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Q1 [4 x 1.5 =6]
(i) Explain the boundary conditions at
a. Solid-fluid interfacial plane of constant z
b. Liquid-liquid interfacial plane of constant x
c. Liquid-gas interfacial plane of constanty
(i) Explain Reynolds decomposition and turbulent momentum flux tensor
(iii) Consider steady state heat conduction (without any heat generation) for three different
geometries (slab, cylinder and sphere). The temperature difference is applied in any one
direction at a time. List the geometry and direction with corresponding linear/nonlinear
temperature profile.
(iv) Asolid sphere of radius R is rotating slowly (creeping flow) at a constant angular velocity
Qin a large body of quiescent fluid. The velocity v, is given by
2
RY .
Vv, = QR(—J sin &
r
Derive the formula of Torque required to maintain the rotation of the sphere.
Q2 41
One half of a long cylindrical solid of radius R is L
exposed to the radiation heat flux from the sun while 7 o
on the other half the radiation heat flux received is \
negligible (Fig. Q2). The rod is also losing heat to the N
surrounding (which is at T..) from its entire periphery h, Teo
by convection (neglecting radiation loss). Develop the
steady state equation for the system and propose
appropriate boundary conditions. q7(9)= Iq’(; sing 0<¢<m
= ‘ 0 T<P<2T
Fig. Q2
Q3 [S]

Two large flat porous horizontal plates are separated by a relatively small distance L. The upper
plate at y = L is at temperature T, and the lower one at y = 0 is to be maintained at a lower
temperature Ty. To reduce the amount of heat that must be removed from the lower plate, an
ideal gas at Ty is blown upward through both plates at a steady rate. Develop an expression for
the temperature distribution and the amount of heat go that must be removed from the cold
plate per unit area as a function of the fluid properties and gas flow rate considering negligible
viscous heat dissipation. Take constant thermal conductivity.
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Q4 [5]
A solid is formed from the conical section of a sphere of radius R as shown in

the figure. The spherical surface at r = R is insulated, while the two conical o | Spherical
surfaces at @ = 6, and 6 = 6, are held at temperatures T; and T, respectively. &1  surface
The thermal conductivity k of the solid material may be assumed constant.

a) Establish an expression for the temperature T (6) in the solid object at

steady state.
b) Find the total rate of heat flow across each of the conical surfaces.

Q5 [5]
Liquid is present in the annular space between two vertical concentric cylinders of radius R; and
R, (R, > R;) that are rotating in opposite directions with the angular velocities of magnitude of
Q; and Q,. We would like to place a thin circular cylinder of negligible thickness and radius Rs
(R2> R3 > Ry) concentric and in between with the two cylinders. Develop the relation to find the
value of R; when no external torque would be required to hold this middle cylinder stationary.
What is the value of Rs, if R, =2 R; & angular velocity of both cylinders are same?
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§B.4 THE EQUATION OF CONTINUITY"

lap/at + (V- pw) = 0]

Cartesian coordinates (x, y, z):

3 d D i
F IR {pr,) + &F{PUB.} + Iz (pv,) =0 (B.4-1)
Cylindrical coordinates (r, 8, z):
dp . 134 14 _
a T prv)) + 5 20 (pry) i '[PUJ =0 (B.4-2)
Spherical coordinates (r, 8, ¢):
9,10 0y 19 (o, sin 6) + —— 2 (pv,) =0 (B.4-3)
- Q2o ¥ sin 6 96 ¥ sin B&¢- "
" When the fluid is assumed to have constant mass density p, the equation simplifies to (V- v) =
§B.6 EQUATION OF MOTION FOR A NEWTONIAN FLUID
WITH CONSTANT p AND u
[pDv/Dt = =Vp + uVv + pgl
Cartesian coordinates (x, y, z):
@5+ %+ ‘—93’5+ A . _azv,_*_azvx_’_azv; B.6-1
Aot "% ax Ty T % az) T Tax T M oe T o T a2 ¥y B&D
v v v dv ap [0*v, %, J%v,]
SRSl | Y e ot e S e L s -
p(ﬁ+v,ax+vyay+vz az) 3y+'u_é‘x2+6y2+ _+pgy (B.6-2)
v, v, v, v, ap |, v, %]
p(ﬁ Tt vy¥+vz—£)— Tz | ax? ! ay’ 92" reg. 669
Cylindrical coordinates (r, 8, z):
v, 9 vy d0, dv, v __§p+ 3 (13 4, 190, v, 29 p B.6-0)
Aot T 70 e 7)) Tar T \rar ") T ae T A TR (B6-
v, FVy Vg 30, s v\ _ 1P d (14 190 vy 290,
p(at T YT e T Ty )‘ ¥ 90 [ar(rar(”’)) 2o ez pae| P (B.6-5)
c?'U C?U Uy avz ‘;vz _ _(?p 14 C?'UZ 1 62?}2 62,0
p( ot + U= ar +7¥ + v, E) = E ﬂl:?a ¥ ar ; 562 + 52 pgz (8.6'6)
§B.2 FOURIER’S LAW OF HEAT CONDUCTION"
[q = —kVT]
Spherical coordinates (r, 8, ¢):
g, = kL (B2-7)
14T
W=k 20 (B.2-8)
_ 1 4T y
o = ¥ sin 0 d¢ (B.2-9)
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§B.7 THE DISSIPATION FUNCTION ®v FOR NEWTONIAN
FLUIDS (SEE EQ. 3.3-3)

Cartesian coordinates (x, y, z):

A, v\ fan\2 aw, g |2 [ev. v oo, L o 2 alge, v, a2
@, ZKﬁx) + (@) +(;Z)J - [E_Fr?—y + @'FE + _&‘z T -§_E+a—y+E (B.7-1)

Cylindrical coordinates (v, 8, z)
a0, 1dv; o\ an, \? a [t 1&1},_3 1 97, ci'v;z dv, v, |?
¢—2{(&r)+(FE+?)+(E)]+[r5(7 +?ﬁ + ?ﬁ-'_E_ + E+?

&H d =

Spherical coordinates (r, 8, &)

2 o %2 Ju 2
190, ©, 1 e U+ U, cot
41}—2[ )+(Faﬂ+?)+(rsinﬂé‘¢+ r )]
g 19vf |sin@ g Vs 1 v 1 dy, a (Vs |?
L1214+ 2= | + —+rZ-
+[”ﬂr(r) raJ +[ ’ &B(sin H)+r5inﬁr?¢ rsin ad | ar\7

a 2
[l i (J"j‘t’,]' + 1 (t 0 Sln E} :l ﬂ:| (B.?—3:’

',--—-..‘_

2 ar n 6 a0 rsin @ dd

§B.9 THE EQUATION OF ENERGY FOR PURE NEWTONIAN
FLUIDS WITH CONSTANT" p AND k

[pC,DT/Dt = k¥°T + u®,]

Cartesian coordinates (x, y, z):

2 oT . 4T, T\ _,|&T  &T , &T ,
oC, (ar to g tu gt az) = k[af vl RIS (B.9-1)

Cylindrical coordinates (r, 8, z):

= (dT | 9T Vs dT JT 14 dT\ 1T T b
pc?(dt 'v'c?r+raﬂ+ 232) k[ra ( ar)+r e :|+#¢-i. (B.9-2)
Spherical coordinates (r, 6, ¢):
~ (T, aT  YdT Vs 4T 14 (.4T 1 4 aT 1 &T
=+ +——=+ =k S r5 )+ + - 9-3)
pcp( ot Urar ar ¥ oag ¥ sin @ &'ﬁ) i:rz C;r( 5?’) r sin A &9 (Sln o 36) r2 sin z i ﬂ¢2] - Md] (B.9-3)

* This form of the energy equation is also valid under the less stringent assumptions k = constant and (¢ In p/é In T} Dp/Dt = 0. The
assumption p = constant is given in the table heading because it is the assumption more often made.

® The function &, is given in §B.7. The term u®, is usually negligible, except in systems with large velocity gradients.
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