Code No: NR-410801

IV-B.Tech I-Semester Supplementary Examinations, May 2004

TRANSPORT PHENOMENA

 (Chemical Engineering)

Time: 3 hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1.a)
Explain the physical interpretation of  (yx.

b) 
Define shear stress and momentum flux. Prove that shear stress and momentum flux have the same units.

2.
A viscous fluids is in laminar flow in a tube of radius R. Make a momentum balance and obtain an expression for the distribution of momentum flux and velocity.


3.a)
Distinguish between forced convection and free convection.

b) 
Obtain an expression for temperature distribution for laminar free convection flow between two vertical plates at two different temperatures. State the       assumptions made.

4.
A stream pipe with I.D. and O.D. as 100 mm, 170 mm is covered with two layers of insulation; 30 mm and 50 mm thick. Thermal conductivities of the insulating materials are 0.175 and 0.093 W/(m-0K) respectively; while that of steel is 50 W/(m-0K). The inner surface of the pipe is at 3000 C, while the outer layer surface is at 300C. Determine the heat loss per hour per meter length from the pipe.

5.
An infinite horizontal slab uniform width ‘h’ has its upper and lower surface maintained at  concentration Cao and Zero respectively.  Determine the steady-state concentration profile in the slab.  Calculate the flux for both surfaces at steady state conditions.

6.a)
Derive the equation of continuity considering cylindrical co-ordinates. 


   b)
Reduce the equation for incompressible fluids.





7.
Consider a semi infinite rod. One end of the rod is maintained at a constant temperature.   Heat is conducted along the length of the rod. 

(a)
Derive the differential equation representing the situation  



(b)
Write down the suitable boundary conditions.


(c)
Obtain the solution 








8.
Explain the following theories:  

(a) Bonssinesq’s eddy viscosity     
(b) Prandtl’s Mixing length  
(c) Von Karman’s similarity Hypothesis.
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1.
State the differences and similarities between heat and momentum transfer.  Present in tabular form.

2.
Derive the Buckingham-Reiner equation for Bingham fluid flowing through a circular vertical tube from top to bottom, as a result of pressure gradient and gravitational acceleration. Show that the condition at which the Bingham model reduces to the Newtonian model.


3.
Consider a spherical porous catalyst. A gas stream in contact with the catalyst contains reactant A which diffuses into the catalyst pellet and reacts at the internal surface of the catalyst to form product B. The gas film surrounding the catalyst does not offer any resistance. Find out the effectiveness factor of the catalyst.

4.
A copper wire has a radius of 2 mm and a length of 5 m. The voltage applied across the wire is 40 V and the surface temperature of the wire is at 250C. The thermal conductivity and electrical conductivity of the copper wire are 0.88 cal/ cm-s K and 5.1 ×10-5 ohm-1 cm-1 respectively. Determine the heat generation per unit volume of the wire. What is the temperature at the centre of the wire? Derive the equation using shell energy balance.

5.
Consider a long hollow cylinder whose inner and outer radii are a and b respectively. Material is diffusing though the liquid in the hollow cylinder. Diffusion is in the radial direction only.

(a) Obtain the steady state diffusion equation. 
 

(b) Write down the appropriate boundary conditions.

(c) Obtain the velocity profile along the radius.

6.a)
Derive the equation of continuity considering spherical co-ordinates. 


   b)
Reduce the equation for incompressible fluids.
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7.
 A fluidis placed between two vertical walls a distance 2b apart. The heated wall areat temperatures T1 and T2 respectively. Because of the temperature gradient, the fluid neat the hot wall rises and that near the cold wall descends. The volume rate of upward moving stream is the same as that in the downward moving stream. Since the plates are very long, the temperature will be a function of y direction( distance between the plates) alone. From equation of energy obtain a relation between temperature and the distance between the plate. 



8.a)
Explain the curves for velocity distribution for turbulent flow in tubes for the region near the wall.

   b)
Explain the intensity of turbulence.
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1.a)
What is the transport property in momentum transfer? Express its equation and units.

   b)
Explain the mechanism of momentum transfer in laminar flow.

2.
Derive the analog of the Hagen-Poiseuille formula for the ostwald-de Waele (power law) model.

3.
A fluid is passing through a circular pipe. A constant heat flux is supplied through the wall and the fluid is heated. The fluid is flowing in laminar flow.  Derive the relevant equation and obtain the velocity profile along the radius of the pipe. 

4.
An oil is acting as a lubricant for a pair of cylindrical surfaces. The angular velocity of the outer cylinder is 7908 rpm. The outer cylinder has radius of 5.06 cm and the clearance between the cylinders is 0.027 cm. What is the maximum temperature in the oil if both the wall temperatures are known to be at 1580 F? It may be assumed that the slit width is small with respect to the outer radius of the cylinder. The physical properties of the oil are :  μ =  92.3 cp ; ρ=1.22 gm/cc ,

K=0.0055 cal / sec.cm.0C.               

5.
Consider a catalyst surrounded by a styagnant gas film.  A dimerization reaction 2A ---(  R takes place at the surface of the catalyst instantaneously. The reactant diffuses through the gas film and reacts. Product diffuses back to the main gas stream. Derive the expression for the local rate of conversion when the concentrations of the reactant and product in the gas stream and the film thickness are known.     










6.
Derive the Fourier Heat conduction equation in spherical co-ordinates.


7.
Two large flat porous horizontal plates are separated by a relatively small distance L. The upper plate at y  L is at a temperature Tl and the lower plate at y = 0 is to be maintained at a lower temperature T0. To reduce the amount of heat that must be removed from the lower plate, a coolant gas is blow upward through both the plates at steady state. Develop an expression for the temperature distribution using the equation of energy. 








8.a)
Explain the qualitative comparison of laminar flow and turbulent velocity distribution.
   b)
Explain Reynolds stresses.
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1.
What are the various representative models used to express the steady state relation between (yx  and dvx/dy? Write the equations and define the terms used.

2.
Write short notes on Boundary conditions, their significance, importance and selection.


3.
Using a shell balance technique derive an equation for mass transfer when a liquid is evaporating into stagnant gas film at steady state.


4.
A copper wire has a radius of 2 mm and a length of 5 m. For what voltage drop would the temperature rise at the wire axis be 100C, if the surface temperature of the wire is 200C.  For copper, The Lorenz number  k / keT0  is 2.23×10-8 volt2 K-2.

5.
A droplet of substance A is suspended in a stream of gas B. The radius of droplet is R1. It is assumed that surrounding the droplet there is a spherical stagnant gas film of radius R2. The concentration of A in gas phase is xA1 at r = r1 and xA2 at     r = r2.  By shell balance show that for steady state diffusion r2NA2 is a constant, where NA is the mass flux with respect to fixed axis.


6. Consider a long circular tube. An incompressible fluid is flowing axially. Considering the z-component of the equation of motion, obtain the velocity profile along the radial direction. 







7.
Consider an isothermal incompressible fluid flowing radially between two concentric spherical shells. Assume steady state laminar flow. Velocity is a function of the radius of the sphere only. Note that the velocity is not zero at he solid surfaces. 

(a)
Obtain a differential equation using the equation of motion.



(b)
Solve the above equation and find the raidal pressure distribution along the radius of the pipe.








8.
Water is flowing through a long, straight, level run of smooth 15cm I.D.  Pipe.  The  pressure gradient along the length of the pipe is 1 Kg/sqm/kilometer.

a) Determine the wall shear stress

b) Assuming the flow to be turbulent, determine the radial distance from the pipe   

    wall at which        (/(max = 0.0,  0.1,  0.2, 0.4,  0.7,  0.85 and 1.0

c) Plot the complete velocity profile (/(max   versus s.
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