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6.1R (Acceleration) The velocity in a certain flow field is
given by the equation

V= 3yz2'i‘ + xzj + yf(
Determine the expressions for the three rectangular components
of acceleration.

(ANS: 3xz + 6y%z: 3vz® + xy;a2)

From expression for velocrty, w= 3922

Since
o e qu Ju Pr
QX' it *“ax +r75 Tw'dé
Then

a%:.-

= 3xz’ + by'z

v=xz and w=y.

o+ (792)0) + (x2)(32%) +(y)(6y2)

Sf;m'[ar/g)
Bt 1 o ] U
a&"ﬁ*“;i”*”‘;;f-arg
and
§ dy= o+ (342)(z) + Gezdlo) + (9)(x)
- 39'5-3 + Xy
flse,
= ow w dwr é_ﬁ)_-
dg * 75'*.“%;*?%*”&
So Tht
a, =

o+ (3yz*)() + (2)(i) + (4)(0)
X

Z

e
pr—
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6.2R (Vorticity) Determine an expression for the vorticity
of the flow field described by

V =x3i - 0¥
Is the flow irrotational?

(ANS: —(x? + v k: no)

The vorlicity is jwice the rotation vector :

—

§=2@=vxV (E3. 6.17)

; : 2
From expression Jor velocity S k= Xty | rz=Xy ard w-=0,
and with

w, = < (;f- a‘%) (Eg, 6.13)
wﬂ z *;’L (s— %‘5) (E3. 6.1
i (é;—t. g_lf.) (Eg,&.n.j
it /o//uu; That
Wy =0 , Wy=z=o , and “J;’E/ [_52')‘:)

Thas,
?‘-‘ 2 (Mx? + [‘)5? +£¢Jt11)

o ’:(O)z‘ T fad ) -_;‘—/-92-")!')/2]
—(x%y?) 4

Since ? /s hot 7ero everywhere, The '//ow
/s hot Irrotatiome). MNo.
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6.3R (Conservation of mass) For a certain ifcompressible,
two-dimensional flow field the velocity component in the y di-
rection is given by the equation

v =x*+ 2xy

Determine the velocity component in the x direction so that the
continuity equation is satisfied.

(ANS: —x> + f(yv)

To sabisty The continuity eguetron,
P gt
%’?‘ +* 29 =0 <)

\SI.HCL
JU
— - zx'

7
Then from Ep. ()

du _ ¢2)
Y e Zx

Eguation (2) can be integrated with vespect to X 4o obtasy
fa’u = —ﬁxdx + F¢9)

U= —x2*+ Ffuy)

er

where  Fcy) is an  undetermined Lunetioy of y.
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6.4R (Conservation of mass) For a certain incompressible
flow field it is suggested that the velocity components are given
by the equations

u = x% v = 4y’ w =2z
Is this a physically possible flow field? Explain.
(ANS: No)

Any /ohysf.ca//g P:sz}/e z}rcom/omss;&/; Fhow Freld
must satisty consevatwn Of maess es expressed by

Tﬁe V‘&/&‘éfd‘?dffh;o
U g
ox T oy T Tz ~°

For The velocity clis Fributior given,

au = é.‘..)-:' 2 a_W'=
S wxy, 2 lzgi}aﬂdaz 2

cl)

Substituton 1hte  EZ (1) Shows et

2xy +124 212 # O forall X,Y,2.

Thus, This is not & physically possitle Fow freld, No.

6-4R



[65R

6.5R (Stream function) The velocity potential for a certain
flow field is
¢ = 4xy
Determine the corresponding stream function.
(ANS: 2(v2 — 5 + O

For the given Veloarty potenhal,

2o - = M“S‘x
“’ﬁé -49 and v 2y

From the detinstion of The Stream funchon,

2% -4
k=S =4

)

Zntegrate £g.0) with vespeet o Y b 2btniy

fdw = /‘*‘545

o Y= 2y 2+ £0) where f(x)is an arbitrary,,,
Function of X.

Similarly S0

sl fd'(/,:..flf-xdx

or S axlopFd where £, (Y)is an ¢2)
& 29 arb:’z‘rq;y function of y.

To satisfy bofh Egs. (2) and (3) f,(x)={ (y) for all X andy.

=} = -Ttﬂ’nl.
Tﬁw:ﬁ {‘.L e ¢=E(52"£)+£_

where C 15 a Constant .
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6.6R (Velocity potential) A two-dimensional flow field is
formed by adding a source at the origin of the coordinate system
to the velocity potential

& = r? cos 26
Locate any stagnation points in the upper half of the coordinate
plane (0 = 6 = m).
(ANS: 6, = m/2; r, = (m/4m''?)

- 2 =
$= Z Lo r + F* Cos 26 , where gow’cs 2._"—*_”—?—?”}-
Thus :
, g -r‘:gg-‘-'—.zrsmze
and
3@ ™
R _ Z
Bl Ao frenes

Stagnation poinds will occur where Up=o V=0, for 0£6=T.
Thus,

o= -2k 5in28 €ty
- M
o= 27F + 2 K Cos 265 2
Ez“Aéo‘h ) I3 Sltl’.:'n(féd dt }3:0 ar %: o) ,EI_J 7 7 )
Fows g L5
. i m 4
Cas 26 FTR* 3)

and gr The /aassli/e valyes of 5_‘-J m/, &= Z:': wi'll
Satisfy £%.¢3). Recall that m>0 for a source.

K44
7'/71{5, !3 3 4

Thusl The .sz’:agna.:‘:w'a Pon%t. i3 located at

5 L R | 8 sl
@J-E) G" §®KIT
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6.7R (Potential flow) The stream function for a two-di-
mensional, incompressible flow field is given by the equation
Y= 2x — 2y

where the stream function has the units of ft*>/s with x and y in
feet. (a) Sketch the streamlines for this flow field. Indicate the
direction of flow along the streamlines. (b) Is this an irrotational
flow field? (c) Determine the acceleration of a fluid particle at
the pointx = 1 ft,y = 2 ft.
(ANS: yes; no acceleration)

(a) Lines of Constant Y ave streamines. Thus, with 4”" 2¥-24
The €guation of 4 giwven sfreambne, Y (wﬁcre ¢ is some
Constant) is of The form

Y=24-2y
g_x_ ‘pf

Thus, streamlints are .n‘m:y/n‘ lines as 'illushuten m e Hgure
for ‘ﬁMﬂa perticular streamles.

or

Since LY Y4 (et
U= ;;-—z | s 3 At J o
the direction of Flow is as shown / g=

on The Hgure (1) /

tb) The Fhw #eld is irrotationsl / i A
£ “’e =0 Where / / 2,0)
/ éﬁ‘ (0-1)

W=z ) (gun) /

For The stream émcé/éa glven
X 29 :
Jo Tmt  =o and The Show Freld is wrotationl : _Zei :

€) Since The welocity is constan? Throughout The
Flow freld, The accelevatwon of all Flud paréickes
/s _Zero.

TR

- o i % . - A
a= jf-! +VvV 20 since V=-21-2}
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6.8R (Inviscid flow) In a certain steady, incompressible,
inviscid, two-dimensional flow field (w = 0, and all variables
independent of z) the x component of velocity is given by the
equation:
u=x* - y

Will the corresponding pressure gradient in the horizontal x di-
rection be a function only of x, only of y, or of both x and y?
Justify your answer.

(ANS: only of x)

Since The Fow Freld musi sabishy The contsinuity E3ﬂ4éréx

QU , v -
ax ¥ dg2
ana with w=x*y [t fellows That
"R K G
oy - Ix 2
and  Therefore

V= =2xy + £ x)

For S/’EﬂJj) two-dimensional Flow of an

inviscrd Flui'd

(with 7The

of the momenfvm e;uahon is

X-axis hor/"ymﬁn/ So

p e 5

‘ﬁg‘fl Jx ) ) fbe X*CM’PoﬂenZ'

u s v%‘) (£3. ¢.51a)

77:«5) for The

U and V- quven above

=-p [(x’-_q ){(2x) + (—z.tg-;-f,'{xr)(-f)]

- p [ £ex) - zx"’] Fx)

The  pressure ymdlé'né gf K5 a  Fanciion M/y of X,
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