CE 371 HOMEWORK 5.1

1) The velocity field V = axi — byj, where a =b =1 s, can be interpreted to represent flow
in a corner.

a) Show that particle motion is described by the parametric equations x , = ce”, Y, = ce™

b) Obtain equation of pathline for located at (1,2) att =0
¢) Compare pathline with streamline through the same point.

2) A three dimensional velocity field is given by u = 2x, v = -y and w = z. Determine the
acceleration vector.

3) A velocity field is given by u = cx’ and v = cyz, where c is a constant.a) Determine the x
and y components of the acceleration.b) At what point (points) in the flow field is
acceleration is zero?

4) The x and y components of a velocity field is given by u = x”y and v = -xy”. Determine the
equation of streamlines and pathlines of this flow.
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5) The velocity field of a flow is given by u = —Voy/(x2 + y2)1/2 and v :Vox/(x2 + yz)
where V) is constant. a) Where in the flow field is the speed equal to V, ? b) Determine the
equation of the streamlines.

6) a) Show that the streamlines for a flow whose velocity components are u = c(x2 - yz) and

v =-2xcy, where c is a constant, are given by the equation x’y—y’/3 =constant.b) At

which point (points) is the flow parallel to the y axis ? At which point (points) is the fluid
stationary.

7) The x and y components of a velocity field are given by u = x-y and v = x°y-8. Determine
the location of any stagnation points in the flow field. That is, what point(s) is the velocity
zero?

8) The velocity field of a flow is given by V =20y/(x> +y?)"" T —20x/(x> +y*)"*] mvs,
where x and y in meters. a) Determine the fluid speed at points along the x axis; along the y

axis. b) What is the angle between the velocity vector and the y axis at points (x,y)= (5,0),
(5,5) and (0,5) ?

ANSWERS

1) b) xy = 2 (pathline); ¢) xy = 2 (streamline)

2) a=4xi+yj+zk

3)a)a, = 202)(3, ay = 202y3 ; b) (x,y) = (0,0)

4) xy = constant

5) a) V = V|, for the entire flow field; b) x> + y2 = constant

6) b) This occurs when x =t y; ¢) (x,y) = (0,0)

7) (x,y)=(2,2)

8) a) V=20m/s, b) 6 =-90° for (5,0); 6 = -45° for (5,5); 6 = 0° for (0,5)



CE 371 HOMEWORK 5.2

- Ql) If the velocity field sV ———'(—12){2 + 3y)T +(5y22)j+ (5Z2t)R " ﬁnd the aCceieration

. _'components of the particle for t = 2 seconds, X = 1m, y—lm and z=1m. 9‘50 {-m @ e Mmogni-.

tude of oCerteration ond Nelocity

Or=3x™ - \Q.)( -\-1552”'- \axtz Nmls? ' 'VA = “ "’5] +10'¢
ayz 2532‘%+Sd2“3¥' Clagl=2Smin ﬁml-i’l.QZSmfg
az= 560 S2t la;\ 20S e [s*

Q2) The path of a fluid pamcle is given by xy=36, while at any tlme the posmon is glven by x=6t%.

; What are the velocity and acceleration components of x and y directions ?

 @owe (-2 . Q}%@;&) VL 14T A% L—s

Q3) The velocity field of a two dimeziSiohalAﬂo:W is given by \7 = %T+2y] and particles pass

through Ag(Xo,y0,20) at time ty.

e L ("z“ “)L&
a) Find the equation of the pathline Y= ‘d' ©
: b) Compute the equauon of the s.txeamhnes xat .

\A -
xo
Q4) The velocity field of a flow is given by V= 3x?-— 2y] :

a) Find the equation of pathlines on x-y plane. Ay =C A
b) Determine the equation of streamlin«es on x-y plane for the point B@3,1) - x”fﬂg: 3

‘QS) Velocity components of the flow is given by u=a(2bf2+y) ‘V=2bt and w=0 where a and b are tlﬁe.' ’

constants in Eulerian descnpuon Find the posmon vector of the flow in Lagrangmn descrlptlon fo:l

C(l 1) t=1 seconds ' ’ ' L ‘

o 2
-F-:[ abd’ +0(w5%+(‘~wa%~mj;m% {Lh ,*.(Qw }JA ”FC{;‘&
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CE 371 HOMEWORK 5 3

‘,: ,’ velocrty and its magmtude at pomt (l 1) for t—3s and ﬁnd the acceleratlon vector for t= 5S at- ',
. ‘"A(] 7 cﬁ?f‘s_\«rt’ik : ,'VA a ~2‘5l(—7é_| -g?k 'v S

i (b) If the velocrty vector is V 3x| +3 yj*sz ﬁnd the velocrty and acceleratlon Vectors and '

o thelr rnagmtudes at pomt P(l 2) Determme the equatlon of streamlme and pathhne passmg

“.throughpoth -*'3‘4»'3”'_&" roazav -rﬂj'vgk

H

% :)ﬂ (Shenm\im aml s{aﬁ’e‘ﬁ\mﬁ}

. Q2) The velocrty ﬁeld of water ﬂow is gtven by V ( 3u va v,y )l ~ 2V0 yj where U and Vo are:f.' -

: the constants in Eulerian descnptlon Fmd the posmon vector of the ﬂow in Lagranglan descrlptlon B

- for P(l 2,1), t=2 seconds. L
- E\Ae\le‘k& PRVANC b(h Qb)k‘t‘ 'f'Lf\la %Ue\ie] 1 +2

v Q3) The path of a fluid partlcle is glven by xy—16 while at any tlme the posrt1on IS glven by x—4t

' _What are the Veloc1ty and acceleratron components of x and y dlrectrons 2.

QL..‘,__&_"’ = 8;«-9“)

- Q4) Water ﬂowmg from the oscrllatlng sht shown
’1n the ﬁgure produces a velocrty ﬁeld given

_' ‘ »»by V -1y szn[(o(t y/v )]l +V, i Where g, Vo

‘ ,‘and o are- constants (a)Determme the streamlme

e that passes through the ongm at t=0 and at t=nt/2m

e ey (b)Determme the pathlme of the partlcle that was at
' the origin at t=0 and at t—n/2co '

a) ‘>(-~ Uo_ sm(‘“_i,}

mﬁc‘fa)(' QS) What are the proportrons of radlus to he1ght
(ro/h) of a nght-crrcular cylmder of specrﬁc grav1ty‘

: fﬂ"(’ﬁ" % - » ~ - “«—4‘ (. evv - : : \‘ B : 2 - _ e 2 o e ‘— ‘ .' ‘ : “ ‘~

SG so that it W111 ﬂoat in water Wlth end facesr_ ‘

NOTE For every questlon, major steps Of calculatlon haveto be shown. Otherw1se no mark'w'

horlzontal in stahle egmllbrtum’?

Wlll be glven even if the answer is correct

Ql) (a) If the veloaty ﬁeld is V (3x+2y)l +(Zz+3x )j+(5t Zz )k then determme thek I



CE 371 HOMEWORK 5.4

1) The three components of velocity in a flow field are given by,

u=x"+y +z°

V=Xy+yz+z’

w=-3xz-2"/2+4

a) Is this flow incompressible? b) Determine an expression for the rotation vector. Is this an
irrotational flow field?

2) Determine an expression for the rotation of the flow described by,

V = -4xy’i + y'j

Is the flow irrotational?

3) For what combination of constants a, b, ¢ and e can the velocity components,

u=ax +by
V=cX +ey
w=0

be used to describe an incompressible flow field ?

4) The velocity components of an incompressible, two dimensional velocity field are given by
the equations,

u = 2xy
v=x'—y
Show that the flow is irrotational and satisfies the conservation of mass.

5) The x component of velocity in steady, incompressible flow field in xy plane is u = A/x,
where A = 2 m%s, and x is measured in meters. Find the simplest y component of velocity for
this flow field.

2

ANSWERS

1)a) Yes;b) w=—(y/2+2)i+(52/2)j—(y/2)k; Rotational flow field
2)w= 6xy2k; Rotational flow field

3)a+e=0

5) v = Ay/x*
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