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Atlempt ALL questions. The data or information not given in the questions should be assumed

properly.

A fluid is flowing in laminar flow from I to B through
a network of tubes, as depicted in figure below. By
using shell balance at any one of the first set of three
pipes splitting from l, obtain an expression for the

mass flow rate of the fluid entering that pipe in terms

of the total inlet flow rate of u' at ,4. ln the equation,
use modified pressure drop only at the.junction where
three pipes split into six pipes. Neglect the

disturbances at the various tube junctions. t8l
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A solid sphere of radius R is rotating slowly at a constant angular velocity Q in a large

body of quiescent fluid (see figure below). Simplify the equations of motion in spherical

coordinates (given below the figure) to find the the components ol the creeping flow
equation of motion. Assurne v = 6,p vq(r,O) and that the modified pressure will be of the

lorm?--? (r,0). t5l
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Il'[?T.li|"o#tliffi:::fj'.:'"-n in a cvrindricarwerr inserted into a sas stream.

o yri.ye rr"-iiti,;;t;il#* ::x;'*";ff ;: 
j:11:l:*ijl[*,L U*";= hl,t(kB). Ail;rherrariables t are thei. usuat mi;;;.'-'-""- 

t8l
For equation ;F - tr-y = 0, 

solution is Jl = C, cosh rtr + C. sinh ar
cosh (l t r/) = cosh -r ()sh ,v:t sinh r sinh t7

I'ipe wall it 1.

Thernrttoupie t,tres

4 In the energy equation shown below, expand e vector and explain what equation isobtained for flow systems without extemal forces.o/t, \ tll
,t1 \Zt',' . aU/ = rr .e, r ,(v. g,

A simple model for a hereroseneous catalytic reactor in which a reaction 2A __> fi is girrnin figure betow. Each catatvit n,nicte is sunound-J'b;;;;;;;;iur, fitm rhrough r.rhich,4 has ro di[fuse to reach-rhe caral)st. surface. ff,,.-paar".i A'tf.,en diffuses back ourthrough the gas film to the main tuibulen, 
"r.u, 
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B. Find the localrate of reaction per unit area of caralyst ,r.fu." iv'rfr.fi'mass balance. Use the

fi[!j::'lhal 
'4 is present in ,uch a smailconcentrario'n tiu, ir'.'.orr".,ion rerm can be
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.(f *tr.o,-,1) = - (v. r-, )+(A - r,1 (R-1+RE)

ln the fo
describe
diffusion.

OR

Prove that [V . s6] = Vs where 6 is unit tensor

llowing equation of continuity for species,4 in a binary mixture of ,1 and B.
the conditions under which the equation becomes the Fick,s second law of

tll

tll

Water at l0"C enters a heat-exchanger tube having an inside diameter of25 mm and alength of 3 m. The water flows at 76 L/min. Take viscosity as 0.+:+ mpa.s and frictionfactor as 0.0042. Entrance effEcts are to be neglected, una tl,. p.op".ti.. of water may beevaluated at rhe arithmetic-mean bulk t.rp"-."tur..' W. t 
"ui, 

t, ((Tr. _ T")/(TryT,)) +(h/@vC))x(4L/D) = 0, where v is.v^elggi.tr, .r, is.e*it t.m[.atr.e, 7) is inlet temperarureand r' is wall temp€rature. co = 4.2 kJrig.K and k = 0.616 wlrlx. eo, a constanr watemperature of 99"c. estimate the exit temperature of the water using the Corbumanalogy (St = (Cl2) pr 2,3). 
t5l




