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1.a)
What is the momentum diffusivity?  Derive its units.

   b)
Estimate the liquid diffusion coefficient of ethanol in a dilute solution of water at 10OC. The molecular volume of ethanol is 59 cc/mol. Viscosity of solution is 1.45 cp and (B for water is 1.8.

2.
A fluid that is flowing through a vertical tube as the result of pressure gradient and gravitational acceleration. The radius and length of the tube are R and L respectively. Obtain a relation between the volume, rate of flow Q and the combined pressure and gravity forces acting on the fluid.

3.a)
What are the various factors that contribute to the total mass flux in a multi-             component mixture? State examples in which certain factors are significant.

b)
Show that the concentration profile of a sparingly soluble solute in a liquid       film when it is leached from a solid surface is given by 

      [ (CA – CAδ) / (CA0 – CAδ)] = [1- (Z/ δ) ]

      where Z=0 is at the solid surface and Z=δ is the film thickness. CA0 is the           
concentration at Z=0 and CAδ is the concentration at Z = δ.

4.
Two large flat porous horizontal plates are separated by a relatively small distance L. The upper plate at  y=L is at TL, and the lower one at y=0 is to be maintained at a lower temperature T0. If an ideal gas at T0 is blown upward through both plates at a steady rate, develop an expression for the temperature distribution and the amount of heat ‘q0” that must be removed from the cold plate per unit area as a function of the fluid properties and the upward gas velocity.

5.
The diffusivity of ccl3NO2 (chloropicrin) into air (considered here as pure substance) is of chloropicrin into a tube containing air. What is the rate of evaporation of chloropicrin into air at 25°C? Total pressure of the system is        780 mmHg diffusivity is 0.088 X 10 – 4 m2/s vapor pressure of chloropicrin at           25°C – 23.8 mmHg. Distance from liquid level to top of tube is 0.12 m. Density of chloropicrin 1650 kg/m3, surface area of liquid exposed for evaporation is              2.4 X 10 – 4 m2.

Contd…..2.

Code No:410801



:: 2 ::



Set No:1

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


   b)
Reduce the equation for incompressible fluids.

7.
Consider an isothermal incompressible fluid radially between two porous cylindrical shells. Assume steady, axisymmetric, laminar flow and neglect the end effects.   

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



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


8.
For turbulent flow in a tube, show that the time-smoothed equation of motion reduces to,     
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1.a)
What is the significance of  Fick’s  law of diffusion ? Write the equation and 
the meaning of each of the terms.

   b)
Define the dimensionless  Prandtl,  Schimidt and Lewis numbers.

2.
A horizontal annulus is 8.5m long. The outside radius of the inner cylinder is 1.25cm.The inside radius of the outer cylinder is 2.8m.An aqueous solution of sucrose is to be pumped the annulus at 20(C. At this temperature the fluid density is 1300Kg/m3 and viscosity is 566X10-4Ns/m2. What is the mass rate of flow when the impressed pressure drop is 1160N/m2?

3.
 A gas A dissolves in liquid B and diffuses into the liquid phase . as it diffuses, A also undergoes an irreversible first order reaction

A + B ---( AB.

From the mass balance equation find out the concentration distribution along the thickness of the film.









4.
Find the rate of heat dissipation through the wall of hollow sphere(I.D.=10cm, O.D.. = 15 cm) heated electrically by means of a 15 ohm coil when a steady state temperature difference of 150 C is observed across the wall. Thermal conductivity of the material of sphere is 25 W/mK. Also calculate the current flow.

5.
Air at 298 K flows over a streamlined naphthalene body. Naphthalene sublimes into air and its vapor pressure is 20 mmHg. The heat transfer coefficient for the same shape and air velocity is 22 W / m2°C. The concentration of naphthalene in the bulk of the air stream is negligibly small. The mean diffusivity of naphthalene in air is 0.02873 m2/hr. Calculate the mass transfer coefficient and mass flux for the system. At 100°C the properties of air are ( = 0.946 kg/m3. CP = 1.0009 KJ/kg°C. K= 3.2 X 10 – 2 W / m°C. Kinematic viscosity = 23 X 10 – 6 m2 / s.


6.
Derive the Navier –Stokes equation in rectangular co-ordinates.
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7.
Consider two concentric porous spherical shells of radii kR and R where kR is the radius of the inner porous sphere and R is the radius of the outer porous  sphere. The outer surface of the inner one is at T1 and the outer surface of the outer one is at a lower temperature Tk. Dry air at a temperature Tk is blown outward radially from the inner shell into the intervening space and out through the outer shell. Develop an expression for the required rate of heat removal from the inner sphere as a function of the mass rate of flow of gas. Assume steady laminar flow and low gas velocity. Use both the equation of continuity and equation of energy.

8.
Show that 
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1.
Derive the equation NA = xA (NA + NB ) – c DAB
[image: image3.wmf]Ñ

xA. What is the significance of each of the terms  and that of the whole equation ?

2.
A metal plate, which was immersed in a liquid trough, is lifted vertically upward having an angle of inclination ( with the horizontal axis of the trough. The liquid film on the plate flows in laminar flow and its thickness is’x’. The dimensions of the plate are length=L, width=W. Derive an expression for the velocity distribution and volumetric flow rate.


3.
A gas is absorbed by a laminar falling film. A is only slightly soluble in B so that the viscosity of the liquid does not change appreciably. The diffusion takes place very slowly. 

a)
Derive the relevant differential equation  





b)
list the boundary conditions




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.
Consider the problem of drying of droplets. Derive the equation for diffusion through a spherical shell of raidus r1. The shell is surrounded by a spherical film of radius r2. Obtain the molar flux for the evaporating component A. 


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. 
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7.
A flat plate heated to a temperature T0 is suspended in a large body of fluid which is at a temperature T1. In the neighborhood of the heated plate the fluid rises because of the buoyancy force. The physical properties of the fluid remain constant. 

a)
Deduce the relevant equations of continuity, equation of motion and equation of energy.   








b)
List the boundary conditions.







c)
Convert the differential equations in the dimensionless form.
8.
Show that 
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1.a) 
 Discuss the concept of  mass diffusivity.    

   b)
A gas mixture at a total pressure of 1.5 x 105 Pa and 295OK contains 20% H2, 40% O2 and 40% H2O vapor by volume. The absolute  velocities of  each species are  -10 m/s, -2 m/s and 12 m/s, respectively. Determine the molar average velocities and mass average velocities.

2.
Show that the velocity distribution in the falling film (neglecting end effects) on out side of a circular tube 
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Also obtain an expression for the volume rate of flow in the film.

3.
Carbon particles are deposited over a spherical catalyst during reaction. The catalyst is regenerated by passing hot gas over the catalyst. Carbon is first removed from the outer edge of the porous catalyst and then in the final stages of the regeneration from the centre core of the pellet. As the carbon continues to be removed from the porous catalyst, the reactant gas must diffuse from the bulk to the pores. Develop an expression for the determination of concentration of the reacting gas along the radius of the catalyst pellet.     




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 the case of diffusion of a fluid through a membrane of thickness L and diffusion coefficient D whose surfaces at x = 0 and x = L are maintained at constant concentrations C1 and C2 respectively. After a time steady state is reached in which the concentration remains constant at all points in the membrane. This happens because through one end, the diffusing fluid evaporates. 

a)
Derive the diffusion equation for this case 





b)
Obtain the concentration profile.
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6.a)
Derive the equation of thermal energy in the rectangular coordinates.

   b)
List all the assumptions involved.

7.
Consider an electrical wire suspended in a flowing fluid. The  ends are mounted on solids maintained at temp. Ts and gas at constant temp  Tg. The fluid flows past the wire. Although the wire is cylindrical it is thin enough so there are no radial temperature gradients. Heat is generated in the wire(due to current) at a rate Se. Using the Navier –Stokes equation 

a) write the differential equation.







b) For this solution write the necessary boundary conditions




c) Solve the equation for temperature profile in the wire.



8.
Show that, 
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