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            ABSTRACT : The power dissipation levels in high performance personal computers continue to increase rapidly while the silicon die temperature requirements remain unchanged or have been lowered. Advanced air cooling solutions for the major heat sources such as central processing unit and graphics processing unit modules uses high flow rate fans to manage the heat load at the expense of significant increases in the sound power emitted by the computer system. Closed loop liquid cooling systems may offer an excellent means to efficiently meet the combined challenges of high heat loads, low thermal resistance, and low noise. This paper describes attributes of an advanced liquid cooling system that can cool heat sources within the computer system. The cooling system described here uses copper cold plates to pick up heat from CPU and highly efficient liquid-to-air heat exchangers to transfer the heat to air by forced convection. A water based coolant is used for high thermal performance and a highly reliable compact pump is used to circulate the fluid in a closed loop. The air cooling used in computers is no longer appropriate to deliver the proper thermal management. Modern computers are hot even when they are standing still. So another cooling system needs to be designed for proper thermal management, i.e. liquid cooled CPU.
Key Words :  Cpu Cooling, Temperature, Fluid.
1. INTRODUCTION
         Computers are built out of many digital circuits. These circuits are constantly switching state; i.e., when doing calculations. Heat is a byproduct of these calculations. Computer chips, central processing units (CPUs), and graphic processing units (GPUs) are getting more powerful every day. Faster processing lead to more heat being generated. We are familiar with the current air cooling system, which has so many disadvantages, also other reasons which are responsible for heat generation are such as the amount of heat generated by an integrated circuit (e.g. a CPU or GPU), the prime cause of heat buildup in modern computers, is a function of the efficiency of its design, the technology used in its construction and the frequency and voltage at which it operates. Integrated circuit of Atmel Diopsis 740 System on Chip showing memory blocks, logic and input/output pads around the periphery Microchips with a transparent window, showing the integrated circuit inside. ... 

         Additionally, the normal operation of cooling methods can be hindered by other causes, such as: 

Dust acting as a thermal insulator and impeding airflow, thereby reducing heat sink and fan performance. 

Poor airflow due to friction that reduces the amount of air flowing through a case,  Possibly causing stable whirlpools of hot air in certain areas. 

Poor heat transfer.

         Let us take overview of certain CPU processor temperatures listed in table above. The first column indicates the name of the processors and the second column is their respective temperatures. 
Table 1: Max CPU temperatures
[image: image1.jpg]Processor

Max Temperature

Trtel Pentium 4 Extreme edifion 6T
32GHz

Tntel Pentium § Wilamette 7EC
18GHz

Tntel Pentium D (dualcore) 830 6T
3.0GHz

Tntel Pentium D (dualcore) 820 8T

25GHz





        These are the temperatures of some of the processors used today. The values indicated in the Table 1 shows the temperature up to which the computer performance is good and above this temperature the CPU performance starts decreasing. If the increasing temperature reaches (90—95) degrees due to excessive temperature the system fails and CPU automatically shut downs.

        In the existing air cooling system, the temperature remains near to the temperature levels as mentioned above but when some extra load is put on the computer the temperature starts increasing and so this cooling system is no longer efficient, and another efficient cooling system needs to be developed, so that’s how the liquid cooling system comes into picture.
2. DAMAGE PREVENTION
        The damage prevention in the current system can also be done by the Software showing 

· Temperatures.

· Fan Speeds.

· Voltages.

            Such quantities are within threshold. It is common practice to include thermal sensors in the design of certain computer parts, e.g. CPUs and GPUs, along with internal logic that shuts down the computer if reasonable bounds are exceeded. It is however unwise to rely on such preventative measures, as it is not universally implemented, and may not prevent repeated incidents from permanently damaging the integrated circuit.

.
3. PROPOSED LIQUID COOLING SYSTEM

       This article describes the proposed liquid cooling system and the components associated with it. It also shows the position of each component and direction of flow of coolant. So as shown in figure 1,

This system consists of following basic parts: 
1) Water Block. 
2) Pump. 
3) Radiator.

4) Fan. 
5) Cooling fluid and additives. 
6) Reservoir.

7) Tubing.
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Figure 1: Liquid cooling system
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Figure 2: Water Block
          Many electronic components do not tolerate direct contact with liquid. As shown in figure 2, a water block is a piece of heat- conductive metal, like aluminum or copper, that’s filled with hollow tubes. 

         This is a chunk of metal that goes on top of the CPU. Its only purpose is to transfer heat from the CPU to the water and is probably the most important part of the system. They are designed to get optimal heat transfer, and move the heat from the CPU to the water in the most effective way possible. So the cold plate is the component that enables the transfer of heat from the electronic module into the liquid coolant. [1]

      Now a day’s water blocks made up of copper can be used as copper is the most practical metal in liquid cooled CPU. It provides high degree of thermal conductivity which is very important as its main purpose is to take away the maximum heat possible in minimum amount of time so that the performance of processor is increased. Water blocks can also be installed on GPU i.e. graphics processing unit as these cards also get heated up at considerable high temperature.

Pump:

        The pump circulates the water. The pump is usually small and fit in most cases delivering great performance and not eating up a lot of power. The pump circulates the water through the tubing. The inner workings of this involve a spinning magnet and an impeller, which actually circulates the water.


Figure 3: DC pump

           Figure 3 shows a DC pump. The most common place for a pump is at the bottom of a case. This allows the pump to be stood upright and allows the tubing to run unabated to its destination in the system. (Usually Water block, Reservoir).

         The flow rate of the pump is the important factor to be considered, when the temperature is above normal temperature of the CPU then the flow rate must be the highest, so that more cold fluid will be in contact of Processor to take its heat at a faster rate.

Radiator:

        Radiators are used to dissipate heat. A radiator usually consists of a large amount of very small, flat tubes, with fins attached to increase heat dissipation.
Figure 4: Radiator

          The heat exchanger as shown in figure 4 is the component of a liquid cooling system enables the transfer of heat from the liquid coolant into the stream of air that flows through it. Its function is similar to a radiator in an automobile. The only metals that the liquid coolant comes in contact with are copper and copper alloys to avoid any possibility of galvanic corrosion. Low mass fins are attached to the outer surface of the copper alloy tubes for heat transfer to the air. Plate fins provide the most attractive balance between the air pressure drop and air side thermal performance. 
Fan:

        Fan is used to dissipate heat in the surrounding. Fan is placed in the axis which is perpendicular to the direction of the flow of the fluid. 

Figure 5 Fan

As shown in figure 5, Fan uses a DC motor with blades on the outside to move air. The RPM of the fan is decided depending upon the temperature of the fluid.

Cooling fluid and additives:

        Even though water is used for cooling system is “distilled water” there are many components which can still degrade the performance of system as well so we add ‘additives’ e.g. Swiftech HydrX which serves the following main purposes:

1) Kill of algae.

2) Reduce corrosion.

3) Reduce freezing point.

Reservoir:

        This is the closed block of copper material where cooling fluid is kept.

Tubing:

        The final component of the system is nothing but tubes through which the fluid flows and also it is used to connect the mechanical components of the system such as water block, pump, and radiator. The main factor needs to be decided to choose particular tubing is the diameter of the tube. In general, the larger the diameter the better is the cooling efficiency, as more amount of fluid can flow through the tubes. Thickness is also the important factor to be considered for the tubes as thicker the wall the lower are the chances of a kink of the tube.

4. ELECTRONIC CONTROL SYSTEM
Figure 6: Block Diagram
               The figure 6 shown is the block diagram of our system. It consists of the following main parts:
1. Microcontroller (PIC 16F877A).

2. Fan & pump driver IC L298D.

3. IC Max 232.

4. Temperature sensors (LM 35).

5. LCD.

6. Power supply for PIC and L298D.

Description

 
The microcontroller used is monitoring the temperature at various points in the system (the processor, at inlet outlet of radiator, ambient temperature) and according to the various conditions written in software it takes necessary actions.

            Microcontroller reads the temperature from the sensors which are interfaced to it, if the temperature is less than 40°C it will send the PWM to the fan and pump driver IC L298D so accordingly fan and pump will run, fans are placed in front of radiator which brings down the temperature of the fluid and pump is used to circulate the fluid continuously throughout the system. Green LED will be on when computer is operating under normal conditions, when the temperature is between 40°C-55°C then it will send higher % of the PWM as that of previous case so that fan will run at higher speed trying to bring down the temperature, yellow LED will be on at this time. Now if the temperature is between 55°C-70°C then fan and pump will be running on max speed i.e. 100% PWM is given to them. Red LED will be on indicating CPU is under full load and even if temperature increases beyond 70°C then PC will be shut down.

            During all three conditions discussed above the indication of temperature, the flow rate of pump and other information is displayed on the LCD and the temperature data is continuously send on the hyper terminal to store the temperature data on PC.

             Now let us see why we choose microcontroller for our system then description of the components we have used in our system (sensors, IC’s) and the design of circuit diagram.

5. CONCLUSION

       With the increasing demand for computational density and the increase in CPU transistors and frequency, power and temperatures are the key limiters for providing computing performance. From the above discussion it is clear that liquid cooling system provides better efficiency and proves to be less noisy. 
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