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Heat Transfer
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Heat Transfer 
· Thermal energy is related to the temperature of matter 
· Heat transfer is a study of the exchange of thermal energy through a body or between bodies.
· Heat always transfers from hot to cold body.
How Heat Trasfer takes place?
There are three modes of heat transfer: 
1. Conduction, 2. Convection, 
3. Radiation.
Any energy exchange between bodies occurs through one of these modes or a combination of them. 
CONDUCTION
· Conduction is at transfer through solids or stationery fluids 
· Two mechanisms - lattice vibration and particle collision. 
· Conduction through solids occurs by a combination of these two mechanisms. 
· In solids, atoms are bound to each other by a series of bonds. 
· When there is a temperature difference in the solid, the hot side of the solid experiences more vigorous atomic movements 
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· Conduction through electron collision is more effective than through lattice vibration;
· This is why metals generally are better heat conductors than ceramic materials, which do not have many free electrons.
· Metals, have free electrons, which are not bound to any particular atom and can freely move about the solid. 
· The electrons in the hot side of the solid move faster than those on the cooler side.
· As the electrons undergo a series of collisions, the faster electrons give off some of their energy to the slower electrons. 
· Eventually, through a series of random collisions, an equilibrium is reached, where the electrons are moving at the same average velocity.
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Conduction by particle collision
The effectiveness is measured by the thermal conductivity (k). A good conductor, poor conductor, or an insulator. The conductivity is measured in watts per meter per Kelvin (W/mK).
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The rate of heat transfer by conduction is given by: 
where A = cross-sectional area 
∆T = is the temperature difference
Δx = distance of separation.
The negative sign in Eqn ensures that the flow is from higher temp to lower.  
	S.#
	Material
	Thermal 
Conductivity

	1
	Copper
	379

	2
	Aluminium
	242

	3
	Steel
	43

	4
	Stainless Steel
	17

	5
	Borosilicate Glass
	1

	6
	Water
	0.6

	7
	Boiler Scale
	0.09-2.3

	8
	Glass Wool
	0.06

	9
	Air
	0.03


CONVECTION
· heat transfer by fluid movement such as wind.
· The warm fluid is replaced by cooler fluid. which can draw more heat away from the surface. 
· Since the heated fluid is constantly replaced by cooler fluid, the rate of heat transfer is enhanced. 
· Natural convection (or free convection) refers to a case where the fluid movement is created by the warm fluid itself.
· The density of fluid ↓ as it is heated → hot fluids are lighter than cool fluids → rises, and is replaced by cooler fluid.
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Forced convection uses external means of producing fluid movement. 
· a windy, winter day feel much colder than a calm day with same temperature → The heat loss from your body is ↑ due to the constant replenishment of cold air by the wind.
· Natural wind and fans are the two most common sources of forced convection. 
· Convection coefficient, h, is the measure of how effectively a fluid transfers heat by convection. It is measured in W/m2K, and is determined by factors such as the fluid density, viscosity, and velocity. 
· The rate of heat transfer from a surface by convection is given by: 
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where A = Surface area of the object,Tsurface is the surface temperature, and T∞ is fluid temperature. 
RADIATION
· Radioactive heat transfer does not require a medium to pass through thus, it is the only form of heat transfer present in vacuum.
· It uses electromagnetic radiation (photons), which travels at the speed of light and is emitted by any matter with temperature above 0 degrees Kelvin (-273 °C).
· Radiative heat transfer occurs when the emitted radiation strikes another body and is absorbed. We all experience radiative heat transfer everyday; solar radiation, absorbed by our skin, is why we feel warmer in the sun than in the shade.
Electromagnetic spectrum classifies radiation according to wavelengths of the radiation.
· Main types of radiation are (from short to long wavelengths): gamma rays, x-rays, ultraviolet (UV), visible light, infrared (IR), microwaves, and radio waves.
· Radiation with shorter wavelengths are more energetic and contains more heat. X-rays, are very energetic and can be harmful to humans, while visible light.
· Radiation with longer wavelengths generally can penetrate through thicker solids. Visible light, as we all know, is blocked by a wall. However, radio waves, having wavelengths on the order of meters, can readily pass through concrete walls.
HEAT – Phamaceutical Use ?
1) Melting of material during manufacturing of cream, suppository, or ointment
2) Dissolution of ingredients in liquid products
3) Sterilization of products e.g. Autoclave
4) Evaporation of liquids to concentrate products
5) Drying of granules for tablet production 
Steam as heating medium
The reason for the widespread use of steam are
· Steam has very high content of heat
· It gives up heat at constant temperature The raw material is cheap and plentiful It is clean , odorless, and tasteless.
· It can be used at high pressure to generate electricity, and at low pressure for process heating
· Steam is easy to generate, distribute and control
Design of heating Equipment
Material for construction: Stainless steel 304 and 316
The simple answer is 304 contains 18% chromium and 8% nickel while 316 contains 16% chromium, 10% nickel and 2% molybdenum. The molybdenum is added to help resist corrosion to chlorides (like sea water and de-icing salts).
· Air removal
· Cleanliness 
· Condensate removal
· Liquid circulation
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STEAM TRAPS
· Steam is as a source of heat in jackets and tubes. 
· The steam provide latent heat for vaporization, consequently converted to water (condensate).
· This water layer provides resistance in heating. Thus should be removed. The devices used for this purpose are called steam traps
· It discharges the condensate while the steam is retained.
· There are two types of steam traps.
a. Thermostatic Steam Traps            b. Mechanical Steam Traps
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Thermostatic Steam Traps
· Thermostatic traps operate in response to the surrounding steam temperature. 
· They rely on the drop in temperature of the steam after it looses thermal energy. In other words the temperature of condensate is lower than steam. 
· The most commonly used thermostatic traps is balanced pressure traps.
Balanced pressure steam trap
The operating element is a capsule containing a liquid with a boiling point below that of water.
In the cold conditions that exist at start-up, the capsule is relaxed. The valve is off its seat and is wide open, allowing unrestricted removal of condensate and air.
As condensate passes through the balanced pressure steam trap, heat is transferred to the liquid in the capsule. The vapour pressure within the capsule causes it to expand and the valve shuts.
Heat loss from the trap then cools the water surrounding the capsule, the vapour condenses and the capsule contracts, opening the valve and releasing condensate until steam approaches again and the cycle repeats
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· On start-up, cold air and condensate enter the trap. As the capsule is also cold, the valve is open and the air and condensate are discharged (1).
· The capsule warms up as the steam approaches it. Its filled liquid boils, and the resultant vapour pressure acting on the diaphragms pushes the valve head towards the seat (2). fully closing it.
· As the condensate within the trap cools, the vapours filled in the capsule condense and the internal capsule pressure falls. The valve reopens, discharges condensate and the cycle repeats (3).
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Advantages of the balanced pressure steam trap:
1. Small, light and has a large capacity.
2. The valve is fully open on start-up, allowing air to be discharged freely and giving maximum condensate removal when the load is greatest.
3. Trap maintenance is simple. The capsule and valve seat are easily removed, and replacements can be fitted in a few minutes without removing the trap from the line.
Disadvantages of the balanced pressure steam trap:
1. balanced pressure steam traps are susceptible to damage by waterhammer. Welded stainless steel capsules introduced more recently, are better able to tolerate such conditions.
Mechanical Steam Traps
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Rely on the difference in density between steam and condensate in order to operate. 
The commonly available types are 1.Ball float 
2.Inverted bucket steam traps. 
1.Ball float steam trap
The ball float type trap operates by sensing the difference in density between steam and condensate. 
The condensate reaching the trap will be accumulated at the bottom of the trap, when sufficient condensate has entered into the trap the ball float will be raised. lifting the valve off its seat and releasing condensate. 
Advantages of the float-thermostatic steam trap
1. It is able to handle heavy or light condensate loads equally well and is not affected by wide and sudden fluctuations of pressure or flowrate. 
2. It has a large capacity for its size. 
3. It is resistant to waterhammer.
Disadvantages of the float-thermostatic steam trap
1. Although less susceptible than the inverted bucket trap, the float type trap can be damaged by severe freezing.
2. As with all mechanical type traps, different internals are required to allow operation over varying pressure ranges. Traps operating on higher differential pressures have smaller orifices to balance the lifting of the float.
Inverted bucket steam trap
In the inverted bucket steam trap, As its name implies, the mechanism consists of an inverted bucket which is attached by a lever to a valve.
the bucket hangs down, pulling the valve off its seat. Condensate flows under the bottom of the bucket filling the body and flowing away through the outlet.
the arrival of steam causes the bucket to become lifted, it then shuts the outlet.
the trap remains shut until the steam in the bucket has condensed or bubbled through the vent hole to the top of the trap body. It will then sink, pulling the main valve off its seat. Accumulated condensate is released and the cycle is repeated.

[image: image11]
Advantages of the inverted bucket steam trap
1. The inverted bucket steam trap can be made to withstand high pressures.
2. Like a float-thermostatic steam trap, it has a good tolerance to waterhammer conditions.
3. Can be used on superheated steam lines.
Disadvantages of the inverted bucket steam trap
1. The small size of the hole in the top of the bucket means that this type of trap can only discharge air very slowly. The hole cannot be enlarged, as steam would pass through too quickly during normal operation.
MASS TRANSFER 
· When a system contains two or more components whose concentations vary from point to point, there is a natural tendency for mass to be transferred, minimizing the concentation differnece within a system. The transport of one constituent form a region of higher concentration to that of a lower concentration is called mass transfer.
· The transfer of mass within a fluid mixture or accross a phase boundary is a process that plays a major role in many processes e.g.
· Evaporation of water during drying of granules
· Mixing of different ingredients during pharmaceutical mfg.
· Delivery of the drug through skin.
· Release of drug from the pharmaceutical tablet.
Analogy b/w Mass and Heat Transfer
· A sugar crystal in water, surrounded by a stationary boundary layer of the solute 
· Hence transfer of the molecules of the dissolving solid will take place in two stages. 
Molecular diffusion
· The molecules move through the boundary layer by molecular diffusion, with no mechanical mixing or movement, 
· A process analogous to heat transfer by conduction. 
Eddy diffusion
· Once the material has passed through the boundary layer, mass transfer takes place  by bulk movement of the solution 
(eddy diffusion) and analogous to heat transfer by convection.
Factors affecting mass transfer
Agitation
· Reduces the thickness of the boundary layers and disperses any local concentration of solution → increasing the concentration gradient →↑ the rate of diffusion.
Elevated Temperature
· ↑ the solubility of most materials 
· ↓ the viscosity of liquid →↑ the rate of diffusion
Size reduction of the solid
· Increases the area over which diffusion can occur thus the rate of diffusion is increased 
Conduction by lattice vibration
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