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1. Write the equations for prediction of viscosity of monoatomic gases, a mixture of gases and liquids. Define the terms involved in the equations.                                                                

2.
Derive the momentum and velocity distribution equation for a fluid flowing through a circular tube. The flow is laminar and steady.
3.
Heat is flowing through an annular wall of inside and outside radius R1 and R2 respectively. The thermal conductivity varies linearly with temperature from K2 at T2 to K1 at T1. Develop an expression for the heat flow the wall at R=R2.
4.
A cooling coil, consists of a single length of tubing through which water is circulated, is provided in a reaction vessel, the contents of which are kept uniformly at 360 K by means of stirrer. The inlet and outlet temperatures of the cooling water are 280 and 320 K respectively. What would be the outlet temperature become if the length of the cooling coil were increased five times? Assume the overall heat transfer coefficient to be constant over the length of the tube and independent of the water temperature.

5.
Consider a hollow cylindrical heat transfer medium having inside and outside radii of ri and r0 with the corresponding surface temperature Ti and T0 respectively.  If the thermal conductivity variation is described as a linear function of temperature given by K = K0 x (1 + (T), calculate the steady state heat transfer rate in the radial direction.  Use shell energy balance approach.
6.
Explain the following:

(i) The partial time derivative
(ii)
Total time derivative

(iii) Substantial time derivative     (iv)
Navier-stokes equation

7.
Two immiscible incompressible fluids are flowing in the z-direction in a horizontal slit of length L and width W under the influence of pressure gradient. The fluid flow rates are so adjusted that the slit is half filled with fluid I and half filled with fluid II. Find out the distribution of velocity using the equation of motion.

8.
Discuss the terms:  Concentration fluctuation and time-smoothed concentration.  Bring out the analogous quantities in momentum and heat transfer.
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1.
A Bingham plastic fluid is placed between two parallel plates. The bottom plate moves with a velocity of 0.1 m/s and the top plate moves with a velocity of 0.2 m/s. The threshold stress of the fluid is 5N/m2 and (o is 1.5 in SI units. Explain the flow phenomena and find the velocity of the fluid at the middle of the plates.

2.
An incompressible fluid is flowing in steady state in the annular region between two coaxial circular cylinders of radii KR and R. Obtain expressions to find out momentum flux distribution and velocity distribution.
3.
Derive an expression for the calculation of heat transfer rate through a composite cylindrical wall of furnace consisting of three different walls, closely packed. What is the temperature in between the layers 1 and 2?

4.
Consider the two concentric spherical shells of radii KR and R. The inner surface of the outer one is at temperature T1 and the outer surface of the inner one is to be maintained at a lower temperature Tk. Dry air at 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 flow rate of gas. Assume steady laminar flow and low gas velocity. What is the application and significance of the process of transpiration cooling?
5.
Heat is generated in a spherical catalyst particle because of chemical reaction.. The particle is 10 mm in dia. and has a thermal conductivity of 0.003 cal/ cm2 K. The particle surface temperature is 3000C. The generation of heat decreases linearly towards the centre of the particle. The generation is given by [60(r / r0)] cal/ s cm3.   Where ‘r ‘ is the radial distance from the centre of the particle and ‘r0’ is the diameter of the catalyst particle. What is the maximum temperature in the particle? Use shell energy balance to derive the equation from the first principles.

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


   b)
Reduce the equation for incompressible fluids.


7.
Determine the velocity and shear stress distribution for the tangential laminar flow of an incompressible fluid between two vertical coaxial cylinders, the outer one of which is rotating with angular velocity (. End effects may be neglected. 

8.
Explain the semi empirical expression for the turbulent mass flux.
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1.
Two parallel plates spaced at 0.02 m apart contain a psuedoplastic fluid for which the model is given by  ( = 1.2(-dvx/dy)0.8. The bottom plate moves with a velocity of 1m/min and the other plate moves in the opposite direction at a rate of 15 m/min.  Find the velocity of the fluid at distances of 0.2, 0.6 and 1.2 cm from the bottom plate and draw the velocity profile.

2. a)
Develop an expression to calculate the rate of heat flow through a composite cylindrical wall.


b)
For heat transfer in tube flow, State any two-design equations and mention their rate of applicability.
3.
Derive an equation to calculate the efficiency of a cooling fin.
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.
Through the accidental opening of a valve, water has been spilled on the floor of an industrial plant. The water layer is 0.1 cm thick and is at 250 C. The air is at 250C and 1 atm. The humidity of the air is 0.002 kg water / kg of dry air. The evaporation is assumed to take place by molecular diffusion through a gas film of 0.5 cm thick. D water –air = 0.26 cm2 / s. Determine the time required to evaporate the water into the surrounding quiescent air. Use shell mass balance.

6.
Derive the Navier –Stokes equation in rectangular co-ordinates.
7.
A liquid of constant density and viscosity is in acylindrical container of radius R. The container is caused to rotate about its own axis at an angular velocity(. The cylinder axis is vertical. Find the shape of the free surface when steady state has been established.
8.
Define Scale of turbulence and intensity of turbulence and discuss how these quantities are related to the fluctuating velocities.
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1. a) 
What do you understand by Newtonian and Non-Newtonian fluids. Give a broad classification of Non-Newtonian fluids.

    b)  
What is a flow curve? How do you find apparent viscosity from a flow curve?  
2.
A viscous fluid is in a laminar flow, in a slit formed by two parallel walls at a distance of ‘2A’ apart. Make a differential momentum balance and obtain an expression for the distribution of momentum flux and velocity. Also obtain average velocity and volumetric flow rate.
3.
Derive an equation for the temperature distribution in laminar tube flow.
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.
A natural gas mixture is contained in Pyrex tube. The inner and outer radius of the tubes are R1 and R2 respectively and the length of the tube is L. Obtain an expression for the rate at which helium will leak through the tube interms of the diffusivity of helium in Pyrex. The interfacial concentrations of the helium in the Pyrex and the dimensions of the tube.
6.a)
Derive an expression for temperature distribution in case of an incompressible Newtonian fluid between two coaxial cylinders in which the outer one is              rotating and the inner one is stationary.

   b)
Explain the physical significance of Brinkman number.

7.
A Stormer viscosity consists essentially of two concentric cylinders, the inner of which rotates while the outer is held stationary. Viscosity is determined by measuring the rate of rotation of the inner cylinder under the application of a known torque. Develop an expression for the velocity distribution in this kind of apparatus, as a function of applied torque, for laminar flow of a Newtonian fluid. 

8.a)
Explain Isotropic turbulence. 

   b)
Explain prandtl’s mixing length and Von Karman’s similarity hypothesis
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