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CHES03: Process Modelling and simulation Time: 2 hours Max. Marks: 100

Instructions to students:
1. Do not write anything other than your rell number on question paper.
2. Assume suitable data wherever required and mention it clearly.

3. Writing appropriate units, nomenclature, and drawing neat sketches/schematics/ flow chart Wherever,
required are an mtegral part of the answer.

Q 1A Ob}ectlve type multiple choice questmns (10 questions @ 1 mark) 10
1 i. A lubricant 1000 times more viscous than water would have a viscosity (in Pa-g)

L @001 (®)o @ (D10
ii. | The units of resistance to heat transfer are —

@Im 2K oIm Ky @WK, (@ Wi m?K!
iii. The differential equation —

2
d {+Sinx%+ ye* = Sinhx

‘ dx
 (a)first order and linear; (b) first order and non-linear; (¢) second order and hinear;
. {d) second order and non-linear

“iv. For a particle settling in water at its terminal settling velocity, which of the following is |

true ¢
(a)buoyancy = weight + drag; (b) weight = buoyancy + drag;
_(c) drag = buoyancy + weight; (d) drag = weight

s ' For an ideal black body

. _(aabsorptivity=1;  (b) reflectivity =1; (c)emissivity =0;,_(d) transmissivity=1
vi. Newton’s law of viscosity depends upon the

- (a) Stress and strain in a fluid, (b) Shear stress, pressure and velocity

_(c) Shear sfress and rate of strain, - (d) Viscosity and shear stress
vii. The conductlon has the units of

@ wm () Wm, (c) WAmK), (d /K
Viii If k;, J; and k are the thermal conductivities of solid, water and air at same temperature,

- then

j(a)k >k >k, (b)k >k >k, (€) k, >k, >k, () k >k >k,

ix. | Time constant of a mixer is equa.l to
. (a)Volume of mixture / volumetric flow rate of solution
(byvolumetric flow rate of solution/ volume of mixture
- (¢) volumetric flow rate of solution/ cross sectional area of mixture
' (d) Cross sectmnal area of mlxture/ volumetnc flow rate of solutlon

X. | Fick’s second law of diffusion is

ac, aC C - 9]C oc, .. o'C,
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" Short answer type questions (2 questlons @5 marks) . T

i. Define the Reynolds Prandtl, Schmidt, Nusselt and Sherwood’s Number and its

significance.

vi_'_Explam hydro and thermal fully developed ﬂow

10

i X )

. Derive the design equation for PFR in terms of conversion V' = &, J.—

! 0 4 i :
: ‘Total heat transfer through this saselsiion

| combination of materials(state your
assumtion if needed}

Q.

Q.5 Con51der a perfectly insulated, well-stirred tank where a hot liquid stream at 60°C is i 10

| m1xed with a cold liguid stream at 10°C (Figure ).At what assumption it behave as a
lumped parameter medel? Explain why. |

Wj : Hot Cald

Gusllet

"O.6A | Consider a perfectly mixed stirred-tank heater, with a single feed stream and a single = 10

' product stream, as shown in Figure. Assuming that the flow rate and temperature of the

' inlet stream can vary, that the tank is perfectly insulated, and that the rate of heat added
| per unit time () can vary, develop a model find the tank temperature as a function of -
 time. Slate your assumptions.

‘; £

6A The differontial equation for the variation of the amount of salt X in a tank with time tis: 10

ax X
glven by-&—t—+2—0 =10, X is in kg and t is in minutes. Assuming that ‘there is no salt in
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Q.7A

Q7B

Gaa

A heated sphere of diameter D is placed in a large amount of stagnant fiuid, Consider the © 10

heat conduction in the fluid surrounding the sphere in the absence of convection. The

thermal conductivity £ of the fluid may be considered constant. The temperature at the
: sphere surface is 7 and the temperature far away from the sphere is 7. If 4 is the heat.
transfer coefficient, then show that the Nusselt nmumber (dimensionless heat transfer :
- coefficient) is given by

Wate_ris entermg a storage tank at a temperature Téu and flow rate Qo and Iéaving ata 1{)“

flow rate Q and temperature T. There are negligible heat losses in the tank. L The area of '

cross section of the tank is AC. Find the model that describes the dynamic variation of

- water temperature in the tank with time.

QT

k T

From the Navier-Stokes equations for incompressible flow in polar coordinates (for 10

!
cylindrical coordinates), find the most general case of purely circulating motion |

Vo(r),V, =V, =0, for flow with no slip between two fixed concentric cylinders, as in

v, B e 2e) ] O"m,u[ii[rf?"ejJr—‘ﬁ"‘”ﬂ-"_ﬂ
o

“or r d8) 108 rar\ Jr 562 1'2H

\ Ekpress and explain the mathematical modeiliﬂg of 'si-ngle effect evaporatof (both mass 20
- and energy balance).
Express and éﬁplain the mathematical modeili'n-gmdf di'sti'irlation‘(both mass and energy 20

Q.98

~ balance).
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