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1. Consider a steel sphere at 1000C of radius 3cm.  This is dripped into 250ml of water at 300C.  This is in a vessel which is completely insulated.  What is the equilibrium temperature inside the vessel?

2.
An insulated rod of length l has its ends A and B maintained at 0( C and 
100 (C respectively  until  steady  state  conditions  prevails. If B is suddenly reduced to     0( C and maintained at 0( C,  find the temperature at a distance x from A at time t.

3.
Using the technique of separation of variables derive the relation between temperature, time after quenching and position within the slab for a slab (extending indefinitely in the y and z direction ) at an initial temperature T,  
after suddenly cooling it to 0( C. 

4.a)
Prove that  
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   b)
Prove that 
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5.a)
Evaluate 
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ds where F=y zi+zxj+xyk and S is that part of the surface of 
the sphere x2+y2+z2=1 which lies in the first octant.

   b)
Show that:



[image: image5.wmf]F

=(y2 cos x + z3) i + (2y sin x - 4) j + (3xz2+2)k is a conservative filed.  Find the 
work done in moving a particle in this field from (0,1,-1) to (
[image: image6.wmf]2
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6. 
In an experimental study of the saponification of methyl acetate by sodium 
hydroxide, it is found that 25 percent of the ester is converted to alcohol in 12 min 
when the initial concentrations of both ester and caustic are 0.01 m. What 
conversion of ester would be obtained in 1hr if the initial ester concentration were 
0.025 m and the initial caustic concentration 0.015 m?
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Set No.1
7.
A stirred tank reactor of effective volume V ft3 containing a solution of a reactant 
A, of concentration CA,O is heated to such a temperature that the pseudo first order 
reaction




A              B


takes place. When the chemical reaction is initiated a solution of A of concentration CA,I is fed continuously to the reactor at the rate of q ft3/min. If the specific reaction rate is k min-1 and the vessel is assumed to contain a perfect stirrer, develop an expression giving the concentration of A in the effluent as a function of time.

8.
 Find the Lap lace transform of the following functions.

  

(a) 
e2t + 4t3 – 2 sin3t + 3 cos3t 
(b) 
t e-3t cos2t   
(c)
 e-3t ( 2 cos5t – 3 sin5t)
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1.
Consider a gas containing an entrained mist of nonvolatile tar located inside the cylinder of a reciprocating compressor.  Determine the work required to compress the gas adiabatically and reversibly from its present pressure of 0.33 atm to a pressure of 1.0atm.  Give modelua wt of gas is 24 and specific heat at cement volume is constant at 6.2 Btu / (lb mole) / 0F).  The ton is always present as a must in the ratio 0.2 lb of tar pound of transfer gas.  The specific heat of tar is 0.5 Btu/(Lb) (0F).  The initial cylinder volume is 0.4 ft3.  The initial cylinder pressure is 0.33 atm.  The find cylinder pressure is to be 1.0 atm

2.
If z = 2xy2 - 3x2y and if x increases at the rate of 2cm/sec and it passes 


through the value x = 3cm, show that if y is passing through the value y = 
1cm, y 
must be decreasing at the rate of 2 2/15 cm/sec in order that z will 
remain 
constant.

3.
By formal differentiation technique change the heat conduction equation in 
rectangular coordinates into spherical coordinate form by considering the 
volume 
element in spherical coordinates.

4.a)
Prove that  
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 EMBED Equation.3  [image: image8.wmf]
   b)
Express 
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   c)
If the four vectors    
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5.a)
Evaluate 
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= ( x2 +y2)I-2xyj and C is the rectangle in the sky plane bounded by x=0, y=0 x=a, y=b.

    b)
Evaluate 
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=yi+2xj+2k and S is the surface of the plane 2x+y=6 in the rist octant cutoff by the plane z=4.
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6.
If Z= f (xy) and



x = eu cos v




y = eu sin v


find ∂2Z/(∂u ∂v).

7.
Calculate the number of plates required to absorb 99% mole ketene from 135 lb 
moles/h of gas containing 4.36% ketene by volume using 138 lb moles/h of 
glacial acetic acid. The plate efficiency, of a 3.5 ft diameter tower containing 0.7 
D weirs and therefore a plate hold-up of 2.09 lb moles liquid, is 40%. The pseudo 
first order reaction rate constant for the chemical absorption process may be taken 
to be 0.075 sec-1 and the equilibrium relationship 





Y* = 2X


Where Y* is the lb moles ketene/lb mole carrier gas in equilibrium with 
Ib moles / ketene / Ib moles of acetic acid in the liquid.
 
8.
  Find the Laplace inverse transform of the following functions. 


(a) 
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(b) 
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1.
Form a linear differential equation with constant coefficients for consecutive reversible reactions at constant volume.

2.a)
 If the kinetic energy  K = (v2 /2g, find approximately the change in the 
kinetic energy as ( changes from 49 to 49.5 and v changes form 1600 to 
1590.

   b) 
Find the possible percentage error in computing the resistance r from the 
formula 1/r = 1/r1 + 1/r2 if r1 and r2 are both in error by 2%

3.
Change the following equation in Cartesian coordinates to the spherical 
coordinates.

                              (2T/(x2  +  (2T/(y2  +  (2T/(z2   =  0


Given x = r sin( cos (;    y  =  r sin ( sin (         and   z = r cos (.

4.a)
Prove that (
[image: image20.wmf]=

)

.(

)

(

d

x

c

b

x

a



[image: image21.wmf]d

b

c

b

d

a

c

a

.

.

.

.


 b)
Deter mine a unit vector in the plane of the vector i + j and j + k and perpendicular to the vector i + j + k.
5.
Find the circulation about the square enclosed by the lines x = (1, y = ( 1 for the 


flow given by Vx = x+y, Vy =x2-y, Vz =0 does this flow satisfy 
[image: image22.wmf]2
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   a)
Prove that the cylindrical coordinate system is orthogonal.

   b)
Express x - 2yj+ y2k in spherical polar coordinates.

6.
Solve the equation

d2​y     
         dy

                     +    2
  +  2y = e-x  cos x

             dx2            dx
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Set No.3
7.
Butyl acetate is to be produced in a battery of continuous stirred tank reactors 
operating in series by reacting 2000 lb/h of butanol with 326 lb/h of glacial acetic 
acid containing sufficient sulphuric acid to catalyze the reaction  at 100oC. Under  
these conditions the rate of reaction can be expressed by the equation




r = kC2A


where k is 0.28 ft3/lb mole.min


 and CA is the concentration of acetic acid in lb moles/ft3.

If the effective volume of each tank is 10 ft3 and the density of the reaction 
mixture is assumed to be constant at 48 lb/ft3, estimate the number of reaction 
vessels required if the concentration of the acetic acid in the final discharge is not 
to exceed 3 lb/ft3.

8. 
The reaction of chemical P to chemical Q releases heat: 

P  Q + 770 kJ/mole.


Because pure P reacts explosively, the reaction is conducted in a dilute water       
solution. Consider a batch reactor (no flow in or out) initially charged with 1.0 kg 
of water and 0.12 mole of P (= 0.013 kg P) at 50oC. Thus the concentration of P at 
time zero is, [P]o= 0.12 mole/kg water. The reactor is thermally insulated. 

   a)
Calculate the temperature in the reactor after P has completely reacted to form 
Q. You may assume that the heat capacity of the dilute solution is the same as that 
of water. 

b)
Obtain mathematical expression for the temperature in the reactor as a function   of [P]. 
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1.
A tank contains 100 ft3 of fresh water, 2 ft3 of brine, having a concentration of 1 pcf of salt, is run into the tank per minute, and the mixture, kept uniform by mixing, runs out at the rate of 1 ft3/min.  What will be the exit brine concentration when the tank contains 150 ft3 of brine?

2.a)
Find the differential equation of all spheres whose centers lie on the z axis.

b)
Find the differential equation of all planes which are at a constant 
distance “a” from the origin.

3.
Simplify the equation ax (( ( /(x) y + ay (( ( /(y) x 


where a and b are constants and  ( is a function of x and y.

4.a)
Prove that 
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  b)
Prove that 
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c) Prove that 
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5.a)
Obtain the expression for 
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  in spherical polar coordinates from the corresponding expressions in orthogonal currilinear coordinates.
   b)
Express zi – 2xj + yk in cylindrical coordinates.
6.
Find (∂/∂x) Io 
[image: image27.wmf](
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where x and y are independent variables.
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7.
A battery of N stirred tank reactors are arranged to operate isothermally in series. 
Each reactor has a volume of V ft3 and is equipped with a perfect agitator so that 
the composition of the reactor effluent is the same as the tank contents. If initially 
the tanks contain pure solvent only, and at a time designated to, q ft3/min of a 
reactant A of concentration Co lb moles/ft3 are fed t the first tank, estimate the 
time required for the concentration of A leaving the N th tank to be CN lb 
moles/ft3.


The reaction can be represented stiochiometrically by the equation 





   k1
   k3




A⇌B               C





     k2

and all the reactions are first order. There is no B or C in the feed but it may be 
assumed that the feed contains a catalyst that initiates the reaction as soon as the 
feed enters the first reactor.

8.
Show that laplace transform of 

   

a)
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e-at sin
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