Abstract

The training report has been divided into 2 modules. First module concerns with the study and experiments performed on both Phase Change Materials (PCM) and Solar Radiation Chamber. These phase change materials are used to lower the operating temperature of electronic devices and/or circuits. Whereas Solar Radiation Chamber is that equipment in which experiments are conducted on PCM.

Second part of the training project report, deals with the Construction of a Temperature Controller. This circuit control temperature by controlling a fan fitted such that if temperature of room/chamber increases beyond a set limit it will automatically turn on the fan. Thus, temperature of that vicinity can be regulated.

ABOUT DEFENCE LABORATORY

JODHPUR

Defence Laboratory, Jodhpur was established on 16th May, 1959. DLJ is located at the gateway of Thar Desert of Rajasthan. It enhances the operational efficiency of troops in desert warfare and logistics support. The aim of the lab is to undertaken research studies in the following areas: 

1 Camouflage & Low Observable Devices 

2 Nuclear Radiation Management & Applications 

3 Desert Environmental Science & Technologies 
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FIGURE 1

In addition to R&D activities in the above field, the lab conducts several training programs to the benefit of Services and Civil population, e.g. industrial radiography, NBC, radiation safety aspects, water desalination, quality, monitoring and desert meteorology. The lab has also been identified as a material development lab. 

The objective of DEST or HMG (Heat Management Group) is the removal of unwanted heat from sources such as semiconductors without negatively affecting the performance or reliability of adjacent components. Thermal management addresses heat removal by considering the ambient temperature (and temperature gradients) throughout the entire product from an overall system perspective. Thermal removal solutions cover a wide range of options. 
The simplest form of heat removal is the movement of ambient air over the device. In any enclosure, adding strategically placed vents will enhance air movement. The cooling of a critical device can be improved by placing it in the coolest location in the enclosure. When these simple thermal solutions cannot remove enough heat to maintain component reliability, the system designer must look to more sophisticated measures, such as heat sinks, fans, heat pipes, or even liquid-cooled plates. Thermal modeling using computational fluid dynamics (CFD) helps demonstrate the effectiveness of a particular solution.

The thermal management process can be separated into three major phases:

1. Heat transfer within a semiconductor or module (such as a DC/DC converter) package.
2. Heat transfer from the package to a heat dissipater.

3. Heat transfer from the heat dissipater to the ambient environment

For designers, a broad selection of materials is available to manage and control heat in a wide range of applications.

DEST department is still doing research work on developing such a material which can absorb that much extra heat. Phase-change thermal interface materials have been an important thermal management link. They don’t dissipate heat. They provide an efficient thermal conductive path for the heat to flow from the heat-generating source to a heat-dissipating device. These materials, when placed between the surface of the heat generating component and a heat spreader, provide a path of minimum thermal resistance between these two surfaces. The ultimate goal of an interface material is to produce a minimum temperature differential between the component surface and the heat spreader surface. Heat transfer from the heat dissipater to the ambient environment. Moreover, as this material(PCM) is capable of absorbing heat it can also be used in bunkers to prevent the army men inside bunker from the temperature of outside environment by keeping the bunker cool.

Now in various communicating systems as well as devices such as  walky  talky which are being used in battlefields for transfer of messages they use various electronic equipment in their manufacturing, these electronic equipments fail to deliver desired output at extreme temperature as they are rated for lower temperatures. To overcome this analysis of behavior of PCM is carried & this heat factor can b eradicated from performance of such devices by doing coating of PCM on them.

PCM absorbs the heat generated up to large extent & helps in proper working. It absorbs heat & liquefies it & when under cool conditions it gets back to solid state. Thus PCM helps in keeping conditions favourable for working of electronic devices.

CHAPTER 1
INTRODUCTION

Heat is considered one of the biggest enemies of electronics, causing components to fail. As India generally purchases all its military equipments from Russia which are prepared according to their conditions (which are cooler than ours). And when we plant these components in field where surrounding temperature ranges between 42 to 50oC. So, this creates a problem regarding the failure of various electronic equipments such as power transistors at our surrounding temperatures. Hence it becomes quite essential to protect them from overheating. To overcome this problem, DEST department is still doing research work on developing such a material which can absorb that much extra heat. Moreover, as this material (PCM) is capable of absorbing heat it can also be used in bunkers to prevent the army men inside bunker from the temperature of outside environment by keeping the bunker cool.

Now in various communicating systems as well as devices such as  walky  talky which are being used in battlefields for transfer of messages they use various electronic equipment in their manufacturing, these electronic equipments fail to deliver desired output at extreme temperature as they are rated for lower temperatures. To overcome this analysis of behavior of PCM is carried & this heat factor can b eradicated from performance of such devices by doing coating of PCM on them.

Phase-change thermal interface materials have been an important thermal management link. They don’t dissipate heat. They provide an efficient thermal conductive path for the heat to flow from the heat-generating source to a heat-dissipating device. These materials, when placed between the surface of the heat generating component and a heat spreader, provide a path of minimum thermal resistance between these two surfaces. The ultimate goal of an interface material is to produce a minimum temperature differential between the component surface and the heat spreader surface. Heat transfer from the heat dissipater to the ambient environment.

 PCM absorbs the heat generated up to large extent & helps in proper working. It absorbs heat & liquefies it & when under cool conditions it gets back to solid state. Thus PCM helps in keeping conditions favorable for working of electronic devices.

These new technologies need to be tested at high ambient temperatures as that of field. Thus for this a special equipment is used i.e. Solar Radiation Chamber.

CHAPTER 2

SOLAR RADIATION CHAMBER

2.1 Introduction:-

Climatic chamber is used to stimulate temperature over a range of -30◦c to 120◦C humidity from 10% to 90% as well as solar radiation. Chamber has double wall construction of 6” thick fiber glass wool between the inner and the outer walls.

Inner of the chamber is fabricated with mirror finished stainless steel and outer is CRCS with Electrostatic powder coating. A double lined silicon gasket is provided one on the door and other on the flange of the chamber. It has been provided with a glass window and a light for checking state of experiment being performed inside the chamber. For gentle and uniform temperature in workspace 1no of 1/5 HP fan motor with a 9’’×4.5’’ width SS impeller is used. This chamber also provided with wet and dry heaters to control humidity inside the chamber so that the specimen could be tested in same environmental condition as that of field. Entire chamber is controlled using a State OF Art Eurotherm controller. Indicator cum controller is a programmable profile dual loop controller. This means that controller can be manually operated or can be interfaced with a system. Its interfacing facilitates automatic temperature control as preset by user and moreover readings can be automatically got stored; thus eliminating need of an attendant. The sensor for temperature is a class Pt-100.

The refrigeration system is a single stage eco-friendly system with air cooled condensing unit. Thus entire chamber is designed to give uniform and ‘trouble free operation’

The Metal Halogen lamp is used having radiation intensity of 100W/m2 with a range of 280 to 3000 mm from a distance of 60 cms to stimulate solar radiation. This lamp’s radiation is very much figurative to sun’s radiation in field. Hence this chamber provides us with all the test conditions that can prevail in field to test the operation of our specimen.

2.2 Specification

1. Item





: Climatic Test Chamber.

· Model No.


 
: CMEI-SPL

· SI.No.




: CMEI/653/2004-05

2. Workspace

 : 560 X 750 X 750 mm(W X D X H)

3. Inner Material



: Stainless Steel AISI 304

4. Temperature Range



: -30C to +120C

· Accuracy and Resolution

: ±1C / 0.1C.

· Humidity Range


: 75% to90% RH

· Accuracy



: ±3% RH

5. Temperature Control


: By Eurotherm Make Model 2604

      With iTools Software

6. Compressor 



:CR42


:1no

   





 Make: Kirlosker









 SR NO- CBA-13434

7. Refrigeration


          
: R-404a.

8. Heater 



          
: 2 KW with safety thermostat.

9. Power requirement
: 380V-440V AC , 50Hz ,4 wire, Three phase     with neutral + earth

2.3 List of Components Used In the Chamber
1. Chamber Fan motor 

: 1/5 HP, single phase


: 1no






  230V AC, 0.8 amps






  Make: sem


2.  Air Heater



: 0.5 KW Heater


: 4 nos

3.  Controller



: Microprocessor based

: 1 no 






  Eurotherm, make 2604






  Dual Loop Programmable






  With iTools Software

4. Blower



: 9” X 4.5” dia SS Impeller

: 1 no

5. Compressor
 I


: Model- CR42


:1 no





  
  SR no- CBA13434






  3 ph, 440 V AC






  Make- Copeland 

6. Condenser Fan Motor

: FHP, 1400 RPM


: 1 no






  230 V AC, 1 Phase,






  Make- EBM NARDI

7. Evaporator



: 20” X 14” X 17rows


: 1 no

8. Refrigerant gas


: R-404A



: 5 g

9. Solenoid Valves


: 3/8” Flaire



: 2 nos






  ¼”




: 1 no






  Make- Danfoss

10. Auto Oil Return


: OUB-1



: 1 no






  Make- Danfoss

11. HP/LP



: Make Danfoss


: 1 no

12. Accumulator


: 2 ton



 
: 1 no

13. Liquid Drier


: 3/8” Flaire



: 1 no






  Make Danfoss

2.4 VIEW OF SOLAR RADIATION CHAMBER
Front View of SRC with Glass Window & Light To Check Experiment
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Control Panel of SCR




Interior of SCR (Experiment of

PCM filled Heat Sink)
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2.5 SYSTEM:-

Air Circulation System:-

      1no of 1/5 HP fan motor with impeller is used to maintain the uniform temperature in workspace.

      Motor is placed outside and is connected to the impeller by means of suitable coupling.

Heating System:-

2.0 kW heaters are provided in the conditioning space for conventional heat generation in the chamber .heaters bare placed in such a ways that direct radiation doesn’t occur to the specimen

Control System:-

Eurotherm make model 2604 Dual Loop Temperature is used to control and indicate the temperature in ◦C. The controller has bi-directional interface option using RS-232.Computer uses iTOOLS software to communicate by converting signals back to RS-232.

Cooling System: -

Single stage refrigeration system is provided for stimulating the central low temperature in workspace.R-404A refrigerant is used in system which would cool the workspace. Entire system is controlled using a solenoid valves thus providing the accuracy required. System consists of Air cooled condensing unit. The monitoring process can be done using gauges.

CHAPTER 3

Phase Change Materials

3.1 What are PCMs?

PCM material is a substance with high heats of fusion so they can absorb a lot of energy before melting or solidifying. A PCM temperature remains constant during the phase change, which is useful for keeping the subject at a uniform temperature. PCMs are classified as latent heat storage (LHS) units. In other words the simplest, cheapest, and most effective phase change material is water/ice.  Unfortunately, the freezing temperature of water is fixed at 0 °C, which makes it unsuitable for the majority of energy storage applications.  Therefore a number of different materials have been identified and development to offer products that freeze and melt like water/ice, but at temperatures from the cryogenic range to several hundred degrees centigrade.)

3.2 How PCMs work?

Phase Change Materials (PCMs) are products that store and release thermal energy during the process of melting & freezing (changing from one phase to another).  When such a material freezes, it releases large amounts of energy in the form of latent heat of fusion, or energy of crystallization.  Conversely, when the material is melted, an equal amount of energy is absorbed from the immediate environment as it changes from solid to liquid.

PCMs latent heat storage can be achieved through solid-solid, solid-liquid, solid-gas and liquid-gas phase change. However, the only phase change used for PCMs is the solid-liquid change. Liquid-gas phase changes are not practical for use as thermal storage due to the large volumes or high pressures required to store the materials when in their gas phase. Liquid-gas transitions do have a higher heat of transformation than solid-liquid transitions. Solid-solid phase changes are typically very slow and have a rather low heat of transformation. 

Initially, the solid-liquid PCMs behave like sensible heat storage (SHS) materials; their temperature rises as they absorb heat. Unlike conventional SHS, however, when PCMs reach the temperature at which they change phase (their melting temperature) they absorb large amounts of heat at an almost constant temperature. The PCM continues to absorb heat without a significant raise in temperature until all the material is transformed to the liquid phase. When the ambient temperature around a liquid material falls, the PCM solidifies, releasing its stored latent heat. A large number of PCMs are available in any required temperature range from -5 up to190 oC. Within the human comfort range of 20° to 30°C, some PCMs are very effective. They store 5 to 14 times more heat per unit volume than conventional storage materials such as water, masonry, or rock.

Figure shown below illustrates how PCM maintain a constant temperature. This makes it most significance in designing of heat sinks. Moreover it has low density to weight ratio which makes it all the more useful for handy electronic devices such as launcher ckt of rocket launcher
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  FIGURE 5

Why PCMs are better than Conventional methods?

As stated earlier protection to Devices planted on Field is vital for their proper working and reduces changes of failure due to burn out of devices because of high temperature. Thus design and selection of the heat sink are crucial to the overall thermoelectric system operation. For proper thermoelectric management, all critical devices require a heat sink and can be destroyed if operated without one. In this selection criteria cost, performance and application plays a vital role.
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In summary, the selected thermal management solution for a specific application will be determined by the cost and performance requirements of that particular application. Manufacturing and assembly requirements also influence selection. Economic justification will always be a key consideration. Figure summarizes the effectiveness of various cooling solutions. Figure shown is a monograph showing the progression of cooling solutions from natural convection to liquid cooling and the reduction in both thermal resistance and heat sink volume resulting from this progression. Thus it can be concluded that PCMs best serve the purpose.

3.3 CLASSIFICATION OF PCMs

PCMs can be broadly categorized on the basis of:-

· COMPOSITION

· APPLICATION

On the basis of COMPOSITION they are further classified as

1. Eutectics, 

2. Salt hydrates, and 

3. Organic materials

3.3.1 Organic PCMs:

Organic Phase Change Materials (PCMs) can be Paraffin (CnH2n+2) and Fatty acids (CH3(CH2)2nCOOH) (Aliphatic or Other Organics). Organic materials used as PCMs tend to be polymers with long chain molecules composed primarily of carbon and hydrogen.  They tend to exhibit high orders of crystalline temperature when freezing and mostly change phase above 0°C. Users rarely specify the use of Organic PCMs. Latest can offer Organic PCMs in low temperature range. Organic PCMs are expensive and they have average Latent Heat per unit volume and low density. Most items in organic PCM range are combustible in nature. They also have a wider range of Melting Point. Examples of materials used as positive temperature organic PCMs include waxes, oils, fatty acids and polyglycols.

3.3.1.1 Advantages :-

1. Availability in a large temperature range 

2. Freeze without much super cooling 

3. Ability to melt congruently 

4. Self nucleating properties 

5. Compatibility with conventional material of construction 

6. No segregation 

7. Chemically stable 

8. High heat of fusion 

9. Safe and non-reactive 

10. Recyclable 

3.3.1.2 Disadvantages 

1. Low thermal conductivity in their solid state. High heat transfer rates are required during the freezing cycle.
2. Volumetric latent heat storage capacity is low.
3. Flammable. This can be easily alleviated by a proper container.
4. Due to cost consideration only technical grade paraffin may be used which are essentially paraffin mixture and are completely refined of oil, 

3.3.2 Inorganic PCM:-

Inorganic Phase Change Materials (PCMs) are generally Hydrated Salt based materials Salt hydrates (MnH2O). Salt hydrates are specific salts that are able to incorporate water of crystallization during their freezing process and tend to change phase above 0°C. Academicians are likely to misguide you into using pure hydrated salts like Sodium Sulphate Decahydrate and so on. Hydrated salts have a number of hydrates and an anhydrous form leading to stratification of material and loss of Latent Heat recovery with time. Hydrated salts also have a sub-cooling tendency. Old generation PCM manufacturers managed to add performance-enhancing agents. These additives do help in delaying the degradation of PCMs for say 100 cycles or thereabout. However, they do not address the basic reasons due to which sub-cooling and degradation happens. Earlier researchers emphasized that it is beneficial to use impure grades of base material as it promotes the nucleation and prevents sub-cooling. However, impurities also promoted nucleation of undesirable hydrates leading to stratification. Experts on crystallography have managed to identify the “Preferred Crystal Nucleation” method. It consists of a “Cold Finger” that nucleates and promotes the growth of desired crystals and “Detoxification” or “Selective Elimination” whereby any impurity that promotes the growth of undesirable crystals is removed. The current methods of Phase Change Material (PCM) manufacturing are like the new generation “Combination Drugs”.
3.3.2.1 Advantages:-

1. High volumetric latent heat storage capacity 

2. Low cost and easy availability 

3. Sharp melting point 

4. High thermal conductivity 

5. High heat of fusion 

6. Low volume change 

7. Non flammable.
3.3.2.2 DISADVANTAGES:-

1. Change of volume is very high. 

2. Super cooling is major problem in solid-liquid transition. 

3. Nucleating agents are needed and they often become inoperative after repeated cycling.
CHAPTER 4
EUTECTIS:-

Eutectics tend to be solutions of salts in water that have a phase change temperature below 0 °C. They in general are Organic-organic, organic-inorganic, inorganic-inorganic compounds.

When salts are added to water they depress the freezing point of the water (this is why gritting or salting roads and pathways melts snow on them).  Adding more salt generally depresses the freezing temperature further, but these solutions do not freeze cleanly and at a precise temperature, instead they tend to form slush. 

However, if you add a particular salt at a particular concentration the resulting solution freezes and melts cleanly at a constant temperature, releasing and storing large amounts of energy as it does so.  This temperature is called the eutectic point and the composition is called a eutectic solution.

Now-a –days Metal Eutectics are also used as they mark significance over organic or inorganic mixtures of salts. These contain mixtures of metals and hence are named so.

· Advantages :-

1. Eutectics have sharp melting point similar to pure substance 

2. Volumetric storage density is slightly above organic compounds 

· Disadvantages:- 

1. Only limited data is available on thermo-physical properties as the use of these materials are very new to thermal storage application.

Whereas on basis of APPLICATION they are further classified as:-

· Positive PCMs

· Negative PCMs

 4.1 Positive Temperature PCMs:-

These PCMs absorb Latent heat of fusion and change their state. Thus, it maintains lower temperature by absorbing heat of the object to be cooled. Few examples have been listed below:- 

· Chilled Food Transport

· Drink Cooling

· Drink Vending

· Medicine & Vaccine Transport

· Air Conditioning

· Building Passive Cooling

· Water Heating

· Solar Heating

· Boiler Waste Heat Storage

· Heat Rejection Systems

· Telecommunication Shelter Cooling

· Co-Generation Systems

· Heat Pumps

4.2 Negative Temperature PCMs:

· Temperature Controlled Packaging

· Frozen Food Transportation

· Ice Cream Vending

· Medicine & Vaccine Transport

· Food Stall Cooling

· Automotive Cooling Applications

· Marine Refrigeration

· Cold Store Back-up

· Transport Refrigeration

 Selected List of Hydrated Salt/Eutectic base Phase Change Materials (PCMs) sorted by Melting Point Temperature.

	Melting Point oC
	Grade of PCM
	Useful Range
	Latent Heat (L.H.) KJ/Kg
	L.H. in Useful Range KJ/Kg
	Specific Gravity
	Remarks

	-50oC
	Freezer Salt
	-60 to -40oC
	325
	395
	1.3
	 

	-23oC
	Freezer Salt
	-30 to -15oC
	330
	380
	1.2
	 

	-16oC
	Freezer Salt
	-25 to -05oC
	330
	380
	1.02
	 

	 00oC
	Precision
	-10 to -00oC
	335
	380
	1
	 

	04oC
	Preservation
	00 to 10oC
	105
	135
	1.4
	 

	07oC 
	Preservation
	02 to12oC
	300
	330
	1.4
	Premium Grade. Know-How Offered.

	10oC
	Preservation
	05 to 15oC
	170
	200
	1.4
	 

	15oC
	Preservation
	10 to 20oC
	175
	210
	1.4
	 

	18oC
	Solar
	15 to 21oC
	175
	210
	1.5
	Free Day-Night Cooling & Heating.  Cool Furniture, Cool Vests etc.

	21oC
	Solar
	18 to 24oC
	175
	210
	1.5
	

	24oC
	Solar
	18 to 30oC
	175
	210
	1.5
	

	27oC
	Solar
	22 to 32oC
	175
	210
	1.5
	

	29oC
	AC-Backup
	22 to 36oC
	>175
	>210
	1.5
	
To Give Back-up to AC & Comfort
Telecom Shelter

	 
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	

	32oC
	AC-Backup
	22 to 36oC
	210
	250
	1.4
	

	36oC
	Electronic
	30to 50oC
	260
	300
	1.4
	Electronic Comfort
Telecom Shelter

	40oC
	Electronic
	30 to 50oC
	220
	260
	1.4
	

	45oC
	Heating
	40 to 55oC
	220
	260
	1.4
	Solar Heater

Hot Pads. Heat Sinks

	48oC
	Heating
	40 to 58oC
	220
	260
	1.4
	

	58oC
	Heating
	40 to 58oC
	220
	260
	1.4
	

	68oC
	Electronics
	40 to 70oC
	220
	280
	1.8
	Electronic Sinks

	70oC
	Electronics
	40 to 75oC
	230
	290
	1.8
	

	78oC
	Electronics
	40 to 80oC
	240
	300
	1.8
	

	Phase Change Materials (PCMs) & Heat-Treatment Salts available upto 1100oC

	The Yellow Marked Products are running items and extensively used world wide.







TABLE 1
4.3  Selection Criteria

4.3.1 Thermodynamic properties:- The phase change material should possess 

1. Melting temperature in the desired operating temperature range 

2. High latent heat of fusion per unit volume 

3. High specific heat, high density and high thermal conductivity 

4. Small Volume changes on phase transformation and small vapor pressure at operating temperatures to reduce the containment problem 

5. Congruent melting 

4.3.2 Kinetic properties 

1. High nucleation rate to avoid super cooling of the liquid phase 

2. High rate of crystal growth, so that the system can meet demands of heat recovery from the storage system 

4.3.3 Chemical properties 

1. Chemical stability 

2. Complete reversible freeze/melt cycle 

3. No degradation after a large number of freeze/melt cycle 

4. Non-corrosiveness, non-toxic, non-flammable and non-explosive materials 
4.3.4 Economic properties 

1. Low cost 

2. Large-scale availabilities 
Technologies Developed At D L, Jodhpur

Because of unique property of storing Latent Heat PCMs can be used in a number of ways, such as thermal energy storage whereby heat or coolness can be stored from one process or period in time, and used at a later date or different location.  PCMs are also very useful in providing thermal barriers or insulation, for example in temperature controlled transport. At DLJ, scientist has been engrossed in developing new technologies using above described property of PCMs. A few which they have published are summarized as follows:-

· PCM Cool Panel

· Passive Cooled Cabin

· PCM Based Air Cooling Device 

· PCM Based Underground Shelter

· PCM Vest And Cap

· PCM Jacket
Some Commercial Applications of PCMs are:-

Phase change materials are used in freezers packs, protective clothing and hard hats designed to keep people cool in hot environments. One of the most important recent breakthroughs with PCMs is in the building industry. BASF have developed a number of energy saving products. Through a physical trick, building materials can now store extra latent heat. For example, a revolutionary new wall plaster, incorporating one third phase changing material, has the same heat storage capacity as a 23 cm thick brick wall in the critical temperature range for living comfort of 22 to 26 °C. Additionally, phase changing materials can be integrated into both solid and liquid materials. 

Concrete is used extensively for residential and commercial construction in many places in the world. The large thermal mass of the concrete can often be an advantage, as concrete stores energy as heat during the day and releases it during the night, which reduces the need for additional cooling or heating. In hot climates, the concrete heat bank and release of heat may not be wanted. BASF’s Micronal PCM phase change materials used in the plaster sheeting described above, have been incorporated into aerated cement blocks for the first time. This substantially increases the heat storage capacity of its blocks, and means significant savings in the heating and cooling of buildings.  Temperature Percentage  of heat loss from an ordinary home (EECA, 2004) as shown in picture.
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FIGURE 7
CHAPTER 5

PCM storage heater- A Typical Commercial Application:-

A storage heater for storing heat and for heating a fluid, such as water, has an enclosure defining a chamber therein. The chamber has a lower portion and an upper portion with a heating element being disposed within the enclosure. A tube through which the fluid flows has an inlet and an outlet, both being disposed outside of the enclosure, and has a portion interconnecting the inlet and the outlet that passes through the enclosure. The viscous liquid is in thermal communication with the heating element, the phase change material pellets, and the tube and transfers heat from the heating element to the pellets and from the pellets to the tube. The viscous fluid has a viscosity so that the frictional pressure drop of the fluid in contact with the phase change material pellets substantially reduces vertical thermal convection in the fluid. As the fluid flows through the tube heat is transferred from the viscous liquid to the fluid flowing through the tube, thereby heating the fluid. 

Few other applications of phase change materials include, but are not limited to:

· Thermal energy storage 

· Conditioning of buildings, such as 'ice-storage' 

· Cooling of heat and electrical engines 

· Cooling: food, wine, milk products, green houses 

· Medical applications: transportation of blood, operating tables, hot-cold therapies 

· Waste heat recovery 

· Off-peak power utilization: Heating hot water and Cooling 

· Heat pump systems 

· Passive storage in bioclimatic building/architecture (HDPE, paraffin) 

· Smoothing exothermic temperature peaks in chemical reactions 

· Solar power plants 

· Spacecraft thermal systems 

· Thermal comfort in vehicles 

· Thermal protection of electronic devices 

· Thermal protection of food: transport, hotel trade, ice-cream etc. 

· Textiles used in clothing 

· Computer cooling 
5.1 Fire and safety issues

Some phase change materials are suspended in water, and are relatively nontoxic. Others are hydrocarbons or other flammable materials, or are toxic. As such, PCMs must be selected and applied very carefully, in accordance with fire and building codes and sound engineering practices. 

CHAPTER    EXPERIMENT To Compare Different Types of PCMs
6.1AIM: - To Study and Compare performance of:-

(i) PCM filled metal heat sink with metal heat sink

(ii) Metal Eutectic filled metal heat sink with metal heat sink

(iii) PCM filled heat sink with Metal Eutectic filled heat sink

6.2EXPERIMENTAL SETUP:-

The experiment setup contains information about the various things which helped me in my project and they are as

Heater:-

During the experiment the heat was produced by a heat source .it was given power by a set up box in which manually set voltage and its equivalent current is obtained. The other two ends of the heater are attached to the temperature sensor which helps in keeping the record of temp of the heater. The heater is made of material which absorbs less heat. Its temperature range is almost 250-260C 

Heat sink:-

It is made of al and various alloys. The basic property of this is to absorb heat produced by the heater. Its effect is noted when it is placed along with the heater, it helps in absorbing heat from the heater and indirectly increases the time for heater to reach it set value; as it does two functions- absorbing heat and simultaneously radiating it back to the environment in which the system is kept .

 Heat sinks which have PCM filled in them according to their volume are also prepared for second phase of experiment. PCM filled heat sinks have better efficiency as they increase the heating time of the heater.

Solar Radiation Chamber:-

The chamber is a multipurpose chamber and it can be used for measuring humidity, as well as maintaining the various required ambient temperatures. It gets its supply from 220V 50 Hz and a 3 phase supply. It can be operated manually as well as with the help of iTools software. It contains the whole system inside its workspace. It is also attached with a compressor which is used to keep the ambient temperature in control if it exceeds the desired limits. it has generally 2 heaters inside it- Wet heaters and Dry heaters; which keeps the level of temperature inside the chamber high.

iTOOLS:-

It’s software which is outstanding with wide range of functionalities & it is also known as 2604 microcontroller. It helps in providing the exact values/ position that changed at the beginning, at the end, or during the course of experiment. It gives digital reading & also gives a graphical representation of the target value to be attained & the positional value at different time intervals. We could also check out the status even at the minutes of the time interval.  
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Picture showing experimental step-up in SCR: -sensor probe (white), heater and sinks can be seen

FIGURE 9
6.3WORKING & PROCEDURE

WORKING:-

Working of the Experiments is carried out in 3 different stages

In the First stage, the reading is carried out only of the reference i.e. metal sink made up of aluminum is used. In this, system has a heater which is set to a fixed wattage and a sink which is kept over it. Due to this part of heat gets absorbed by sink and the purpose of sink is served that to keep the heater in cooled state for some time and constantly absorb heat and simultaneously radiate it which in turn negligibly increases the ambient temperature of the system.

In second stage, same step except for the difference that tis time instead of just metal sink aluminum sink filled with PCM is used. Due to this more amount of heat get absorbed by the sink, the PCM in sink gets heated up to a limit rapidly and when its melting point is reached it allow slow rise in temperature.

Similar for third stage where instead of PCM filled sink; Metal Eutectic filled sink is used. They have advantage over PCMs that they hold temperature for longer duration as they much sharper melting point and are less denser than PCMs.

PROCEDURE:-

1. Clean the workspace before placing the specimen.

2. Keep specimen in workspace, close the door and lock it.

3. Switch on the mains MCB and ensure RYB lamps are indicating.

4. Switch on the controller and the program test profile, run the selected program by pressing the Run key in the controller or through the software.

5. Switch on the blower and corresponding compressor, heater, vacuum, equalizer.

6. In case of software operated condition, turn on the PC   and select iTOOLS software.

OBSERVATION TABLE: - 
Comparison of PCM filled heat sink with Reference

	Time

(in sec)
	 PCM + Sink

Heater                       Sink
	 Reference Sink

Heater                        Sink

	Start temp
	61
	59.4
	61
	59.5

	30 
	90 
	62.4
	88
	57.7

	60
	101
	66.6
	101
	58.2

	90
	108
	70.2
	107
	59.0

	120
	112
	72.4
	111
	59.6

	150
	114
	72.5
	114
	60.2

	180
	115
	72.6
	117
	60.6

	210
	116
	72.7
	119
	60.9

	240
	116
	72.8
	121
	61.4

	270
	117
	72.9
	123
	61.6

	300
	117
	73.0
	124
	62.3

	330
	117
	73.2
	125
	62.3

	360
	118
	73.4
	126
	62.4

	390
	118
	73.5
	127
	62.5

	420
	118
	73.8
	128
	62.8

	450
	119
	74.1
	128
	63.0

	480
	119
	74.4
	129
	63.0

	510
	119
	74.8
	129
	63.1

	540
	120
	75.3
	130
	63.1

	600
	121
	76.5
	130
	63.4

	660
	123
	79.0
	131
	67.4

	780
	125
	82.4
	132
	67.7

	900
	128
	85.1
	133
	68.2

	1020
	130
	87.0
	133
	68.2

	1200
	131
	88.4
	133
	68.6

	1380
	131
	88.8
	134
	68.7

	1500
	132
	89.0
	134
	69.1

	1620
	132
	89.1
	134
	69.2

	1800
	132
	89.2
	134
	69.3

	1980
	132
	89.3
	134
	69.3

	2100
	132
	89.4
	134
	69.3

	2400
	132
	89.5
	134
	69.8

	2700
	133
	89.5
	134
	69.8

	3000
	133
	89.6
	134
	170
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	Time

(in sec)
	              Metal Eutectic

Heater                       Sink
	           Reference Sink

Heater                       Sink

	30
	89
	61.4
	95
	60.4

	60
	102
	65.3
	108
	60.9

	90
	110
	68.6
	115
	61.5

	120
	114
	71.2
	119
	62

	150
	117
	71.8
	122
	62.6

	180
	119
	71.8
	125
	63.1

	210
	119
	71.8
	127
	63.6

	240
	120
	71.9
	129
	64

	270
	121
	72
	131
	64.3

	300
	121
	72
	132
	64.6

	330
	121
	72
	134
	65

	360
	121
	72.1
	135
	65.2

	390
	122
	72.2
	136
	65.3

	420
	122
	72.2
	137
	65.5

	450
	122
	72.3
	137
	65.7

	480
	122
	72.4
	138
	65.8

	510
	123
	72.5
	138
	65.9

	540
	123
	72.6
	139
	66.1

	600
	123
	72.7
	140
	66.2

	660
	123
	73.7
	141
	66.5

	780
	124
	74.4
	141
	66.6

	900
	126
	77.1
	142
	66.8

	1020
	129
	78.1
	143
	66.8

	1200
	131
	81.1
	143
	67.1

	1320
	133
	86.1
	143
	67.1

	1400
	133
	87.4
	143
	67.2

	1620
	134
	88.1
	143
	67.2

	1800
	135
	89.1
	144
	67.3

	2100
	135
	89.3
	144
	67.3

	2400
	135
	89.5
	144
	67.3

	2700
	135
	89.6
	144
	67.3

	3000
	135
	89.6
	144
	67.3

	3300
	135
	89.5
	144
	67.2

	3600
	135
	89.6
	144
	67.3

	3900
	135
	89.6
	144
	67.3







TABLE 3
Comparison of PCM with Metal Eutectics

	Time

(in sec)
	PCM

Heater                      Sink
	METAL EUTECTIC

Heater                         Sink

	30
	90
	62.4
	89
	61.4

	60
	101
	66.6
	102
	65.3

	90
	108
	70.2
	110
	38.6

	120
	112
	72.4
	114
	71.2

	150
	114
	72.5
	117
	71.8

	180
	115
	72.6
	119
	71.8

	210
	116
	72.7
	119
	71.8

	240
	116
	72.8
	120
	71.9

	270
	117
	72.9
	121
	72

	300
	117
	73
	121
	72

	330
	117
	73.2
	121
	72

	360
	118
	73.4
	121
	72.1

	390
	118
	73.5
	122
	72.2

	420
	118
	73.8
	122
	72.2

	450
	119
	74.1
	122
	72.3

	480
	119
	74.4
	122
	72.4

	510
	119
	74.8
	123
	72.5

	540
	120
	75.3
	123
	72.6

	600
	121
	76.5
	123
	72.7

	660
	123
	79
	123
	73.7

	780
	125
	82.4
	124
	74.4

	900
	128
	85.1
	126
	77.1

	1020
	130
	87
	129
	78.1

	1200
	131
	88.4
	131
	81.1

	1620
	132
	89.1
	134
	88.1

	1800
	132
	89.2
	135
	89.1

	2100
	132
	89.4
	135
	89.3

	2400
	132
	89.5
	135
	89.5

	2700
	133
	89.5
	135
	89.6

	3000
	133
	89.6
	135
	89.6







TABLE 4
RESULT

It can be observed that in first case when PCM filled sink is compared with simple aluminum sink where ambient temperature has been fixed to 60oC and values of voltage, current, power and starting temperature are 7V, 1.6Amp, 11.2 & 61oC respectively; PCM filled can temperature of heater can be retained for 390 sec. 10 a range of 114-120oC whereas in case of metal sink it ranges from 114-130oC

Similar experiments has been carried out on metal Eutectics filled sinks where temperature is retained for 630 sec; and it ranges from 117-124oC. Whereas that of reference at the same time ranges from 122-141oC

In the Third stage of experiment Metal Eutectics are being compared with PCM filled heat sinks here also temperature range and duration of holding temperature of metal Eutectics seem more prominent from that of PCMs. Statically it can be seen that PCM holds temperature from 114-120oC for 390 sec. whereas Metal Eutectic holds from 117-124oC for 630 sec. Moreover it can be observed that PCM changes it state in temperature range of 72.5-75.3oC as compared to Metal Eutectics that changes it state in temperature range of 71.8-74.4oC. 

Thus it can be remarked that Metal Eutectics are better than PCMs in case of heat dissipation.

Chapter-Designing of Automatic Temperature Controller For Fans

7.1AIM: - To design the “Automatic Temperature Controller For 





Fans”

7.2PURPOSE:-

Maintaining and controlling of temperature of experiments, chamber, room, chemicals storing places, places having critical loads like supply rooms or in industries is very important. These circuits or elements are very sensitive towards temperature variation and even small negligence can cause loss of property or at times of lives also. Thus it becomes crucial to maintain temperature of such devices. But at the same time appointing a person to just keep track of temperature and maintaining or setting it manually is not possible.

This generates the need of automation. These days highly intellectual devices are made for controlling such crucial loads. These devices can even counteract on various situations on itself i.e. it can take decision of its own.

Thus here to serve the purpose of maintain constant temperature a circuit has been designed which sets on fan when temperature reach beyond a preset value. It also regulates its speed if required.

7.3PARTS SPECIFICATIONS

RESISTORS:-

R1, R4, R12, R15, R15 & R16

 3.3KΩ

R2 & R18 

    


 1KΩ

R3 & R5




 1MΩ

R6, R7, R8, R9, R10 & R11


 10KΩ

R13





 22KΩ

R14





 390Ω

R17




 
 220Ω

VR1(Preset)




 1K Ω

VR2(potentiometer)



 1K Ω

VR3(Preset)




  4.7K Ω

DIODES:-

D1 & D2




 2V Zener

D3, D4, D5, D6 & D8



 lN4003

D7





 5.1V Zener

TRNSFORMER:-

230VAC TO 0-12V, 100mA, 50Hz

ICs:-

IC 1





 LM324

IC 2





 µA741

IC 3





 MO C3011

TRIAC: -




BT 136 MTT

7.4CIRCUIT DIAGRAM:-
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FIGURE 9
7.5CIRCUIT DESCRIPTION

The “Automatic Temperature Controller For Fans “is a simple circuit which works on the principle of comparator (differential amplifier). The comparator is a device which compares the two input voltages provided at its input and gives the output voltage as the amplified version of the difference of the two voltages at its input. 

The circuit consists of following modules:- 

· Bridge Rectifier 

· Op-amp as comparator in IC µA741

· IC LM324

· Opto coupler 

· Diodes & Resistances

· Triac BT 136 

· Zeners

· Transformer

· Thermistor

BRIDGE RECTIFIER:- 

Bridge rectifier is a simple circuit consisting of four diodes. Its main purpose in all type of devices is to rectify the A.C. signal and convert it into D.C. signal. The purpose of using the bridge rectifier in the circuit is to maintain the polarity of the circuit i.e. whatever be the polarity at the input side, the output will remain in the same polarity. This is placed at the input of the circuit. 
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FIGURE 10
IC µA 741 (OP-AMP ) AS COMPARATOR:- 

The comparator is a device which compares the two input voltages provided at its input and gives the output voltage as the amplified version of the difference of the two voltages at its input. Its main role in the circuit is to compare the voltages provided at its input and give appropriate output (here to opto coupler). One commonly used op amp is the 741 op amp, an eight pin integrated circuit (or chip, or IC) whose pin-out is shown below.
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Showing Pin Diagram of µA 741 (OP-AMP)  




FIGURE 11
IC LM324:-

LM324 is used as temperature sensing IC. As shown in figuer shown below it is has 4 OP-AMPs inbuilt which serve various purpose like OP-AMP OPV_D(as in figure) essentially works as I to V (current-to-voltage) converter and converts temperature variations into voltage variations. To amplify the change in voltage due to change in temperature, instrumentation amplifier formed by op-amps OPV_A, OPV_B and OPV_C is used.
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Figure showing internal construction of IC



Fig. showing Pin Diagram

FIGURE12





        FIGURE 13
IC MOC3011(Opto- coupler)

The MOC3011 consists of gallium arsenide infrared emitting diodes, optically coupled to silicon bilateral switch and are designed for applications requiring isolated triac triggering, low–current isolated ac switching, high electrical isolation (to 7500 Vac peak), high detector standoff voltage, small  size, and low cost.

DIODES & RESISTANCES:- 

[image: image20.emf]The various resistances and diodes are used for the protection purposes. Some resistances are used to make the voltage drops so as to change the reference voltages at the input of the comparators. Presets are miniature versions of the standard variable resistor. They are designed to be mounted directly onto the circuit board and adjusted only when the circuit is built. Variable resistors are often called potentiometers. They are specified by their maximum resistance, some variable resistors are designed to be mounted directly on the circuit board.
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  FIGURE 14    

A Zener Diode is a special kind of diode which permits current to flow in the forward direction as normal, but will also allow it to flow in the reverse direction when the voltage is above a certain value, the breakdown voltage known as the Zener voltage. The Zener voltage of a standard diode is high, but if a reverse current above that value is allowed to pass through it, the diode is permanently damaged. Zener diodes are designed so that their zener voltage is much lower - for example just 2.4 Volts. When a reverse current above the Zener voltage passes through a Zener diode, there is a controlled breakdown which does not damage the diode. The voltage drop across the Zener diode is equal to the Zener voltage of that diode no matter how high the reverse bias voltage is above the Zener voltage.


   Fig. showing symbol of Zener


Picture of Zener Transformer

A transformer is a device that transfers electrical energy from one circuit to another through inductively coupled conductors — the transformer's coils or "windings". In our circuit 230 to 12 V transformer is being used i.e. it steps down 230V AC to 12V AC.

FIGURE 18

Thermistor:-

The NTC thermistors which are discussed herein are composed of metal oxides. The most commonly used oxides are those of manganese, nickel, cobalt, iron, copper and titanium. The fabrication of commercial NTC thermistors uses basic ceramics technology Applications based on the voltage-current characteristic generally involve changes in the environmental conditions or the electrical circuit parameters of a self-heated thermistor. In turn, these changes will result in a shift of the operating point on any given voltage-current curve or family of such curves. These applications are further subdivided into four major categories depending on the type of excitation that causes the operating point to change.
FIGURE 19

7.6UNDERLYING PRINCIPLE & WORKING

MAIN PRINCIPLE:-

This is basically a blind controller sensing temperature change by virtue of negative coefficient of thermistor, in turn keeping track over current which is then amplified by instrumentation amplifier having a high common mode rejection. Thus, making it feasible to detect even the minute changes in current; observed by change in temperature as sensed by the thermistor. And this track in turn produces triggering pulses for the triac. And this triac will then accordingly regulate speed of fan meant for temperature regulation.

WORKING:-

Shown a circuit through which the speed of a fan can be linearly controlled automatically, depending on the room temperature. The circuit is highly efficient as it uses thyristors for power control. Alternatively, the same circuit can be used for automatic temperature controlled AC power control. In this circuit, the temperature sensor used is an NTC thermistor, i.e. one having a negative temperature coefficient. The value of thermistor resistance at 25oC is about 1 kilo-ohm. Op-amp A1 essentially works as I to V (current-to-voltage) converter and converts temperature variations into voltage variations. To amplify the change in voltage due to change in temperature, instrumentation amplifier formed by op-amps A2, A3 and A4 is used. Resistor R2 and diode D2 combination is used for generating reference voltage as we want to amplify only change in voltage due to the change in temperature. Op-amp µA741 (IC2) works as a comparator. One input to the comparator is the output from the instrumentation amplifier while the other input is the stepped down, rectified and suitably attenuated sample of AC voltage. This is a negative going pulsating DC voltage. It will be observed that with increase in temperature, pin 2 of IC2 goes more and more negative and hence the width of the positive going output pulses (at pin 6) increases linearly with the temperature. Thus IC2 functions as a pulse width modulator in this circuit. The output from the comparator is coupled to an optocoupler, which in turn controls the AC power delivered to fan (load). The circuit has a high sensitivity and the output RMS voltage (across load) can be varied from 120V to 230V (for a temp. range of 22 to 36oC), and hence wide variations in speed are available. It can be noted that speed varies linearly and not in steps. Besides, since an optocoupler is used, the control circuit is fully isolated from power circuit, thus providing added safety. Note that for any given temperature the speed of fan (i.e. voltage across load) can be adjusted to a desired value by adjusting potentiometers VR1 and VR2 appropriately. Potentiometers VR1 should be initially kept in its mid position to realize a gain of approximately 40 from the instrumentation amplifier. It may be subsequently trimmed slightly to obtain linear variation of the fan speed.

Chapter 8 CONCLUSION

A good Learner needs to have not just theoretical but practical knowledge as well and so every aspirant shall undergo a practical training session after 3 rd year as a result of which I imbibed the knowledge about learning, enhancing my skills, getting familiar with the certain aspects of industry which were unexplored to me, which has changed my approach to think over any scientific research and their development and different physical laws related to it.

As a trainee under DEST department I was guided by our mentor to acquire knowledge about these techniques and construct a controller in order to maintain temperature of a chamber/ room. During the training I familiarized myself with PCM their characteristics and applications, development of new technologies, P.C.B designing, application of I.C. (its pin diagram), mounting of components using soldering process and working of Temperature Controller. 

The circuit can be used at all places starting from domestic to the industrial sectors. The simplicity in the usage of this circuit helps it to be used by a large number of people as people with less knowledge of hardware can also use it without facing any problem. The automatic feature of this controller prevents its user from timely manual adjustment of temperature. 

I also learned about the engineers’ responsibility and about their hard work. This training was not only good for personality development but also great in terms of imparting practical knowledge. 

Thus I conclude that my training was a nice and blissful experience gained at DRDO, Jodhpur, under a peaceful, kind and friendly environment.
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Experimental Step-up:- heater sensor & supply  
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