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CH604 : TRANSPORT PHENOMENA Time: 3 hours Max. Marks: 100

Instructions to students: .
1. Do not write anything other than your roll 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 integral part of the answer.
4. Appendix E is allowed in the examination.

Q.1A Objective type multiplé choice questions (10 questions @ 1 mark) 10
i. The concentration of multi-component mixture in mass transfer process can
be represented by: ‘
(a) mass concentration (b) molar concentration (c) molar density (d) all of |
these

ii. Fick’s law is valid for:
(a) Solids (b) liquids (c) gases (d) all of theses
iii. Viscosity of water in comparison to mercury is:
(a) Higher (b) lower (c) same (d) unpredictable
iv. The units of dynamic or absolute viscosity is:
(a) m?/s (b) kg.sec/m (c) N.s/m?(d) N.s?2/m
v. The units of Stefan -Boltzman constant is:
(a) W/cm2.K* (b) Kcal/ m2.hr K* (c) cal/cm?.sec.K? (d) all of these
vi With increase in temperature, thermal conductivity of solid metals
(a) Increases (b) decreases (c) remains same (d) depend on other factors |
vii Lewis number= 1 signifies: .
(@) Pr=Sc (b) Pr = Re (c) Sc = Re (d) Ny =Sh
viii Schmidt number is: '

(a) —— (b) Re. Pe (c) Sh X Pe (d) Re/Pe

pPDap

ix. Fick’s law of diffusion for z-direction is
() Ja=Dap 8Ca (d) Ja = -Dag 8*Ca
oz 622

(B) Ja=-Dap 8Ca
oz

(C)Ja=DapdCa
oz*
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x. For a binary diffusivity in gases is depends upon:
(a) temperature (b) pressure (c) nature of the components (d) all of the these

Q.2 Short answer type questions (4 questions @ 2.5 f11arks) 10
i Write down the first law of thermodynamics.
ii.  Define isolated, closed and open systems.

iii Differentiate between mass and molar concentrations.

iv Define Newton’ law of cooling.

Q3A  Define convective mass and molar fluxes. ' ' 05
Q3B  Write down the main axioms of transport phenomena. 05
Q4A  Explain the theory of diffusion in gases at low density. 05
Q4B  Write down the limitations of Fick’s law of diffusion. 05

Q.5A A Newtonian fluid is flowing in a narrow slit (B<<W=<<L) formed by two 05
parallel plates, due to the combined effect of both gravity and pressure.

Determine the velocity profile, average velocity and mass flow rate for laminar
and steady flow.

Q.5B  Derive the expressions for equation of motion. 05
Q.6A Compute the thermal conductivity of Ne at 1 atm and 373.2K. 10
OR

Q.6A Estimate maximum temperature rise and average temperature rise in an 10
electrical heat source. Consider an electic wire of circular cross section with
radius R, electrical conductivity K. ohm-lem. Through this wire there is an
electric current density | amp/cm?2

Q.7A  Calculate the steady-state mass flux J A y of helium for the system in the Fig.at 05
S00K. The partial pressure of helium is 1 atm at ¥ = 0 and zero at the upper
surface of the plate. The thickness V of the pyrex plate is 10~2 mm, and its
density p(B) is 2.6 g/cm3. The solubility and diffusivity of helium in pyrex are
reported as 0.0084 volumes of gaseous helium per volume of glass, and Djg =

0.2 X 10-7 ecm?/s, respectively. Show that the neglect of the mass average
velocity.
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Thickawess of
=slab of fused silica =
tsubstance B

o o "

Large !

Q.7B  A.copper wire has a radius of 2 mm and a length of 5 m. For what voltage 05
drop would the temperature rise at the wire axis be 10°C, if the surface
temperature of the wire is 20°C?

OR
Q.7B Estimate ¢ Dap for a mixture of 80 mole% CHj; and 20 mole% C;Hg at 136 atm 05
and 313K. It is known that, at 1 atm and 293K, the molar density is c = 4.17 X 10-
5 g-mole/cm3and Dag = 0.163 cm?/s.

Q.8A A plastic panel of area A =1 ft?and thickness Y = 0.252 in. was found to conduct 10
heat at a rate of 3.0 W at steady state with temperatures To = 24.00°C and T}
=26.00°C imposed on the two main surfaces. What is the thermal conductivity
of the plastic in cal/cm * s » K at 25°C?

Q.9A Consider a fluid flowing under laminar conditions between two parallel plates 10
which are kept at same temperatures. To as shown in fig the incoming fluid at
z=0, have the same temperature To assume steady state, determine the increase
in temperature of fluid due to the viscous heat dissipation.

X=+B
L, ‘

y

Q9B The density of liquid CC14 at 20°C and 1 atm is 1.595 g/cm? and its isothermal 10
compressibility {1/p){dp/0p)m is 90.7 X 10"6 atm"l. What is its thermal
conductivity?

OR

Q.9B Predict the thermal conductivity of methane at 110.4 atm and 127°F by the 10

following methods:
(a) Use Fig. 9.2-1. Obtain the necessary critical properties from Appendix E.
(b) Use the Eucken formula to get the thermal conductivity at 127°F and low

pressure. Then apply a pressure correction by using Fig. 9.2-1. The experimental
value is 0.0282 Btu/hr- ft -F.
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Reduced thwrnsal conductivity, &, - &k,

1

Reduced temperature, T, = T/T,

Fig. 9.2-1. Reduced thermal conductivity for monatotnic substances as 4
function of the reduced temperature and pressure [E. |. Owens and

Ci. Thodes, AICKE Jowrmal, 3, 454461 (19571 A large-scale version of this
chart may be found in O. A, Hougen, K. M. Watson, and R A. Ragats,
Chrermicnl Process Privciples Charts, 2nd edition, Wiley, New York (19500,
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