temperature Baths, Thermostat Calibrating Baths, Laser Collimators.
Industrial Equipments

· C Computer Microprocessors, Microprocessors and PC's in Numerical Control and Robotics, Medical Instruments, Hypothermia Blankets, Pharmaceutical Refrigerators - Portable and Stationary, Blood Analyzers, Tissue Preparation and Storage, Restaurant Equipment, Cream and Butter Dispensers.
Miscellaneous

· Hotel Room Refrigerators, Automobile Mini – Refrigerators, Automobile Seat Cooler, Aircraft Drinking Water Coolers.
5.2 COMMERCIAL THERMOELECTRIC COOLING PRODUCTS:

· A varied variety of products based on thermoelectric cooling are now currently available in the market. These are important because they can be bought off the shelf as per the requirements. Some of the important listings are as follows:  
· PowerChill™ Plus 40-qt Vertical/Horizontal Thermoelectric Cooler (Gray/White) : Model No. 5642A807 ( Company - Coleman) [9]
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· Capacity: 45.5 L

· Price: Rs. 7000
· Voltage Requirement : 110 volts
· 16 Quart Gray/Blue Personal Thermoelectric Cooler : Model No.  5615-807  (Company – Coleman) [9]
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· Capacity : 18.2 L

· Price : Rs. 4000

· Voltage Requirement : 110 volts
· Liquid Chiller

           Model No. TLC-700 (Company - Thermoelectric cooling America Corporation) [10]
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· Reservoir capacity : .5 L

· Price : Rs. 2000
· Voltage Requirement : 120 volts ; Power Requirement : 500 W
Specifications of Normal Household Refrigerators: Capacity: 150 – 250 L ; Price: Rs. 8000- 12000 ; Voltage Requirement : 220 volts
CHAPTER 6
CONCLUSIONS AND SCOPE FOR FUTURE DEVELOPMENT

6.0 MOTIVATION

The urge for betterment comes from motivation. Some of the motivating factors for thermoelectrics are as follows:

· Create new classes of thermoelectric devices by:

· synthesizing, measuring and assembling novel thermoelectric materials

· constructing and measuring novel structures such as superlattices, qunatum wells etc.

· Offer at least an order of magnitude enhancement  in current performance making these devices competitive with conventional phase change systems(ZT>4)

· Techniques for the production of low-dimensional conductors.
· Better ways of using the present thermoelectric modules.

· CFC ban should increse market for all sorts of alternate refrigeration technologies.

6.1 POTENTIAL RESEARCH SCOPE IN MATERIALS FIELD:

· tolerance to repeated temperature cycling.

· broad range of temperature over which ZT is high.

· low cost.

· weight, volume and vibration concerns.
6.2 CONCLUSIONS
Thermoelectrics and  thermoelectric cooling are being studied exhaustively for the past several years and  various conclusions have been conceived regarding the efficient functioning of thermoelectric refrigerators. 


Thermoelectric refrigerators are greatly needed, particularly for developing countries, where long life, low maintenance and clean environment are needed. In this aspect thermoelectrics cannot be challenged in spite of the fact that it has some disadvantages like low coefficient of performance and high cost. These contentious issues are the frontal factors hampering the large scale commercialization of thermoelectric cooling devices.


The solution to above  problems can only be resolved with the development of new techniques. There is a lot of scope for developing materials specefically suited for TE cooling purpose and these can greatly improve the C.O.P. of these devices. Development of new methods to improve efficiency catering to changes in the basic design of the thermoelectric set up like better heat transfer, miniaturization etc. can give very effective enhancement in the overall performance of thermoelectric refrigerators. Finally, there is a general need for more studies that combine several techniques, exploiting the best of each and using these practically.
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