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4.4%  Waier flows through a duct of square cross section as -
shown in Fig. P4.49with a constant, uniform velocity of V =
20 m/'s. Consider fluid particles that lic along line A—F at time
1 = (. Determine the position of these particles, denoted by line —
A'=B", when { = 0,70 5. Use the volume of fluid in the region
between lines A—B and A'-8' 10 determine the flowrate in the
duct. Repeat the problem for fluid particles originally along line
C=D;, along line E—F, Compare your three answers.
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FIGURE P4.4¢

Since V is constant in time and space, all particles on line AB
move a distance £= V at =(20-8)(0.25) = 41 from £=0 fo f=0.25
Thus, the voleme of ABA'E’ js Vigag: = (5m)*(#m)=l00 m*

so that
G = j“!!“' = —--""OO m3 = 50-‘@-.3
a 0.25 s

Similarly from t=0 tot=02s the fluid aleng lives CD and EF
move to CD apd EF;respectively. Also, ¥ pc’ =Veperr =Yogns
so that we obfain = ;";— =505 regardless which line we considor.

#5r

4.51 In the region just downstream of & sluice gaie, the wa-
ter may develop a reverse flow region as is indicated in ¥
Fig. P4.51 and Video V1iL5. The velocity profile is assumed 1o
consist of two uniform regions, one with velucity V, = 10 fps 1
and the other with V, = 3 fps. Determine the net flowrate of
waler across the portion of the control surface at section (2)if E[
the channel is 20 ft wide. {1

'L'fu = 10 fifs
FIGURE P4.51

Q= VA -V A = (10 Z)(L28)(2011) —(3E)(1.8f1)(208)
= /32 4
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4.54 Water enters the bend of a river with the uniform veloc- V=l mi
ity profile shown in Fig. P4.54. At the end of the bend there is

a region of separation or reverse flow. The fixed control vol-

ume ABCLD coincides with the system at time ¢ = 0, Make a

sketch to indicate (a) the system at time ¢ = $ s and () the

fluid thut has entered and exiled the control volume in that

time period.

il

Cantral wolume

BFIGURE P4.54

Since the distance the flvid fravels in fime §t=5¢ is f= Vit the flud
at A-8 when =0 has traveled L<(Imt) () = Sm when t=df<ss. Ths
is shown in the figure below. Similarly, the #ivid acress €-D at =0 has
moved as indicated when t<dt<=5s. Thys the 5wpa'm;y of the system
at £<5s are as show in the figure below. The flvid that enfered apd
exifed the confrol volme in that time period is alse shown.

Flvid thai has
entered
cunfrnl'
vallvme

.. D Yy,
X</ c
~ .
— — — control volyme and @ "Fluid that has
f;i*:;? af t<0 Foid f;f;/‘ ex?‘ed control
= [ Volume
““““ system at £=5s em‘:rrea‘ cmﬁni
Volyme
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4.57 Two liquids with different densities and viscosities fill the
gap between parallel plates as shown in Fig. P4.57. The top
plate moves to the left with a speed of 5 fu/s; the botiom plate
moves (o the right with a speed of 2 ft/s. The velocity profile
consists of two linear segments as indicated. The fixed control
volume ABCD coincides with the system at time r = 0, Make a
sketch to indicate (a) the system at time r = 0.1 s and (b) the

fluid that has entered and exited the control volume in that time
period.

1
I
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IGURE P4.,57

From t=0 10 t=0.s the botiom plm(e (and the liguid that sticks +o i)
moves £ =Vat =(2f/5)(0.15) = 0.2 ff to ths right. Similarly, the
fop pfafe Moves 1o the let 4 distance 2= Vat «(5 /() (alg) = 0.5 ff.
The flvid along lines A-D and B-c also moe distances given by

L=Vast. For example, he inferface betwean the 2 ligvide moves a
distance L=Vat= (2444 ) (01s)=0.2 . The flyid layer 0.5 f{ aboye

the botlom plate has V=0 and therefors doac not move. The correspondng
displacement of fhe flvid originally along A-0 and B-c is shoup jn the
figure befow.

B’ 8
«fyy/"r ““““““““““ NS
X \//[ A‘\\

— — — control volume and system at $<0
-------- system at 1=0.1s

/7/0 flvid that exifed control vlime
NN FJvid hat entered control volome
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5.7 Water flows along the centerline of a 50-mm-diameter pipe
with an average velocity of 10 m/s and out radially between two
large circular disks as shown in Fig. P5.7. The disks are parallel 4, mm
and spaced 10 mm apart. Determine the average velocity of the <h
water at a radius of 300 mm in the space between the disks.
For s{eﬂdy " cm,mssféie Flow —_| b—50 mm
3
Q, = é, T Al,n s
or _ _ V; = 10 mfs
A‘ V, = A; "/z. FIGURE P5.7
Thus _ 2 z
G =AY . TV . (somm)(0ms)
A (4)zmr, (‘5‘)(2)(300M)(/0mm)

55 ]

5.5 The wind blows through a 7ft X 10 ft garage door
opening with a speed of 5 ft/s as shown in Fig. P5.5. Deter-
mine the average speed, V, of the air through the two 3 ft X 41
openings in the windows.

| 221t |

m FIGURE P5.5

For steady wcom pressible flow
anmyc = Qwa-‘:daw * QWMM

adoy

or = V4 4
A 74@8 VM&' +o ﬂ&l'mdm * AW)»G’M
door garage dooy

S0 the avernge speed , v, of The air fhough The fwo windows 15
igwe. Virsenal + garage 4'0"= (71‘!-)6’0#‘)(5 }iﬁ) stn20° = ’},?Qh £t
2 8o 2(346)(4 #) =

%4
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contvol volume
/_ V3 =6 mss

[

5.9 A water jet pump (see Fig. P5.9) in-

volves a jet cross section area of 0.01 m*, and a Entrained 1=
jet velocity of 30 m/s. The jet is surrounded by ] water s |
entrained water. The total cross section area as- i 5130 mis —>
sociated with the jet and entrained streams is re e A .(;{ —
0.075 m?. These two fluid streams leave the pump i E”‘m‘;’fd seetond I
thoroughly mixed with an average velocity of 6 e IR, .

.m/s through a cross section area of 0.075 m’. FIGURE Ps. 9
Determine the pumping rate (i.e., the entrained
fluid flowrate) involved in liters/s.

For steady incompressible How +hrough +he  control Volume
Q,+a, =Q,
or

(Z A: + Qz = _\73 A
Thus
Q, = Vi Ay - VA, =126 m)(0.075 ») - (30 %)(d@fmﬂ@&ﬁi_gﬁ

Q, = 150 Likrs

3

s
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4.50 Repeat Problem 4.49 if the velocity profile is linear from
0 o 20 m/s across the duct as shown in Fig. P4.50.

0 mis
FIGURE P4.50

From 1=0 to 1=0.1 s the particle initially at B travels a distance
bp = Vot =(202)(0.15)=2 pm as show, Farticle A remam fixed since

:'{?_:f' S{}?ce the velocity profile is linear, line AB remajns straight, bot
hﬁs‘ 4s mdjcated. Thus, the volme of floid crossing the initial line

AB r;ﬁm, =+ .é’f A=2(2m)0.5m)*=0.25m" 5o that
Q :ﬁ%ﬂf = a;_:‘i“ = 4.'11.5%f Since 'bémr = bfa_rrr’ =Vass’ it

follows that the same valve of @ is obiained regardless which yolume
is ysed,
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4.56  Water flows in the branching pipe shown in Fig. P4.5¢
with uniform velocity at each inlet and outlet. The fixed control
volume indicated coincides with the system at time r = 20 s.
Make a skeich to indicate (a) the boundary of the sysiem at time
t = 20.2 5, (b) the fluid that left the control volume during that
0.2-s interval, and (c) the fluid that entered the control volume
during that time interval.

BFIGURE P4.56

Since Vis constant , The flvid travels a distance 2= Vit i
time At . waxi 4= it = (28) (20 -20)s = 0. 4m
L=V bt = (1 2) (20 -20)5 = 0.2
and b=V, 8t = (1.52)(20. -20)s = 0.3

The system at 1=202s and the flvid that has enfered or
exited the control volume are indicated in the figure below.

—_— - Confr'm' velvme and .rysfcm m’ t=20s
system at t=20.25
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period.

in Fig. P4.59. Across the inlet the water velocity is 6 fi/s in
the center portion of the channel and 1 fi/s in the remainder
of it. Farther downstream the water flows at a uniform 2 fi/s
velocity across the entire channel. The fixed contral volume
ABCD coincides with the system at time + = 0. Make a sketch
to indicate (a) the system at time ¢ = 0.5 s and (b) the fluid
that has entered and exited the control volume in that time
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‘Water enters a 5-fi-wide, 1-fi-deep channel as shown

-~ Control surface

B FIGURE P4.59

During the t =0.5s fime interval the fluid that was along
line BC at fime t<0 has moved 4o the right a djstapce
=V 1= z:ﬁ (o.5s) = /11 -S‘.r'm/ﬁmfy., portions of the
flvid along lins AD have moved L=t (0.55) < o.5#
and L= 6L (055) =3 Ths acsymes the 1L 4nd
68 flvid streams do not miy or wnlermingle during the
0.55 time ipferval. See frqure befow.

enfered flvid that
4
conirol \ exifed conirel
Volume X Volume
e ==-;-L=——_l'i*1‘; ,
D D ¢

— — — Ffixed contrel velvme
cememeeee. Systfem af #=0.5s
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4.61 The wind blows across a field with an approximate T B

velocity profile as shown in Fig. P4.61. Use Eq. 4.16 with the '
parameter b equal to the velocity to determine the momentum oA a
flowrate across the vertical surface A—B, which is of unit depth in |"

into the paper. 1

201
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® FIGURE P4.61

R . R y:on
B, sjpb V-7 dA =jp VViAdA = o f(w)[fv?)'f‘](muy
AB
20 AB y=0
= ef‘ Vza{y
o
But, V="15y & for 0sy<tofi(ce, V=0aty=0; V=ist of y=1o)
ﬂﬂd V=a'5-,s- FW‘ y.’:;’ﬂﬁt
EUS, 10 ) ze 3 10 10
B, = P:«"[f ,‘.'—f-,v) dy + (’f&‘rUy]: (;5‘[2.25 %l +225y ]
o o ] o

_ slvgs H* H¥9a
= 0.00238 £ [750%5 +2250 571

= z;#?“i‘?fff
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51 Water enters a conical diffusing passage
(see Fig. P51) with an average velocity of 10
ft/s. If the entrance cross section area is 1 ft*, how

—

— —_—
large should the diffuser exit area be to reduce
the average velocity level to 1 ft/s? Section (1) ‘Q%W
Section (2)
Vi, =10ftls V= 11ts
Ay =112
FIGURE P5.1
For steady incompressible flow between sechions (/)anaz)
R=Q,
or
AJ' l'{ = A‘l 'I/Z
So
v 2
A =AY = aF)(00EL)
f
N (1 %)
Az. = /O £
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58 A hydraulic jump (see Video V10.5) is in place down-
stream from a spill-way as indicated in Fig. P5.8. Upstream of
the jump, the depth of the stream is 0.6 ft and the average stream
velocity is 18 ft/s. Just downstream of the jump, the average
stream velocity is 3.4 ft/s. Calculate the depth of the stream, h,
just downstream of the jump.

® FIGUR

For steady incompressible flow between

Or_ _
V-‘AJ = \é_’qz
Thus
Vh = Vh,
and
ho= Vh - (188)(0s#)

—sl T
3+ §)

10

o e 34 1s
T—> 181t/s ! y

- -

E P5.8b)

sections (1 )amf(z)

= 3,18 ¢
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Two rivers merge to form a larger river as shown in
F1g P5.13. At a location downsiream from the junction (before
the two streams completely merge), the nonuniform velocity
profile is as shown. Determine the value of V.

Use. the combal volume shovn withn broken line
i the skelch above. We note gt m=pRV anol

+om the  cmservahon of mass princple we
get '

Phass
CAY TPRYG T PAEY t ALY

and _
Vo= AVt ALY (ombaBE) eon BAEE)
A8+ A (or ) 6tt)f0.8)+ (0 )
o.8v
v = 243 £t
'_-—.'_—-' _S
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