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thc cartesian componcnts of the vclocity q.

L

(b) Show that +(3r2 - 1.2,Jr!J,3rz), whcro 12 = .r2 -y2 + z2 anrl & is
constant, rcprescnts the velocity field in a possiblc fluid motion.

Show also that this motion is inotational.

(c) Find thc vclocity potenliitl and thc cquatiou of strcam ljncs lor tirc
locity ficld givcn in (b).

2, Let a gas occupy the rcgion r S l?, wh*c Ii is a function of time ,, and a liquid

1. (a) Dcrivc- thc continuity cquation ibr an incomprcssiblc nuid flow in thL
- 0u, 0u 1utlorm - +:-- * 

- = 0 irr cartcsian coordinates, rvhcre z,u and u arLox Oll dz

of constant dcnsity p lie outside the gas. By assuming that there is contajt
betw<ren the gas and the liquid all the tjmc and'that thc motion ir ry,rrrn"t4]"
Alrout thc origin r.= 0, shorv that thc motioD is iriotational.

l

li the vclocity at r = A, thc

[hat thc prcssurc p ab a poilt

l.'r(#)'-:i*'.

gas liquid boundary is continuous

P(1,1) in thc liquid is givcn by

= /(l), rvhcrc r =l r f,



l.urthcr,

constaut

cqlral to

Iiqrrid cxtcnds

prol,o th&t Llrc

l.o inli it.)

_gas lir;rrirl

ln(l is at rcst w

I.[ thc gas obcys t,h<r Boylc's lirrr, 1;ul

tirc gas, antl cxpan(ls from rest at Il =
t.h;rl thc ratio of initial prcsstrrc of thc

is l4:3.

illtcrlacc pressurc

= conslrant, rvlrcrc rr is tlrc

o to a positiolr of rcst at .t
gas to In.csstrro of l.ltc liquid

\,ohlmc

il it is givcn that Ihc

prcs$ltrc 7r ali infinilJ,,

, a!,,P'!177^;,,2 dn, '

at infini

3. (a) Lcl] a tltrcc ilirncDsio ll rkrrrlrlr:t. of strcngth /, ln,sit.uatfil at lhc ongj

Shorv [hat the v{]locitv Dotcr)i.irl d ilt. a poinl. p(r, r, y',), irr sphcrical po

coordinatcs, drrc Lo thc cloublct can bc writtcD in t.hc forrn / = /r-2 qss

(b) Threc dimcnsional rlorrblcts of strc gth lrr,p2 arc sitrrated at lr and
rvhosc cartcsian coordinatcs arc (0,0,c1) anrl(O,0,cr), thcir axcs beini

dircctcd tolvar(ls arrd arvav frorrr tllc ol.igiD r.cslx\:t,ivcly. Show that

4. Writo clorvn t|o Bcr.norrlli,s cquatiol lor stca(ly i]rotiou of:rn incorrprcssi
inviscitl flrr i<l.

condition for no transport of fluid across thc surfrcc ol sphcre

:t2 F ?t2 + 22 = "rr, i, 
l! = ( 2\i
t\ \ct J

Lt:t' a flrrirl of d.'sity 7r {il r,bc rc1;ior of spacc .n rrio rx)sir,ivc rii(lc of thc o axi[
rvith tlc planc dclcrmino(l by thc y axis an(l z axis bcirrg a fixccl boundaryl.
If a trvo dinrcnsional,sourcc of strcngth ,rl is sitlratc(l at f,hc point (o,0), fitr{
thc points on thc boun<lary at rvhich thc velocity is mlxilnum. Show that ths
rcsultant [hrust on arca formc(i by thc part of thc axis r;f y which lics bctweel
ll = *b and [nit length alolrg thc z a_\is is

2pst,-2,n2p[]"" (il - 
"h]rvlrcr, lo js LIlc prcsstrr. nL illfillity.
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