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for the queslions.

Answer any five questions.

Define the terms "kinematic viscosity' and

'convective momentum transport'. Explain
the variation of viscosity with temperature

for gases and liquids. l+2+3:6

Contd.



(b) Provc that the parabolic vclocity
distribution ol'a liquid of density (p)
flowing over a vertical flat plate of length
(L) and width (l/) is

^a / \z Ipsd-1. I x \- Iv = 
j___=_t t_t_t I' 2tt l- l'a./ 

|' L .-t

whcre, v. = velocity of fluid in the
z-direction

f = 'l'hickness of rhe liquid film forming
over the flat plate

x : Distanie of a shell of the liquid

/l = Viscosity of liquid.

And hence find the average velocity and
mass flow rate of the fluid over the plate.

8+3+3: l4

(a) A t'luid cnters a nozzle I of 40cm diametcr
at a velocity 3m/s. Then the fluid splirs
into two nozzles 2 and 3 connected in a

Y-shape. The diameter of nozzle 2 is 30cm

and the flow rate is 2m/s. The diarneter of

2.
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noz.zle 3 is 20cm. l;ind the velocity in the

noz,zle 3 as shown in Fisure-2a. 5

Figure-2a

(b) Distinguish between the laminar and

turbulcnt l1ow. Explain Prandtl's rnixing

length theory. 2+3--5

(c) Dcrive Von-Karman-Prandt I Univcrsal
logarithmic velocity equalion as shown

. below:

it / ,", *\r=2.5ln | ,' l+ 5.5v* - t s I --

Where, the symbols have their usual

meanings. l0

3. (a) What do you mean by thermal conductivity ?

Why.the thermal conductivity of liquid is

less than that of thc solids ? How does it
vary with .temperature for the gases and

liquids ?
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(b) Derive an expression for the radial heat

conduction through a hollow sphere whose

inside and outside surfaces are held at

constant temperature, 4 and I respectively

and hence prove that the temperature
distribution of the hollow sphere in radial
direction is

, ( r-r\,
T =Ti +ll]J17,,-7,)

r \ro - ri )
where, T: Temperature at any radius (r).

ro and r, are the outer and inner radii of
hollow sphere

(c) A heat flux' 
surface of a

respectively. 7

meter attached to the inner
3cm Ihick refrigerator door

indicates a heat flux of 25llf m2 through

the doon Also, the temperatures of inner and

the outer surfaces of the door are measured

to be 7'C and 15oC respectively. Determine
the average thermal conductivity of the

.refrigerator door. 3

(d) Consider a large plane wall of thickness
L:0'2m, thermal conductivity K: I 2

Wlm"C and swface are4 A =1522. The linner
and outer surfaces of the wall are maintained
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at constant temperatures of 4 = 120"C and

lz = 50'C respectively.

Detcrmine -0 The rate of heat conduction through
the wall under steady conditions.

(i, 'Ihe temperature of the wall at distance

x = O.lm from the inner side of the
wall. 5

What is a Fin ? Mention any two applications
of fins. Distinguish between fin efficicncy
and fin effectiveness. 2+2+2:6

(b) Find the rate of heat flow through the
composite wall as shown in figure 4(c).
Assume one dimensionil flow Given data :

K,r =100 Ilfm"C Kc=60Wf m"C

Ka=35W/m"C Ko=501{/fm"C 5

60 deg C

/igure 4(c)
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(c) Show that the rate of heat flow through a

composite cylindrical pipc of lcngth (I)
consisting of two co-axial layers of thennal

conductivities, K, and K, if hot milk is

flowing inside this pipe is 5

o--
zL4@-,-T*r)

I , | ,tn(rrla).tn(nln). + _'.i
ht r hz\ Kl K2

where, r, and r, are the. inner and outer

radii of inside cylinder and r, is the outer

radius of outside cylinder,

h, and h, are the convection heat transfer

coefficients at the inner and outer surfaces
of the pipe respeclively,

To, and To, are the milk temperature and

the outside pipe air temperature respectively.

(d) A2bW resistance heater wire whose thennal

conductivity is K = l5 Wf mK has a diamerer

of do= 4mm and a length of L:0'5m, and

is used to boil water. If the outer surl'ace is

T. = l05oC , determine the temperature at the

centre of the wire. 4
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Slate Ncwton's Larv ol' cooling tbr
convection hcat transl'cr. What do you mcan

by cocflicicnt ol'convcclion '' 2+l=3

What is external fbrccd convection ? I lou'
does it difl'er liorn internal lbrced
convcction ? 2

Prove that lor fully dcvclopcd laminar llorv
in a circular tube subiectcd to constant

surl'ace heat llux, thc ,Nussclt nurnbcr (Na)

is 4'36. 15

(a) What do you mcan by thc tcrm ''nrass

diljusion"'/ Express thc "conccntration" in

tcrms of mass basis and mole 5rlti5. I f4:5

(b) CO, gas is dif'fusing through N,' in onc

dircction at atrnospherc prcssurc and

tcmpcrature I 5'C -fhc rnolc liaction ol- CO"

at point A is 0'2, at point B, 3n away in the

dircction of dillusion. it is 0'0195. 'l'he

conccntratiot"r gradicnt is, constant ovcr this

distancc and diflusivity is 1.5 x l0'5 mzfs.
-[hc gas phasc as a wholc is stationary i.c.

N, is dilllsing at the samc ratc as tho

COrbuI in thc oppositc dircction.

(a)

(b)

(.c)
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0 What is the molar flux of CO, in

Kmolf m2 .s ?

(ii) What is the net mass flux ih

Kgf 
'2 't 

? lo

(c) How does the mass diff'usivity of a gas

mixturc change rvith temperature and

prcssure ? Prove that the diffusivities D.r,

is equal to Dr,, for an ideal gas where I and

B are sPecies' 2+3:5

7 . Write short notes on ony four of the following :

5x4:20

(a) Non-Newtonianfluids

(b) Thermal boundary layer on a flat plate

(c) Nusselt number

@) Grashol number

(e) ReYnolds number'
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