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Separate onswer book must be used for each section irr th€ subject Geology,
Engineadng rDatlrial of civil branch and Seprate amwer book must be uscd
for Section A ald B in PhaElrcy and Cosrnctic 'l.ech.
All. question carry marks as iodicored
Aruwer thrlr questions from Section A and Threc qucstioru from
Scction B.
Due crEdit will be given to neatncss and adcquatc dimensions.
DiagrarDs and Chemical equations should bc given wherever nccessary.
Assume suitable data wherever necessary.
lllustrare your a[swer wherevcr neccsiary wit]r the help of neal skerches.
Use pen of Blucr'Bhck iDvrEfill ody for writing the answer book.

I

SECIION A

(a) Derive an expression for the Eulers equation of motion for an ideat fluid
in three dimensions. E

(b) Define circr.rlation and vorticiry Whst is the relation between circuladon and
vorticity ?

5

2 What is a flow net ? What are its timiEtiqns and uscs ? 6
Thc vetircity components for a fluid flow are u = a + by - cz, u = d-bx _ ez,
w= f + cx - ey whever a, b, c. d, c and f are arbitrary coEstants.

(i) Show that it is a possible case of fluid flow.

(ii) Is the fluid flow irotational ? lf not, d€r€rmine the vorticity and
rotatioD" .l

3. (a) Explain the following terms as applied to the rwo dinreorional flow of a
incompressible fluid.

(i) Source

(ii) sink
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(iii) Strength of sowce

(vi) Doublet and

(v) Streogth of doublet 5

(b) Prove that for a doublet whose axis is horizontal and sEength is l-t, tho

velocity potential firnction is given by

p
zra

cos0
E0=-

(i) w = kzz

(iii)w=z+

I

4 (a) A source of str€ngth + q and a sink of strength - q are placed in uni[orm

flow of velocity V. Draw the flow pattern for drc r€sultant flow and obtain

the expressions for sream and velocity potential fuctions. 6
(b) A uniform flow of 12 m/s is flowing over a doublet of strength l8 m2/s

lhc double is in lino of the rmiform flow, Detcrminc;

(i) Shape of the Rankine oral.

(ii) Radius of Ge Rankine oval.

(iiD Value of stleam line function at Ranliine circle and

(iv) Rcsultant vclocity at a point on the Ranking circle at an angle of 3d
from x-axis. 7

(a) What is conformal mapping ? Discuss drc applications of conformal mapping

in acro-dlmamiis and fluid flow. 8

(b) Separatc the real and iiraginary pans for the following transformation.

5

k(ii) 7

6z

SECTION B

6. (a) Name the semiemperical theories of turbulence and explain any one. '1

(b) Derive the Prandtles universal velocity distribution equation for turbulc

flow in non dimensional form. 6

?. (a) A pipe 200 mm diameter conveys water. Measurcment indicates that the
velocity at the pipe centre and otat at a distaDce 50 mm ftom the pipc cenrre

are 2,5 m/s and 2 m./s respectively. The flow in the pipe is tubulent.
Calculate the shear velocity and the wall shear stress, 7
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9

(b) Define Rayleight and Farmo flows. Sketch Ure Rayleigh line and Famo line
for constant arca frictionless flow on h-s diagram. j

8. (a) How is the strcngth of shock defincd ? Show that ir is givcn by

. strength of shock = * ,#- l) 6

(b) .A large tank contains air at 284 kN/m2 gauge pressuc and 240C tempcranne.
The air flows ftom the tank to the atmosphere tluough a convergent noz,zlc-
lf thc diameter ar the outlet of the nozzle is 200 mm, find thi maximum
flow rate of air.
Take R = 287 J/kg k, r = 1.4 and

atsnospheric pressuc = t00 kN/m2. 7

(a) Describe the phenomenon of boundary layer separation when Urc flow takcs
placc over a curved surface. Wha( are the different mcthods of conrolling
boundary layer separation ? j

(b) lf the velocity disnibution h laminar troundary laycr over a flat plate is
assumed to bc
u=A+By+Cyz+Dyr,
determinc its form using the nccessary boundary conditions. 6

10. (a) A flat ptate 0.3 m long and 2 m wide is placcd along a t.2 m/s flow of
water at l5qc. Assumc tlie boundary layer on each face is taminar ancl the
velocity profile is linear

--B- = A + BvU.
Determine the drag force on tIe plate, taking the viscosity of watcr as l.l
x l0-o m?s and densiry 1000 kg/m3. 1

(b) Air at standard conditions flows over a flat plarc. 'Ihe frcc stream specd is
15 m/s. Fhd boundary layer thickness and shcar stress G at x = I m from
tbe teading edge for
(i) Completely laminar flow with prabolic vcleity profile and
(ii) Compleely bnbu.lent flow with "lflo power" velocity profile. For air

r = 1.5 x lf5 m2ls and

e = 1.23 kglm!. 6
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