Chapter four

Classical areas of physics


Classical areas of physics include many branches such as electricity, magnetism, optics, acoustics, heat transfer and fluids. Unlike quantum mechanics these areas have practical and daily applications. Some examples of these applications that need computer use are discussed below.

4.1 Corrosion protection of an oil pipeline


Electric and magnetic fields of charged particles and magnetic dipoles play an important rule in much instrumentation in physics and engineering. Strong magnetic and electric fields are used in many physics experiments such as accelerators. An example of the use of electric fields in cathodic protection of oil pipeline is discussed below.


Oxidation or corrosion of a metal M occurs by the general reaction
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One cathodic protection technique is the use of another metal that is more reactive such as the protection of steel by the use of zinc or magnesium. Another method to protect steel is the use of an impressed dc current as source of electrons. The negative terminal of the power source is connected to the structure to be protected. The other terminal is joined to an inert anode such as graphite which is buried in the soil [1]. This method is useful in the protection of pipelines, underground tanks and marine equipments.


In this section we will discuss the protection of an oil pipeline from corrosion. A governing equation for the electric field in the pipe direction (z axes) is given by the equation
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Where


[image: image3.wmf]ag

p

=

ag

r

=

p

m

p

e

r

2

R

B

,

r

H

                                           (4.1.3)

ρe      is the electrolyte (the pipe immersed in) resistivity

L
half spacing between equally spaced anodes,

ra
resistance of an individual anode,

Rm     pipeline metallic path resistance per unit length

rp       pipeline radius

α       polarization resistance

γ       ratio of total pipe surface area to bare surface area

This integro-differential equation can not be solved analytically unless some approximations are used. Euler, Runge-Kutta or any suitable method can be used for the solution of this differential equation numerically. Using Euler’s method with the practical values for the above parameters in table (4.1) we can obtain the solution in figure (4.1) for electric field in the pipeline. Ea is the initial value of the potential which is the value of the potential at z=0. An iteration method is used giving an initial guess for electric field in the pipe to solve the integral part of the equation. The iteration continues till we have a stable solution that do not change from an iteration to another within a given tolerance. 

	Table (4.1.1) numerical values of parameters for the solution of equation (4.1.2). 

ρe
	0.3 Ohms

	L
	122 meters

	ra
	1 Ohms

	Rm
	17 10-8

	rp  
	0.13 meters

	αγ
	4 Ohm.m2

	Ea
	-1.05 Volt
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Figure (4.1.1): polarization potential of an oil pipe as a function of length

[1] Callister W D (2000) Material science and engineering (John Wiley & Sons. Inc.)
4.2 Ablative test


The theoretical simulation of ablative test of a thermal insulator is considered an important process since it reduces many efforts, time and raw materials that are used in trail and error of the experimental procedure. This simulation is performed by using the values of thermal parameters of the specific material. Although this simulation is sometimes difficult to perform because of time and programming difficulties on personal computers, some approximations can result in reasonable results.


In this example a simulation of the ablation of three dimensional square insulators according to ASTM E258 standard is performed. The thermal properties of the insulator are known. This insulator is subjected to an oxyacetylene flame of 2500 degrees centigrade. The simulation also supposes a certain temperature at which the insulator is removed by gravity or the mechanical effect of the flame.


Two methods are usually used for this simulation, finite element and finite difference methods. The two methods are adequate for the simulation, however finite difference method (FDM) needs more computer time to reach the accuracy of finite element method (FEM). This is opposed with simple formulation of FDM with respect to FEM This method is useful in inspecting thermal protection of buildings, instruments and other situations where thermal insulation is important. This simulation is also important in investigating the shape, speed, temperature and rate of ablation.


The effect of using fibers, coatings, air gaps…etc. can be included by adding their combined effects on the density, specific heat and conductivity of the mesh that contains them. The effect of specific heat and density is not a directional effect so that they can be added on the basis of there ratios. However the combined effect of adding two materials on the final thermal conductivity of them both is not as easy as in the case of specific heat and density. This value depends on the distribution and direction of the additives.

For the density and heat capacity of a matrix and an additive of volume ratios vm and vp we have
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where the subscript c refers to composite, m to matrix and p to particulate phase. The thermal conductivity however, depends on the shape, orientation and distribution of particles or fibers in the matrix and falls between an upper bound give by
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and a lower bound given by
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The upper bound represents fibers that are totally aligned in the opposite directions of the specimen and have the length of the specimen while the lower bound represents fibers that are totally aligned in the direction of the specimen and have the length of the specimen  

Different models were suggested [1] to predict the exact thermal conductivity of a composite, one of these models is Nielsen model. This model uses the following equations:
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where
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vmax is the maximum filler percentage in the composite, A is a geometry factor.


The above calculations were applied to a sheet of polymeric material matrix such as phenolic resin reinforced with E glass fibers randomly distributed. The bending temperature of the pheolic resin is 146 0C. These materials have the following properties given in table (4.2).

Table (4.2.1): Thermal properties of phenolic resin composite components.

	
	Density

(kg/m3)
	Specific Heat (J/kg.K)
	Thermal conductivity (W/m.K)

	Phenolic resin
	1280
	1675
	0.15

	E glass fibers
	2580
	810
	1.3


In the following simulation the burning gas occupies the space of the ablated material. In figures (4.2.1) to (4.2.3) we show the time history of a a phenolic resin reinforced with 25% of volume E glass exposed to oxyacetylene flame till the specimen is punctured. 
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Figure (4.2.1) theoretical temperature distribution in a section of phenolic composite specimen reinforced with 25% of E-glass fibers after 5 seconds of the projection of oxyacetylene torch using FDM.
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Figure (4.2.2) theoretical temperature distribution in a section of phenolic composite specimen reinforced with 25% of E-glass fibers after 13 seconds of the projection of oxyacetylene torch using FDM.
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Figure (4.2.3) theoretical temperature distribution in a section of phenolic composite specimen reinforced with 25% of E-glass fibers after 22 seconds of the projection of oxyacetylene torch using FDM.
[1] Kahdim B B 2006 Mechanical and thermal properties and ablative simulation for resole composites Ph.D. thesis Baghdad University College of Science Department of Physics Iraq
4.3 Design of heat sink


Electronic components have certain temperature operational limits [1]. Probability of failure of these components is proportional to the square of the temperature. In order to increase the life time of these components it is necessary to maintain their temperature as low as possible. An example of such components is computer processor.


A heat sink is required to maintain the temperature of five transistors each one consumes 150 watt of power in an efficiency of 50%. The rest of the power is dissipated as heat.


An aluminum heat sink of the following properties is proposed. The dimensions of the base of the heat sink is 38 x 38 x 1 cm. Fins are attached to this base. The fins are 1.0 cm width and 7 cm height. The total number of fins is 19. The following assumptions are used:

1- The ambient air temperature is 35 0c.

2- No effective near by heat sources exist.

3- Cooling is by natural convection.

4- The working temperature of the transistors should not exceed 800c.

5- Good adhesion exists between the transistors and the base of heat sink.


Aluminum alloys differ in their thermal conductivity which is an important factor in heat transfer. An important rule is that as much the aluminum is pure the larger is its conductivity, however pure aluminum is very ductile and can be deformed easily. Taking the above two factors into account an aluminum alloy 1100 is chosen. This alloy consists of 0.2% Cu as the maximum allowable cupper percentage. This cupper percentage is enough to maintain good hardness to the alloy.


Thermal properties of the 1100 aluminum alloy are given in the following table

Table (4.3.1): Thermal properties of 1100 aluminum alloy.

	
	Density (kg/m3)
	Specific Heat  (J/kg.K)
	Thermal conductivity (W/m.K)

	Aluminum alloy 1100
	2710
	904
	222


Finite difference method is used to simulate the performance of the above heat sink. In figures (4.3.1) to (4.3.3) temperature distribution and temperature history is shown. 
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Figure (4.3.1) vertical temperature distribution in 13 fin heat sink after 400 sec of its operation. Note that the electric heat source is in the middle.
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Figure (4.3.2) temperature distribution in 13 fin heat sink base after 400 sec of its operation. Note that the electric heat source is in the middle.
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Figure (4.3.3): temperature-time history for the hottest point in the heat sink.
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Questions

1- What is the effect of aligning the fibers in a specific direction on the ablation time of the composite?

2- What is the effect of increasing fibers ratio in the composite on ablation time?

3- A laser beam of intensity I is directed to the above phenolic resin sheet with energy absorption fraction A. how can we apply the above formalism of heat transfer in this case? What are the differences in the two cases?   

4- What is the effect of increasing the number of fins in a heat sink?
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