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TRANSPORT PHENOMENA
(CHEN 2202)

Time Allotted : 3 hrs Full Marks: 70

Figures out of the right margin indicate full marks.

Candidates are required to answer Group A and
any 5 (five) from Group B to E, taking at least one from each group.

Candidates are required to give answer in their own words as far as practicable.

Group - A
(Multiple Choice Type Questions)
1. Choose the correct alternative for the following: 10x1=10
(i) Thermal diffusivity is given by
k k
@ - () &
kp kp
© @ ¢
(ii) Momentum flux for i=j is given by
(a) b; =p+puy, (b) b; =P+ 71 + pUy,

(C) ¢ij =Tt puy (d) d)ij = puy;
(iii)  Forirrotational flow,
() Vxu=0 (b)V.u=0
(c)V.(Vu) =0 (d) Vx(Vxu) =0
(iv)  Reynold’s Analogy is valid for
(a) Re=0.1 (b) Re=10
(c) Re=1 (d) 0.1<Re<1
(v) For heat transfer process, Peclet number (RexPr) tells us about the ratio
between and within the boundary layer

(a) convective energy transport, conductive energy transport
(b) convective energy transport, radiative energy transport
(c) convective energy transport, convective mass transport
(d) convective energy transport, diffusive mass transport

(vi)  Thermal diffusivity is given by

(a) Cpu/k
(c) pCp/k
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(b) k/pCp
(d) k/pCv
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(vii)

(viii)

(ix)

(x)

(b)

(b)

Lewis number (k/pCpDag) tells us about the ratio between and
diffusivities

(a) thermal, momentum (b) mass, momentum

(c) mass, thermal (d) thermal, mass

Using Von-Karman integral method the thickness of momentum boundary layer

is equal to

4.64 2.32 1 9.28
a) — b) — C)— d
(a) == (b) = () =5 (d) =

X X X X

Hagen-Poiseuille equation for volumetric flow rate determination of a fluid flow
inside a pipe of radius R and length L is given by

AP _, AP _, AP _ 5 TAP
—~ R b) —R —R d) —R
(a) Bu (b) BuiL (c) BuiL (d) BuL
Stanton number for mass transfer is expressed as:
(a) Pr/Re Sc (b) Nu/ Re Pr
(c) Sh/Pr Sc (d) Sh/Re Sc
Group -B

Define a spatial vector field with a suitable example.

Compute the steady state momentum flux, when the upper plate (fig. 1) is
moving with a velocity of 0.3 m/s. The viscosity of the fluid in between is
0.7x10-3 Pa.s.

[ — ) 3 IS

0.3 mm

Fig. 1
5+7=12

Explain the components of the molecular stress tensor. What is dilatational
viscosity?

Explain the term “collision cross section”. Why the Chapman Enskog theory
gives a better dependence of viscosity with temperature than the rigid sphere

theory?
(3+2)+(2+5)=12

Group -C

Can we apply shell-momentum balance technique for deriving velocity profile of
a fluid flowing inside an open channel when the flow is turbulent? - Justify your
answer.
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(b) A Newtonian fluid is in laminar flow in a narrow slit formed by two parallel
walls at a distance 2B apart (Fig. 2). It is understood that B<< W, so that the
edge effects are unimportant. Make a differential momentum balance and show

2
that the velocity profile is given by u, = (uj B? {1 — (5j }
2ul B
X
L
e
z
) B_./W 7
Fig. 2

4+8=12

5. The space between two co-axial vertical cylinders is filled with an incompressible fluid
at constant temperature. The radii of the inner and outer wetted surfaces are kR and R
respectively. The angular velocities of rotation of the inner and outer cylinders are wi
and w, respectively. Determine the velocity distribution of the fluid within the annular
portion. Assume the thickness of the cylinders is negligible.

12

Group -D

6. A copper wire has a radius 2 mm and a length of 5 m. For what voltage drop would be
temperature rise at the wire axis be 10°C, if the surface temperature of the wire is
20°C? Derive the temperature profile using shell-energy balance to solve the problem.
Given: Lorenz number for copper = 2.23 x 10-8 Volt2/K2 and the current density is

given by I=k,_ % ke is the effective electrical conductivity, E is the voltage drop and L is

the length of the wire.
12

7. (a) At a certain location in Hawaii, the ground temperature is 35°C. At 11 am,
suddenly a volcanic eruption takes place and a pyroclastic flow at 200°C spreads
over the ground for 4 hours upto 3 pm. The thermal conductivity of the soil is
0.5 W/m°C and thermal diffusivity is 0.15x10¢ m2/s. What will be the
temperature at a distance of 10 m underneath the ground at 3 pm?

(b) For Pr<1, between thermal and momentum boundary layer, which one is thicker
at a certain distance away from the leading edge? Justify your answer.
8+4=12
Group - E
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8.

(a)

Predict the value of Dag for the system CO (A) -CO2 (B) at 296 K and 101.3 kPa
total pressure.
Given:

D,, = 0.0018583 Ts(i+i] ]
My, Mg )Pl

p= pressure (atm); M: Molecular weight; oag = Molecular distance (A°); Qag:
Collision integral
oa=3.59 A% 08 =3.996 A°; ea/k=100 K; eg/k =190 K

KT /eag | 0.9 0.95 1.0 1.05 1.1 1.15 1.20 1.25

QaB 1.517 | 1477 |1.440 |1.406 |1.375 |1.347 |1.32 1.296

(b)

(a)

(b)

Show that for a binary (A and B) mixture, the molecular flux of A through B is
given as Ja=Na - xa(Na+Ng), where N is the molar flux and x denotes the mole

fraction.
8+4=12

Why the Chilton-Colburn analogy gives more accurate estimations of transport
coefficients than Reynold’s Analogy?

A liquid A partially filling a test tube is evaporating through the stagnant film of
air over it inside the test tube into the surrounding atmosphere where air is
flowing with a high enough velocity to sweep away the vapours of A from the
mouth of the test tube. Derive an expression for the concentration profile of A
within the test tube.

6+6=12

Department &

Section

Submission Link

CHE

https://classroom.google.com/c/MzEyNTIyMzc2NjU4/a/MzcONzI4MTg5Mzg3/details
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Navier Stoke’s Equation:

Cylindrical coordinates (r. 6. zl:

Eh'Ir ¥
'-)Allgr-l + G = x)V v

Too = -ﬂ.[ }%*;)} + G = )V =)

. - urz ---. b l'5u —_ {‘" lrl I._'Fl
fad FI_ JJ \l.f." LY -
9 a7,
e r1(3)-13]
1 v, A,
Toe = Ter = T rﬁ+_;
61:,+.-i'u=]
T =Tk & T 5
o L.-}z ar
in which
=19 19% 99
v \"]—;a{ﬂ'.}'brﬁ"' 7z

ﬂv

3

I

|

*;
H

+ (3 = KNV =v)

Pl o
T 2(%33 ?)] + G — kKUY - ¥)
i | 1 ﬁ v, + v, cot # - b
ka I-I_E(r sin 8 d¢ = r )] + (50 = KV =v)

3 au,
e (3) 13

o __|sines [ v 1 9
Tos = Tea = ~H =y ﬂﬂ(ﬁnﬂ)+rsznﬂﬂ¢:[

in which g
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Cartesian coordinates (x, v, z):

24 ax{va S lpo) + 2wy =0
Cylindrical coordinates (r, 8, z):
1oy + 1Ly + Loy =0
Spherical coordinates (r, 8, &):
3-" ,Jr?rw v + r sin Hdﬁ"{pﬂﬂ e % 31111 ﬂ%w"j:ﬂ
Cartesian coordimates (x, y, zh" )

v, v, an, v ap [
¥ L y I L a

‘{E+p’dx+p'dy+u="§z_) oy _-9.1'7"+Ey7”+:?zr”'_+p‘g’

P(ev._ v,  am, au) a | P ]

i SR 0 B e o L3
% T Ty 'hm oz |ax™ oy

fu +if== F pg:

Cylindrical coordinates (r, 8, z).

v, dv, Ty, av, T ap |14 d J Tos
P(Jr'i't' '+;M'i'ﬂ _-_r)z-E-I:?E{""}-'-Fﬁﬂlr-'_;?zﬂr TJ-}PS'
A1, Uy Ty dy duy vl 19p |14 14 a Tor T,
P(ﬁ“’rﬁ"f:.ﬂ;*” ;z"*'—rf)——m—[;z;,"""fm“n—fm*a%* 7 "']wxa
v, Ju, a, o114 14 2
,:{ aﬂ4l')rdz)lt—;]——Ij?a—r{ﬁ“}‘f;ﬁfm‘*‘i‘r“]‘i'pg:
Spherical coordinates (r, 8, $):°
o Tedm U . VHO) ap
af Tdr a8 rsin @ dd r ar
1 & Ti‘"'r#
{F&r(rz ) + ﬂﬂ&le sin ﬂ}‘l'r lnﬁﬂﬁ"r‘# r :|+P£-
LTGRO L L T T
df ’ﬂr r q4g r.ﬂnﬂ'ﬂfx L raf
19 3 1 o, =T~ T cot 6)
Lsar':’ W+ s rsin 0.ag ™ r wie

&[’J,_-'- 'I!?I-ﬂ*_l_ Il',’ [h;" ﬂ* ﬂ'v,, -| ﬂ¢'ﬂ,+ﬂuﬂ¢ Eﬂt E _ '1 ap
ot "% " T T rand oo r ~ "7 sin 6dé

14 1 1 4 (Tar — Toa) + Ty COL @
[?E[ﬁ”]-'“_ﬂ_h“ sin @) + HEEETHJ’ = ]+pg,

CHEN 2202 6



