Group Homework Problems:
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4.8 Water flows from a romting lawn sprinkler as shown in
Video V4.6 and Figure P4.8. The end of the sprinkler arm moves
with a speed of wR, where @ = 10 rad/s is the angular velocity
of the sprinkler arm and R = (.5 ft is its radius. The water exils
the nozzle with a speed of V = 10 ft/s relative to the rotating
arm. Gravity and the interaction between the air and the water are
ncgligible. (a) Show thal tse pathlines for this flow are straight ra-
dial lines. Hint: Consider the direction of flow (relative to the sta-
tonary ground) as the water leaves the sprinkler arm. (b} Show
that at any given instant the stream of water that came from the
sprinkler forms an arc given by r = R + (V,/w)d, where the

= FIGURE P4.8

() Water leaves the nozzle with a velocily of V=10fi/s at an angle of 30°
relalive fo the radjal direction— for an observer riding on the sprinkler arm.
This is the relative w.’om'zfy. As shown in the skefch , the sprinkler arm pas
a circomferencial velocily of Rw=0.5# (1orad/s) = 5 1i/s, The ahsolvte
velocily, V,, as observed by a person standing on the lawn is the vector
sum of relative velocity and the nozzle velocity.
From the geometry of the figure :

10 sin30° - 5
o ="
tan ]0 cos30°
Thafﬁ; o =0 ; }
c.e, the absolvte water w =10
uefaa:'a'y is in the radial Rw=5
direction, Since there s

no force acting on the water /\/vu/lmsinso'*,s
after if leaves, the water particles ‘ja s

continve fo move in the radial direction.

Thus, the pathlines are straight radial lines.

=0

(b) 7he sﬁqpe of the wafer stream at a given instant (i.e. a '-rﬂdp shot” of
the water) can be oblained as follovs. Consider the waler stream emanating
from the end of the nozzle at r=R and 6=04dt 4ime {=0

(can't)
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A parlicle inthis stream that lefl from the nozzle 1 seconds ago did
" 50 when the nozzle was af 6=wt. Since ):0 {e0

the particles in straight, radial paths with AR

speed Vg (seepart (a)), this particle is

g, "t secands ago
at a distance of r=R+Vit from the R
. ‘c/f 9=w{
origin. A L0
Thes, the siream shape s / w
r=R+Vt and 0=wt  or by eliminating ¢
r=R+ (.Li)e

For the given data with V, = V ces30"=(10 Bewso' =842 (see part()
and w =/0rad/ss Hhis becomes

r=0.5+0.8660 whers r~ff apd 6~rad.
This stream shape is plotled below.

X, H




4.11 A flow in the x~y plane is given by the
following velocity field: u = 3 and v = 6 m/s for
0<1<20s8u=-4and v = 0O m/s for 20 <
1 < 40 s. Dye is released at the origin (x = y =
0) for ¢ = 0. (a) Draw the pathline at 7 = 30 5
for two particles that were released from the or-
igin—one released at r = 0 and the other released
at + = 20 5. (b) On the same graph draw the
streamlines at times 1 = 10sand ¢+ = 30 s,

(a) For %Paﬁﬁc,"e rﬂ"Ea.tea’ alt 1=0 o= 3 anq’ V= JT
for O<t<20s , ﬂw'mg this ﬁme ﬂu- ffw is sleady and

the pathline has a s:"npegz -+ = ——- =2 .Af =0 x=y-0
and af =20 | x =(38)(205) =gom a.-;d' y = (5%)(205} = jzom
For20<t<30 | y=- Ma’ V=0, sothat the tlow is steady

and the pnfﬁfme has a sfqpc of ;tz 0. The particle moves from
x=60m o x=60+C#F)(30-20)s =*+20m , byl keeps the

y =120m location during 20<t<30s, Thijs pafaﬁ.-’me is .sf,-own

in the figure below.

For the particle released af the origin at t =20s if folfows
that w=-4% and v=0. Thus, the corresponding pathline
extends from X=0 to x=(-42)(30-20)s = ~4#om qf { = 30s.
This patbline is shown in the figure 63;‘5!

(b) At t=/0s , streamlines are given by ?Z = gl =4 =2
or y=2X+C, , where c, = const.
At t=30s, sfrequ;nc.s are given by gz =g =0
or y= t:‘_.,_ , where ¢, =const. These fmes are shown below.

particle at =30s (released af ¢=0)
Patn lin

streamlines

streamlines
at $=30s ¥




4.15 Determine the acceleration field for a three-dimensional
flow with velocity components u = —x, v = dx%2, and
W=x-—y,

U=-X, = 4%x%?, and wr =X-y so that
Ge= 4t +ulh 1irdh s il

= 0 +EX)(1) + 452y (0) +(x =y)(0) =
by = sl 4pr 38+ ar I

= 04(-x) t'&xy“} H#XTy*) (8X*y) +(x-y)(0)

= —8xy*+32x¥%y? = gxy*(4x*y-1)
and

Gz =-—-+uf£+nr *Kf',f"
=0+ (-x)() +r4x1y=}{—n+(x ~-y)(0)
= -X-4xiyt
Thys,
& =ayl +ay} + agk
= X1+ 8y (4x%y-1)f (xwx’y’)k




4"; 23 . ¥ 12 |

4.23  Asavalveisopened, water flows through
the diffuser shown in Fig. P4.23 at an increasing
flowrate so that the velocity along the centerline
is given by V = wi = V(1 = ) (1 — x/0)i,
where uy, ¢, and [ are constants. Determine the
acceleration as a function of x and ¢. If V, =
10 ft/s and £ = 5 ft, what value of ¢ (other than
¢ = 0) is needed to make the acceleration zero
for any x at r = 1 s? Explain how the acceleration
can be zero if the flowrate is increasing with time.

=

= -;-Vu['.l ¢~
= — —
u= Wyll - e=c)

FIGURE P4.22
3= VvV with weucnt) v=0, and w=0
this becomes ‘
a=( )t =al , where u=V,(1-¢“)0- )
Thus,

O = V(- e € vy l-e M- $)(-4)
ar

ay =V, (I-F)c €% - (1-¢°)']

I G =0 for ay x at t=1s wemust have
[t Yo gety]=0  With }=10 andl=5

- 2
ce c-“fs—o{r'—e €)' =0 The solvtion(root) of this egvatjon
js C=0.490 5

For the abave conditions the local acceleration (3% >0) js
precisely balanced by the convective deceleration (3% <0),

The flowrate jpcreases with time, but The Fluid flows #o an
area of lower velociy.




4, 34 4.34 A bicyclist leaves from her home at 9 A.M. and rides to a
beach 40 mi away. Because of a breeze off the ocean, the tem-
perature at the beach remains 60 °F throughout the day. At the
cyclist’s home the temperature increases linear] y with time, go-
ing from 60 °F a1 9 am. to 80 °F by 1 r.m. The temperature is
assumed to vary linearly as a function of position between the
cyclist's home and the beach. Determine the rate of change of
temperature observed by the cyclist for the following condi-
tions: (a) as she pedals 10 mph through a town 10 mi from her
home at 10 a.M.; (b) as she eats lunch at a rest stop 30 mi from
her home at noon; (c) as she arrives enthusiastically at the beach
at 1 kM., pedaling 20 mph,

o’
From the given data the femperatore, T, N . .
varies as a fonction of location, x, and -
time £ as shown in the 'ﬁ?prﬂ. 75
T4y dT 60" ome
Thus, %}I"%Tmlx (i /. ¢
: 1
@ At X =10mi and £=10am, Al
&T = (7.50#60‘) 5 0 60' e {b] ésg
W g = ot
€ b0
an ‘{: (60%45%) _ _ Loy . 0 /
& om each
Thus, with w=)om: /hr, Joe—

Bt = G e 4102 -4 /i)
= 2.5 %hr
oT _ [6s°-40") _ &,
(b) At noon with &=0 (resting) and T+ = T dhr “%ﬂ’f‘
T =tFrull < =L e 25l

iT - 80°
(c) Upon arival af the beach with u=20mph , 'ja'{gz =0, aﬂdﬁ:%

==-0.5 G/mf‘

T A _
%z:“ié?""ﬂ%xl= uir =20%(’0.5:{w:)=‘f?%r




4.46 Water flows through the slit at the bottom of a two-
dimensional water trough as shown in Fig. P4.4 8. Throughout
most of the trough the flow is approximately radial (along rays
from O} with a velocity of V = ¢/r, where r is the radial co-
ordinate and ¢ is a constant. If the velocity is 0.04 m,/s when
r = 0.1 my, determine the acceleration at points A and B.

. Ar2

a=a,h+a; 8, whers a,= ‘%‘ =0 since R =c2(ce, f‘ﬁ)e sf;;:gmh'ne:
v are sirai

ﬁ."'.S‘o, e = V% =‘_V'3F, where V= '% 7

Since V= 0.04 when r=0.1m it follows that 3

. 2 10
c = Vr =(0.042)(0.1m) = #x167 2> o V="X0 M herorom

Thus, .
a;=-(F) )= %
. - “4 : o
AP B s 22y
s {c: 8m)*
At point B: g

e 2
ds = (G.2m)3

= 3.3 x10° 5

It

2.00x/0 " 2

3.1 Water flows steadily through the vari-
able area horizontal pipe shown in Fig. P3.1. The ~
-velocity is given by V = 10(1 + x)i ft/s, where
‘x is in feet. Viscous effects are neglected. (a) De-
‘termine the pressure gradient, dp/ax, (as a func-
‘tion of x) needed to produce this flow. (b) If the
_pressure at section (1) is 50 psi, determine the
ipressure at (2) bv: (i) integration of the pressure
.gradient obtained in (a); (ii) application of the FIGURE P3.1
Bernoulli equation. )

(a) —Xsin®-3% = oV bt ©=0 and V=10(1+X) Fi/s
9 = -V or ¥ = -eVik = -p (trx)00)

Thus, 2 = -,v,%z%’gé(/o I (14x) | with X in feet

%
= - /9% (1+X) 1,

F= X2 =3
(b)&) % = /9% (1*X) so that fgga. = -/%‘ffffx)aﬁ'r

f,=50p4‘-:' X, =0
. a- Y
or g = sopsi—s94(3+Z )12 (A2:) =s50-/0.7=32.9 o/
W) prFeUtrE, =g tEeUTE Y2 or with 2,=2,
4= 120U ) where Y, = 10(14) = ot
Vo = 10(113) = 40 %
Thus
’ ,oy L S, 2 aHr My g .
P = 50psi + £ (1.9%° 582 (107~ 40 )?(W’) =399 psi
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3.10 Water flows around the vertical two-di-

mensional bend with circular streamlines and
constant velocity as shown in Fig. P3.10. If the
pressure is 40 kPa at point (1), determine the
pressures at points (2) and (3). Assume that the

velocity profile is uniform as indicated. . /
dz

FIGURE P3.10
: 1)
Fg—% = Eﬁvf W}?’ﬁ %—i— :] aﬂ& V'-: /019’/5
Thus, with R=6-n

%L‘Hb"——f_—vj or

f%‘" dn = fa‘dﬂ V aln

50 l‘ﬁm’ since J‘anaﬂ I/aﬁe constants
pp =40~V |2
n=0
Ths,

fJ ff ’n - PV jﬂ(é-ﬂ)

With p, = %0kPa and 7, =] m ¢ p, =%0kfa~3.8x10 45 (1 m)

'9”7&%(1'0'3’) In (—-5-—)
or

A= 12.0 kPa
and

with = %0kfu and 1y =2m % f, = 40 kf - 9.00X/6 733 (Zm)
~999 K8, (/02)* /q (&
or

fs = z20.1 kfa




Individual Homework Problems:

4.7 A velocity field is given by V = xi + x(x — 1)y + 1)j,
where 1 and v are in fi/s and x and y are in feet. Plot the stream-

line that passes through x = 0 and y = 0. Compare this stream-
line with the streakline through the origin,

U=X , v=XX-D(y+1) where the streamlines are oblained
fFrom

% _ _ﬁ{[= xfx#;J(yH} = (x-1)(y+1)

JT},‘%:T =4((x—ﬂdx which when integrated gives

In(yt)) =2x*-x +¢ ; where C is a constant (1)

For 1he stream)ine that passes throogh the origil X=y<=0 the
valve of Cis found from Eq.() as
In(l) =¢C , ar C=0

Thus, Inlyt) =4£x3-x or y=¢
This streamline is plotted below.

35 — T
3 L 1 i
2.5 . .

ar

(0 _

Note: The streamline is :ymmefm’mf about jts Jow pomi'
of X=/, y=-0.393, A} x=y=0 the velocily is O.

For X<0, u<0 and for x>0, u>0. Thes the flvid
flows from the origin (x=y =0).

Since the flow is steady, streaklines are the same as streamines.




4.14 A velocity field is given by u = cx? and
v = cy!, where ¢ is a constant. Determine the x
and y components of the acceleration. At what

point (points) in the flow field is the acceleration
zero?

-+

2 w2
Ax =ﬁ£ U3 +VT? = (cx*)(2¢cx) = 2c%x°
and

a}' =95 +£-}E+V% = (cyz-)(zcy_} = 2{;1},3

Thos, @a=aqli+a,f =0 at (x,y) =(0,0)

41T The velocity of air in the diverging pipe shown in Fig.
P4.17 ia given by V; — 4 /s and V, = 21 f1/s, where 1 is n
seconds. (a) Determine the local acceleration at points (1) and

{2). (b} Is the average convective acceleration between these Vy=4tits
Iwo points negative, zero, or positive? Explain.

V; = 2t ffs
—

(2)

a) -'3% =¥-g_ and 44 "2—&

o (2)

b) convective acceleration along the pipe = U ¢
where U >0, Af any time, £, V<V Thes, between (1) and(2)
g%:: Tv“' Vico

Hence, U gg— <0 or the average comvective acceleration

/s ﬂezm"fife.



4.21 The fluid velocity along the x axis shown in Fig. P4.21

V=6 mis Vy= 18 mis
changes from 6 m/s at point A to 18 m/s at point B. It is also . . s <
known that the velocily is a linear function of distance along the

streamline. Determine the acceleration at points A, B, and C. 0 U‘E-rn—l'l e
Assume steady flow. T

!‘ 0.1m ‘
BFIGURE P4.21

= _ WV .20
a=-yt+V vv

With u=uwx) , ¥v=0, and w=0
this becomes

= _foll AUNA _ al A
a=(5F+ujg)t =udh i

Since W is a linear function of X, U= €, x +c, where th
cpnsfan ts ¢, Ca are given as * U,=6 =C,

(n

-aﬁ‘d uﬂ: fﬂ:*c)”fc} +Cz
or o= 120 c, = 8.
Thus, =(120x+ 6 )2 with xem ' ) "2

FramEq.fU

_ _a_lu-'. m m A
a=u 3x ¢ =(.a‘20x + 6 J_S—(fzoﬁ:‘;-)(
or

for X,=0 , a@,= 720 ¢ &

for Xg=0.05m, g = 144072,
and

= - am
for X =0.0m , 3 =2160 %,




4.28 A company makes cars that are shi pped o be sold
throughout the country. At a dealership near the factory the cars
cost $20,000. At other dealerships the cost is higher because of
shipping charges which are $0.50 per mile. Determine the price
of & new car at a location 800 miles from the factory and the rate
of increase (% per hour) in the car price as it is being transported
to that location on a truck traveling 55 mph on the highway, Ex-
plain your answer in terms of the material derivarive,

Let x=distance from ihe factory , ¢ =cost of he car, and
c,= cost of dhe car at the factory. Thus with r = rafe per
mile for .::f?:;pﬂfﬂ%
€=C,trx =20000 +0.5X, where c~ £ and r~4&/m;
Hence with x= 8§00m/

Cypo = 20000 +0.5(800) = § 20 400

and

_%FE = rate of increase of cost = %‘Hr"x

e
where g%l <0 and gr:f-—: Ve 55mph

Thys,

%‘% =40.5/mi. (55—,;5}) =§225/hr

In terms of the maierial derivative,

B <G U = 0+ (s b0 /i) = £ 225y

4.36 Water flows over the crest of a dam with s peed Vas shown
In Fig, P4.36. Determine the speed if the magnitude of the
normal acceleration at point (1) is 1w equal the acceleration of
gravity, g.




3.2 |

3.2 Repeat Problem 3.1 if the pipe is vertical with the flow down.

() -Fsin6 -3 = oV with @=-90° and V=0 %) Y
B=pVIe+Y or B =-pVf+8 =—p(100(1+20)(10) +&
Thus, % = -194 %’?{/o.‘éﬁf(ﬁx) +62.4 %y with X in feet

= /9% (I1X) +62.4 L,

X.=3
(b) (i) % = /94 ([ 4X) + 824 So z%azfﬁ ji ‘::(Egi:(ifx) +62.%] dx
) = opre 0=

) 3*\ 16 : b s JfFT
or A =5opsi -19%(3+5 Vg (-’,—;—f;;sJ + 624 (7. ( ,,,ffm;.)

= 50 -/0./14/.3 = 4[.2 fu'

PHEOY+ Y, = Pt dpU 02 o with 2,20 Z,=-3/f

(5)
and ;=001 40) = 1o | U =J0(1+3) 40 E

Acprip(V =) -1z,
= Sopsi +4 (1.9% %’"’{;J(;o‘«ﬁ") —62.% ;{fa (-3 ft)

= %#l.2p5/

35 At a given location the air speed is 20 m/s and the
pressure gradient along the streamline is 100 N/m>. Estimate
the air speed at a point 0.5 m further along the streamline.

I¥ neglect gravity ) %’- = - pV% or f_SK = —%/PV

or )y
35— "!00%/(;'.23 .f;’ia)(:zo.ém_,) = -ﬂa-,v-_,}

G
Thus,
I
JV = -g: §s = (—-5‘.073)(0.5'm,] = -2.:23-‘;3"-J sothat 1/+;|/=29%”,..2,031m.

. m
or V=/80 .



