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What do you understand by critical thickness of insulation? Derive an expression of (5)

critical thickness of insulation for cylinder

Steel ball 50 mm diameter and at 9000C is placed in still atmosphere. of 30uC' (5)

Calculate the initial ,u[ oi.oofilig of the ball in ut-e:lt 
tlt*tt internal resistance]

iake: p:7800 kg/m3, c = kJ/kgod (for steel)' h = 30 Wim'0C

OR

Derive an expresslon for heat dissipation from infiniteiy long rectangular fins' (5)

Pin hns are provided to increase the heat transfer rate from a hot surface' which of the (5)

following alrangement will give higher heat transfer rate?

iil e nm 
"f 

10; length 
- 

-(ii)^12 
fins of 5 cm length

Take: k(fins material) = 200 witnuc' h: 2d w;;t-06 ' cross section atea : z :*''

Perimeter = 4 cm,#;rr;;pt'u*": z#c' 'uoounding air temperature :300C

Attempt any two of the followings

(A)Der iveanexpress ionofLMTDforpara l le l f lowheatexchanger .
(s)

(B) which is a batter HE? Counter flow, parallel flow or cross flow why? what is (5)

difference in NTU & LMTD aPProach?

Instruction: 1. Auempt all Question'
2. Assume suitable data if missing'

I . U r r- ol 
" 
o n'*p'' o g' o**Lb t e s c t in ttfi c c al cul at o r i s p ermi tt e d'

SECTION .I

Que '_ l (A )Wha tdoyouunders tandbyHea tT rans fe r?Exp la inva r iousModeso iHea tT rans fe r (5 )
with ExamPles'

(B) calculate the rate of heat flow per rn2 through a funtace wall consisting of 200 mm (5)

thick inner layer of cr,rome brici<, a center layer of kaolin brick I 00 mm thick and an

puter layer of masonry brick 100 mm thick, the unit surface conduction at the inner

surface is 74 Wlm' and the outer surface temperature is ?00c' The temperature of the

gu, inriJ, the furnace i*'ieiOdC- What temperatures prevail at the inner and outer

iurfaces ofthe center laYer?
Take: hnro*ebrict=1'25 wi*oC' kkaolinbrick=0'074 W/moC' k'*onry-0'555 W/moC

oR
(A) Derive the General Heat conduction Equation in cartesian coordinates'

(B )As tandardcas t i ronp ipe ( inne r .d iamete r=50rnmandou te rd iamete r=55mm) is
insulated with 85% magnesium insuiation (k=^0.02 Wm0C)' The temperature at the

interface Urt*..r, ifr" piit and insulation is 3000C' The allowable heat loss through the

pipe is 600 w/m lengtir of pipe und fo, the safety, the temperature of the outside
'sorfu.e 

of insulation must not exceed 1000C' Determine:

(i) Minimum thickness of insulation required

(ii) The temperature of inside surface of tne pipe assuming its thermal conductivity 20

Wlm"C

(s)
(s)Que. - I

Que.- 2 (A)

(B)

Que.- 2 (A)

(B)

Que. - 3
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(c)ffiulT*f ffJ"ff H#xlriii:,'f; l:,"?Ti:,:"#;&ttrJiJ11't;:[T#
of 1 lcgis. Effectivene:::i[Ji ilffi;;;i;%:;;t"'*ine iieat transfer rate and

exit temperature ot ltlllf;tu n a B as 1 kJ/kg-K and 4 kJ/kg-K
Assume sPecific heat ot it

SECTION'I I

Que.- 4 (A) Derive Von Karman integral momentum equation for hydrodynamics boundary layer'

.1 . .  L-11--Lt - .  E being
(B) The velocity distribution in the boundary layer is given oy 

i 
= 

1 a- a a" 
v - -- a

the boundary layer thickness' Caiculate the following

til,i,.i",l"troisplu""m*-n,'i,rcr,n"'stoboundarylayerthickness
(ii) the ratio of mom"'**;;;k";'' to tt'. boundary layer thickness

OR

Que. 4 (A) f'# i?j,[ r*11ff'ffi".TirTi ;;il:&?":#""il:.,P.1?:T['Y,HiffJ1T'Jd
mrn'
( i )Bounda ry l aye r t h i ckness ( i i ) I . oca l f r i c t i oncoe f f i c i en t
(iiijShear stress due o ffion iii) tftt""*r boundary layer thickness

t"in"it "ffteat 
transfer by convection

Assume following ProPerties: n -
pJ t'tl,qkd*,, v:i6l\zkJ/m0C, Cp = 1.005 kJ/kg.K, u = 16'?68 x10-6 #/s,

Pr = 0.7

(B) A tube 5 m long is maintained at
\-' 

ut rh. ,utt of ZgqO kg/h at 30uC'
1000c by steam jacketing' A fluid:lt:ugr the tube

irrr Ji#.ter ofihe tube is 2 cm' Find out average

2 kJlkg-K, u = 5'1 xl0-6 m2ls'

Details of their shape factors' emissivities

(s)

(s)

Que.* 5 (A)

heat transfer coe$fi.c-ient= 
0,12WlmoC, Cp =

Take: P: 850 kgim",

An Enclosure is formed by three surfaces'

and temPeraues are as follows'
EmissivitY i

0.8
TemPerature

500"cffi;w- 0.85
0.85

-- 
+oooc

1 
-I 

Other end clostng otsc
- I

o ,u * * , , , and ' i n t e r spac ing .be tween the twoa re25a
mm and 100 mm ,:"ji:,ffi,;14; factor between two identicai discs is 0'05'

Calculate the net *,";1;;i;* n.u, if"* itt"i"g f'om 'u'fate I and reaching to each

(B) ;T:-;Tll1!1-i*:T,,1: ffi:',,l|!Jil trffi?Ei',iii,**l{:if:*fi: 
(s) ;

\- / 
ffH.il'l}"f; : ffi #Jil:!!'!:q'xi :y:rr,;* ;;J;'il":lx,1?,'il'on'u' 

o'
vaporization or 'iuio air is 209.3t ;*;' i"it"ittt the rate of evaporation of liquid

a r f OR

Oue. - 5 (A) Consider two large p1Pll"l Plale's'on'',1 t]:!:'and t: 0'8 and other at 2270C and e : (5)

- 
0.4. An aluminum radiation?ield with un ,*irliilri, :: 0:|s,:*oth sides is placed

between the plates. cal^culate the percentag' 
"iuoion 

in heat transfer rate between the

two Plates as a result of shield'
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A vertical cylinder i.5 rn high and 180 mm in diameter is maintained at l00C in an (5)

atmosphere of ZO0C. Calculate heat loss by free convection from the surface of the

cyiinder. Assume properties of air at t.un ir*p.rature as p = I '06 kg/m3, u = l8'97 x

l0{ m2ls, Cp = 1.004 kJikg-K and k: Q.1042 kJ/mh'C'
use following equation for approximate solution: Nur = 0.i0 (Gr.Pr)0.33 '

Que. - 6 Attempt any two of the followings

(A) Define the foilowing dimensionless numbers:
(i) R.eynolds Number (ii) Frandtle Nurnber (iii) Nusselt Number
(iv) Stantont Number (v) Peciet number

(B) Explain the following tenns (5)

(i) Radiosiry (ii) Emissivity (iii) Kirchhoffs law

iiu; St"fu"-Boltzmann law (v) Wien's law (vi) Inadiation -;

(C) Explain terms Boiling and condensation. Draw and Explain Boiling Regimes. (5)

NND O$' PAPRR
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