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Assumptions for both control volumes:

1. Steady, incompressible flow. "

2. 1-D flow out of nozzle.

Control volume (1). R, + f f f B pdv = .ﬂ. V,(PV-dA")
c.v. c.S.

pMp + Rx = -V:pA}

where A, is the projected area of the plate in the x direction.

R, = -(6)%(1,000)(645x107%) = -23.2

Taking the reaction:

E K, =232N H

Control volume (2).

-
|

Py

Writing the momentum equation in the x direction, we get:

F, = -pV2A, = ~(1,000)(6})(645x10) =

Edu_Zegarr_'ém 17
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41tt1)gingesolucionarios.blogspot.com In Prob. 4.17 the sozzie is moving with & speed
A of 1.5 m/s to the left relative to the ground.
(@) If the water issues out st § m /3 relative 10
::.lull.-huuwhmnm
from all Buids?
(b) IL. in sddition, the plate s moving at a
— - o 0D spoed of 3 m/s w0 the right relative 1o
Jat the ground, what is the boriroatal force on the
plats from the Guids?
Use oaly one control volume in each case.

i

Control volume is stationary. The jet velocity relative to the control volume is
4.5 m|s . Using the same assumptions we listed in Prob. 4.17 we have for the
momentum equation in the x direction:

F, = -pViA, = —(1,000)(4.5)(645x10°)

H K, = 13.06 N J

The speed of the jet relative to the control volume is now 1.5 mfsec

F, = -pViA, = -(1,000)(1.5)%(645x10°)

ﬁ K, = 14513 N j

4.18

http://ingesolucionarios.blogspot.com Edu_Zegarr ch " *



4tt:Gngesolucionarios.blogspot.com .

We get for Example 4.1: K), = (Vl-Vo)z(pAf)(l—cosﬁ)

The power developed by the jet on the trough is
P = (V,-V)*(pA)(1-cos)(Vy)

For maximum power: (a) = = 0

From (a): -@)(V;-Vp)(pA)(1-cosB)(Vy) + (V,-V)*(pA)(1-cos6) = 0

Canceling terms: =2V, + (V;-Vyp) = 0

The fact that we canceled (V,-¥,) means that V, = V| gives an extreme but this is
obviously the minimum power.

Fr_om (b):
(Vl-Vo)z(pA )(sinﬂ)(Vo) 0

Clearly 6=0 gives a minimum condition while 8 = = gives a maximum condition.

Thus for maximum power we have the condition:

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 4 19



4_@0//ingesolucionarios.blogspot.com m:.?nm”u?m m::?:
a free jot from the nozzle. The interior volume
of the pozzle elbow assembly is 0.1 m’.

D=150 mm
-\

2= 100 kPa gage

y
I 1.5m/s
x -

— =

Assumptions:

1. Incompressible steady flow.
2. 1-D flow in and out of the shown control volume.

The momentum equation for the control volume is:

F + ffffpdo = ‘gV(pV-dA')

We then have, using absolute pressures:

(100x103+pm)[(ﬂiizl] {+ (pm)[‘:: _1%95] {+ R+ Rj-9806)(1)]

2
= -(1»000)(1-5)’(::)[;:‘-] { - (1,000)(¥,)*(r) [—-li"z] {

Using continuity we get for V, :

(1.5)(%](.3)2 - V,(%](.w)* V, = 6 mjsec

From the momentum equation: R, = 980.6 N

H K, = -980.6 N H

R, = -7,.864

K, =17,864 ]

Edu_Zegarr _4h20

~ http://ingesolucionarios.blogspot.com



" . . Fiand the borizontal force oo the device of Prob.
hﬁp.ﬁmgesolumonanos.blogspot.com 5.6 if the oil eaters at & pressurs of 1.4 X 10° Pa
sage, the water at 1.2 X 10° Pa gage, and the
mixture leaves ot & pressure of 1.0 x 107 Pa
mhluldmdojlvhd

c

e

i... Mixture '

=14x10°Pag Dy =

=12x10°Pag D, =

=10x10° Pag D, =

—

| Assumptions:
1. Steady incompressible flow.
2. 1-D flow at the control surface.
5 3 No chemical interaction between the two species.

Using the results of Prob. 4.7, we have for the momentum equation in the x direction:

(1.4x10’)(u)('f ] (10x10’)(n)[ ]+R = -(800)(.03) —93)_) + (953.7)(.13)(1.839)

n(.5)
4

R, =-2.02x10* N

K, = 202x10* N

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 2 |
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4.22

I_EZI_L — oy
CTERSSN—-———F-
|
' |

A dredging operation delivers 5000 gal/min of
& mixture of mud and water baving a specific
gravity of 3 into & stationary barge. What is the
force on the barge which tends to separate the
mnn-immﬂnuuuumm
exit is 1 &%

Use the linear momentum equation in the x direction. First find the horizontal velocity
of the water and mud.

v-2 . COOED - 1114 fsec

Now use gauge pressures for the momentum equation in the x direction.

R, = ~(pVAD) = ‘(5'000’2;002228) (X62.4)(11.14) = 721 lbs

The reaction to this force is the desired force: K, = 721 lbs

This is the force tending to separate the two boats.

http://ingesolucionarios.blogspot.com Edu_Zegar&eQz
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4.23

Steady incomp. flow.

1-D in and out.

Neglect affects of gravity and

3. —
~ friction on speed rel. trough. y Yy e Cecccaacaas
Continuity Equation: ﬂp VdA =0 l .

~(V; + u)(.08) + (V; + u)(4") + 2(V; + u)(4) + (10)(.02) = 0

-(8)(.08) + (8)4’ + (16)4’ + 2 =0 A’ =.01833 m?

Linear momentum in x direction:

g TdA + fffopdv = .ng(pl?rﬂ) + ﬂfffV,pdu
C.s. c. c.s. ot c.v.

R, = -(V+u)(p)(V+u)(4) + (10)(p)(10)(A,)

+ (V;+u)(cos60°)(p)(V,+u)(A") - (V+u)(cos60°)(2)(p)(V+w)A’

R, = - (8)*(1,000)(.08) + (100)(1,000)(.02) + (8*)(-5)(1,000)(.01833)

- (8%)(.5)(2)(1,000)(.01833)

R ,=-3,707 N Il Kx=3707N"

4.23

http://ingesolucionarios.blogspot.com . Edu_Zegarr_ch -



http://ingesolucionarios.blogspot.com Do Prob. 4.23 using a cootrol volume that cuts

Fix xyz to vane.

Fix XYZ to ground.

DATA:
(M xyz=6 mis
@) yyz = -2 mfs

(V) = 10 ms

Assumptions
Steady flow.
1-D crossing C.S.

Neglect effects of gravity
and friction on speed rel.
to trough.

Incompressible flow.

Continuity:
-(p)(V,+u)(.08) + (V+u)(p)(A") + 2V +u)pA’ + p(10)(:02) = O

-(8)(.08) + 8(4") + 16(4") + 2=0

A= 01833 m?

Linear momentum eq.:

.gT,dA + fffopdu = ﬂV,(pl'/'d;i) 2 f.”prdu
C.S. cV. c.S. ot cv.

F, = - (Vu)(p)(V;+4)(A) + (10)(p)(10)(.02)

+ (V;+u)(c0s60°)(p)(Vy+w)A” + (V;+u)(c0s60°)2)(V+u)(A")

http://ingesolucionarios.blogspot.com Edu_Zeg4r_24
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bow.
{¢) Find horizonta! force from od on the elbow.
{d) Give total horizontal force on the elbow

Data: p, =250 kPa gage
p, = 180 kPa gage
p, =200 kPa gage
Pam = 101.325 kPa

Assumptions
1. Steady, incompressible flow.
2. 1-D flows at (1) and (2).

Linear Momentum:

ﬂ.T‘M + fffB,pdu = gV,(p V-dA) + ﬁfffl’,pdu
c.Ss. c.v. C.S. ot cv.

R_+(250,000+ 101,325)(%](.250)2 - (180,000+101,325)(%)(. 100)%(.707)
. ' (1)
- —(3)(1,000)(3)(-})(.250>’ + (V,)(T07)(1,000)(V; %)(.mm’

Continuity: P, VA, = p, VA,

3(-::-)(.250)2 = (V,)(%)(. 100>  V,=18.75 m/s

http://ingesolucionarios.blogspot.com Edu_Zegarr_cFm



http://ingesolucioparios.blogspot.com
(cont.

Subst. into (1): (R) yurer = ~14173x10° N

II (K) yaren = 14173x10° N E

D) K= (101,325)[—[—})(.250)2 ' (:1_0'7)[—}](.100)2 ' [%](.060)‘]

ﬂ (K) o= 4125 N il

(R) ew g 200,000 foq

1. Steady, incompressible flow.

2. 1-D flows in and out.

Linear momentum:

-(200,000+101,325)(%](.06)2 fR) g = (- 10)(1.000)(.8)(10)(§](.06)2

(R) oy =1,078 N

H (K)o = -1078 N I]

K romar = 1.4173x10* - 4,125 - 1,078 = ﬂ 8970 N “

http://ingesolucionarios.blogspot.com Edu_Zeé}ars_g



A dusicropper is spraying a Seld with an insecti-
hg J/lingeagiugiamaries & 0g9spet/coThe Buid is
4. coming out as frer jetr from six openings each
of diameter 20 mm. If the coefBicient of drag C;,

for the bocizontal part of the device extending - 3

from the plane is 0.45, compute: Pinecnce = 900 kg / m
(a) the moment at the bass st A from the fluid

T=30C
Air:{ R=287N-m/kgK
p = 101,325 p,
Note: We will later laarn that for the drag force
Fo we bave Fp = {CadpV? whare A s the
projected area of the surface of the base portion
in the direction of the velocity and p s the
density of the alr.

a) Velocity of insecticide free jets:

r-

' V= .01

! X \.020)
| 4T OV (6)( 4]( )
R!‘ xyz fixed to plane

=5.305 m/s

Linear momentum equation:

T4 + [[[B,odv = (v (o Vdd) + _é"‘.’;. [[[V.pdo

R, + (101,325)(6)(%)(.02)2 = ~(5.305)(900)(.01)

R, =-191.0-47.75=+-2387 N K =2387 N

|| M= (238.7)(5) = 119.4 N-m

b) Evaluation of state for air: p=prT
101,325 = (p)(287)(273+30) p=1165 kg/m?

Compute drag from air flow:

(1 _ 1 1,000\ _
D= C,_{E]p V2A = (.45)[2)(1.165){100 5205 eoo] (10)(.06)= 1214 N

b

M = -(121.4)(.5) = -60.68 N'm ﬂ

ﬂ My, = 119.4 - 60.68 J[ 58.72 N'm ”
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http://ingesolucionarios.blogspot.com 30 L/s of water at 10°C enter a jet pump at A
4 31 st a pressure p; = 300,000 Ps gage. Oil &s sucked
3 in at C at the rate of | L/s. The oil has a
specific gravity of 0.65. A thoroughly mixed flow

of water and oil leave at B at a pressure p, of

150,000 Pa gage. The dimensions of D, and D,

are 200 and 250 mm, respectively. What is the

horizoatal thrust on the pump from water, oil,

and air? Density of the water is 999.7 kg/in’.

Assumptions
1. Steady, incompressible flow.

2. 1-D in and out.
3. Homogeneous mixture leaving.

(.03)(999.7) + (.001)(.65)(999.7) = Q,p,
30.64 = p,Q,

Continuity equation (1). Mass:
Continuity equation (2). Volume: .03 +.001 = Q,=.031 m¥s

Subst. into (1): 0, = 335614 -9884 kg/m?®

Linear momentum eq.: g T dA + .£ fv f B pdv = ‘g Vp VdA) + —-(%fc ]; f V. pdv

R+ (300,000)[%)(.200)2 - (150,000)[%}(.250)2

= -(V)(999.7)(.030) + (V,)(988.4)(.031)

v=—90  _ 9549 ms  v,-—BL - 6315 mss
[%)(.200)2 [%)(.250)2

1

Rx=—2:071N|| K =2071 N ||

Edu_Zegarg;*:,é2
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Bernoulli between F.S. and E :
1

T %('3)2
0+0+50g=—=+
p 2

pp=3904 kPag

ve—DL __1415 ms

BE

D =170 mm

A vertical system conducts water
from a large reservoir at the rate of 1 m®/s. At
the tee at 8, § m’/s goes to the left and §

0 ” ,
firaa - [[[8,000 - ffy o7y + Z[[[Vipdo  Zimieriirmi ol
0.8 kN/m. Find the sosal vertical and horizon-
tal forces oa the pipes from fluid fow and sir a8
xun‘:’udc‘ o4 S e, Pl

Momentum in y direction:

S
1. Steady flow.
2. 1-D flow.

3. Incompressible flow.

-(35,743,400)(-’})(.300)2 - (9,,806)(200)(-’45](.3)2 - (9,806)(30)(-:-)(.130)2 - (9,806)(50)(—})(_17)2

- (200)(1,000) - (600)(30) - (800)(50) + R, = (14.15)(1)(1,000)

R, = 4.534x10° = 4534 kN

II K, =-4534 kN ||

4.33
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D =170 mm

Momentum in x direction.

ff'ra+fff3xpdv=§ V;(pV'dﬂ)+—a-fffopdu
cs. * c.. c.s. ot cv.

F, =V, (1,000)V (;:-)(. 170)? - V,,(1,000)( VA)(-}](JSO’)

Vo= —7 _ -2039 mis

n 2
— (.170
7 (.170)

V.=—333 _ _2500 mis

N ©
Y (130

. F,= (29.39)2(1,000)(%‘-](.170)2 - (25.09)2(1,000)(%](.130)2 = 1.125x10* N

|| K, = -1.125x10* N |I

4.34
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p, =30 kPa gag

Q ———
(water)
at 10°C

h N
G #
A B A B

Diameter D Diameter D

Water is flowiog in a circulsr duct of diameter |
m. The velocity profile is paraboloidal with a
volume fiow of 5000 L/s. The water flows overa
90" cone 10 form s conical sheet of water that
then exits to the atmosphere. If 8 = 0.1 m, what
is the total horizontal force on the ground sup-
pors A, B, and C from the cylinder E and
cone F? Neglect hydrostatic pressure at G.

Assumptions
1. Neglect hydrostatic pressure at G
2. Steady, incompressible flow.

3. 1-D flow out of system.

4, Free jet exiting.

2
For DuctE V=VJ1- ";3

2

Q=5= Zan dr{Vu[l - (-%]z]}

3 3 2 4 5
r r r _ 25
- -2 _ldr = LA =2 22 0625
5=2nV, !: [r .25}4 2n Vﬂ{ 5 (4)(.25)] o =27 0{ > I

V,=1273 mfs

http://ingesolucionarios.blogspot.com Edu_Zegaer:hSS



http://ingesolucionarios.blogspot.com V
cont.) 2

Geometry \>\""‘"‘- 0707 m
0707

R =.7 707) = 7250
r\/ + 2 ( ) m

Continuity (999.7)(5.00) = [2n(.7250)][.0707]((999.7)(V,) V,=1553 m/s

Linear momentum ﬁT‘dA + f f f B pdv = f f V., pVdA + % f f f V. pdv
(30,000)[{41](12) +R - }12.731[1 - (—’g)zr(m)(mﬂ)dr
A .

+ (15.53)(.707)(999.7)(5.0)
5 2

2.356x 10" +R, = f 12.731{1 - (Ls) r(21:)(r)(999.7)dr +5.49%10*
| .

2 4 6
R, =3.134x10* + 1.01-3,:101-3. a5 5

2 @5 65

R, =4.424x10* N

K. =-4242x10* N

http://ingesolucionarios.blogspot.com Edu_Zegarr;ch
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4- Five-bundred liters of water per second fSow
through the pipe shown The flow
exits through a rectangular area of length 0.8 m
and width of 40 mm. The velocity profile is that
of & parsbols. The pipe weighs 1000 N/m and
has an inside diameter of 250 mm. What are the
forces oa the pipe at A? The entering pressure
Py s 100 kPa page.

Assumptions:
1. Steady flow.

2. 1-D flow into pipe.

| 3. Free jet coming out.

E ion rabola:
y=.3 V=V,

when {y=11 V=0
y=11 dvidx =0

V, = A(.09) + B(3) + C
0=A(1.1)* + B(1.1) + C
0=224+B

B=-224

Subtract (2) from (1). Replace B Vy = (09-1.19)4 + (-2.24)(.3-1.1)
[ A = 1.5625V,

B = -3.4375V,

| C = 1.8906¥,

V = [1.5625y% - 3.4375y + 1.8906]V,

Find V, by continuity:

4.37
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contj

1.1
500 = f [1.5625y2-3.4375y+1.8906]V,(.040)dy
3

y3 yz 11
500 = Vo(.04)|1.5625 - -34375 2 + 18906y |,
Vs = 4—6.8&’“/5
Linear momentum equation: gTdA + f f f Bpdv = f f o V-dA) + % f f f Vpdv

(100,000)(-:_ ](.250)% +Fi+Fj+Ff+ [(%](.250)2(9,806)(2.3) + (1,000)(2.3)](—&)

1.1 o~
o900 1,000)(500) + [ 11.5625y%-3.4375y+1.8906°(46.88)°(1,000)(.04)dy K
3

n 2
( 3 )(.250)

5 3
. 4,909€+ F i+ F ]+ FJ-3407k = -5,093k + 8‘7,909&{1.5625" ”? +3.4375 ')E;T

3 2 13
- 1.8906% - (2)(1.5625)(3.4375) l’; + 2(1.5625)(1.8906) 23- - 2(3.4375)(1.8906) ?-’2-

.3
Thus: 4,909 + F,{ + Fj + Ff - 3,407k + 5,093k = 14,064k

F,=0 F, F,=7.469 N

X
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http://ingesolucionarios.blogspot.com A control volume is moving at
435 coustant speed ¥, There are n stationary parti

. duwwuwwmmm
of mass m. Compute the Sow of mass mm.h
left face A, realizing that the fi
[l4{pY - dA) must be adjusted from a contin-
umlwmhwlﬂmo(dﬁlinﬂupm:e
particles. Do same for linear momentum and
kinetic energy. Hine: Use an approsch similar tg
Fig. 4.16. Show thet [[oV - dA = Vymma,.

A, moves at speed ¥, and during time At passes through a volume VA Az .
It thus passes through VA ,At n molecules. The mass of molecules thus involved

is VAAtnm.

The flow of mass per unit time through A, is then VA At m nfAt=V A mn .
Thus:

ffAlpV-dﬁ =V A, mn

For linear momentum

f f prlf'd;i = Vo(V,A,mn) = V:Almn

For kinetic energy

P B
ff?(pr?dA)-7(VoA, mn)=—> Ay mon

http://ingesolucionarios.blogspot.com Edu_Zegair ch
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41470 oo

» A double-wedge zirfoil is moving at very high

speed ¥V, through : dust particles in

« . * outer space, each particle of mass m. The parti-
, Ces are uniformly distributed with n partich

*  per unit volume. The collisions are elastic with

* angle of incidence § = (r/1 — a) equal to the

* angle of reflection # as shown for a colliding

* particle. What is the drag oa the airfoil per unit

length ing a two PP ?
See Prob¥-35 before doing this problem and
use & control volume such as is shown

Continuity: ﬁp VdA =0
~nV,(1)(kym + (EFFLUX) ;55 = 0

(EFFLUX) , 5 = mnhV,

Linear momentum: ﬁ'[xd,i + f f f B pdv = ffvx(p V-dA) + -g_r f f f V. pdv

R, = (-V)(-mnVh) + (V,cos2B)(mnhV,)
R, = manh + mnV3hcos2p
R_= mnVeh(1 + cos2p) = mnVZh [1 + cos(n-2a)]

R = manh[l - cos2a]

" K, = mnPfh[cosZa ~-1]

http://ingesolucionarios.blogspot.com Edu_ZegarﬂéﬁI-
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-1 €V approOacH

Vocoaa

Continuity: ﬁp VdA=0
(Vo)1) (h)(m) = (EFFLUX) 5

Linear momentum: .g T dA + f f f B pdv = ﬁ V(pVdA) + L] f f f V. pdv
c.s. c.v. cS. ot c.v.

You learned in 9 O
inclastic collision of 2 particle with a targe rigid  » "
body, the coefficient of restitution ¢ isrelatedlo _** °
the velocity of approach componeot pormal o * °
the surface of a rigid body o the velocity of  °
rebound normal to the surface by the following . ..
simpie relation:

_ (¥ ) eutnat
(Vn)qp—b

Do the preceding problem with 2 coefficient of
restitution « for all collisions.

R, = Vonhm[1 + cos(m - o - tan"!(e tan «)]

R, = Vonhm[1 - cos(a + tan1(e tan «)]

" K, = Vonhm[cos(a + tan"'(e tan a)-1]

Check: Let e=1
K, = Vinhm[cos(e + tan™\(tan &) - 1] = Venhm[cos2e-1]

http://ingesolucionarios.blogspot.com Edu_Zegaﬂ‘;éQ



A spherical communications satellite s moving
in outer spacs with a speed 20 or more times
the speed of sound (Le., 2 high Mach number).
Molecules of mass m move at the speed of
sound. Because of the speed disparity between
satellite and molecule, we will assume molecules
are stationary and that the satellite moves with
speed ¥, hitting molecules in front of it. We
will assume that the collisions are elastic so that
the angle of incidence a equals the angle of
reflection § (remember optics?). Using & con-

4hgﬁllingesolucionarios.blogspot.com

trol volume fixed to the satellite as shown, com-
pute the drag. The molecules each have & mass
m. There are n decules per unit vol

Make use of strips shown, integrating from 8 = 0
to # = w/2 The radius of the sphere is R.
Because we do not have continuum. we have no
pressure as such; only the collision of discrete
molecules with the satellite surface. See Prob.
% 3% before proceeding.

'y

Assumptions have already been made in the problem statement. For linear
momentum for steady flow through the indicated control volume, we have:

gTﬁA +.”'fode = ﬂprVdZ + gfffl/xpdu
C.S. c.v. C.s. ot cwv.

n

2
R, = (-VQI-V,nR)(mn)] + [(-V,cos20)[(R dO cosB)(2rR sin6)Vymn
0

2
R, = VonR?mn - 2Vyn R?mn f 0520 sin® cosb db
0

n

2
=V2nR?mn - 2VenRmn f c0s20 3»]%2—9
0

= VirR*mn - 2VonR%m IV 1 oeael?
o 2] 8

= V2rR%mn - 2V§uR’m[- 1—16)[cos21t -cos0]

R, = VonRzmn

_ 2
= ouRmn

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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4.ﬂtP://ingesolucionarios.blogspot.com :uui':w play :w:l:::c ml:
a reverse thrust from his two

engines. Each engine takes in 40 kg of air per

second. The fuel-to-air ratio is 1 10 40. If the

exit velocity of the combustion products is 800

Choose a control volume that just touches the inside surface of the engine. The momentum
equation in the x direction then stipulates that on using gauge pressures:

= =(PQ) 4, V1 +(P D), comp proa (- V)sin18° = ~(40)(150 —;%)-(41)(800)sm18°

»

=-11,802 N

Total Reverse Thrust = 23,604 N

Edu_Zegdh. 4D
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Stationary
hydraulic jump

Water flows over a dam into a rectangular chan- h1 = 3 ft

nel of width b. Beyond the bottom of the dam,

lh:depthufllwh, is 3 fu. A.lybumwhne

seen y If on viewing rapid ch | Bow, the /

muer changes elemm [ bm.ht hy a3 it passes
gh a highly disturbed region called the /

hydraulic jump. If we assume mdlmwﬂazzy///:

fiows at (D and st @, what is the height A,?

The velocity ¥, is 25 fi/s. Use only continuity @

and linear momentum egquations in your analy-

sis, and take the pressures at (D and @ as

hydrostatic. Neglect friction at the channel bed

and walls.

From continuity;
bh.V, = bh,V,

?3)25) = bV,

From linear momentum in x direction using hydrostatic pressure

[ﬁJGQ-YV1mm—“V@V%D+2@%M)

Inserting values we get:

(62.4){32.2.] - (62 4)[ ] 1—6&(25’)(3) . [63'4)(%2)(@

From Eq. (a), ¥, = ? . Substitute into (b).

2
@es) | (152)_* )
n2 |42 322

h; - 125.5h, + 349 = 0

Solve by trial and error.
h,=3 ; h, =940

H h, = 9.40 fi "

http://ingesolucionarios.blogspot.com Edu_Zegarré_Icl46
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Ll'ltgj://ingesolucionarios.blogspot.com Aa airpiane is moving at a constant speed of
4. 600 m/h. Each of its four jet engines has an
inlet ares of 10 f? and an exit area of I 2, The
fuei-to-air ratio is 1 to 40. The exit velocity of
the combustion products is 6000 ft/s relative to
the plane at & local gage pressure of 4 Ib/ln’.
The plane is at 40,000 f where the air density is
0.000594 stugs/f°. What is the drag of the
sirplane?

Consider one of the jet engines. Use a control volume over the inside surface of the engine
as shown. The linear momentum equation for control volume becomes, on using gauge

pressurcs,

R, - (Pm,)s(S) = _Vlz(pldl) * Vz[(PIVlAl)(l * :16)]

R, - (@)(144)3) = -[wo(;—’:gg)r(.ooosg@(m)

5,280 L1
N (6,000)[ m)(.ooosmxw)(l 40]]

R, = 29,300 Ib

For four engines we have

“ DRAG = 117,100 b “

4.47

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



4,41ﬁp://ingesolucionarios.blogspot.com
The drag on the plane when 6=60° is first considered. Considering the plane as a free

body we have:
T =D + Wcos30° = D + (130x10%)(.866) (a)

Now using the engine system as a control volume from inlet to exhaust, we can say from the
linear momentum equation in the direction of flight:

_ _| 950x10° . L) .
R, = ( 3,600 ](450) (1,825)[(450)(1 40]] 723x10° N

The thrust T is 723x10° N and from (a) we get the drag D as:
D = 723x10° - (130x10%(.866) = 610,000 N

Now D « V2 D = xV?

For initial conditions, we can say: 610,000 = :{950 000)

Hence: = 8.76V?

Consider free body of plane at 6=20°
T = D + 130x10° cos70° = D + 44,463

We have for D D = 8.76V?

As for T, we again go to linear momentum in the direction of flight.

1
R, = -()(450) + 1,825[(450)(1 + E]]

Hence we have for T T = 842x10° - 450V

Now go to Eq. (b) and substitute from (c):
L T 842x10° - 450V = 87612 + 44,463

V2 + 514V - 91,043 = 0

1.3x10°N

_ -51.41\61.4?(4)(91,043) = 227 mfsec =

4.49
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4 %p://ingesolucionarios.blogspot.com A triio is to take on water on the run by

2 scooping up water from a trough. The scoop is 1
m wide and skims off a 25-mm layer of water. If
the train is moviog at 160 km/h. how much
waler does it take on per second and what is the
drag on the train due 10 this sction?

Choose a control volume which moves with the train as shown in the diagram.

= “

Assumptions:

1. Incompressible flow.

2. Zero velocity in the x direction for water in the tank.

3. 1-D steady flow in scoop.

The water taken on by scoop.

Q- {(160)(%)](1)(.025) = L111 mYs

Momentum equation in the x direction is, using gauge pressures to take atmosphere
effects into account:

R, = ﬁprVﬁ + —é.”.f V. pdv
C.S. ot c.v.

R, - —(1,000)(1.111)[—(160)[%’—%)] - 49,380 N = 49.38 kN

K, = -49.38 k_A_r—“

Because we have used gauge pressures, this is the net force from water and air on the train.
(We have neglected aerodynamic forces around the scoop.)

http://ingesolucionarios.blogspot.com Edu Zegarr%}‘i50



4 Hgf//ingesolucionarios.blogspot.com :Immw : ':'1 :wi by
fiuids if on entering, the water bas 1 uniform
pressure of 25 Ib/In? gage (we are peglecting

ic variatioos) and on leaving has & uni-
form pressure of 13 Ib/In? gage. The entering
waler has a paraboloidal velocity profile, but
owing to the action i the device it has on exit a
wvelocity with almost & uniform profile. Do not
use a ooe-dk jonal ption on the inlet
Bow.

Assumptions:
1. Incompressible, steady flow.
2. 1-D flow at right end.

The momentum equation in the x direction is then:

F, + fffB,pdu = ﬂ.prﬁd’i‘
cv. c.s.

Hence, using gauge pressure:
(144)(25) E%?..Q - (144)(13) (-}) +R, =
25

- [(625-r>(1.938)(6.25-r2nr dr + (1.938)(@(%)
0

Using V, = 78.1 from. E4 4.1, we have:

2.5

70,686 - 1,470 + R_= -12.18 f (39.17-12.50r3+r%) dr + 9,284
0

59,932 + R, = -1,488 + 1,487 - 496 R = -60,429 b

Taking the reaction gives us the force on the device from water.

H K, = 60,429 Ib "

4.51
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. . . Two cubic meters per minute of gravel is being
4 abg://mgesolumonanos.blogspot.com dropped on a coaveyor beit which moves at the
. speed of § m/s. The gravel has a specific weight
of 20 kN/m’. The gravel leaves the hopper at a
speed of 1 m/s and then has an svernge fres
fall of beight A = I m. What torque T is needed
by the conveyor to do the job? Neglect friction
of rollers. Hint: Does the vertical motion of the
. Brovel enter into your calculations?

Consider a control volume as shown below and consider momentum in the x
direction.

R, = (pVAXY) = [9%992](5) - 340 N

Consider driving wheel. Taking moments about O we have

34D W

cou Fb@ on
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4 @8 //ingesolucionarios.blogspot.com m gravel onto gb.hw::m mm

ﬂmmmmv-fv.hm
l__— »* —

for s free fall from V, initial speed.
h

We use the same control volume as in the previous problem.

We need the vertical velocity of the gravel as it impinges on the conveyor belt.

V = J1+2gh = J1+(2)2.81)(2) = 6.34 m/s

Now find W the dead weight of the gravel on the conveyor. The time t for the
belt to travel 3m is:

.6 sec

Hence the weight W is: W - [(go)) (20,000)((.6) = 400 N

Now go to the momentum equation in the y direction. R, -W=(p VA)(V)

+ R =400+ (- 2 20,000)(—6.34) =831 N
60g

Taking the reaction

= -831N ||
y -

We have a downward force of 831 N on the conveyor.
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. 4 hitpy//ingesolucionarios.blogspot.com Water issues from a large unk through a 1300-

4, b : mm? norzle at a velocity of 3 m/s relative to
the cart to which the tank is attached, The jet
then strikes a trough which turns the direction
of Bow by an angle of 30°, as is shown in Fig.
PS54, Assuming steady flow, detcrmine the
thrust on the cart which is beld stationary rela-
tive to the ground by the cord.

Assumptions:

1. Steady flow.
2. 1-D flow leaving trough.

3. Neglect gravitational effect and friction on jet.

For control volume shown:

R, = (1,000)(3)%(1,300x107%)cos30° = 10.13 N

Taking the reaction gives us the force from the water on the system in the x direction.

H (K) = -1013 N u
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the cart, what is the thrust on the can?
(b) I, furthermore, the cart is moving o the
left at 2 uniform speed of 9 m/s, what is the
thrust on the cart?

All we need do here is use the speed 1.5 mfsec instead of 3 m/sec in the
previous problem.

(K) = -(1,000)(1.5)%(1,300x10¢)cos30° = || -253 N ||

No change in results since we use an inertial control volume moving with the
cart, and relative to this control volume you use same formulations as in part

(a).

4.52 .
N

Vv, =180m/s | I
1 bﬁ T

_ Assumptions:
1. Steady flow.

2. Incompressible flow.

Axis of L
rotation of 3. Neglect friction.
turbine

A Jet of air from a 50-mm nozzle impinges on a

series of vanes on a turbioe rotor. The turbine

has an average radius r of 0.6 m to the vanes

mdmulunamr:ﬂuwda.ﬂ:::

" . are the transverse force the torque on

Top view of turbine turbine if the air has 3 constant specific weight

of 12 N/m’? The velocities given in Fig.

are relative to the ground.

For control volume shown we compute the momentum equation in the y direction.

R, = -pV%4 = -[-1?-](1802)[1‘-(-'0-5—0-)3]5&:.60‘* = -674 N
9.81 4

For the reaction we get K =674 N

The torque on the turbine is then approximately
(67.4)(.6) = 404 N-m

http://ingesolucionarios.blogspot.com Edu_Zegaré@ﬁS
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L

V, = 180m/s | I

Axis of
rotation of
turbine

Turbine
Top view of turbine

45°

The velocity relative to the turbine blade of the air it V,,, and is must be at the angle of
45° as shown. Hence we have:

180°5in60° -(.6)(w)
180 cos60°

= tand5° = 1

& = (16](130sin60°- 180 cos60°) = 109.8 radjsec = 1,048 RPM

(109.8)(40.4)
1,000

Power =

http://ingesolucionarios.blogspot.com Edu_Zeé}a'rﬁ_@
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. A rocket engine is a turbomachine which differs

oxidizer —e- Fuel tank from the turbojet eagine in that it carries it

tank own cxidizer, Lo, it s oot air-broathing. An

an oxidizer such as aitric acid and a fuel such as
sniling are b d in the h hamb

P" to attain & pressurs of about 2 X 107 kPa. This

mp then expands out to & lower pressure, which is

Pump

exit, it does not have necessarily the same pres-
sure &5 the surroundings. as was the case of the
subsonic free jets we have been wsing in this

chapter.) The thrust of the rocket motor is at-
: tributed to the force developed by the fuid in
camhusﬂm the rocket thrust chamber above that of the

chamb&r surrounding stmosphere of the rocket.

If & rocket using nitric

acid and aniline oa 8 test stand has an oxidizer
Bow rute of 160 kg/s and » fuel fow of 0.945
kg/s (bence a propellant flow rate of 3545
kg/3) and if the flow leaves the nozzle at 1900
m/s trough an area of 0.0119 m* with a pres-
sure of 110 kPs abs., what is the thrust of the
r Nozzle ' rocket motor? Neglect momentum of entering

Buids.
Simplgw"t:omcfﬂm Rocket exterior

Assumptions:
1. Steady flow.
2. 1-D flow on exit.
3. Neglect momentumﬂand pressure effects of oxidizer flow and fuel flow.

The momentum equation in the direction of flight is:

R + (110x10%(.0119) = -(3.545)(1,900) R = -8044 N

The thrust from the engine is: T=804N

If we include the atmospheric pressure on the rocket motor, we have:

T, = 8,044 - (101.4x10%)(.0119) = E 6,837 N

http://ingesolucionarios.blogspot.com Edu_g-e'garr_ch
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Oxidizer —=1 Fuel tank
tank

Pump

Pump

A rocket has a propellant flow rate of 11.40
kg/5 The exit ares is 0.0338 m’, and the ex-
haust velocity is 2000 m/s rolstive to the nozzle [* N' 3

-

o the pressure of 101.4 kPa. What is the test-

stand thrust of the motor (a) at sea level and Combustion !
(5) im an phere squivalent to dard h

stmosphers at 9150 m? (Resd the first pars- cnam

sraph of Prob. 5.58 before doing this problem.)

thrust <
chamber

Rocket I

Cv.

L J L1\

Simplified diagram Rocket exterior
of motor

Assumptions:

1. Steady flow.

2. 1-D flow at exit.

3. Neglect momentum and pressure effects of oxidizer
flow and fuel flow.

Use momentum equation in the y direction on fluid.

R, + (101.4x10%)(.0335) = -(11.40)(2,000) ~ R, =262 kN

Force from the air on engine is: F,. = 3.394 kN

Hence (T) pee = 22.8 kN

The pressure of the atmosphere at 9,000 m is 30.8x10° Pa . The force from the
atmosphere here is:

F, = (30.8x10(.0335) = 1,031 N

Hence the thrust becomes:

(TJJM = (26.2—1.031) = H 252 kN "

Edu_Zegarr_ch4.58
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488" o

Diffuser |e——— Combustor Nozzle

SRSENMNNND

THEEHRHTHIRKS

HHHI
:getﬂgigi

Hi

Assumptions:
1. Steady flow.
2. 1-D flow at inlet and outlet.

Using the control volume shown, the continuity equation is:

W
P Vid, + g_ = p,V,4,

0

Now the momentum equation becomes, using gauge pressure

R, - p A4, =-p1Vlel + szzzAz

w
“ Ry = p,Ay - 0 ViA(V-Vy) + “g_f £}
0

Wherein we have used the Eq. (2). The thrust from the internal flow is then:

w
T, = -p,4; + pVAV-V) - — V2
)

4.59

http://ingesolucionarios.blogspot.com Edu_Zegarr_c



4h5;7/ingesolucionarios.blogspot.com

’ A jot of water of ares A, of 2 in® and 1peed ¥
of 60 ft/s impinges ou a trough which is moving
ot a speed u of 10 it/s. If the water divides 1o
that two-thirds goes up and coe-third goes down,
what is the force on the vane?

4
:DMj

57 4
7

Momentum Equation. Use gauge pressure.

2 2 \(2 o
R, = - (1.938)(60-10 m)(ﬁo-w) + (1.938)(50)(m)(§)(50c0560 )

2 \(1
K —||= (- °)y = -56.1 b
+( 938)(50)( 144)[3]( 50 cos60°) 5

|| K, = 56.1 b ﬂ

Ak ive snow is clearing snow
from a2 track a3 s¢en from the top view. The
smow is 2 ft above the top of the tracks and has
an average density of 20 Ibm /ft”. If the locomo-
tive is going 30 fi/s at 2 steady rate, estimate
the thrust geeded by the vehicle to remove the
snow.

pVid, - pVi(TOTA, = pV,A,[V,-V, cosd5°]

[?](30)(10)(2)[30-30 cosd5°]
0

- 20G010R)30) (g3 . 3280 1

8o

Thrust = -3,280 Ib

http://ingesolucionarios.blogspot.com Edu_Zegarrfl)lﬁO
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20,000 Pa

A

im

TTTTTTTT IR oma

l Wh,0

Water issues out of » triangulsr nozzie as 2
10-mm sheet at a speed of 10 m/s. The pres-
sure at the gage s 20 kPa gage, If the triangular
noztie weighs 500 N, what is the sverage force
per bolt coanecting A and 57 The initial ten-
sion [n each boit developed by turning the out is
50 N. There are 14 bolts.

The weight of water inside the nozzle is seen to be from the following diagram.

0.1m P
, B
07 m ﬁm ' i500

©) @ I F.B.D. of Nozzle

2184

WH:O = (9,806) {[(.010)(.150)(1)] + (2)(.070)(.150)(—;:](1)} = 1176 N

Now go to the momentum equation in the y direction. Use gauge pressures.

R, - Wy, - (20,000)(1)(.150) = (1,000)(V})(A,) - (1,000)(V,)*(4,)

R, - 117.6 - 3,000 = (1,000)[[-1_‘5% 10)]2(.15)(1) - 1,000[107](.010)(1)

R = 2,184 N

The force on the nozzle from the water is then the reactionto R, andis -2,184 N. Now
draw a free body diagram of this nozzle. P is the force per bolt.
(14)(P) = 2,184 + 500 P=1917N

= 1917 + 50 = 2417 N

The total force per bolt is then

4.61
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http://ingesolucionarios.blogspot.com ,,;“;,‘;,‘5,‘“‘,’?}';"3: :::-:ad:i the pipe jet
i 2000 mm?, and the outside diameter of the

pipe itself is 573 mm. The inside diameter of

the tank is 1.2 m. When the water s 0.6 m

above the exit of the pipe, estimate the upward

force required o hold up the tank not including

the weight of the tnk itsell. Assume the water

discharges into the tank as a free jet. Be sure to

state other ions of your analysis clearly.

Assumptions:
1. Incompressible flow.

. 1-D flow through control surface.

.03
V., = —— = 15.00
. mfsec

The continuity equation for the control volume is: ﬁ VdA = 0
c.s.

-03 + VJ (")(:'22) - “‘"‘2573)2] =0 ¥, = 0266 m/sec

Now we use the momentum equation in the y direction. Noting that % f f f Ve VdA = 0

because the flow is incompressible, we have:

F, + pf.”.Bydu =p ﬁVyV-di
c.v. C.S.

"(0573) (¢

.05732] L (m)(12)
L e— 4

R, - [7(-6)](n)[-——-;‘--— 7 (12) + ¥

- .03 N 2
(.03)(p)( m] p(4,)(.0266)

Edu_Zegarr;%l‘i62
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cont.

Note we have made the additional
assumption that, due to the
reasonably uniform velocity of the
water around the outside of the pipe,
there is a hydrostatic pressure around
the free jet (see 2nd. term). fl

Usiﬁg the values

= (%) (1.22-.0573%) = 1.1284 m?

1,000 kg/m?

= 9,806 N/m®
and solving for R, : R, = 13,759 N

The reaction to this force is
K, = -13,759 N

which, if

We neglect friction on the outside of
the pipe if the force from the water is
on the container.

The total force on the container from air and water is:

|| X),, = -13.759 N

4.63
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Estimate what the rate of change

4 Es)ttf://ingesolucionarios.blogspot.com
. of the force is for the configuration given.

10.03 m3/s

In examining the terms in the momentum equation of the previous problem, note
there are two time dependent terms. They are W, the weight of the liquid in the
container, and the pressure (taken approximately as hydrostatic) at the free jet.

Hence:
: = W dy, [ .0573
R=W i
Y (m) 2
3 2
Ry = (.03)(9,806) + (9,806)(1:)( ‘05;?3 ]y}s
From continuity: };ﬁ -V, = 0266 mis

Ry = 2949 NJs

ll Ky = -294.9 NJs

http://ingesolucionarios.blogspot.com Edu_Zeg&(_@ﬂ.
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The flow of momentum through the exit area is:

D

z
[[VieVdh) = [(¥,cos6)p)(V, cosO)@nr dr)
0

D tan0)Dsec?®
= do
2 tana}2tana

- VS(cos’e)(p)(zn)[

2y @ VipD?
_ VepD’n ftanﬁdﬁ = - _,_p___li[m (cos a)-In (cos 0)]
2t.an2a [i} 2t8n20'-

pr.Dth

= In (sec?x)
4 tan“a

http://ingesolucionarios.blogspot.com Edu_Zeg%rr@(';
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463 5.66 for exit Oow in a noxzie, recompute the
Oxidizer ——e thrust of the rocket at sea level in Prob. 5.59 for
the angle a = 20°. Retsin the assumption that
tank the exit pressure p, i uniform across the jet.
Hinz: Use the result r = (D tan 8)/(2tan a) in

Pump your calculations for p.

Combustion
chamber

Rocket
thrust <
chamber

' Simplified diagram
Part A of motor

Momentum equation using the result of Prob. 4.62.

2\l V2
R + (104,000-101,325)(.0335) = -[p[l‘-”—ﬂ 5 _ 4 secle
4 4 tan’a

b

2
From continuity equation 1140 = f pV cos O 2nrdr
0

Replace rdr using Eq. (a) of Prob.4.62

2 2
rdr = (D tan0) D sec’§ de] = —D  tan0sect0do
2 tana)\2 tana 4 tan’a

Go back to Eq. (2):

2

11.40 fpv;cosezu[
0

tan 6 sec‘ﬁ]dﬁ
4 tan’e

D? 1
V.20 [

tan’a cose]lﬁ =ep

http://ingesolucionarios.blogspot.com Edu_Zega4_166
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cont?)c

Solve for p :

o - —(1140a’a) (11.40)(tan’20°) = .1756 kg/m®

: D2 1 1 _
ZV{ L ]E?J" (2)(2,000)(.0335)[00820° :]

Substitute for p in Eq. (1) to solve for R

R, = -[2,675(0335)]-(.1756)(2,000)(.0335) — |.{ 1 ”
(tan20°)? | | cos’a

-(89.61)(.0335) - 22,079 N = -22.2 kN

“ (T) =222 kN |I

There is thus an error of 2.6% in neglecting divergence for this problem.

For Part B we have:
R’ = -(104,000-30,800)(.0335) - 22,079 = -24.53 kN

T,=24.53 kN

Error is now 2.66% .

http://ingesolucionarios.blogspot.com Edu_Zegarr_él'l-67
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the
has an sverage speed of 0.3 m/s, while at a
position downstream the water has a fairly uni-
form elevarion measured as | m. If the width of
the dam is 9 m, find the horizontal force on the
dam.

— S S W S w— — v w— —

I
|
I
|
|
!

i1m

Assumptions:
Steady flow.
Incompressible flow.
I-D flow at control surfaces.

Hydrostatic pressures at flows through control surfaces.

Neglect friction on bed of channel leading to dam.

The momentum equation in the x direction becomes, using gauge pressures:

1O)12)O) - (7)(-;-)(1)(9) L R, = ~(p)(3X12)O) + (PO

Continuity requires that: v, [1—12)(.3) = 3.60 mfsec

Solving for R, : R_= -6203 kN

X

Taking the reaction we get:

K, = 6,203 kN ||

http://ingesolucionarios.blogspot.com Edu_Zegarr_b@



A row of identical blocks are lined up as shown.

4 %ts://ingesolucionarios.blogspot.com M block weighs 5 % and has a cosficient of

loa with the grouad of 0.3, A bull-
mmn.mwv.dmnﬂ
hwh(mmthnbh:bw&-rﬁuﬂﬂn

m;mnmw“w
by the bulldozer as & function of time after the
first block is touched. Hine: Consider a station-
ww«m..mmmum
Then the age change in lincar mo-
Beatum per second inside the coatrol volume.
Consider linear momentum change aad fricticn
separately and then combine.

What is the time t between contacts of blocks inside the control volume?

t=g)—=.07sec
0

What is the change in linear momentum per contact?

A@mV) = ( )(10 0) = ig

The number of contacts per umt time is 1/t . Hence the change in linear momentum per
second is:

[l](AmVx) = (—IJ( 50] 22.2 slugs fi/sec?
T O\ g

Now go to the momentum equation and disregard friction first. We get:

(R), =0+ —-—-fffV(pdu) =222 Ib

This is the average force to change momentum of the blocks. Now consider friction. At
t=0 the bulldozer just touches the first block. The number n of blocks moving in 1
second is:

NAOE

The friction at 1 secondis (n)(5)(.3) = 21.4 Ib . We take the average to increase linearly
with time with this force added every second. Hence:

(F s, = 222 + 214t Ib

with t in seconds.

4.69
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5.70

rate of 322 /s’ Ul we have plastic impact
A P f’ d between chain and wood, what function of time
must F be to do the wsk? The coefficient of
ttime ¢t ,find €. dynamic friction between the board and
floor is 03. The chain weighs 10 b/
board weighs 5 b. Use stationary con
ume for wrought iron.

x = 16.1¢2 . 0= 16.1¢2

Hence the total dead weight of chain and wood at time ¢ is:

W o = [16.1£%1(10) + 5 Ib

Consider stationary control volume containing horizontal chain.

The momentum equation in the y direction is as follows:

ool )

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 4 ’70
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4.66 (cgnt,)

To get ¥, note that y = -322

10
e, R,- (32.2)202»(5]

The friction force is then: R, = (.3)(32.2)(10)¢?

Now consider horizontal component of linear momentum.

= (¥ E + i " i(_)_ = - ﬂ + —a— E
el {2 o)

- —(32.26)(10) + x‘(x E) - (P (19] = ~(32.2%)(10) + (32.2)(16. 1:2)(%) 5 (32.2)’-:2(1??]
g g

= -322¢% + 161.0¢2 + 32212 = 161.0¢2

The force F is:
F=p W, .+ dey +R, = (.:3)[161.0¢2+5] + (.3)[322¢%] +161.0¢2

F=306t>+15 N

4.71
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4 t6t7//ingesolucionarios.blogspot.com Water is Sowing through a pipe having aa inside

. diameter of 6 in. Find the total moment on the
pips & the bese A from water, air, and the
weight of the pipe. The pipn weighs 10 /R
The pressure at A is 10 Ib/ia’ gage. The Sow is
steady.

1 2
1" —
(M, i+M, j+MJ) + (-5K) x [(62.4)(10) l%l + 100)(-K)

1

mw—

+ (-10€+4) x [(62.4)(8) 74 + 80])(-H)

1
- (-10€+8/+31) x [€24)6)x 1 | + 601(-H

1
)
= (-10k+8/+61) x (10)[(10 44 (1.94)]

4.72

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolycionarios.blogspot.com
(cont.)

M+ M,f + M,k - T12{ - 1,068( + 401/ = -304k - 381/

The scalar equations are:

1780 fi-1b

-782 fi-lb

~304 fi-1b
The reaction is:

(M), = -1780 fi-1b

M), =782 fr-lb

(M), = 304 fi-Ib

These are the torques transmitted to pipe at A4 .

4.68

Moment of momentum equation about point 4 . Use gauge pressures.

For water:

Do Prob. 4.67 by using first a control volume
covering the interior wolume of the pipe and
then, to take care of the weight of the pipe, a
free-body diagram of the pipe.

z
%

)

PRyl

- - - =y
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1
n —
(M, (+M,j+MK) + (-5K) x |(62.4)(10 l}J -k)

T
+ (-10K+4f) x [(62.4)(8)(1?)](—6
10687239  [@2016{ I B

- (—10£+sf+6;") % (10{)[(10)(116](1.94)]

(M, i+M,j+M, k) - 392 - 588( + 221j = -381j - 304k

980 fi-Ib

-602 fi-1b

-304 fr-lb

(M), = -980 fi-Ib

M), = 602 fi-Ib

(M), = 304 fi-Ib

(- 10k+47) x(-80K)+(~ 10k+8j+3i) x(-60K)
-320i - 480i + 180f fi-Ib

(-980-320-480){ + (602+180) + (304)k

ll M, = -1780f + 782 + 304k ft-Ib ﬂ

4.74
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Compute the bendi from the water
st point £ of the pipe system containing water
using the hod of of

The flow is steady.

Assumptions:

1. Steady flow.

2. Incompressioble flow, g is constant.

3. 1-D flow out of control volume.

a)

The moment of momentum equation for steady flow is:

i, + M, - (gm P Vthy

Taking moments about point E , we have using gauge pressures:

T, * (%)(-{) x (1)(1,290x107°)(9,806)(-/)

+ (-14-3f) x (.6)(1,290x107%)(9,806)(-/)

+ (~1.15{-.6)) x (:3)(1,290x1075)(9,806)(-/)

, 006 |
-1.3i-.6 - ——— 1i(1,000)(.006)
(-1.36-67) x { 1,290x10-‘5]l

T -35.01k N-m

The reaction to the torque is the desired torque on the pipe about point E

E T e = 35.01X N-m "

http://ingesolucionarios.blogspot.com
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For a steady Bow of water, compute the bending
moment from the water at section A of the pipe
of

4 h?“/ingesolucionarios.blogspot.com
- h the thod of

For steady, 1-D flow we have for the moment of momentum equation:

Wi, - £_<fxﬁpva

Using gauge pressure we have for point A4 :

T, + (1k+.60) x [(1.2)(1,290x107)(9,806)k]

= (1k+1.20) x (6D)[(6)(645x107)(1,000)]
T, - 9.11f = 232

T, = 323/ N-m

~ Moment on pipe from water = -32.2j N-m

http://ingesolucionarios.blogspot.com Edu_Zegarr ch ~



http://ingesolucionarios.blogspot.com Water is flowing steadily through the 200-mm

pipe

7 I {a) Find the moment components on the base

of the pipe at A from water, air, and pipe
weight.

(b) Find the Torce components at the basc of

the pipe at A from water, air. and pipe
weight.

Pipe diameter =200 mm
throughout vipe=2 KN /m

. fif?/ 77 X

Ry

, =500 kPa gage | ©®
? 05m3/s
2

&

Assumptions
Cq 1. Steady flow.
It
2. '1-D flows.

3. Incompressible flow.

-

(m)(.04) (1)(.04)
4

=15.92 m/s

- a) Moment of Momentum Eq. about Pt. A.

g FxT dA +.”ff'x§p dv = ﬁ FxW(pVdA) + Effff'xf"p dv
cv. c.s. ot c.v.

C.S.

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch4'7'7
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C,i+CJ+Ch+ (5] + 5:‘)x[(9,806)(%](.2)’(10) + (2,000)(10)}(*1" )

(5 + 4 - 26 )x{@.soa) (%](.22)(4) , (2,000)(4)](—1‘)

= (5 + 41 - 4K )x(-6.366K )(.2)(1,000) + (5 + 10{)x(9.549¢)(.3)(1,000)

C,i+C,j+Ck+ (5 +5i) x (-2.308x10% )+ (5] + 41 -2K) x (-9.232x10%)

= (5 + 4)x(-1.273x10%k) + (5/) x (2.865x10%)

C.i+Cj+Ck-1.154x10% - 3.693x10% - 1.846x10%

= -6.366x10% + 5.093x10% - 1.433x10'k

C, = 1.846x10* - 6.366x10° = 1.209x10* N-m

C,= 5.093x10° N-m

C, = 1.154x10° + 3.693x10* - 1.433x10* = 1.380x10° N-m

(M= -1.209x10* N-m

ANS{ M, = -5.093x10* N-m

| M, = 1.380x10° N-m

b) Linear Momentum

gfdd + .&B‘pdu = .&l?pﬁ-dﬁ+-q-fffl7pdu
C.S. C.S. c.S. ot c.v.

Ri+Rj+Rk+ (500,000)[%](.04)j'+ [(9,806){%](-04)(19) * (19)(2’000)](‘1*‘)

= -(15.927)(.5)(1,000) + (-6.366K )(.2)(1,000) + (9.549i )(.3)(1,000)

http://ingesolucionarios.blogspot.com Edu_Zegarr_E:h
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Pipe diameter = 200 mm
: R, throughout, Wope=2 KN / m
»

777777777 X

Ri+Rj+Rk=-1571x10% + 4.385x10% - 7.960x10% - 1.273x10°% + 2.865x10%

R, =2.865x10° N
R =2018x10* N

R, = -1273x10° N

(K = -2.865x10° N

K, - -2.018x10* N

K,=1273x10° N

http://ingesolucionarios.blogspot.com Edu_Zegarr_4h79



Assumptions
1. Steady flow.
2. 1-D flow in and out.

3. Incompressible flow.

Ve 2
(1)(.200)*
4

=6.366 m/s

Moment of Momentum about A

C.S.

C,i+ c,j‘+ C,k+(-2.5 + 3;')x[9,806 #’3 6) + (300)(6)](—!3)

Water is sicadily flowing through a pipe at the

rate  of 0.2 m’/s. The pipe weighs 0.3 kN/m.

The pressure at A is 10 kPa gage.

(a) What are the tolal bending moments and
twisting moments in the pipc at the base A
of the pipe system?

(b) What are the shear forces and axial force in
the pipe at A due only 10 the warer and
air. The diameler of the pipe is 0.2 m.

ff f'xT’dA+ffff'xB'pdu - ﬁ (fo)p?dL..a_ffffopdu
cV. C.S. ot c.v.

= (-2.5K + 6;‘)45:"){-% (.2)(1,000)] +(-2.5k + 6;‘)x(5f)[—§- (.2)(1,000)]

http://ingesolucionarios.blogspot.com




MRSy conenes tlosseoiger y ¢ J + C Kk - 10,9451 = 1,666.7 - 833.3/ - 2,000k

[ C,=12,612 N-m

C, = -833.3 N-m

C,=-2,000 N-m

p. = 10 kPa gage

il

125 m

Assumptions
1. Steady flow.
2. 1-D flow.

3. Incompressible flow.

Linear Momentum Eq.

B tan S 5oav- 8 vovany+ 211 voa
c.S. C.V. c.s. ot c..

(10,000 + p_, ) (%) (2)%(-k)+ Ri+Rj+Rk+ (9,806)(1:)[%2](8.5)(4 )

+ P (A + (@, A1) = -(6.366K )[(-.2)(1,000)]

’ (5;‘)[(—}](.2)(1,000)} . st )[ [%}.2)(1,000)]

4.81
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R, = [3333 + P (4]

R, = [666.6 + D ,n(A))]

T a2
R, = [4,206 + Py - (2)]

K, =-3333-p_, A, N

K, = -666.6 - p 4, N

n 2
Kz = -4,206 - Pt —; (2 N

\

Look at outside of pipe.

N

Q
A py=10 kPa gage

Fayal £ il y

Sm
02 m

S5m/s
§
0.2m Pt P
5m/s
;0

(164;3 = (pm)(%](z)z(f) *Patm Ag in"' DPom Azf

fﬁm = -333.3{ - 666.6] - 4,206k =N

Edu_Zegaﬁ.r'_%ﬁ2



M ionari A plstform Is shown which can rotate about ros
http://ingesolucionarios.blogspot.com n:lrl..a e o I
4-73 center of the platform while it is stationary and
strikes & vane st the periphery of the platform.
The vane turns the jet 90° as shown, What is the

torque developed about MM?

Platform

Assumptions
1. Steady flow.
2. No change in speed of jet from friction.
3. -1-D flow at exit of C.V.

The scalar equation of moment of momentum about the MM axis is:

T+ T, i Vy(pV:dA)

C.S.

1
T, (2)(10)(1.938)(10)(—1-?4-]

T, = 2.69 Ib-fi

Taking the reaction gives the torque on the system.

T = -2.69 Ib-ft

http://ingesolucionarios.blogspot.com Edu_Zegarr_c‘?m1 ) 83



A jet of water 545 mm’ in cross

section is direcred out at s speed of Im/s a2
90" vane positioned 0.6 m from the center of the
platform from which the jet issues as shown, It
‘then sirikes & 90° vane 10 attain a direction of
motion ltel to its original direction. [f the
platform is stationary, what is the torque about
WAL a8 & result of this action?

4 h't}tQI_//ingesqucionarios.blogspot.com

i I
0.6 m+

Platform

Assumptions
1. Steady flow.
2. No change of speed of jet from friction.
3. 1-D flow at exit of C.V.

The scalar equation for moment of momentum about MM axis is:

Tg+Ty = ff r Vo(p VdA)

C.S.

Ty = (.6D[(3)sina](3)(645x1076)(1,000)

sina = =3 = 4478

67
T, = 1.7415 N-m

Taking the reaction we get:

Hg T = -1.7415 N-m

4.84
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4950 "For the control volume we use the angular momentum equation about the z axis.
For no friction the torques T; and T, are zero about the z axis. We get

In Example  the following dau apply: ¢ = §
L/sa = 20°, | = 300 mm, A, = 600 mm?’. Find
the angular speed w of the arm for rero fric-
tonal torque.

X
0= f f (TV)(pVdA) + 0 (a)
C.S.

The last expression is zero since ¥V, is constant inside the control volume. The

velocity of the jet relative to the rotor is found using the inside of the rotor as the
control volume. Thus:

q=@WV)4)
(3)(:001) = (2)(V,)(.0006)

V, = 4.17 mfsec

The velocity of the fluid ¥V, on leaving the rotor is as seen from the ground

reference XYZ : .
(Vo) xyz = [(4.17)(c0s20°)-(w)(.150)] = 3.92 - .15w (b)

Now go back to Eq. (a) and substitute.
0 = (.150)[3.92-.150]}[(5)(.001)(1,000)]

® = 26.13 rad/sec

® = 26.13 radfsec

4.85
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4 . . . In Prob. Ind w for steady rotation if there

hmﬁ/mgesolumonanos.blogspot.com i 3 - ’
and windage given a3 0.08w% ncwton-meters,
with » in radians per second.

Using same C.V. as in the previous solution, we now have for the angular
momentum equation about the z axis:

T, = ff (V) (pVdA) + 0 (a)
C.S.

From continuity in the rotor we get V, = 417 ms

relative to the rotor as in the previous solution. Also, we can say from kinematics:

(Vo) gz = 392 - 150 (b)

Accordingly, we get: 08w? = (.15)(3.92-.150)(5)(.001)(1,000)
»? = -1.4060 + 36.75

w? + 14060 - 36.75 = 0

Solve using quadratic formula:

-1.40611/1.406*+(4)(36.75)
2

W =

ﬂ ® = 5.40 radfsec H

http://ingesolucionarios.blogspot.com Edu_Zega.rr_ch
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4hfg g gsp:

1f the fow of waler divides up cqually ot the 1ee

at D, what is the toial force sysiem (force and

3 torque) transmitted through section ¢ owing 1o
0.11m3/s

the water and 3ir? A, = 1290 mm’ and p = 70
kPa gage!

ViewM - M € !Iif;

a)

First we get the couple acting at C by using the moment of momentum equation

Assumptions
1. Steady flow.

2. 1-D flow at exits.

Mg + M, = g (FxW)(pV-dA)

Using gauge pressures. We get
T+ (-.6k+.6/) x (1.2)(1,290x1075)(9,806)(-K)
+ (-.6k-.231) x (46)(1,290x1076)(9,806)(-K)
(.11

= (-.6k+12]) x 1,000 -'-12-1)({)

+ (-.6k-.46]) x

http://ingesolucionarios.blogspot.com

4.88
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T - 9.11f + 1.338{ = -1,407/ - 2,814k - 1,407/ + 1,079

T = 7771 - 2,814f - 1,735k N-m

The reaction to this torque is the desired torque.

T, = -7.77( + 2,814f + 1,735k N-m
b) Now use linear momentum for C.V.
-(70,000)(1,290x10°%)K - (9,806)(1,290x10")(.6+.46+1.2)k + Fy

(a1 ) .

( -~
2 11 ](1,000)‘. . 2 11
| 1,290x10°6 | 2 1,290x10°6 \ 2

](1,000)(f")

( ﬂ, \

2 |11)(1,0000f -90.3F - 28.6k + F, = 4,690( + 9,380k
( 1,290x1076 J

F = 4,690i + 9,499k N

Taking the reaction

K = -4,690i - 9,499k N

The total force system transmitted

K = -4,690{ - 9,499k N
T

= =777 + 2,814] + 1,735k N-m

4.89

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



If in Prob. 4.78the flow is reversed at the tee at
http://ingesolucionarios.blogspot.com B by purting the plug on the other side, what is
the total force system (force and lorque) trans-

mitted through section C owing to the water?

Using the same control volume we have for the moment of momentum equation:

Torque
T + (-.6k+.6)) x (1.2)(1,290x1075)(9,806)(-K)

+ (6F-23)) x (46)(1,290x10%)(9,806)(~F)

(.

- (-6k+12) x |—2 (1,000)(ﬂ]{
{ 1,290x107¢ 2

(-1
R e e
 1,290x10¢ 2

T - 9115 + 1.338{ = -1,407/ - 2,814k + 1,407/ - 1,079k

T = 777 - 3,893k N-m

For the torque desired take the reaction

T, = -7.77{ + 3,893k N-m

b)  Force. We use the linear momentum equation for the same control volume.

4.90
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(c(%nt.)J

-(70,000)(1,290x107%k + (1,290x1076)(.6+.46+1.2)(9,806)(-k) + F,

s

(a1 a1

( .
2 11 )(1’000),. } 2 11
{ 1,290x10°5 \ 2 1,290x10°5 \ 2

](1,000)i‘

T

2
— [(.11)(1,000)k
1290,10¢ ) B0

-90.3K -28.6k + F = 9,380k

Fg = 9499 N

The reaction is: Ky = -9,499% N

The force system transmitted through at C is:

K, = -9,499k N

Cy = -1.77{ + 3,893k N-m

491
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-t "
http://ingesolucionarios.bloggpet.comm 4, "’“":C"':d""”" ":""‘“‘I § L/s "‘“I =
oels. each of which has a cross-sectional ares of

1800 mm?. What is the angular spoed « of the

rotor 2 3 after its release? Lot us assume that

thers is 0o frictional resi o jon about

4 vertical axis z coming out of the paper w0 you
at C. The moment of inertia sbout ¢, /,,, for
the rotor plus water is 10 kg =’ (that s,
[1fPpdv = 10 kg - m*). Use & siationary con-
trol volume.

Xy stationary

We now employ the z component (axial component) of the angular momentum equation.
Knowing that (Mg, = (Mp), = 0 we have:

0= .g rVy(pVdA) + % .’; fv f (rVyp dv (2)

C.S.

Inserting values, we have taking  as positive,

0= (.S){[-f;]sinw"] + .Sw}(qp) + -a% { fv f r(ro)dm

(5x107%)sin60° - ) .
0=(S + 50)(1,000)(5x10 (Fd
( )[(3)(1,soox1o-6) "’J( )(5x10%) + o[ [rdm)

C o= - }‘— [2.00 + 1.2500] = -[200 + .12500]

44

Separate variables: —do __ _

2+.1250w
Integrate: In(.2+.1250w) = -.1250t + C

When t=0, 0 =0 ~ € =1n(2) =-1.609
In(.2+.1250w) = -.1250¢ - 1.609

2 +.12500 = e-{.125m+1.609)

= R ~(12501+1.609) -1.600

_e +1.609 _
When #=2 , we have = 8e (12501601 _ 1600 = -.353 rad/sec.

4.92
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4.81 We use the angular momentum equation about the vertical axis at C . The external
torque is zero and we have for a control volume on the outside periphery of the

rotor:

A rotor in Fig. wwith Tour channels is hela
stationary and. with exits at 5 blocked, is filled
with water through inlet at C. Now at + = 0, the
outlets are opened at 8, the rotor is released.
and a flow g is started at the inlet such thet g
varics a3 ¢ = 0.05¢ m’/s, with ¢ in seconds.
What is the differential equation for « of the
rotor if there is 00 resistance to rotation about
the axis of the rotor at C? The arez of each of
the channels is 1500 mm?® Use a stationary
control volume. The moment of inertia [,, of
rotor and water ([ Fip dv) is 10 kg - m®.

g.(;Vs)def R .(% fc J; f?ve(p dv) = 0

(.:s)[a‘?-)Z (cosds®) + .SoJ]pq + g‘; fc fv [ Hrw)dm = 0

We are neglecting in the last expression the V, of the water relative to the rotor
in the small regions of curvature of the four channels at the outlets. Inserting values
we get:

(.05¢)

N/ 1,000) + (3). 1, ) . C _
L5000 (TDA000) + (AIH@NL00)05) + 6(10) = 0

88.4t2 + 450t + &(10) = 0

|_|-_m + 450t + 8.84t% = 0 ||

4.93
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£ angular acceleration & = «. A chain of leagth /
and weight per unit length w les o0 & friction-
less boriroatal surface. At tme =0, w =0,
and at this instant the chain is consected to the
disc at D. What is the torque T needed? The
moment of inertia about the axis C of the disc is
1. Use » stationary coatrol volume that includes
the entire chain and disc. Hin: For the disc
[V )p do = [[frirw)dm = wf[[r?dm =
Jw. Is the torque T that you have computed
valid after H wuches the disc?

Using the axial component of the moment of momentum equation about the axis at C , we
have for the control volume shown

Ts = (v (pVdA) + g [[[tVep dv

hai
forj‘ in
r N\

?aa? bratrae) ( )" 0) + r(wr) = = (t-r,9) + Io]

where we note that in the second expression ;Ve = ro(wr) . Also we used

ff V(p dv) = fff?(?w)pa‘u = o [[[rdm = Io

for the disc. Note that:

+ ro(lct)—ﬂ - ro(xr)*_ [ﬁz—] + Iw]
g g\2

w
=k 20+ K

This value of T, a constant, is valid after the end H comes out the cylinder.

4.94
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« horizontal surface having with the chain a
dynamic coefficient .of friction of p, Compute
the torque for the time interval before H comes
into contact with the disc. The solution to the
preceding problem is T, = rhelw/gh) + Ix.

We can use the right side of Eq. (c) for the right side of the angular momentum
equation. On the left side we must include the torque from the friction force. This
torque T is:

2
T, = -(ro)(k JIWI(-1,0)] = -roud[(»v)(ﬂ—ro-%-]‘

Hence, we have for the angular momentum equation

rﬂz . w
T, - r,p [w[!— L ]]=rlc(—]i+bc
s ~ Totd ) g

roxt?
Tg = ryx (-‘—E) + Ix + ropdw[ﬂ - °2 ]

http://ingesolucionarios.blogspot.com Edu_Zegarr_cﬁ'
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Air st an sbsolute pressure of 500 kPa and at 3
temperature of 35°C enters a highly insulated air
motor and leaves as a free jet into the atmo-
sphere at 3 temperature of —5°C. The inlet
velocity is 25 m/s and the exit velocity is 70 m/s.
1€ 3 kg of air flows per minute and if we take the
internal energy, u, a3 ¢, T, with ¢, as a constant
giving the speciBic heat st constant volume, what
power is developed by the air motor? Take the
specific heat as 4.08 x 107* N - m/(kgK). The
atmospheric pressure i 101.4 kPa.

fttp://ingesolucionarios.blogspot.com

The first law of thermodynamics requires that

Vlz Py sz P, dWs

— + gL+t — + U = — + + — 4+ +
) 1" o 1= 5 &, o) I"z e

2
25° , 500x10° | 4 08x10-9)35+273) = 1 4 101.4x10°
2 P, 2 Py

(4.08x1075)(-5+273) + i
+ (4.08x -5+
dm

Evaluating the terms we get:

dWs . 101.4x10° _ 500x10°

+2.14x10° = 0
dm Py Py

Now use Eq. of state at (1) and (2) for a perfect gas.  p, = p,R,T,
500,000 = (p,)(287)(273+35)

= 5.66 kg/m?

P, = p,RT, 101,400 = (p,)(287)(-5+273)

= 1.318 kg/m?

Going back to Eq. (1) we get:

dWs _ 1014x10° = 500x10° _ , ., 103

dm 1.318 5.66

dw, dWg gm ~ _
7'“&775"9’26“’( )"“”’
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http://ingesolucionarios.blogspot.com Steam enters & condenser at the rate of 600 kg/h
with an enthalpy k of .70 x 10* N - /(kg). To
5.3 condense the steam, water st 15°C is brought in
at the ratio of 7 kg of water per kilogram of

sieam. The water enters through a pipe with a
75-mm inside diameter and mizes directly with
the steam. The velocity of the entering steam is
120 m/s. What is the temperature of the water
leaving the condenser at the same clevation as
the water inlet in & pipe having aa inside diante-
ter of 100 mm? We may take the eathalpy of a
liquid 0 be ¢, T where ¢, the specific heat at
constant pressure, is given as 4210 N - m /(kgX(K)

First Law

From continuity

3,600

[600+(7)(600)]
V, = 3600 . 1698 mjsec

(1,000)(1:)( '1202]

hy = ¢,T; = (4210)(273+15) = 1.212x10°
hy = ¢, T; = (4,210(T;+273)

Now go to Eq. (1).

[’2642 . 1.212x10‘) (DE00) , (1202 . 2.70><10°)(—i‘91]
2 3,600 2 3,600

. [-162932 + (4,210)(T3+273)]

(8)(600)
3,600

y

i T, = 59.38°C ﬂ

Edu_Zegar$_'§1
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Assumptions
. Neglect friction.
. Take 1-D flow at 1 and 2.
. Flow incompressible.

. No heat transfer.

. Flow steady.

Water moves steadily through the turbine shown
at the rate of 220 L/s. The pressures at | and 2
are 170 kPa gage and -20 kPa gage, respec-
tively. If we peglect heat transfer, what is the
borsepower delivered to the turbine from the
water?

)
Continuity

- 1000 _ 5003 mysec
(m)(.200)>
4

2
(%] V, = 1.751 mjsec

Go back to Eq. (1).

2 daw,
7003 | 981 + 170 = LTS 7251 -20 + —5

dw

7;=ms N-mjkg

(dW; ] _ (222.8)(:220)(1,000)
, dm 1,000

Power = 49.0 kW H

Edu_Zegarr_cﬁ 4
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gttp://ingesolucionarios.blogspot.com The flow rate through a turbine is 9000 kg/h,
5. and the heat loss through the casing is 100,000
ki/h. The inlet and exit enthalpies are 2300
ki/kg and 1800 kJ/kg, respectively, while the
inlet and exit velocities are 25 m/s and 115 m/s,
respectively,. Compute the shalt horsepower of
the trbine.

[ 3—*
®

dQ/dt
m = 9,000 kg/hr = 2.50 kg/sec.

% = 100,000 kJfhr = 27,778 N-m/sec

h=2,300 kilkg h, = 1,800 kJjkg

25 mjfsec {Assume
115 mfsec

Steady Flow

dW,

C t —_—
ompute a

First Law

" dw,
— =ﬂ % +gz+h](p|7'dA) +0-27,778 - ?s

;.2] - (%‘2. . hl]](z.sm

2 2 :
igs_ = -27,778 - [(“25 . 1,800x103] - [-"’-;_ . 2,300x103]](2.50)

dw.
—d—s = 1.206x10°W = 1.206x10° kW E 1,618 HP ﬂ
t

—

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 55



It takes 30 hp to drive the centrifugal water
pump. The pressure of the water at 2 30 b/in?
gage, and st |, where the water enters, it is at 10
1b/in® gage. How much water is the pump deliv-
ering?

5h%p://ingesolucionarios.blogspot.com

D=4in

For the control volume shown assume:

Assumptions
1. Steady incompressible flow.
2. Negligible heat transfer.
3. 1-D flow at inlet and outlet.
4, Negligible change in internal energy of the water.

We start with the steady flow form of the first law of thermodynamics.

d dw. V? -
QG- B mompra

For the assumptions given, this becomes:

(44.7(144) | u]

-(-50)(550) = [Vf + (@2
) =15 @2 194

_ [E , GADY) u]](l.%)(V)( x4 ]
2 194 "N@w(44)

Carrying out the arithmetic we have:

4 i
27,500 = |2 + 64441485 - L (1692},

5.6
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http://ingesolucionarios.blogspot.com
(cont.)

Collecting terms:

[[ ] .1 549]( V) = 162,500 )

Now relate ¥, and V, by using the continuity equation for incompressible flow. Thus:

v, LX), (W4 _ (1;)(3)2
@)(144) (4)( 144)

Now substitute Eq. (1).

[ [V; fi] + 1,549V, = 162,500
\ 16

469V, + 1,549V, - 162,500 = O

Dividing through by .469 we have: V: + 3,300V, - 347,000 = 0

Solve by trial and error. V, = 55.1 filsec

ﬂ Q = 48 cfs. u

5.7
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First write the continuity equation assuming steady flow.

(V)(5,200x10°%) = (V,)(2,600x107%) + (6)(1,300x107%)

av, - 2V, = 6

Shown is a system of highly insulated
pipes through which water is fRowing. In the
upper pipe, the water leaving the pipe shows an
increase of intemal energy of 23 kJ kg over the
waler entering at A; and the water leaving the

pipe has an increase in internal energy of
116 kJ /kg (these increases are a result of friction
in the flow). Compute the velocity ¥, for the
data given in the diagram. Take the water as

Now express the first law for the C.V. for 1-D Steady Flow.

Vi 5|7
= S PO, pVA, + (19.5x10°) = R i pVA,

|5+ PavrsLyti VA,

Using gauge pressures and the datum shown we have:

http://ingesolucionarios.blogspot.com Edu_Zegarr_c§ 8
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12‘2‘; . plu+0+140x103](1,000)(V1)(5.200><10'“) + 1.95x10°

+0+(15)(9.81)+163x10%|(1,000)(V,)(1,300x10°5)

+0+0+256x103](1,000)(1/3)(2,600x10")

For pressure p, we have

p, = (13.6)(9,806)(.200) + (9,806)(:250) = 29,124 Pa

2.6V; + 1514V, + 728x10°V, + 19.5x10°

= 650V + 212x10%V, + 1.300V; + 666x10°V,

We know that V, = 6 m/sec . Hence:

|| 2.6V2 + T28x10°V, = 1.300V; + 666x10°V, + 1.253x10° ||

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 5 9



httnj/iggesolucionarios.blogspot.com
i Porous plug
Assumptions;
. Steady flow. F.:’ﬁo &
'ob" 00'.'01

. No heat transfer.
. No changein V. ...._...L °..§L_.__f___

1-D flow. O &)

—

A gas undergoes steady flow through a porous
plug in a well insulared pipe as shown in Fig.
V: V: P6.8. Show that if we have no change in kinetic
1 1 0 5 energy and no heat transfer that the enthalpy &
+ +ul+gz = + +U +gz2 Is conserved on going through the plug. This is an
2 2 example of what is called a rhronling process
pl Pz which mimics what occurs as a gas passes through

a partially opened valve.

1 ¥ PV = Uy + Pyv,

E hy =k, Jl
ST EAM WATER A jet condenser condenses steam into water by

¥ ol el SETLTRER T

enthalpy of 1200 Btu,/fm and enters at the rate
of 300 Pom /h and if 4000 Ib of water is injected
per hour, what must the enthalpy of the incoming
water be? The enthalpy of the water leaving the
condenser is 120 Beu/Ibm. Neglect kinetic and
potentisl energy changes.

r
I
]
1
|
]
1
1
1
1
1
]
1
]
I

1-D flow in and out.
2. Steady flow.
. No heat transfer through C.S.
k Negle'ct changes in PE and KE.

dm, dm
First Law +h2ﬁ=[ : d:]

(1,200)(300) + (1,)(4,000) = (120)(4,300)

5.10
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m . . In the preceding problem, if the enthalpy of the
http://ingesolucionarios.blogspot.com entering 16743 B Vibem:, wiat muet: bu ik
beat loss per hour from the condenser?

STEAM WATER

colll o elll

1. 1-D flow in and out.
2. Steady flow.
3. Neglect changes in PE and KE.

d d
ST W X e

(1,200)(300) + (41)(4,000) + "Q - (120)(4,300)

"T‘? - 8,000 BTUlhour

—

Heat Loss Rate = 8,000 BTU/hour

5.11
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5 hItpi://ingesolucionarios.blogspot.com

T

Assumptions

. Steady flow. |

. No heat transfer out of C.V.

. 1-D flows in and out.

. Neglect changes in specific weight. SERREERERREE

. Neglect KE.

(v;

(v2

\ 28

Compute enthalpies.

(1. = 200-32) = 168 BTU _ 1 307x10° £
a=( ) Wm0 lbm

BTU fi-Ib
- -32)=68 =~ -5§2 " i
hy = (100-32) = 68 5290x10* £

he = [(:5)(40) + (.0003)(40)2](778) = 1.593x10* %‘32

Subst. into (1).

= +Z +h]w'|
L28 B B | "WATER

bo

(1)

— +2p+ hpimtyg,

A heat exchanger shown has water
entering at A, going through a set or horizontal
pipes, and leaving at B. The purpose of this flow
is to heat a flow of kerosene entering the hest
exchanger at C and leaving at D after passing
over the horizontal pipes. Water comes in at A
at a temperature of 200°F and leaves at a tem-
perature of 100°F. The kerosene is to be beated
from 40°F to 120°F. If we are to heat 3 Ibm /s of
kerosene, what i the mass flow of water re-
quired? Diameters of pipes at 4, B, C, and D
are equal. The heat exchanger is well insulated.

Ay = ¢ = 32 Btu/tbm

Rpuroscns = 0.5¢ + 0.0003¢% Bru/lbm

hy = [(:5)(120) + (0003)(120)2)(778) = 5.004x10* %;’fi

(2.5 + 1.307x10°)rit gy e + (5+1.593x10%)(3) = (2.5 +5.290%10 7 5 1o + (0+5.004x10%)(3)

7.78%10% e = 1.023x10°

Moy = 1315 T = 47134 22

http://ingesolucionarios.blogspot.com
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5 hl;//ingesolucionarios.blogspot.com
—

Assumptions
. Steady flows.

HHJIHIHH

. 1-D flow in and out.
. Neglect KE.

. Neglect changes in spccnf C wt.

C.v.

Enthalpies ERRARRRERRR]

h, = (200-32)(778) = 1.307x10° £=12
lbm

-Ib
hy = (100-32)(778) = 5.290x10* Z;b?

h¢ = [(.5)(40) + (.0003)(40)](778) = 1.593x10* %

hy = [(.5)(100) + (.0003)(100%)](778) = 4.123x10* %‘;”’

(
2 2 v
& [ +Z vty rep + 2_g+zc+h KER = _g*'zn*hn""mm

\ 28
— +zD+h ]’“m

dQ 1 +(5+
7 S+1. ! 3,600) (5+1.593x10*)(3)

dt2g

=(2.5+5.290x10‘){5’°°° + (0+4.123x109(3) = -3217x10¢ [0
3,600 sec

dQ _ _ (3.217x10%(3,600) _ _1.480x10° BTU
dt 778 hr

http://ingesolucionarios.blogspot.com Edu_Zegarr_clﬁ- 13



5 hitg//ingesolucionarios.blogspot.com :,,'“m m" e “-mh Ahir o
. Preheated air at a temperature of WI‘-‘ enters
the combustion chamber of the gas turbine at the
rate of 40 Ibm/s with 2 velocity of 340 fi/s.
Assumptions Liauid fuel s brought in t the rate of 68 parts by
mlhloiwtulul Tlnehqmdhulnuﬁﬂ'F

" 1 prod leave the by
l:bamber at a temperature of 1400°F, a velocity of
. Neglect KE of entering fuel. dambes ¢ empsry of LOPE 8 vluckyof
is the enthalpy of the entering fuel? The enthalpy

. Steady flow. of the preheated air s given as

.
. No heat transfer. 5= 1263 + [T, dT B/t

where the reference enthalpy is taken at 60°F
. 1-D flows at C.S. and T is in degrees Fahrenheit. Also for air we

have at low pressure
0.342T  0.2937?

. Neglect PE. €= 0219 + <o -~ Bua/bm R
where T is in degrees Rankine.

Find enthalpy of air. by = 1243 + [|219 « 22 460+7) - 22 (460172
& 10* 108

342

h, = 124.3 + (219)(340) + __1.64_ [(460)7’ __} 293 [ T 71

400
460°T + (2)(460) Sk ?] |ﬁ0

hy = 1243 + 74.46 + ‘?33[(460)(340) 4 % (4002—602)‘

293 [(4602)(340)+460(4002 _60%) + 1 (4003 603)] 206.3 ‘;—w

Jo o 2 s
68 h’+7+gz“

Continuity:

M+ Lo, my=40{14 L) =059 LM
68 68 sec

Subst. Note V%2 is ft-lb/siug. Convert to Ibm.

l(zos.s)ms) . 3302 (40) + [(k ,)(778)] - |360)(778) + %’f (40.59)

0t BTU

" g = 1129%10¢ ——

5.14
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I, . . If in Prob. 6.13 the enthalpy of the liquid fucl is
5hT%/lngesolumonanos.blogspot.com 12,000 Btu/Tom, what is the heat loss per second
. from the combustion chamber?

FUEL

—

Assumptions
. Neglect KE of liquid fuel.
. Steady flow.
. 1-D flow at C.S.
. Neglect PE.

hy=1243+ [|219+ 242 (460+T) - 222 460+ T)z}d
s 10° 10°

h, =2060 BTU/Ibm

First Law:

2 V2
dQ+(h +_+gzl)m‘ [h2+_'+87-2] T [h +—+gz,_‘

dt

Continuity:

3407 6802

dQ [(206.0)(778) + (40) + [(12*000)(778)] — = [(360)(778)

dQ 2= = -203.1 BTU/sec

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch5 * 1 5



5 kitg//ingesolucionarios.blogspot.com

Show that for Sow into a tank (see Fig. P6.15) the
first law can be given as

v
2=(-0)- (-,’- *k.](-. =m)

where m; and m; are the masses st time ¢, and
3 and where U, and U, are the internal encrgies
in the tank at these times. List the assumptions
needed 10 get the above result. Take ¥, and &,
& constant.

First Law:
ﬂ.[ + h]{pf’-dﬁ) + -gt-fffc(pdu)

Assume 1-D flow in use: - f f f pVidA = %’t”—

Assume main flow is not disturbed and that % + h does not change

..4_Q.= K:-+h @.+d_E
dt 2 dt dt

where E is the stored energy. Integrate
Q- (V: * hp)('”x'mz) +E, - E,

Neglect PE and KE in container. Hence only internal energy is present in E .

v
Q= (Uz'Ul) - ? % hp (mz'ml)

5.16
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8 1f friction is neglected, what is the velocity of the
water issuing from the tank as a free jet? What is
the discharge rate?

©

B U

a) Use Bernoulli for any stream tube from (1) to (2). The water issues out as a free jet.

V, = 282, = V(2)(9.81)(4.6) = 9.50 m/sec

- —

_ (9.50)(m)(.150)* _ 1679 m¥Ys

@ 4

5.17
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5htip%/ingesolucionarios.blogspot.com :: :‘;;"g m“f::‘;:‘ﬁ::'rﬂf‘m

* this point. The pressure at a point in the flow

which has been stopped in this way is called the

stagnation pressure. The other end of the U ube

the * di rbed”™ P ata m

in the fow, Neglecting friction, d ine the
volume flow of water in the pipe.

For manometry we have for p,-p,

Py Pp = (Yﬂg"?ﬂz

12

From Egq. (1) V, = .l-@l(l-g’_lT": - 11.62 fifsec

0)(_'?_) - (12.6)(62.4)(-1%] - 1310 psf

(m)(8%) _ a 4.06 cfs “
= (11.62) ———— =
Q= ) (4)(144)

5.18
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5.18 Use Bernoulli’s equation between points A and B. Thus:

Vi, Pa, gyopinsor = 22
2 P P

We get pg-p, from manometry. Thus:
Ps-P, = (1.2)sin60°(9,806) = 10.19 kPa

Vi 19x1
Subst. into (1): 7" = 1%1%6).03 - 294

V, = 3.81 mjsec

0 = (381) (_1:_)_(.2_00)1 = .1197 m¥sec

5.19
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. . . A cylindrical tank contains air, oil, and water,
5 .} //ingesolucionarios.blogspot.com On the oil a pressure p of § Ib/in®
gage ks maintained. What i3 the velocity of the
waler leaving il we neglect both friction every-
where and the kinctic energy of the fluid above
clevation A? The jet of water leaving has a
diameter of 1 fi.

Qil
specific gravity

l® =0.8

el |_—-Water

The pressure p, is determined from hydrostatics to be:
Py =P + Oy o)(8) = (5)144) + (3)(62.4)(8) = 870 psf gauge

Now use Bernoulli between (1) and (2).

870 V?
Z‘/ 0@ + Tor

5.20
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T.tgamgesolumonanos.blogspot.com

Oil specific gravity = 0.80
Gasoline

EEREX
P

Find p, using hydrostatics.
P = 150x10° + (9,806)(.680)(2) = 163.3 kPa

Now use Bernoulli between (1) and (2). Neglecting the KE at (1), we have:

163300 _ V3 |
aoooysn 2 T OO

V, = 18.69 m/sec

.020’] ﬂ = 4.70 kgfsec
4

m= (18.69)(1,000)(.3)[11:

http://ingesolucionarios.blogspot.com Edu_Zegarr_5h2 1
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Venturi meter

Ammimnmumummm
a pipe line to ible-flow rates.
nmaammmmm
thedhm:mwbemnm-hﬁmlmﬁm:h
the pipe di This is (i d by & diverg
section. The pressure difference between the po-
sition just before the venturi and at the throat of
the venturi is measured by a differential
manometer as shown. Show that

“Ih= (4,/4,) F_rl

where ¢, is the coefficient of discharge
uku&mnmmﬁcmdeﬁmmdndem
mined experimentally.

First neglect friction entirely. Using Bernoulli between 1 and 2 we have:

i,n b, n

2 P 2 P

vi-v-2g 220

Now use the continuity requirement for incompressible flow:

Vid, = VA,

-

Multiplying through by -1 and solving for V, we get:

Py~Py

Substitute into Eq. (1). 2g

1
PP, |2

Q = CiVA,

Now the discharge can be given. as:

Hence using the above result for ¥, we have:

http://ingesolucionarios.blogspot.com
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http://ingesolucionarios.blogspot.com

5.22

Express Bernoulli’s equation between (a) and (b).

But p,-p, = p,-p, . Also from continuity we have:

AI
v,= =1V,
AZ

Another way of aasuring Aow rates is to use the
flow nozzle, whic- - -~ device inscrted into the
pipc as shown "~ , 3 the exit arca
of the flow nozzlc, show that for incompressible
flow we gt for ¢

Ay Py~ P2
=-c, 1z ~
! [\/l Sy VT I

where ¢, is the coefficient of discharge. which

takes into account frictional efficcts and is deter- |

mined cxperimentally.

A;

Q=ClVA, = C,

2
2
1 ==
B

. R P A
Another form is found by multiplying (2—2] in the numerator and denominator of the root.
1

We get

http://ingesolucionarios.blogspot.com
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5 Qtﬂ_)://ingesolucionarios.blogspot.com In Probs. 5.21 and 5.22 we considered methods of
. measuring the flow in a pipe. Now we consider

the of flowina gular ch '}
of uniform width. A hump of height § is placed
on the channel bed over its entire width. The
free surface then has a dip d as shown. If we
neglect friction we can consider that we have
one-di jonsl flow. Compute the flow ¢ for
the channel per unil width,. This system is called
& veniuri flume.

Consider Bernoulli between (1) and (2) using gauge pressure and the free surface.

—?+gh=-';—:+g(h~d)

Vi = V; - 2d

Now use continuity between the sections (1) and (2):
VDHB)() = (V)(h-d-8)(1)

5 feka

Edu_Zegal.dD
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http://ingesolucionarios.blogspot.com A siphon ia shown If we neglect

fricth irely, what is the ity of the water

5.25 leaving st C 38  free jet? What are the pressures
of the water in the tube at B and at A?

Use Bernoulli between a on the free surface and C . Neglect the velocity at a.

«VJ
Pam , 2.4)g) = =< + Pem
P 2 P

V, = 6.86 mjsec

The pressure at A inside the tube is determined using Bernoulli between A and
C -

.§+£‘1+(24)(g)=f¢.+£_‘_m_
2 P 2 P

But V, = V. from continuity.
@ P = -(2.4)9.81)(p) = -(2.4)(9.81)(1,000) = -23.5 kPa

At position B we use Bernoulli between B and C .

Ve
2

P
f£+_£+(3,5)(g)=£;*1';+
p 2 P

PpPom = —(p)(3.6)(9.81) = -35.3 kPa

Py = -35.3 kPa gauge

http://ingesolucionarios.blogspot.com Edu_Zegarr_éw26



Q :/lingesolucionarios.blogspot.com If the vapor pressure of water at 15°C is given in
5' the handbook as 0.1799 m of water, how high A

above the free surface can point B be before the
siphon action breaks down?

Use Bernoulli between point a on the free surface and point B . Now we take
the pressure at B to be

Py = (.1799)(9,806) = 1.764 kPa abs

Neglecting ijz and using the free surface as the datum plane:

Pam _ 1764x10° | oo, Vs
P P 2

To get maximum h we use ¥V, = 0 . Hence:

p = 1013x10°  1.764x10° _ 10.15 m
(1,000)(9.81)  (1,000)(9.81)

Edu_ZeéaZ_Zh
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http://ingesolucionarios.blogspot.com Water is flowing ia 3 fecuagular channel, a5
527 shown - ™, The bed of the channel
' mmmwmﬁ,sawmaum:m:uy
are theoretically possible. Now by rough graphi-
cal ideration of the function yielding the
three roots for y, show that only two roots y,
and y; are positive and hence physically mean-
inghul. The flow corresponding to ¥, is called
shooiing flow and the flow corresponding 0 y2 i
called tranquil flow. as you will see in Chap. 14.
Neglect friction and conuider one-dimensional
flow upstream and downstream of the drop.

We use Bernoulli between the free surface at sections upstream and downstream.
The lower bed is the datum and we use gauge pressure.

v v
o+ @k = 2+ ©0) O

Now use continuity between upstream and downstream sections.

Vh

Vih = Vy v Vp= —
y

Substitute (2) into (1).

Multiply by y? .

We have a cubic equation for which we expect 3 roots. Let us plot the left side of
the equation which we denote as f(y) .

When y- - , f) ~(-<) . When y~ +o , fQ) =~ + . When
vine

y=0, f= as shown.
28
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http://ingesolucionarios.blogspot.com
(cont.)

When |y| is larger than zero, f(y) decreases and when y gets larger negatively, the
function f(y) continues to increase negatively. Thus, the curve shown must be the right

shape. There is then one negative root and two positive roots y, and y, . These are
determined by trial and error.

http://ingesolucionarios.blogspot.com Edu_Zegarr_c5 . 29
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5.28

AL

We use Bernoulli between sections upstream and downstream. For the free surface
streamline and using gauge pressures we have, taking the lower bed as datum:

voR
5t gh = @) )

From continuity we get per unit width

Vi(k)(1) = V,oX1) v Vh==-W

2
Subst. into (1). % "—z Vi + g(H+y)
Yy

v Vih?
Regroup and multiply by »*. y? - _1.[7‘ + gh - gHly? + 2‘ =0
-4 4

We will get three roots. We now plot the left side of the above equation versus y.

http://ingesolucionarios.blogspot.com Edu_Zegarr ct530



http://ingesolucionarios.blogspot.com
cont.)

Also when y<0 , then for large ¥V, , Ay) continues to decrease as ly| gets. larger.
Hence we have a negative root y, which is physically of no interest and two positive roots
y, and y, which are meaningful.

http://ingesolucionarios.blogspot.com Edu_Zeéag_]:h
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5.2

Water flows steadily up the vertical pipe and
enters the annular region becween the circular
plates as shown. It then moves out radially, issu-
ing out as a free sheer of water. If we neglect
friction entirely, what is the flow of water through
the pipe if the pressure at A is 69 kPa gage?

Using Bernoulli between A and E we have:

[pm+69,000] v P

+ — +0-=

+ (1.5)(9.81
5 (1.5)(9.81)

P

Now use continuity condition

P

v, B2 | ry3)013)V,

v, = 780V,

Substitute for ¥, in Eq. (1).

69,000 | (T8OVp" K;ﬁ + (1.5)9.81)

1000 2

Vg = 16.65 mjsec

| _Q - (1665@m)(3)013) -

408 m3/s

http://ingesolucionarios.blogspot.com
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5 3t8p://ingesolucionarios.blogspot.com

In Prob. .29. compute the upward force on the
device from water and air. The volume flow is
0.408 m’/s. Explain why you cannot proMtably
use Bernoulli’s equation here for a force calcula-
tion.

View B-B

A

4 4

P ————-"('2400)2] . 7[--—-——————“(‘200)2](1.5) -yr:[-'—ii - ;?)(.013) ‘R, =- ppj{"(-m)zl

Subst. values. Use gauge pressures.
2
(69,000)[“('2;00) ‘— (9,806)(%](.200)2(1.5) . (9,806)[%)(.6’—.22)(.013) + R,

408 7(.200)%
7(.200)* 4
4

= -1,000

R, = -6972 N

Taking the reaction gives us the total force on the device.
K, = 6972 N

We cannot use Bernoulli to get the pressure distribution at the top plates where the
thrust is developed because we don’t know the velocity in this very complicated
reégion of flow.

http://ingesolucionarios.blogspot.com Edu_Zegarr_cT? ’
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The velocity st point A is 18 m/s. What is the

pressure at point B if we ncplect friction?

Use Bernoulli between A and B.

2
L Vs _ 18 + Pam . (981)21.5)
p 2 2 P

Ps _’ie."_+§=373

P P

Now use Bernoulli between C and 4 .

2
._V.ai s Pam _ 18 Pam . (51)9.81)
2 p 2 P

Ve = 27.1 mfsec
Next use continuity between B and C.
2 2
v, u(.(:IS) -V, 1:(.?400)

V, = 3.81 mjsec

Subst. into (1).

Pg Poom 3.812
- = |373 - ——| = 366
[1,000 1,000] [ 2 ]

The pressure at B is then:

ﬂ Py = 366 kPa gauge

http://ingesolucionarios.blogspot.com
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i

is directing & flexible pipe into which is

5 3[2)://ingesolucionarios.blogspot.com and water 30 as to expose part of 3

First Law for C.V. Use gauge pressures.

(V? nl|, do_d¥ (%

— u —
2+gzl+ l+p m dm

(9,806)6) _ 4W, _
(1,000)(1.8) dm O3

dw,
= -26.17 N-
o mjkg

aWs _ (dWs) dm
dt dm \ dt

- dm
2,000 = (26.17) —

= 76.4 kg/sec (sand + water)

- l'—as (76.4) = 33.96 kgfsec

http://ingesolucionarios.blogspot.com Edu_Zegarr_§h3 5



http://ingesolucionarios.blogspot.com Alr is made to flow through a well-insulated pipe
by & pump. It is desired that 0.0 A7 of air per
second Bow by A. The inlet pressure p, i 10

ture. Use the value 0.171 Bru/(TomX°R) for c,.
The exit temperature of the air is 90°F.

Free jet

T TTNE TSSOSOy

m

- = -
IIIIIIIIIIII"IIIIIIIIIIII’

u, = (171)T BTU/lbm = (.171)(778)(460° +60°)(32.2) = 2.228x10° ft-1b/slug
P, = p,RT,
(10)(144) = (p,)(53.3)(32.2)(520)

p, = 1.614x1072 slugs/fi®

2
w=pVA= (1.614'):10")(91.7)(% -:%] - 0807 slugfsec

Py = 2,117 = (p,)(53.3)(32.2)(550)

http://ingesolucionarios.blogspot.com Edu_Zegarrch
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(cont.) p, = 00224 slugs/ft®

w=p,V,A

_ Y 6\
0807 = ('00224)(V’)[II"15]

V, = 1833 fifsec

u, = ¢,T, = (171)(778)(32.2)(550) = 2.356x10°

Subst. iinto first law.

91.72 1,440 | dW,

+ 2.228x10% +
1.614x1073 dm

i [___18;-3 ¢ 2356010t + 2017

W, | 193,500 ft-1b/slu
e g

ﬂ 28.4 HP

dw
dt’ = " (193,500)(.0807) = 15,615 fi-Ibfsec =

37
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ttp://ingesolucionarios.blogspot.com A rockst-powered test sked slides over rails. This
5 Af test shed it used for experimentation on the sbi-
. ity of human beings to undergo large persistent
sccelerations. To brake the sled from high speeds,
small scoops are lowered to deflect water from a
statiopary tank of water placed near the end of
the run. If the sled is moving st & speed of 100
/N at the instant of interest, compute A of the
deflected stream of water as seen from the sled.
Assume no loss in speed of the water relative 1o
the scoop.

X

— Stationary ——

_ water I

(b)

Use Bernoulli between scoop and highest point in trajectory. Take datum at scoop

(109)(%) = 27.8 m/sec

2
278" _ 682  981(h-200)
2 2

http://ingesolucionarios.blogspot.com Edu_Zegarr_cfg5 :
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5.35

1/(cos® &) by (1 + tan? @) which equals sec’ a.

-6
SEEC

iz //////T//////'//////’A’/////////////f 272

7 m ———e

Use Bernoulli between the fireman and the window. Thus using gauge pressures and
a datum at the fireman, we have:

Vi

—_— +0+0-= 2
2 2

152 = ¥V + (2)(9.81)(10)

V, = 5.37 mfsec

From Newton’s law for a fluid element y=-g

When t=0 , y = Visina » €)= 15sina

From Eq. (2) y = -gt + 15sina

Also X =15cosa x = 15(cos a)t + C,
When t=0 , x=0 =~ C,=0

Also find ¢ when x=7m .

y = 15(cos a)t

http://ingesolucionarios.blogspot.com Edu_Zegarr _ch



5 gtp://ingesolucionarios.blogspot.com INURUIRY A &Tm room o:': freighter is on !:d:
3 N 12 directing a stream of water 10 g0 into the stack of
the freighter. If the exit speed of the jet of water
is 70 ft/s, what angle a. is needed to accomplish
the task? Hint: Only one a will result in water
gerting into the stack. To decide the proper a of
the two results, Jocate positions x where y .,
occurs for the stream and decide which stream
can enter stack.

We use Bernoulli between jet nozzle and at the stack. Using datum at nozzle and
using gauge pressures, we have:

P Vi 0
— +0+0=-=+« +
2 2 &

V2 = 70" - (2)(32.2)(30)

V, = 54.5 fi/sec

Next use components of Newton’s law.
y = -322 ¥y = -32.2t + C,

When ¢ =0 , y = 70sina
y = -322¢ + 710sina«

Also ¥ =0 X = T0cos a x = 70(cos a)t + C,
When t=0 , x=0 v C=0,
From the Pythagorean theorem, at stack we can say:
@ + O) = 545
(70 cos a)? + (-32.2t+70sin a)® = 54.5%

Find ¢ for water at stack. Use Eq. (4). When x = 40, find ¢ .
40 = 70(cos a) ¢t

http://ingesolucionarios.blogspot.com Edu_Zegarr_éh
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(cont.)

7

itute into (2). | = =
Substitute into (2) y g( 15 cos «

) + 15sina

We can then say at the window i+ y2 = V2 =537

225 cos’e. + |15sina —]—SZLF = 5377

COS (X

225 cose + 225 sinlq - 1L sine (Br L. 537

15 cos & 15) cos’a

i 1
225 - 288 = 137.3 & _ 209
Cos & cosza

1 2 2
Replace —— by sec’a = 1 + tan“a
P 2 Y

20.9(1+tan’e) - 137.3tana + 1962 = 0

tan’a - 6.57tana + 10.39 = 0

_ 6.57+/6.57-(4)(10.39) _ , ¢s 392

tan
¢ 2

o, = 69.3°

a, = 75.7°

—

http://ingesolucionarios.blogspot.com Edu_Zegarﬁ_Cﬂ' 1



http://ingesolucionarios.blogspot.com
(cont)

Subst. into (5). 10 cos?a + |10sine - G2V _ 5452
Tcosa

vein? oy - D(0B22)@)sina | (32.20°4)* _ N
70%(cos? & +sin® &) ——r gl o 54.5

1
70% - 5452 - 2576tan o + 338.6 =
cos®

a

by 1 + tan’a .
«

1,930 - 2,576tan & + 338.6(1+tan’a) = O

tana¢ - 7.61tane + 670 = 0

_ 1.61+/7.612-(4)(6.70)
2

s tanea

a, = 81.4° a, = 455°

Which e« does the job? Find ¢ for y = 0. Go to Eq. (2).
0 =-322t + 70sin a

a, we get 2.149 sec.
«, we get 1.5505 sec.

Find x for y_ . . Go to Eq. (4).
70(cos 81.4)(t) = 22.7 ft
70(cos 45.5)(1.5505) = 76.1 ft

Clearly only «, will do, since for «, , y,, . occurs to left of stack which means
that the fluid is still rising at the stack and will merely hit it rather than going in.

Thus
H a = 814° j

Edu_Zeggr‘_‘%g

http://ingesolucionarios.blogspot.com



htt%://ingesolucionarios.blogspot.com

A fluid expands through a nozzle from & pressure
of 300 Pb/in® sbsolute 10 a pressure of § Ib/in?
sbsolute. The initial and final enthalpies of the
Buid are 1187 Btu/Tbm and 1041 Btu/Tbm, re-
spectively. Calculate the final velocity by neglect-
ing the inlet velocity (called the approsch veloc-
ity), gravitational effects, and heat transfer out of
the casing and along the fluid fiow. If the internal
energy i of the fluid is known at the exit condi-
tions to be 800 Bru,/Tom and the inlet and outlet
aress are 3 in? and 2 in?, respectively, compute
the thrust of the nozzle.

' p, =300 psi

P, =3 psi

h, = 1,187 BTU/lbm
h, = 1,041 BTU|lbm
u, = 800 BTU/Ibm

A =3 in?

A, =2 in?

First Law

(1,187)(778)(g) = T (1,041)(778)(g)

Look at h,

(1,041)(778) = S04 | 300)(778)

Momentum

d 29
—zd-y—gq-hl:?z.-l-%q-hz

+ 82, +
Vs

V, = 2,705 fils
=£- + U
h, or

p, = 003840 Ibmfi’
P2

(300)3) - (5)(2) + T = Vy(p, V) +0

T = -890 + £003840) (5 705y (Ti?] =-8779 Ib

http://ingesolucionarios.blogspot.com

322

E K =878 Ib H
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hTi?

L
i

N

A
o
3

Use the first law of thermodynamics for the C.V. shown. For steady incompressible flow
with negligible heat transfer and 1-D flow at entrance and exit we have:

Clearly, by continuity:

and also

Finally noting that we can take u, = u, we have:
dw,

s P3P,
- = V
dt P P 2‘42

Again, the continuity considerations between 3 and '4 we see that:

0752
V, =V, = ——(9) = 2.25 m/sec
2 150

Going back to (1) we have:
aw. .150)
- =2 = yp@25)(m) L2

dw,
- —* = 0,-p)(0398)

To get p; use Bernoulli between (3) and (4). Thus:

Edu_ZegérfEﬂ’
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p, = 101,325 + 1320—0 (92-225%) = 139,293 Pa

To get p, use Bernoulli between (1) and (2).

P 2 P
0 + (30)0.81) + —am - 2257 | 2
P 2 P

p, = 101,325 + [(30)(9.81) - 3'-3-5-2-](1,000) - 393,094 Pa

Go back to Eq. (2).

dw,
= dt’ = (139,293-393,094)(.0398) = -10,101 N-mj/sec

Hence power developed by turbine is 10.101 kW .

http://ingesolucionarios.blogspot.com Edu_ZggﬁFFS_ch



5 3 http://ingesolucionarios.blogspot.com mﬁ :ﬂp‘mh‘ out of the ::."..::..":

.39 90° deflector plate 23 shown. If & horizootal thrust
of 200 I is developed on the deflector. what is
the horsepower developed by the turbine?

We employ the first law of thermodynamics for steady incompressible flow with zero heat
transfer. For 1-D flow at entrance and exit we have for control volume I:

aw, _[v:

- — =

dt

P i »p
"{*f*“z]PVzAz*”[“;'*“?*“s]PysAs

For continuity we have

And since A, = A, ,and u, = u,; we get:

dW,  PunP2

1
% . (pVA) 1)

We next use Bernoulli between (1) and (2). Thus neglecting the approach velocity term:

Py  Pom

P P

Substituting into Eq. (1) we get:

5.46
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cont.)

aw, V; 3)
"—-"}'-t— = "[3,220 - —é—](p V2A2)

To get V¥, we use the momentum equation for control volume (II). Thus in the x
direction for steady flow etc. we have:

R

™
-1.94V2
P

/526 = 22.9 filsec

Now going back to Eq. (3) we get:
dw,

7 -(3,220-263)(1.94)(22.9) (—12:_5] = -25,800 fi-Ibfsec

E Power = 469 H.P. ﬂ

- =SS

The output of the turbine is:

5.47

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



Water in a large 1ank is under a pressure of 35
kP gage at the free surface. It is pumped through
2 pipe as shown and issues out of a nozzie to
form a free jet. For the data given, what is the
power required by the pump?

We start with the first law of thermodynamics for the control volume shown. For steady,
incompressible isothermal flow we have, incorporating the continuity condition and using

gauge pressures:

dw, Vi v
2 _[_2'_ . _*:.'.] . [_21 . 1.53]];:1/,4,

Noting that ¥, = %Vz we have:

aw,

[

Tt
dWs - pl
Z B : ;](1.000)('/2)(“)

(.075)
4

W, |18 21l a2y,
P

dt |32

Now use Bernoulli between (a) and (1).

Edu_Zegaﬁ_AaS
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35,000 Py Vi
> 1.5)(9.81) = —
1,000 + (1508 1 * 2

L = 49_7 -
1,000

Substituting back into Eq.(1) we get:

aw, |15 . a0l | ] 3)
|5 V; +14.72 - 49.7 5] 442V, = |- - 35| 44D(V)

Now use Bernoulli between (2) and (3). If we neglect air friction there is no change in the
horizontal speed of the water from (2) to (3). Then we have:
45°)?

174 V.
2+ (15 = (’L;- + (15)(g)

v, = V(4)(6g) = 15.34 m/sec
Going back to Eq. (3) we have:

_adW, 1534
dt 2

- 35](4.42)(15.34)

dw,
~ = ~5600 N-mjsec = -5.600 kW

49
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httf://ingesolucionarios.blogspot.com A pump draws water out of & reservoir a shown,
5-4 The pump develops 10 bp on the

flow. What is the horizontal force st support D

/CV required as a result of the fluid flow?

10 h pUmp

We will need the velocity of the fluid in the pipe and so we use the first law of
thermodynamics for the control volume around the pump. For steady, compressible, flow

we have:

2 P

_dW, _[Vl’ 2

dt

5,500 = [E‘L;fl](p VA)

Now use Bernoulli between (2) and (3). Using gauge pressures we have

V: P, V:

2 p 2
-2

Also use Bernoulli between (1) and (4). Using gauge pressures we have for a datum at the
free surface

http://ingesolucionarios.blogspot.com Edu_Zegarr_c'l?'
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Vi
0=—
2

+ 2L 5322
P

Vz
il e
o 2

Now substituting (2) and (3) into Eq. (1). We get noting V, = V, :

V.Z
5,500 = [1—25 Vi + 2+ 161)pva,

8V; + 161V, - 14,440 = 0

V, + 20.1¥, - 1,805 = 0

Solving by trial and error we get
V, = 11.63 fifsec

Now use the momentum equation in the x direction for the control volume (2). Thus for
steady flow with 1-D flow at the entrance and exit we have:

R, = p;V3d,; = (1.94)[(16)(11.63)] (&]

R, = 206 lbs

L

Taking the reaction

http://ingesolucionarios.blogspot.com Edu_Zegagr;(;l



5 WQ//ingesolucionarios.blogspot.com If the pump develops 3.75 kW on the
) flow, what is the flow rate? Hint: What is the

velocity of flow at the right opening of the U
tube?

Assuming 1-D flow at entrance and exit, we have for the first law of thermodynamics and
continuity:

aw, Vl2 P, V;l Pz].
a H? F]*[T?J"z"z‘z

3,750 =

PPy (150)‘ V; . -?-:PV#;

XN .3418V,’](l.OOO)(V,)[——---"('ISO)z]

3,750 =
1] 4

Hence

22 = |25, .3418V22]V2 ™)

P

Use manometry. This gives us the pressure change between section (1) and the pressure

at "a" where the velocity is zero.
p-py = (¥ Hg~Ymo = (1)0,806)(13.6-1) = 123.6 kPag (2)

Now use Bernoulli between (a) and (2) downstream of the pump.

http://ingesolucionarios.blogspot.com Edu_Zegarr_chS 52
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Substituting into Eq. (2) we get

2 P

pa_p]

Substituting for from Eq. (4) into (1) we get

212 = [123.6 - .1582V;31V,
V2(1582) - 1236V, + 212 = 0

V; - 781V, + 1,340 = 0

Solve by trial and error

V2 = 27.1 m/sec

Q = (27. 1)[-}](.150)2 = |l 479 m’s “

http://ingesolucionarios.blogspot.com Edu_Zegarr_cT? )



A ground effects ship is moving on the water at a
speed of 100 kom /b Each of the two propulsion
fystems is composed of an intake of area A,. The
water is scooped in and 3 pump driven by a gas
turbine drives the water at high speed out through
arca A, If the toul drag of the ship s 25 kN,
and f there are rwo drive systems described
above, what is the area A, for each inlet?

V=100 kmjhr
Drag =25 kN

2 drive system

Power = 400 kW per pump

Momentum Eq. in x direction:

25,000 = (-p, V14, + p,¥24,)(2)

continuity used here

12,500 = -(1,000)[(100)( 1’000)]2,41 + (1,000){(100)[ l’g]]Ale

3,

3,600

12,500 = -7.716x10°4, + 2.778x10%4,V,,

First Law of Thermodynamics:

Assumptions
1. 1-D flow.
2. Steady incompressible.

3. u = const.

400x10°
(1,000)[100 _-;—-)(Al)

6
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(cont.)

From (1):
A, = 12,500{-7.716x10° + 2.778x10%V,|

Hence from (2):

V.
385.8 = —22- - 1.152x10%-7.716x10° + 2.778x10*V,]

V% -64.01V, + 1,006 = 0

v, - 64.01 £ 1/(64.01)? - (4)(1,006) _ 36.27 m/s
2

v, =3627 ms

A, = 12,500{-7.716x10° + (2.778x10%)(36.27)"

A, =.05297 m?

http://ingesolucionarios.blogspot.com
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. . . What horsepower is needed 1o cause 30 &7/s of
thf://mgesolumonanos.blogspot.com water flow Neglect friction in pipes.

@10 p5|g The exit diameter of the nozzie is 10 in.

L-—--Alr

Vs

. Incompressible flow.

s Steady flow.

. 1-D flow in pipes.

. u = const.

. dQ/dt=0

: Neglect KE at free surface.

First Law for C.V. (use gauge pressures):

Bernoulli between A and (1) and between (2) and (3).

For A -1

For (2) - (3)

5.56
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Continuity:

Y 20\ nY 10
— ] — =V —_— V=4V
V‘(4Ilz] ’(4112] P

V,=V, = -[;-?%6—5 =1375 filsec  V, =55 filsec

4\ 12

2 2
55 , (0)144) 1375 _ g g fi-lb
2 1.938 2 slug

P
P
.~ p,=1.139x10* psf gauge

1,440 1375

- (1.938)]20
Py =(1938)20¢ + 08 ">

=2,505 psfg

2,505 _ 1.139x10* dW,
1938 1938  dm

dw, -
s 4585 L0
dm slug

dW, (W, | dm
dt \dm ) dt

| s ....] - (~4,585)(30)(1.938)

dw. C
5 - _2.666x10° ft-lb - H 484.6 HP
dt sec

http://ingesolucionarios.blogspot.com
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L ; ; The internal diameter of the pipe system is 6 in.
5h&;S//mgesolumonanos.blogspot.com The exit nozzle dismetes is 3 fn.

) (a) What is the velocity V, of flow leaving the
pozzie? (Do mot consider the flow inside the
pipe proper (o be inviscid.)

(b) What is the moment about A coming from
the water alone onto the pipe? BC is parallel
to the z direction. (Set up moment-of-
momeatum equation only.) The free surface
may be considered at constant height.

Use Bernoulli between free surface and A

S0g

. aanaas) _ 450 , Va
1938 1938 2
V, = 27.6 ft/sec

Continuity for C.V. of inside of pipe.

6 n3?
v = pv| 2
P "{4]

62
V, = (27.6)) — | = 110.4 sec
32

Moment of Momentum about A .

ffrtan + [[[rxBodv = ffriipVady

(107 -10€-5)x(p,,,)(144)(A )] + 5{x(62.4) == (10 -

1} [1)’
T — w—
+ (10/-5K)x(62.4 L:l (10)(-/) + (10{-10k-2.5])x(62.4) : SN + M,

12

o
= [(10/-10£-5/)x(110.4)(=)](110.4 44 (1.938)

5.58
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Neglecting friction, what is the power developed

SUFAncCBEGNFEAE BEWEEN (1) and (2). Use gauge pressures: N A e Kl

4

L P2 (1)
2

v
+ (0@ +0= 1 +0+ S
Bernoulli between (3) and (4):
Vs

— +0+

Hydrostatics around free jet:
P, = (9,806)(20)

From (2):
p; = (9,806)(20)

tio

1. Steady isothermal flow.

2. Incompressible flow.

3. Neglect dQ/dm .

- Simplified First Law Turbine

Vo P Ve, 0806020  dW,
[ p ! 1,000 dm

Replace P from (1) assuming negligible KE at free surface.
(3

Vi| 980620 4V,
[503__'2_]= 1,000  dm

_ 500
(1,000)(r)(.5%)
4

=2.546 m/s

N 1459 kW “

7 ] = (291.8)(500) =

59
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Sh‘tZPj/lngesolumonanos.blogspot.com A fountain consists of a tank G containing a

. water pump feeding four pipes out of which
come water streams. The top of the tank 1s open.
At H, we inject enough water to replace the
water taken in by the pump from the tank G 1o
keep the level in the tank the same as outside the
tank. If the inside diameter of the four pipes is
75 mm, what total vertical force is developed on
the l.:nk supports stemming from the flow of
water?

We choose the tank as the control volume.

We use Bernoulli between (1) and (2) using indicated datum. Using gauge pressures we
have:

' V,cos70)?
-l;;-lz+0+0=.(-.lc-%s-7—)-+(g)(8)+0

Vi(1-cos?70°) = 2(9.81)(8)
V| = 13.33 m/sec

Now use linear momentum in the vertical direction.

R, = ffv (pvdd) - (4)(13.33)(sin70°){(1,000)(13.33{%9—73—)5]} = 2,950 N

K =-2950 N

y

Hence there is a downward force of

|| FDown =

Edu_Zegarr_cﬁ 60
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5 h&B//mgesolumonanos.blogspot.com A water fountsin has four identical spouts of
N water emerging from a taok inside of which (pot

shown) is a pump driving the flows in the four
spouts. Consider spout A. The unit vector « at
the centeriine of pipe A is given &

a= 051 +0.4) + 0.768k

If each pipe has an inside diameter of J in, what
s the vertical force on the tank and the torque
on ihe tank about the y axis at the center of the
tank both as a result of the water Bowing? The
inlet Bow at B is the xy plane.

//l

1121 ft 3
i

z

Use Bernoulli between (1) and (2). Note that the angle f between & and the Y axis
is:
cosp = .4 2 P = 664°

Now we have:

§+0+0=-(V1812l—$)2+103+0

V3(1-.840) = (2g)(10)
V, = 63.4 fisec

Next use linear momentum in the vertical direction. Noting that the weight is canceled by
the dead weight support we have

M@ ]

R, = (4)(Vlcosﬂ)(l.938)(Vl)( @14)

_ o (7‘)(32) = 612 Ib
(4)(63.4)(cos66.4 )(1.938)(63.4)[——(4)(144)] 6

5.61
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The downward force is then:

Fp,, = 612 Ib

Next we consider the torque about the Y axis. Using the moment of momentum equation
about the Y axis we have:

T, = [(N(V(pVAIA4)

Looking at spout A, we have:
Ve = (Visin B)(e,) = (63.4)(sin 66.4°)(.768) = 44.6 fifsec

i (3 ]]‘,
T, = (1)(44.6)(1.938)(63.4)| ———— |4 = 1,076 ft-Ib
, = ()¢ 6)[( X )[(4)(1 ) f

The torque needed for the tank support is:

"- T = 1,076 fi-lb

http://ingesolucionarios.blogspot.com Edu_Zegarr_chS . 62
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NOTICE. In printings subsequent to the first printing, Problem 6.30

will be modified by the addition of the following sentance:

Work this problem using as the equation of motion to be given later in Chapter 9

dvy, d ue)
+ 2L )9
*® dar’ dr[r

This is one of the Navier-Stokes equations to be studied later.
i

An infinite cylinder of radius a rotates with
constant anguler speed of w rad/s inside a
stationary journal of radius b as shown in Fig.
P7.30. Oil of viscosity u kg/ms separates the
cylinder from the journal. The oil is Newtonian.
Find the transverse velocity Seld v, of the of as
a function of r and the pertinent parameters of

y and fuid properties. A steady-
suate conditions have been reached and that we
can use Newton's viscosity law despite the fact
that the Bow is not a parallel flow.

We start by integrating the given equation to get

Hence, -
rdr

A second integration yields

ue=Clr+C2!r

The boundary conditions are

at r =a, Vy=0a

http://ingesolucionarios.blogspot.com
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The transverse velocity field is then given as

1 a’b’o
Ue—bz_az—aﬂr+ .

where the boundary conditions are

at r=a vg=a

at r=b v,=0
Hence the constants of integration are

bz
C,=m+az_b2co

NOTICE. Please add to the end of the problem statement the
following :

Do this problem for the following hypothetical transverse
velocity field:

Ve =

ln(

First we compute the torsional resistence per unit length along the axis
on the rotating cylinder. Using ther notation 7, , we get

http://ingesolucionarios.blogspot.com
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T, = ())@rr )A)r) = - (E

In the previous problem for the data w = 0.1

rad/s and r, = 0.1 m, determine the largest

value of (r, —r,) in order that the linear profile

approach presented in Chap. | gives a torsional

3 3 resistance within 10% of the exact resistance for
2npwr,  2RpOr,

;
b
r —=\r,
a
2
2unoe’, 2npor;a’

B ar, ]" ~-lne

Ty

Next get the linear profile torque 7, per unit length along axis.

3.2
wr wa'r,2n
-0

T, = (v)2nr )(Dr, = p[

r,-r,

2
poa’r2n ) 2nporye’

(1-a) Ine
2nporia’

~In «

_lho _ 1.10
1-a

Solve by trial and error or on programming calculator.

r,=ar, = .809r,
rb - ra = (l—a)rb = .1910rb

ry-r,=(1910)(.1) = “ 01910 m "

6.30

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com In Problem 6.30 develop the differential equa-
tion for the a3 the depend
and r as independent variable. Do not try to
6.32 e e
must be solved numerically. Use ¢, of Problem
6.30.

?

n w _in Radial Direction:

' (dr)(l)siu(i‘?] e prad(l)- [p & dr)(r+dr)(da)<1> - —"; rdo dr (1)(p)

- - dr - - de__.....dr de—_drdrde= —_rd9dr
pdrde. dB+;}\dB M pdr r Pr

Cancel terms and delete higher-order terms:

P 49 dr = V*pdo dr
rdra'ﬁdr p

) riszz

dr

Replace V from Prob. 6.30.

e

dr b -a*

6.31
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VT - .
Equilibrium ngelecting the weight of oil

-t(rd0)(dz) + (t + %—:— dr((r+dr)d0dz =0

—trdOdz+ trd0dz+ tdrdddz + %rdrd&du %&wm&=0

C,
In< =~lnr+1nC1=ln —
=

Use Newton’s viscosity law

y &Y
dr

i }

6.32
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D =f(V,L,n.8,p,B)

wariables:

¥ = velocity

L = length of boat

a'm .

Bt |2 =K(—) (L)‘(—] LY(M)
et S e B S R AT A LY

Enforce dimensional homogeneity

M

l=c+e

L 1l1=a+b-c+d-3e+f

T -2=-a-c-2d

Use ¢, a, b asindependent.

e=1-c¢

d=1-2_%
2

(S TE-

2e
2

=1-a-b+c-|1-2-5|+301-0)=3-Z-b-
f a +c[ 22]+3(c) 2b

1-2_£
D=K[(VOYLHp)Ng * 2)(p'"‘)(ﬁ’_

Awalsloi

Multiply first = in right hand side by reciprocal of third = .

32
L x"\/gpﬂ =[pVB]-ReynoldsNo.
M

Ve/B

Square first = . _;% =C  Froude No.

Take = on left side and multiply by square of reciprocal of first = on right side of the
equation.

D
pgB’

P

= Euler No.

http://ingesolucionarios.blogspot.com Edu_Ze
_ . _ _Zegarr_ch 9 22



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



Take =;' and divide by (=,)’ .
Qz

(fj’ o

b

RN

is a form of Froude No. with y, as the length dimension. That is,

VoLV

bz &

http://ingesolucionarios.blogspot.com ° Edu_Zegarr_ch
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743 Using L and T as basic dimensions, we should have four dimensionless groups.

°=h(P.N,Q,V.8.AHD) e i ot o e
Sic of mackine Sametet D
vumhmmmo
0=K,[D°N*Q°vig*AH}] +.... Kinematic vcouy »
m;tﬂdlﬂlﬂﬂﬂg
. . Show that the following describes the perfor-
Dimensionally, e
555 )=
1\8(L2)(22)*( L)'
0=LY)=| |=| |=| |=| @
T)\T)\T) |
For L a+3c+2d+e+f=0 (1)
For T -b-c-d-2e=0 2)
Eliminate Q and D - ¢ and a

From (2): c=-b-d-2e

From (1): a = -3c-2d-e-f = 3(b+d+2e)-2d-e-f = 3b+d+5e-f

0= Kl[( D)(Shd+5¢-f) (N)b (Q)(*b-d-k) _(v)“ @®°(AH, D)fJ + ...

(D’N](Dv)(l)’g [ Mf.o)-+

o e llo )3

O"h[ Q ’ AHD ] DV » Dsg‘
D’N D Q@7

)

-1 -1
Look at (m xm,)! =( Q Dv) _(_v _ ND?
D’N Q DN v

0=k,

2 DS
Take (x,Px(x) =| -2 g|.[_&
Jx(r [mm D). (£
ND? q
A be m, and —— be m,. We then have
Let =5~ % T ND ?
X f( Q AHD ’ g ] ND2]=O
ND?' D ~ ND

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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PV,

[—@] (2,160) = 6,000
)

36

V,D.
P¥ala (5,000)(_1.] = 3,000
7 2

(Re), = 3,000

8.2
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PV,

[—@] (2,160) = 6,000
)

36

V,D.
P¥ala (5,000)(_1.] = 3,000
7 2

(Re), = 3,000

8.2
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m . . Water is Bowing through capiflary tubes A4 and
8 h&p.//lngesolumonanos.blogspot.com B into tubs C. It g, = 2 X 10~ L/4 In tube
) A. what is the lafgest g, allowsbic in tube ¥
for laminar flow in tube C? The waler Is at a
temperature of 40°C. With the cakulated q,.
what kind of flow exists in tubes A snd 87

A

————
g4 =2X1073L/s

For tube C assume Re=2,300 .
V,
D = 2,300

v

VC = 093m)($61 XIO_Q = 253 m,sec

() nas = (.253)["—0}“222] = 7.16x10°% m3fsec = 7.16x10~® L/sec

From continuity

q,+qg = 7.16x1073

gp=7.16x10"3 - 2x1073 = 5.16x10® L/sec

@Ry = 5-16x107%  Lfsec

(2x10-3)(_1__)
1,000/} 00s)
-:- (.005)2

661 x 10°¢

(Re) , =770 Laminar flow in A

For Tube B

8.3
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5.16x103
[ 1,000 l.(m)

n 2

— (004
VsDs _1 4 004
\ 661 x 10°¢

(Re),=2,485 - Turbulent flow in B

For Tube C assume Re =2,300 Do Prob. 8.4 for the case where the fvid is

kerosene.

/D';= 5 mm
A
S——

G4 =2X1073L/s

V.- (2,300)(_1.9;012-’)(.0929) - 6766 m/s

(@) pa = (.6‘766)[-2-](.006)’ =1.913x10% m¥s

- .10-5
From continuity q,+qy=1913x10

gy = 1.913x107% - 2x1076 = 1.713x10™ m?/s

For Tube A
2x107¢
x(.005)?

(Re) , = Vala s =288.5
(1.9x10-%)(.0929)

.005)

- Laminar Flow in A

For Tube B

-5
1.713x10 004)
7(.004)*

. 4 = 3,089
v (1.9x107%)(.0929)

+~ Turbulent Flow in B

8.4
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8.6
1

—'—'—3'—2 = 2.037 ﬁ!sec

(ﬂ"l—z'

4

1
@.037)

Re = =50.9
(107%)

.03

" T13x10° =PL7

(2.031)(-}
Re = = 2,829
1.8x1074

Q037>

Re = 4) . 3.638x10°
1.4x10°¢

http://ingesolucionarios.blogspot.com

Afudisast SOFand s

Bowing through a e
o the rate of 1 A/s. Determine If the

tube
flow s laminsr or rerbulent for the following

Bulds:

{a) saturated steam
(&) Wydrogen

{c) air

(d) mercury

Turbulent

Turbulent

Edu_Zegarr_ch
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An incompressible sicady flow of water is pres-

gt}y://mgesolumonanos.blogspot.com e of constamt cross section. What is
" the head tois between positions A and B

along the tuhe?

(? 100 psig
A
A

We write modified Bernoulli between A and B.

From continuity V, =V, . Solving for h, we have:

(100-30)(144) , (35 7y(-100)

P4P
-l gy

h,

h, = 5,201 - 3,220 = 1,981

hy=1981 BB o ] 1,981 fi¥jsec®
slug

6

http://ingesolucionarios.blogspot.com Edu_Zegarr_%h
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hy = (uy-uy) - %3‘

- _4Q
1,976 = (1)(778) - =%

4Q _ 1198 £
dm ’ slug

- 5)em

(1.933)(5)(-1- |
- ~(1,198 2) k60)
144

=-2418 ft.-lb.= H 3.11 BTU leaving the pipe B

8.7
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i : : Water is Bowing through a pipe at the'rate of §

http://ingesolucionarios.blogspot.com L/n M the o are mes-
sured,

py=12kPs  p;=115kPs  p, = 103KkP:

what are the head louses berween D and @
#nd between (D and D?

@

D;=50mm 10m

—D; = 50 mm

P3

/@

D; = 30 mm

[ —

N

Go to the modified Bernoulli equation.

) 2 P, V2
e o =%+ =L +(h
a) p+2+82. p+2+8zz(.)1-z

- PP, - (12—11.5)(1,000)
P 1,000

h,

(hf)l_z =.5 Jlkg

, "N Py ¥
b —_—.— P ===+ —— + +(h
) p+2 8%y o 2 8z, + (B, 5

Use bottom pipe as datum.

)
PPy, nv i
(s = = [2 7 ) 00w -0

5 T 5
. ) . ,000
(hl)i_sh(l_"_l)%"lo)_:[% 1,000 _(% _ 1000 |, 981
. / (-:-:-)(.05)’L [—:“-)(.03)2

=17 +3.24 - 25 + 98.1

(h;)l-_g:' 78 N-m
kg

8.8

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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= Oil =

7000 ft ——-[

Apply the modified Bernoulli equation between pts. (1) and (2).
Vf Py V:

P,
—_—t — = —— 4 == 4 +h
2 o 8%, - 8L, + 1y

But V,=V, from continuity. Using gauge pressures and the indicated datum for
potential energy of gravity we get:

Lo h, (a)
P

We can express h, as follows:

D2
(128)(V,)[1—-}(L)(v) VL
pe 12840y _ 4 =22 3584y,

nD* nD* D?

Also use Bernoulli between "a" and point (1)

v?
[(10)3——‘ -2
2 B

Going back to Eq. (a) we get: 322 - -—2—1 =358.4V,

This becomes Vi +716.8V, - 644 = 0

Hence

_ -716.8 + {(716.8)*+(4)(644) _ -716.8+718.6 _ ﬂ 8973 fifsec l

£
2 : 2

t
VD ('8973)('4'] _ 2,243

Re =
v 1x10™4

—

. flow is laminar.

89

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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fa Prob. $.10, if the Suid is kerosene, do you

8 have laminar or turbulent flow? The tempera-
. l l ture is SO°F.

Modified Bernoulli between (1) and (2).
i Py 4

.._+-—--+gzl=-—.—+£3.+gzz+h‘
2 p 2 p

But ¥, =V, from continuity. - Using gauge pressures and indicated datum, we get

L1

p

Assume laminar flow

X p?|(7,000)(3.4x10°*
8els =(lzs)m[ 40](7 )(3.4x107%)
D DY

L4
P

oy
P

Use Bernoulli between (a) and (1).

322 = —‘;- +121.9V

V2+2438V-644=0

Ve —243.81[(24;.8)%(4)(644) 261 fisec

Consider Re

(2.611' 1 |
4/ - 19,191

" 34x10°°

[

Assumption wrong! Flow is turbulent.

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 8 : 1 0
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Using Eq. (7.69),

4

- q - ) N ) [D
(8V, .0 (.8 “Dz] apl

4

Now compute ¢ .

Subst. ¢ into Eq. (1).

n(p,-p,)D*
128uL | _PiP2| D? _
nD? 4uL \ 4
4

128 4

32D% 1 [_1:-_2 _ r,]

4

8.11

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http;//ingesolucionarios.blogspot.com I 140 L/s of water flows through the pipe
8 lD system, what 1otal head loss is beingdeveloped
. " aver the length of the pipe?

Write for first law of thermodynamics for the indicated control volume.

Vz
.._2+£E.+gyz =hl

2 p

40 140
v, = 190 __ ;981 mysec Vom—L0
(x)(.3)* (x)*(.150)

4 4

= 7.92 mfsec

Using gauge pressures, the first law becomes

1.9812-7.922 Py Py
h, = - (9.81)(16) = -186.4
' [ 2 “”[1,000] it i * 1,000

)

Now use Bernoulli between (3) and (1). Neglecting V3/2 we have:

Subst. into Eq. (a)

;= -186.4+292.3 = ! 1059 Jfkg E

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 8 1 2



Water at 40°C Sows from wunk A to tank 8

http://ingesolucionarios.blogspot.com (Fig P9.14). What is the volumetric fow i the
]D configuration shown? Neglect entrance losses
to the capillary tube as well as exit losses.

Assume laminar flow in tube. Then the head loss h; becomes:

by = (2D@IBNES6x107) _y 017, Nom (g A
(=)(.001)*(992) kg

First Law for tube

R

gy teTegn e 2ok (b)
P P

FTFTITTT 77T 777777777

Bernoulli between free surface in tank A and top of tube. Use gauge pressures.

Ag=s—+ —
g 2 o

Py 981- " (c)

P 2

Hydrostatics for tank B. P, = ()(.08) = (9,733)(.08) = 778.6
P2 785 (d)
P

Subst. (a), (c), and (d) into Eq. (b).

(:38)(9.81) + [.981 = g] = 7785 + (1.024x10")(V,) _._.__(")(fo‘)

Vi +16.08V,-7.85=0

_ -16.08 + /16.082+(4)(7.85) _ ,., mfsec

Vi 5

Re = (4T4(001) _ .-
656x1073
992.2

Assumption of laminar flow ok.

2 -
q=(.474)ﬂ(£_0_1_)_=3_72x10-1 " P E 3.72x10™* Lfsec B

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

Ia Prob. 5.14, what should the imernal diame-
wor of the tube be to permit 2 flow of § X 10°*
L/t

— et

TIILIIIIII S I 7SI,

First Law for tube.
Vi

1
-?-rgzli- =

Use Bernoulli for p,/p . Use gauge pressures.
PV

gzes-—--l-—-—

2

VZ

A yesy-¥
P 2

Use hydrostatics for p, .
P, = ¥(.08) = (9,733)(.08) = 778.6

Assume laminar flow. Hence:

6x104 "
128 38)(.656x10
" ( )[wool( §(856x107)

_ 6.143x10°"
(r)(D*)(992) p*

‘=

Substitute (b), (¢) and (d) into (a).

8.14
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http://ingfe&ﬁ'ﬂ?rios.blogspot.com

V2 (778.6)  6.143x10°1
“‘*‘981"?=(992]* =

6x107 - 7.64x1077

ﬂDz Dz
4

-13 -12
2.918x10™" ‘= [ [6.143x10 ]
4 D‘

V=

aq
A

We then have for (e)

(9.81)(.38) + .981 - [

Solve for D . D =.0011316 m = 1.13116 mm

Check Reynolds number.

-7

992 7.64x10
.0011316%
(.656x107%)

](.001 1316)
= 1,020

- laminar flow assumption justified.

http://ingesolucionarios.blogspot.com
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Cylinder

] \ / 20 kg/m’. Consider iows. in both netdle and
— 5 mm cylinder. Neglect axit iosses from the needie a3

/ weil aa losses at the juncture of the oeedle and
V=18mm/s ®© Sp,-03mm oSt

50 mm

For needle

.0052

q=V,A= (.018)(1:)[ ] =3.534x107 m®[sec

(800) 3.534x107 003y
(-3-] (.0003)?

980x1073

Re = = 1,224

Flow is laminar.

p, = (128)3.534x107)(980x10°X060) _ 1045 1pg gauge
(r)(.0003)*

For cylinder
q=3.534x 1077

Re = (800)(018)(.005) _ ., ¢
.980x107?

Flow is laminar also.

-7 -3
iy (128)(3.534x10°7)(.980x10°)(.050) _, 190 pg gauge
(r)(.005)*

(AP)roga, = 104,525 Pa

F = (Ap)XA), = (lm,m)(u)[ '°°52] s zeN

8.16
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Pa absolute in the cylinder?

Cylinder
/

Needle
o

D;=0.3 mm

‘Smm

60 mm————

p,=4700 Pa

Find V_, of piston. No losses in volumetric flow.

Ap _ 101,325-4,700 _ (128)(.980x107)(.060)(¢,,,)
P p (%)(:0003)*p

Gy = 327 x 107 m’fsec

S

y - (327x107)

max 2
[(n)(.fos )](.90)

m _
Vo = 1.849 x 1072 oo lI 18.49

8.17
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In Prob. 8.16 it took a force of 2.05 N to move
the piston 1o the right st a speed of 18 mm/L
What should the Inside diameter be for the
needie if the force needed is only | N for the
same piston speed? Neglect losses in cylinder.

htté)://ingesolucionarios.blogspot.com

Cylinder
/

N .

V=18 mm/s

Needle
2z

D;=03mm

60 mm

005" ]=3.534x10-’ m3fsec

q=VA-= (.013)(1:)[

First law for needle interior. Use gauge pressures.

Vf P, V: P,

e 4@ b= —— + QT +— + ]
2+gl+ 2 gzt P ]

For laminar flow:
Py _, _ (128)(3.52x107)(980x107%)(.060) _ 1.058x10""

P (n)(D*)(800) D*

-12
Substitute into Eq. (a). P, _ 1.058x10

But

50,930 _ 1.058x10°"
800 D*

D =.359 mm

Subst. into (c).

Check Reynolds Number.

Re = (800)(3.49(.359x107%) _ 1023
980x10°3

Laminar flow assumption ok.

8.18
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What drag is developed by oll having & viscos-

Shtln)/ingesolucionarios.blogspot.com hl_uH:'x 10-4 l',' :,:;-k:ﬂ - n' “ml
a diameter
p= 50x10°* Ib—sec{ftz everape spoed of 0.2 /51 The spocific weight
V=2 _ﬂ‘lsac of the ofl is 30 /R,
D=3 in

L=100 fi

First determine p for oil.

Yoil

Ya,0

P o=~ (o, =E§%(1.938)=1.553 slugsift®

1
(1.553)(.2)(2)

(50x107%)

We first find Re . Re = = 155.3

We have laminar flow. The velocity profile then is from Eq. (9.9)
V= pz_p’ rz - 2.2.
4pL 4
Using Newton’s viscosity law we have for t :

a_V - (p| '”pz)
or 4L

(pz _Pg)r

2r) = oF

T=H

At the wall we get: o =| 22721 |(D) | P2"P1 (D
2L )\2 L 4
But P,~Py _ _ 128qp _ _ 32V
L nD* D?
Hence c=_|32Ve)|(D)__ 8V
D? 4 D

Putting in the given data:

- B0 | 0 g

5

' Drag = (s)(xD)(L) = (.00320)(3.14){%)(100) -

We can get the drag now.

8.19
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(eptity

For laminar flow:
(V,)(.004)

Re =2,300 =
1.765x10°¢

V,=1015 mfs

1 2 h= 2716m
= —— [1.015%+(4.236)(1.01
h Y [ +(4.236)(1.015)] ﬂ H

b) For Tube B
2 (128)(1.765x1076)(.8)V,

- -19.62h=0 Vi +3.615V,-19.62h =0
(2)(.005)"

_ (V(:005)

2,300 =
1.765x10°¢

V,=.8119 m/s

1
h=—[8119°+(3.615)(.8119 ﬂ 1832 m E
19.62[ +( X )]

8.21
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unpudd!-fl
mllsl!"ﬂth

:mmm:_«mmum
. Bow of ofl cease to be laminar?
x is position of piston 1 What is the bead loss st x a8 & function of
time for laminar Sow?
3. Determine p, as a function of time to cause
the motioo of the piston during the laminsr
Qil data: S.G. = 0.850 part of Bow. Remember that the ol must
# =0.0200 N-s / m? accelerate. Do act use 8 control volume
Vs Ctz bere. A system spprosch is better.
4. What Is the pressure p, it 1 = 537
The piston starts at x = 0.

t=10 V=35 ms -~ 5=C(100) C=.05

I V = .05¢2 !

2
) 230-27D_ (.35)(1,00:&250: )(.03) R

Note:

For laminar flow:

,
V=05 - x=.05i3-+c,

X3 300 = 362 m ﬂ

(128)(02)(05 3][“(23’ )(05:2) l o00eo7es _Pa
kel

m3

p < 128ulq _
‘" aD% (n)(.03)*(850)

c) Newton’s Law. Use gauge pressures.

P,(7.069x10%) = 4.188x107*" + 20 + (.0100:3)(%’]

(.100) . py = .5924t% + 2.829x10* + 1.416¢*

&

dt

ﬂ =.5924¢% + 1.416¢* + 2.829x10* H
E (p,) = 3.103x10* Pa gauge H

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 822



éﬂﬁiingesolucionarios.blogspot.com ber ah|:?. the m;'r:t.,q s w%
. specific gravity of the oll is 0.65 and the kine-
matic viscosity of the oil s 0.00018 m*/s.

Neglect friction in tank A because velocity gradients should be small except at entrance
to the tube BC . Assume steady flow (quasi-steady condition).

Bernoulli between (1) and (2). Use gauge pressures and datum (1).

p P, V ) (3)(931)-§ (1)

—+—+gzl=-—+—+gzz e —='-—6-5-—d'

p 2 P P
Modified Bernoulli for BC. Datum (2).
P, V2 V2

—+—+g z+h
p 2 p 2 &

P2, (4)081) = 123"’4 L[ )D PATO 5

1.5 mm —

P,

Subst. for -'-D-— . | AT )

(128)(.00018)(.4)(%)!’

P 2043 - l;-]+ 3.924 =

[650 (.0015)

Now use the critical Reynolds number.

10 YD _ ((0015)
v (00018)

Go back to Eq. (2). Subst. V=12 m/s

1
(128)(.00018)(.4)(—)(1.2)
P, 6g67-12 . 4

650 2 (0015)

p, =7.947x10° Pa gauge ﬂ

823 .
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Bernoulli between (1) and (2).
Vi p, V2 p, P P (1)081)- _‘;_"_ (1)

“‘—“*8'Zl+‘—l'="—""8l1+— - -"‘--—',}—'

2 p 2 P p 9778

Modified Bernoulli between (2) and (3). Use gauge pressures.

=\p?
p, V p, V m”‘( 4)(D geki 2)
7 8T

—_— — = — +
p 2 ¥ P nD*

Subst. from (1).
(128)(.415x1075)( 100)(%)( V)

P o8- .I_ﬂ_) = @)
9778 = 2 (025) |
Look at Re,, . 2,300 = N(023) . V=.0382 m/s
415x10°

(128)(.415x10‘°)(100)(—i-)(.0382)

: p, .0382?
Subst. into (2). — +9.81 - =
ubst. into (2) T 5 o
u P = -9.512x10* Pa gauge

~ py=101,325-9,512 = 91,813 Pa abs.

Pipe entrance conditions:

Laminar Flow L' = (.058)(2,300)(.025) = 3335 m II
Turbulent Flow L’ = (4.4)(2,300)"/(.025) = ﬂ 3997 m li

Edu_Zegarr_ch 8 24
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™" . . Do Exampie 8.1 for the case of mercury. Take
gttzalngesolumonanos.blogspot.com SG.= 13.6and r = 1.4 X 10~ m?/s for mer-
cury. Use for p, the value 438 kPa gage.

7 ////////////////// //9
Tank B

Determine direction of flow. Use thin stopper at D . Get pressure one each side.

Tank A Py=Ps+ YD)+ Py, ¥ = (13.6)(9,806) = 1.334x10°
p, = 458,000 + p__+(1.334x10°)(1) = 5.914x10° + p,,,.

Tank B Py =Py + (1.334x10°)[1.4 + (4.3)(.707)] = 5.923x10° + p,,,,
. Goes from B to A

Modified Bernoulli for tube. + 82, = p_: + -l;—— + 8z, +h,

Bernoulli in Tank B (use gauge pressures) ®)(14) = E - %9_

Pe. 13.73 - ﬁ
P : 2

Hydrostatics at free jet in Tank A o, 1 [458,000 + 1.334x10°(1)]

PP

13.90809) _ 1 360x10*
9.806

Whatis p ? p=-g-

8.25
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Substitute (2) and (3) into (1) [l 3.73 - §]+(9.806)(4.3)(.707)= 43.485 + h,

(128)(4.3)(V)(~E-](.006)’(1.4x10'°)
) ()(.006)"

Assume laminar flow. h, =3.351V

V2 + 10702V - .1124 =0

_ -10.7024y10.7022+(4)(1,124)  _ { 95,102

v 2

-2
Re < (1:05x107%)(006) _ 4, o7
1.4x10°¢

Laminar assumption ok. » V=105x10"7 ms

8.26
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8725

First law for tube:

Bernoulli in Tank B

Hydrostatics in Tank A -2 = 1 [34,500 + (9,780)(1)]
PP

_ 9,780 Pp

981

=996.9 kg/m? = 44.42

Velocity V at Re =2,300
2,300 = ((.006) V=.3076 mfs

(3565

8.27
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(cont.)

Head Loss
(123)(.0008)(4.3)(.3076)[—’1](.006)2
- - - 9435

(%)(996.9)(.006)* kg
Go back to (1). Subst. (2) - (5).

h,

[13.73 - -(--3%792—] + (9.81)[(4.3)(.707T)] = 44.42 + ‘ZW’ + 9435
m

ﬂ = -1.857

dm

= (1.857)(996.9)(%)(.006)2(.3076)

EPOWER=.OI610 Watts ﬂ

http://ingesolucionarios.blogspot.com
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Sl i i A pipe receives water from a reservoir ot the
http://ingesolucionarios.blogspot.com el o iz gy

of the distance L' for BSow to become fully
developed 10 total length, L = 50 m, is to be
no grester than 10% for laminer flow, what is
the largest q7 Do the same for turbulent flow
for a diameter of 0.4 m.

We require for laminar flow

g = SDOOENSOIXI0) _ 4 475,105 ms = 04475 Ljs
(058)(d)

For turbulent flow

44 1,000
50 | (n)(.4)(.661x1075)

(4)=.

q=.1092 Ljs=.1092x10"* m¥s = 10.92x10% m?/s

29
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http://ingesolucionarios.blogspot.com in o 50-mm pipe having 2 length of 50 m
8 27 I‘mk up "l ot mm:l'm m/s, v:l:ﬁ

- Lo et e
p = (1.05x1074)(47.9) = 5.03x107°  N-s/m? tic. 't e wwrss wiogey 4 030 m/s7

The specific graviy of the oil'is 0.86.

2
v = (6.8)(.0929)x10% = 6.32x10° MT

- (02)(050) _ 1552
6.32x10°¢

. Flow is laminar (.06)(Re) = (. 06)(158.2) Le=4746 m

Percentage =

Re = £3050) _ 5 373,107
6.32x10°¢

- Flow is turbulent

1
% = (4.4)(Re) © = (4.4)(2.373x10%)

Le=.8035 m

Percentage = (3235)(100) H 1.607% E

Consider the pipe entrance flow of water at
W‘Chmlmdﬁmluiwm
1. What is the i

= ummmmuumumw-
828 Set Rey=2,300

Z.WIathe ini di in d&i

for fully developed turbuleat flow to be
established?

a) For laminar flow

L., = (058)(2,300)(.100) = 13.34 m = 133.4 diameters

b) For turbulent flow

i
L,;n = (4.4)(2,300) ©(.100) = 1.599 m = 15.99 diameters

Edu_Zegarr_cI’S . 30
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http://ingesolucionarios.blogspot.com Compute the friction factors for flow haviag 3

From Moody diagram f=.0512

From Colebrook formula

1 _114-20 ma[.ms + 933 ]
J 5x10°/f

By trial and error f=.0522

From Swamee-Jain

H‘"’ el

From Moody diagram f=.0125

=.0530

From Colebrook formula f= 1 = 0122

[1.14-.86 In (.0001)]?

From Swamee-Jain

f= 25 = 01249

1og 0001 , 574 ]
37 @x10%°

Results are close to each other.
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psi

qg=.1 of
p=2.11x10"% [b-sec/ft?

We write the first law of thermodynamics using the head loss concept for the control

volume shown:

Vlz ) ) V:+_p_2 dw,

— == +h‘+

2 p 2 p ' dm

Since V¥,=V, and p,=0, using gauge pressures we have:

dW"=-ﬂ+h
dm p

What horsepower is required for a pump which
@ move 0.1 /s of water having a viscosity
A L1 x 107% b - 9/00? thirough s Tin pige
of leagth 200 fi to discharge ot the same sieva-
tion &t & pressure of 20 Ib/in? absolute? Pips
s commercial sicel. The intake pressure is
atmospheric.

To get head loss, we first examine the Reynolds number for the flow.

(1.94) —:1 -1-]

)]
Re=— L84 1 46800
2.11 x107®

Thus we have turbulent flow. From Table 8.1 we get:

= .00060

From Moody’s diagram we have for f :

Hence

h,= (023 2(1’0
4

aw.
Hence from Eq. (a) dm, = - (5'3)9-(;;4) + 38.2] =-432

] - —@32)(1.938)(.1) = -837 Lo _ _
dt sec

Pump delivers .1522 HP on water.

http://ingesolucionarios.blogspot.com

1522 HP
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a%}ii%
TH

H
22gS

Look at jet. Bernoulli for jet.
v
2

V cos 60°

Assume Horizontal
Component Unchanged

200

- )zm - ( 1°°TV= [—}](18.44) =461 mfs

o< (2

8.33
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(cont.)

First law for control volume inside pipe.

Pp

Vs dw
gyA=—5—+-;-+gy,+(h.)+ “m

4612 70000 _ 1844 o (LY V| (d4W,
1,000 2 p\2) \dm

_ 1848 (65 14.612]
>33

Re =YD _ B61X200) _g 16.10°
v .113x1073

. f=.0138

aw. N-m
1=-13705 —
kg

4

N-m
5

= -19.85 kW

http://ingesolucionarios.blogspot.com
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http://ingesolucionarios.blogspot.com 11 565 L /3 of Bow is to be moved from A 1o B.
8 32 what power s needed from pump to water?
. Take v = 0.1130 x 10~* m?/s.

Choose control volume inside pipe and pump from (1) to (2). Use bottom pipe as
datum and use gauge pressures.

First Law

V: p V: p daw,
T‘+-;'+gzl=-iz—+;z+gzz+ dn:d-(h')-l-(hl)u

From Bernoulli and gauge pressures between A and 1.

P2
l33v=—'-+-p—1 @
2 o

W,  (13)(9,806) , { 91 )[_
200

1,000
565

. A0/ _ 1708 mys
i 2
(520

_ (17.98)(.200) _ 3.18x10°
113x10°°

f= 0141

Substitute (b) and (c) into (a). Solve for dW, /dm .

aw, N-m
dm kg

dw, 565 N-m
= -(1,364)(p Q) = ~(1,364 ,000) = -7.705x10° -
, (1,364)(p Q) = -(1, 1,000 1,000) = -7.

http://ingesolucionarios.blogspot.com Edu_Zegarr_c§'
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8.33

6-in new commercial
pipe

Ve—3 255 fifsec
=Y1y
(3
1

(1.938)(25.5)[5

Re = ) = 1.176x10°
2.11x10°5

= .00028 f=.0155

2
h, = (0155 -‘-’%9 -2”2—5] = 8,567

2

Now use first law for C.V. shown. Thus, noting that V,=V, and using gauge pressures, we
have:

P2 - 1508 + 8,567 . p,=25990 psfg
P

Use Bernoulli between (1) and (2). We get:

fl=[£’3+f.-3,220]
p \p 2

Py =25,990 + 631 + 6,250 = l 228.5 psig i

http://ingesolucionarios.blogspot.com Edu_Zegarr_c§'




8.

'-t'

=" = 100 ft

ol

«——500 ftA———I

Use the diagram of the previous solution.

pipe

5
V= =24.92 fi/sec
(28.87

144

 (1.938)(24.92)(6.065)

Re = 12 = 1.157x10°
2.11x10°°

- (.00028) -2 ]=2.770x104=.000277

£ s
D 6.065

f= 0155

Use first law for C.V.

P, 850 Y 24.922 | 24.922]
L g 0155 15+(2)(45)+5.1
5 150g + (.01 5065 > ] + [[15+(2)(.45)+ ][ >

12

P 14834 l p, =28,777 psfg I
P

8.37
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What pressure p, is soeded to cause 100 L/s
of water to flow inio the device at & pressurs
#3 of 40 kPa gage? The pips s 150-mm com-
mercial pipe. Take v = 0.113 x 10~ m? /0.

pa V2
- +?"-+gz'+(h‘)+(h')u

Use Bernoulli between free surface and A.

268+£1.=.&.‘.+f_

P P 2

_‘p—":%g-]-ﬂ—_p;

P P

P VvV

. +_1__=_1?_!+ + +
: [263 | 160 () + (i)

100
1,000

V=
[(nx.lsm’

=5.66 mfsec

4

Re= Y2 . O3L) _ 7593, 408
v .113x10°*

£ -.000307 f=.16
D

Subst. into Eq. (a)
Py _ 566" _ 40,000 745 15662] v 5.662]

26g + + 160g + (016)] —= | 22 :

1,000 2 1,000 J50A 2

. py=2.69x10° Pa g =2.69x10° kPa g

8.38
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. . } What pressure p, i required 10 cause 1 ft'/s
http://ingesolucionarios.blogspot.com o g R pdpalls
wrs g, istfh’ gage? Take o = 211 %

8.36 1077 1 - 3/ for water,

Py, air

AR
Oil, specific gravltv:

6-in new commercial
steel pipe

The pressure at "a" can be found by hydrostatics as follows:
P, =P, +(:8)(62.4)(10) = p, + 499.2

Using Bernoulli between "a" and "b" we have:
=2 . 20g = &’. + .‘_’2_

P P 2

(p,+499.2)

+644 - = .
P 2 P

Py _
P
Now use first law for C.V.

&:-‘E&-I-h‘
P P

(5)(144) _ {3,000 [5.092

s
p 1938 1 |2

2
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P1 , 888 = 371.5 + £77,700) + 19.43
P

P f77,700) - 497.1
p

To get f note that = .00030

e
D
(1.933)(5.09)[1)
Re - 2] - 2.34x10°
2.11x10°

» f=(0175)

Going back to (b) we have
p, = 1.938[(.0175)(77,700) - 497.1] = 1,672 psfg = 11.61 psig

8.40
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8 ﬁp://ingesolucionarios.blogspot.com

L=80 ft

p,=95 psig
Py =35 psig
|y =50 Wi’

Write the first law of thermo. for C.V. shown.

Vi p._Vf+
2

—_—F — =

P2,y
2 P

But V,=V, from continuity. We then have:
o= (49144 _ 149,
50)

(32.2)

L\ V*
1 — | —]=139.1
We can then say f( D)[ 5 ]

Try f=.02

02 22 f] - 139.1
112

4

Compute Re .

http://ingesolucionarios.blogspot.com

Wea have ol of kinematic viscosty 8§ x 10~!
f12/s going through an 80-ft borizontal pige. If
the inktial pressurc is 5 W/In° gage and the
Binal pressure is 3.5 b/in? gage. compute the
mass flow if the pipe has » diameter of 3 in. At
2 point 10 it trom the end of the pipe s vertical
tube is attached to the pipe 1o be Mush with the
inside radius of the pipe. How high will the oil
rise la the tube? o = 50 bm /N7, Pipe is com-
mercial sieel.

8.41
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(cont.

We then say: (0265 30 ’:] - 139.1 V=573 fisec
I
. 5.73
Compute Re using Eq. (b): Re = (6 % 2.06x10% = 1.790x10*
This gives: f=.0267
Hence (0267) 8—10 —';] -1391 V=571 fijsec
4

We need not iterate further. The mass flow is then:
x Y 1Y
(50)(5.71 [-‘-‘-Iz] =14 Ibm/sec

". Thus we can say

Find the pressure at point "a

(b)

P,

P P

o) _ (70 5712]
o 1553 2

4

Using f=.0267 we get:

= 720 - (1.553). 0267)(230)[ 6. ;‘)] 531 psf

S e D me—

ﬂ 10.61 f ﬂ

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 842



. : : What is the flow q from A to & for the system
fﬁn://mgesolumonanos.blogspot.com shown? Get up to the second iteration. Take
8. v =0.113% 107 m¥/s

70 kPa gage

p = 620 kPa gage

commercial
steel pipe

First law for C.V.

+303+f(

350 E +12 E
152

2 2

-57,100  _ -3149
(LO0OYV) (152" &

Bernoulli between A and 1.

V2

620.000+0+108=f_|_+?+0
P

1,000

s ¥
[ 2

At position 2 from hydrostatics:

p, = 70,000 + (9,806)(6) = 1.288x10° Pa

Let f=.015 and substitute (b) and (c) into (a).

V2| 3,149 1.288x10° 350 \| V2 V?
-— ]+ =2 = O15) ——§ — 12 —
[713 2]+ v 1000 80 5)(.15212]+ 2

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch T



http://jngesolucionarios.blogspot.com
(cont.)

Multiply by V and collect terms.
18.37V? - 295V - 3,149 = 0

Solve by trial and error.

V=651 mfs

Q=VA-= (6.51)(%](.152)2 =.1181 m¥s=118.7 Lfsec

Re =YD . (651(152) _goc 105 » f=.016
A 113x107%

19.521% -295V - 3,149 =0 V=636 mfsec

Q=VA- (6,36)(-2-)(.152)2 = 1154 mfsec

Q=1154 LJsec

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 844



8 . 3p:/lingesolucionarios.blogspot.com What thrust does the water exert
. on the pipe ia the horizontal direction? Water

lssues out a5 a free jet. Take = 211 x 107
' s/f7, Neglect minor losses.

D=12in

New commercial
steel pipe ” ||

We first compute the flow. Using the control volume shown we have using the first
law of thermodynamics and continuity:

P, 1000 < (h). = £ 30Y V2 (a)
- oo 22

Use Bernoulli between (1) and (a).

Use f=.015 . We then have

200g - v, (.015)(250)(V?) V=389 fis

Re = (1:938)38.9)(1) _ 3 55106 f=.013
2.11x107%

Recompute V. V=414 fisec

Now we use the linear momentum equation in the horizontal direction for the
control volume. Using gauge pressures, we see that:

Fop(5)- -eLa{%)

Using Eq. (b) for p, we have:
2
F,=(-3220 + 412-4 - 41.4%(1.938 %) = -6,205 Ib

Reaction is the force on the pipe.
K, =6205 Ib

8.45
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ttp://ingesolucionarios.blogspot.com Do Prob. 8.39 when considering minor losses.
8.4 Take the pips dlameter 10 be the nominal
diameter and for the fanged elbow r/d = 14.
What is the percentage erroc incurred in this
problem by neglecting the minor losses? The
r/d for the «ntrance fitting is 0.04. The thrust
i the previous problem s 6212 .

p \ D=12 in"
New commercial .

steel pipe

Note first that the nominal diameter equals the inside diameter for this case. The
first law for the inside of the pipe is:

P, 1000 - f{30Y V2. (24449 ¥ (a)
: 10034(112] (24 .49)(2)

Use Bernoulli between (a) and (1).

For f=.015 we have:

[IOOg - __,;_] + 100g = (.015)(250)V2 + 365V* - V=37.36 fifsec

Re = UDB8CGT360M) _343,106 . f=.0131
2.11x10°5

Recompute V=394 fifsec . Now use the linear momentum equation

F, +p,[—"—)(1’) - —(p)(39.4’>(1](1’)

4 4
Using Eq. (b) for p, we have
2
F,=| 224 _32201.938)] %] - (1.938)(39.4% 1]
2 4 : 4
F,=-6,083 Ib » K ,=6,083 Ib

_ 6,212-6,083

=2.12
6,083 (100) %

Error

8.46
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" . . How much water is flowing through the 150-mm
8-attf.//mgesolumonanos.blogspot.com ; e g

m /s

4
Using first law of thermo. we have: !

Py"P, = (1*3)(7) & 138
P p

10 V’]
AS507 2

13)@) = (h) =f(

Assume f=.015 . Then: V=505 mfsec

R = 5:05)150) _ c404.10°
“  1130x10°5

We recompute f . f=.016

Then V=489 mfs

L"-”-=(4.89)(1}(.150)2(1,000)= H 864 kgls I
dt 4

8.47
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Gasoline st 20°C Is being siphoned

8 ﬁp://ingesolucionarios.blogspot.com A from 3 tank . Tove har-
. : —< ing an iasider diameter of 25 wm. The relative
/ roughness RO Lhe hose is 0.0004. What is the

Bow of gasoline? What is the minimal pressure
in the hose™ The totsl length of hose i 9 m
and the leagth of hose to point A Is 125 o,
Neglect minor loss at hose entrance.

- —

-

Gasoline
specific

gravity
)

A
/

=0.6

Bernoulli between frec surtace and hose in the tank

Modified Bernoulli in hose (use bottom of hose as datum and use Eq. (1)).

V), 2 a2 A L)L
(9.81——2—]+-2—+(g)(2.5)——2— f(sz]

Assume f=.016 .

| % 9 Y12 '
& =2 4 (016 — | — -3.18
9.81 + (2.5)(9.81) = +(016)(‘ 15 V=318 mfsec

4.8x1077

Go another cycle.

9.81 + (2.5)(9.81) = — + (.019 ————I——-]

- 2.960)(025) _ ; 541x10°
4.8x1077

8.48
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q= (-E-](.025)2(2.960)

q=1453 LJs

To get p_,, use Bernoulli from entrance of hose to uppermost point. Using Eq. (1)
we get with entrance to hose as a datum:

2) V2V Pus 325 w]
8l- — |+ —=—+—+25g+ (019 —]—
[98! 2] = : 2.5¢ + (.0 )(-02512

Using V=2.960 mfsec we get for % =-29.92

Poia= -2992(1000X6) = | 17,950 Pa E

8.49
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L : : lengsh of pipe is ons whose head

tp:lingesolycionarios.plogspot.com . . An aquicala

8.43"FiRd the head T08s for the given pipe. e bpudisap et el
which i is the equivalent. Coasider & stee! pipe
of mominel disscter 10 in having in k sn open
globe valve and four screwed 90° elbows. The
length of the pips is 100 &, sad 5 A’/s of
water ot 60°F Bows through the pipe. What b

the equivalent length of pipe of nominal diam-
oter 14 in?

(9.13)(10.02)
12

1.217x10°3 = 62610

- 00015 _ 00018  f-.015

i
D 1002
12

100 }[9.13? 9.13? 9.13? flb
= (. 4.8 442N ——|=3449
SRl S TY) [ 2 ]d )[ 2 ]+()( )[ 2 ] slug

12

Go to the equivalent pipe. The head loss must be 344.9 and the ¢=5 ¢fs. We
determine the length.

Hence we have for the equivalent pipe

5.42%
2

L
3449 = (015)] —=* (

3

12

8.50
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: . i What is the horizontal force on
ttp://ingesolucionarios.blogspot.com from the water Sowing wmside?
Is 300 mm in inside dismeter and is
sew. The pump s known to be developing 65
KW of power on the water. The temperature of
the water is 5°C.

!i|
III

L
I

A

(]

N
L]
Ll

Commercial
steel pipe

First we shall compute the flow. Use first law for the control volume shown. Thus
using continuity and gauge pressures we have:

f.l_—d‘::”{'=308+h‘ (a)
P

From Bernoulli in the reservoir:

pl =258—_v.a—
P 2

ﬂ’h{dﬁ’, dt ) _ ~(65,000) __O198) n o
dm \ dt \dm 2 Z
(1,000)(V)i")(;‘ﬂ]

o222

Choose f=.014 . Substituting above results into Eq. (a) we get:

V2|, 9196 .. . EALAN
[253-_2_]+ > =30g (.014)(.30012] V2

8.51
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(cont.)

3.60V2 + 49.05V - 919.6 = 0

Solve by trial and error: V=563 ms

Re = {1,000)(5:63)(:300) _ 4 445,106 f=.0141 good guess
1.519x10°2

Now use the linear momentum equation in the x direction. Using gauge pressures
we have:

P, +Rx=0

7(.300)?
4

From (b) get p, . Now solve for R, . R =-16215x10° N

Taking the reaction:

K, =16215x10* N

8.52
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8 Hg://ingesolucionarios.blogspot.com

Write first law of thermo. for control volume shown. Noting that V,=V, we get for
the datum shown:

ﬂ+1003 p+h (a)

P r

Use Bernoulli; we have for p, :

(b)

As for pressure p, we assume a free jet of (2) and so we get p, from hydrostatics
as:

P, = (1)(100) + p, (©)

Using gauge pressure we can then rewrite Eq. (a) as follows:

{100g—l/f]+ 100g = 199Y .
2 P T

V2 oh -
5+, = 3220

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 853
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tr

_ {700}, (¥
"I (3’[2}
2

Hence going back to (d):

% [1 +£(1,400) + 3] = 3,220

Guess at f =. 015 V=16.05 ft/sec

(1.938)(16.05)(%

J = 6.59x10°

Now compute Reynolds number. Re =

2.359x107°

€
— =.0003 » f=.016
D f

Recompute V using above f : V=1562 sec

(15.62)(1](1:)
Q- 4) .
2

8.54
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We can use Eq. (d) except that we must include

2 dw,
- *hy =320

5

d
aw, =( ]= -(10)(550)| _ _ 14,439
dm

CACCIN

14,439
vV

P11 +sa000 +3)- 2492 300

Let f=.016 . We get
V3 -2439V-1,094 =0

Solve by trial and error. V =17.50 fi[sec

(1.938)(17.50){%]
Re = = 7.19x0° -+ f=.016
2.359x10°

We are certainly using the result V'=17.50 fifsec here.

= Xl- 344 cfs
Q (17.50){ 1 6] H H

8.55
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12-in commercial
steel pipe

100 ft

Use first law of thermodynamics for the control volume shown using gauge pressures
and noting that V=V, .
Py

— + 100 aw, (h
+ - =
P g dm or

Note that:

__dt _ (100)(550) _ 36.1x10°
dm dm n 1’4
& 1.933%7)

s
3—

aw.

(h) 1= f(ig'il-‘-:—] - R150) 2

From Bernoulli:

— N(150)V2

8.56
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This becomes: V’B- x f(lSO)} _ 4,186V = -36.1x10°

Let f=.015 V3 - 1,520V = -13.13x10°

Solve by trial and error to get V=915 fifsec

Re=UB3OIND) _g 45,95 . f-.014
2.11x10°

Go back to Eq. (a). It now becomes:
V? - 1,583V = -13.68x10°

By trial and error we now get for V :

V=9.12 fisec

|
eofg)s [0

8.57
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hitp;//ingesolucionarios.blogspot.com In Prob. 8.47 determine the diameter of a
8. % commercial sizel pipe which wil transport 30
2 /s of water while developing 100 hp in the

water turbioe.

12-in commercial
steel pipe

100 ft

dW, _ _(55000) _ sen ¢ SO

dm  [(50)(1.938)] " slug

h, = f(@I_P_"_]: 150Y_50 [ _ (7(6.08x10%)
! D A2 D ) =D? D’
- 4

Using Bernoulli:

Substituting into Eq. (a) we get:
2,026 6.08x10°

+100g -567.6=f

30g - Dt oS

This becomes:
3,618D° - 2,026D = £(6.08x10%)

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 858
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System is in equilibrium. Hence

SYSTEM w

42]-t“ﬂDXQ4)=O

2

Show that the shear stress at the wall of a pipe
for fully developed Bow Is given as

~- (%223

Thén using the definition of the friction factor
f show that

PP
Ly,

rem 3002

Replace [pLH in (1) using (2).
';"/2

1W=f( )

8.50 Start with:

Take the mean.

"Show that for the power law

()"

that the ratio of average mean time velocity 0
P over the cross section is given as

p“
T

n?
“{rei)za+ 1)

Note that P = @/4 and that y is mes-
sured from the wall.

1
] R

_.my

1 1

R:»Z R;-&Z

142 —_
y" |R =2Vm
0 1

”R
+1|

(2n{
|

1
n+1

1

2"2
(n+1)(2n+1)

|

http://ingesolucionarios.blogspot.com

1+2n

n+1 1+2n
n n

.1_+2

n

-+2
Rll

(1+2n)-(n+1)
(n+1)(1+2n)

o

2 T e D)@n+1)

e ——————

8.59
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Neglect the velocity head, 2,026D , and let f=.015 . We get for D :

1
_ (.015)(6.08)(10’)]: =1203 f
3,618

V = _._...._.._5.0_ = 44.0 ﬁ’sec
(m)(1.203)

4

Re = 1:238)44.0)(1.203) _ 4 56, 105 - f=.0122
2.11x10°

We now go back to Eq. (b) and use larger diameters than 1.023 for a trial and
error solution. Thus:

3,618D° - 2,026D = 7.417x10°

D=1223 ft

8.60
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. of the oll. Do wnis problem two ways:

(1) Assume laminar Sow.

(2) Assume turbulent Bow.

Procedure: First find A; from modified Bermowlli
valid for either cass. Now using the bead loas,
compute 4 from the pipe bead loss formuia for
laminar fow. Check Re to justify sssumption

then u. Compare with g from laminar flow.

Note we have the possibility of nvo-valid
solutions here. What can you conclude abouy
the Bows close 10 Re = 23007

Tank A

We start with the modified Bernoulli equation

Vlzpl

_+_._+0=——?-+ £2.+0+h'
2 p 2 P

.05
V,=V,= 3600 7074 ms

(%](.005)2

Bernoulli in tank A. Use gauge pressures:

4

28=—+—

2

. p, = (100)(2)O.81) - 9-92?—“—’3 (700) = 1,198 Pa

Hydrostatics in tank B at jet
P, = (Y)(h) = (700)(g)(.1) = 686.7 Pa gauge.

Go tg Eq. (1). Solve for &,

1198 _ 6867 , ,
700 700

8.61
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Now assume laminar flow in tube.

raup, (128
h =731 - 12881

npD* (x)(700)(.005)*

p = 1.130x10 N-s/m? E

Next compute Reynolds number to check the assumption

Re = BVD _ (T00)(T074(0050) _, 1g,
M 001130

~ Laminar assumption confirmed.

Assume turbulent flow for smooth tube. Start with Darcy-Weisbach formula.

() %)

5 Y .7074
731 = f(—o-o"'-:;-[ A ]

f=.02922

Go to Moody. We now get for turbulent flow
Re =1.3x10* = 13,000

13,000 = {700)(7074)(005)
1]

N-s
m

B = 1.905x10*

Hence we cannot trust Moody near Re =2,300 .

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 862



h80':51®esolucionarios.blogspot.com ;‘;‘ o what ,:L‘: :.. “h:'mn -;:E
than 90% of the mean velocity. n=
the velocity prottie.

Go back to Eq. (1). Subst. (2).

G-l e et

2

" [ r-,o=(.295){-§—)=.l4750 E

http://ingesolucionarios.blogspot.com . Edu_Zegarr_ch
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0

For 0 <45°

el
occurs at — =22.5°

_ (BX382T)(TS) _5 67
5"

(K uo)s

4
For 6>45° K=

(K_,), occurs when —g—=90" 0 = 180°

SO-CSPWT _ ¢

T = = oy

8.64
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i : : , what s the hesd
8 52&).//mgesolumonanos.blogspot.com h,_ S' a::hdg??ruh.d g SN
» /57 The leagth of the diffuser is § . Explain

the opposing roles of skin friction and wmpara-
tion ia developing this head loss. Water at 60°F
is Bowine.

fis)
7 V,

D, 0 -

i

2.6sin (8/2)[1 - (D,/D,)"]°
(D,/D,)*
_ [1 - (DI/D2)2]2
(D1/D)*

If 0 <45, K=

If45° < 0 < 180°, K

9-6 o
- = .05 2 $=286
¢ 5)(12)

6 = (2)(2.86) = 5.725°

2
el ]
2 - 2029
1

K= 2\
)

12) o2 .
(.2029)[ (--] ©) ]
) 18 - fi-b
h, = ; - so09 222

The longer the diffuser for a given © the greater the skin friction loss and so to increase
h, . But separation will be less then, so as to decrease h, . The effects oppose each other.

8.65
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:/lingesolucionarios.blogspot.com
8.3%

Sharp edge opening
Nominal diameter 10 in

Nominal diameter 14

opening

For 90° elbows r/d =3
Pipes are all commercial steel

10" Nominal = 10.02"

DATA Pipe Diameters l

14" Nominal = 13.00"

13
First Law (gauge pressures)

i Y
-5—+803+—;-=-2_+0+0+h‘+(h.)“

Bernoulli in tank.

http://ingesolucionarios.blogspot.com Edu_Zegarr_cﬁ * 66
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Continuity for C.V.
pVid, = pVA,
or V, =2.79V,

Go back to First Law. Subst. into Eq. (1).

62
V, = V,=.35V.
' 10022 2 2

Vi 30 ('l%)"”:

T B’"”tﬂ) 2

2

1 12

ot 222
e

Q)

— ——

1 13 'r 13 ) !
+(.5+.168+.168+.11 > + (467 3 +(8.1149) )

2 2
10.02 v 10.02 v

/ \
) {00015} _ 1 706x10~ = .0001796

o | 1002

£
D
\ 12 )

( \
:9%!2 = 1.385x10™ = .0001385

\ 12
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. From (4) we have:

3,220 = 3.89V} + 2.180V7 + .0635V] + 473077 + 08241V} + 1.432V7 = 8.12V}

V, = 1991 fils

10.02
(19. 91)( T

1.217x1073

) = 1.366x10°

(Re)yy =

10.02

o ),
(Re), ¢ = 12] - 1.053x108
1.217x1073

Go back to (4) using latest f’s. Solve for ¥, .

3,220 = 3.89V; + 2.257V; + .06842V; + 4730V} + 08241V7 + 1.432V}

V,=19.81 fils

(x)(10.02) 10.85 cfs
—_——_ (19.81
O Twas 0" L__=__..=____I
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the pump. Note that we have given
nominal diameters. Use text to determine all
minor loss coefficients. Temperature is 60°F.

p =100 psig

A 821t

water @ K,

VL =1200'L =120 1
Steel pipe. Nominal diameter 16 in
Elbows have r/d =3

Minor Loss Coef.

K =78

(2%
K, = 1525)] (2.65in20°) = 1.563

10 \*
15.25

K, =K, =.156
K,=44
First Law (Datum 2)

15.25-10
=2

tan 20°
0=721ft

Va P V: P dWs
_él+?1+(107.2)(8)='5~+-3*108"" am +hy+ (B y

P
Bernoulli in Tank A. Use gauge pressures (Datum 1).

-;29-4-5284-0:-%'—1-—?4-0
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Hydrostatics in Tank B

Py _ [(30)(62.4) + (100)(144)] _ ¢ 396 Si-Ib
P 1.938 ’ sfug

Head Loss

(3.94)[ 1525
_W _ 12

1.217x10°®

) = 4.114x10°

- 200015 _ 4 18x10* = 000118

£
D (15.25)

12

f=.015

2 -
h, = (015) 330|334 | _ 35 065 £-10
15.25 2 slug

12

-zx YV
9y = ZK

2 -
[78+1.563+(2)(.156)+4.4] 224 _ 54,76 L1-%2
2 slug

Go to Eq. (1)

2 dw
115 [ .1632+3452= 3'34 +8396+322 + —* +32.065 + 54.76

|GIET

dw, fi-Ib dw, fi-1b
= - = -(3,687)(5)(1.938) = -35,727 £~
= 3,687 p % (3,687)(5X( ) v

—

ﬂ Power = 64.96 HP

8.70
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. h}tp://ingesolucionarios.blogspot.com A Bow q ol 170 L/2 s 10 go from task A4
8.5 tank 8. 1f v = 0.113 X 1077 w?/s, what should
xm} r be for the borizontal section of

b =0.113 X 10-5 m2/s Wiz

commercial steel pipe
V,=—210 _ -962 mysec
(1)(.1502)

First Law:

VZ
B B B, 000 GO
2 P 2 p

Use Bernoulli at (1) and hydrostatics at (2).

v Vi V2 . (16)(9,806)
£ +(35 —7]4-353=T +---—{’0—06--— +(h)+ (h)y+ (B)

-

170 Y

_p(65) Y|, (65 1000 | (1) _ 1523
(h')'tf’[Dt][z 5[01 ﬂD? (2) Dls g

4

35 19.622

I.(hl) I = _n{-:i-sﬁ 2 ] = 10,800f n

1323  + 10,8001, + 2.3) :

1

70g = 46.3 + 156.9 +

8.71
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Re), = CSDIN0 _ 9975005 £, = 0154
113x107*

1523 , 0539

Going back to Eq. (b) we have : 317 = f, ; <
D; D,

0228 . 0539
p; D}

Let f,=.015 -317=0

13,903D; -2.36D,-1=0

Neglect second term: D,=.1484 m

VI=_._'..1_.7.9.-_-=9_83 wsec

1(.1484)?
4

y, = O83(1484) _, 294,108 + f,=.0152

I 113x10°8

No need to iterate. Go back to (c). By trial and error, we find:

D,=.1619 m= ! 161.9 mm ﬂ

http://ingesolucionarios.blogspot.com

8.72
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. . . Il py = 200 b /i’ gage, what should the
tg -/[ingesolucionarios.blogspot.com inside pipe diameter be 1o transport
8. 12 ft?/s of water? Neglect minor losses.

6-in new commercial
pipe

—-500 ft——-l

Consider first law of thermodynamics for interior of pipe. Use gauge pressures.

fl+f_+o=f.§+_"g+1sog+hi (a)
p 2 p 2

Now use Bernoulli in tank.

(200)(144) | _v.p
e (100)(32.2) 7 S

'ﬂ

P2 _ 1807x10% - =

_ 1528

Note also

Going back to (a):

15.28%| _ 850Y 15.28
[1.so7xlo‘ - 22 |- aswe22)+ f( 2 I = ]

This becomes on letting f=.015 :
13,240D°% - 116.7D - 1,488 = 0

8.73
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(cont.

Neglect now the second term. We get
D=646 ft=1775 in.

Check f .

_ (36.6)(.646)
2.11x10°°

Re = 1.121x10° f=.0149

Now go back to Eq. (¢) and rewrite using new f .

13,240D% - 116.7D - 1,479 = 0 ()

Using values of D close to .646 solve the above equation by trial and error.
D=.651 ft=7812 in.

D =781 in.

8.74
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ol found that for s flow of 100
L/s we needed a pressure p, of 261 x 10°
kPa gage. With this pressure p), and the given
pressure oo the device B, what site pipe b
poeded 10 double the flow?

Device

First Law for interior of pipe.

Py V2 Py V2
ALY c0="8,. Y +160g+h +(h
. + 5 +0 o + ) + g + !+( .)M

User Bernoulli between free surface and 4 .

, 269x10° Py V2

26g + 2:99x10°
¥ =300 p 2

Going back to Eq. (a).

V2| _ 40x10° | +_’{A_tg_£+ v
[2,945--2-]- 900 160g f[ D)[2] 32 >

8.75
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03241  40x10° 24.15\ .1037
2,945 - = + 160g + +
p* 1,000 $ f( D3 D*

Let f=.015 . Then:
1,335D° - .1361D - .3623 = 0

Neglect middle term.
D =.1935 m = 193.5 mm

Check f .

V= 2346 6.80 m/s

19352

Re - (6:80)(.1935)
113x10°

= 1.164x10°

. f=.0153

Eq. (¢) now becomes

1,335D° - .1361D - .3695 = 0

Now solve by trial and error using values a littler larger than .1935 . We get
D =.1970 m = 197.0 mm

8.76
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Choose the inside diameter of the pipe such

Bt :/lingesolucionarios.blogspot.com that the borizontal thrust on the pipe from the

8, water doss not exceed the value of 30 kN, The
water i o 5°C. Neglect minor losses.

Consider valve to be wide open for maximum flow. We express the linear
momentum equation

-30,000 + (p,) (15-’5] - -(1,000)(»0)(1‘-4‘?—2-] 1)

Now use Bernoulli between (a) and (1) in tank. Use gauge pressures.

Pi_0sne - ¥
P 2

Next use first law of thermodynamics for control volume.

pl+-Kz- -E+ +0+
-;)— 5 +(32)(g = 5 0+0+h,

Substitute for p,/p using Eq. (2).

D )\ 2

{(9.81)(32) - i;-] +(32)(9.81) = f( 162)(2]

Now substitute for p,/p in Eq. (1) using Eq. (2). We get:

D v . aD?
30,000 + = (p){(9.81)(32) 7] 1,000 T]

Now estimate a value of f to be .013 and solve for D in Eq. (4).

[628 - -—V-z—} = 1.053 -Vj
2 D

8.77
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p. BUOW) _ 1053V

[m-ﬁ (m-f.
2 2

Substitute into Eq. (§) for D .

= -785

1.05312 W] 1.05312

-30,000 + 785 | ——————||313.9 - Y

628—-E
2

Vz
8-
63 5

Rearrange the equation

_30,000 + 785-1953Y" 13139 - ; . Iﬂ] =0

628--'£
2

_1053V2 Ma1a9, %] =382

638—£
2

Solve by trial and error. V=12.71
From Eq. (6) we get for D : D =311 m =311 mm
Now check on f .

Re = $31DU2TD) _ 5 64,10 f=.0132
1.519x10°

We are close enough.

http://ingésolucionarios.blogspot.com

8.78
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" : ' What should be the Sow through the sysiem
8 %ttf.//lngesolumonanos.blogspot.comﬂ. ‘ bows » We Bave 1ol stoel

— pipe 6 m in diameter.

10Q ft

o

T =60°F

First Law

Vlz p Py sz
_i_+..';l+1oog=_‘;.+_2_+(hl)r

Bernoulli between "a" and (1). Use gauge pressures.

P,

Hydrostatics at (2). P, = (Y)(100) = (62.4)(100) = 6,240 psf gauge

Return to (1). Subst.

[1003-—?)+1003=6’2:0+f

.'7? [4 + 1,400f] = 3,220

Let f=.015 » V=16.05 fisec

(lﬁ.OSll ‘jl“ '
Re = = 6.594x10°

1.217x10°%

8.79
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gtﬁ:ﬂingesolucionarios.blogspot.com The pump in Fig. P9.62 develops § x 10’ N-
8- m/kg on the mass fow. How many liters per
second flow through the commercial steel pipe
from the upper tank o the lower tank? Take
€ = 0.046 mm.

9.62 First Law

Hydrostatics at (2).
P, = (3)(9,806) = 2.942x10* Pa

Substitute

V2
-5 2522 (2) .

6,991 = V2 + 338.3f V*

http://ingesolucionarios.blogspot.com

Edu_Zegarr_cB . 80
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=046 _ 1 533%10~ = .0001533

L
D 300

f= 013
Let
V=36 m/s
Re = BOX300) _ g 465108
1.141x10°¢

f=.013

V=36.0 m/s

Q= (36.0)(%)(.300)’ =2,545 Lis

http://ingesolucionarios.blogspot.com

8.81
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K=09 10m
600 kPa gage

a0m €3]
150m 150 m

K= 0.3 K=09
Water 70-kW pump

Ve eees

Commercial steel
pipe D =152 mm
Yuo =0.113 X 107°m? /s

First Law for C.V. (use gauge pressures)

Py Vlz P, 7 dw
—_—t—+0== —=+152¢+(h).,.+ —
52 g+ (h), I

p 2
Berrnioulli at Entrance

0+ +153=—-+0+—p—'
1,000 2 P

2472 - -';3

P

Hydrostatics at Exit
P, = 10y = 98,060 Pa

Let f=.015

8.82
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o (h)p= (01 ::";;)[w)+1.5l/‘=19.02lﬂ

Now go to First Law (1) and substitute:

72 2)- 2850 o oy 0

1,000 b ]
"= (1,000)(!0(%)(.152)2 = 18.146V

19.52v7 - 502—————38;8 =0

19.52v° - 502V - 3,858 = 0

Solve by trial and error or on programmable calculator.
V=17273 mfs

_ (7.273)(.152) _ 9.783x10°
(-113x10°%)

f= 0155

h, = (0155)( 3'3]{%] +1.5V2 = 19.6012

19.601° - 502V - 3,858 = 0

V=17261 mfs

Q- (7261)( )(152)2(1000)_ “ 131.8 s

8.83
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8.64

@ P2
’K =0.4
B

;77777

Commercial steel pipe
D =100 mm

a) Use modified Bernoulli for pipe

V. v
2

gz+_p.’.-=
2 =4 P

+ 250,000
998.2

500
.100

120,000
998.2

0 = (9.81)(500)(sin a) +

(1)(.100)
1.007x10°¢

Re = = 9.930x10*

. f=.0203

Go back to Eq. (1). a=.9192°

N-m

dw _ 250,000-100,000
dm 998.2

dW _ dW dm

b) = 150.3

dm dt

dt

n
(150.3)(1) 7)

aw
—=1.178 kW
dt

http://ingesolucionarios.blogspot.com

+321+%+(h()+(hs)u

e)-fs

If the exit pressure of the pump & 250 kPs
gase and the desired pressure st B is 120 kPa
sage, what is the largest angle permitted for
these conditions for V= 1 m/3? The fluid b
water st & temperature of 20°C. If the pressure
going into the purop is 100 kPa gage with the
same dlameter pipe, what power is the pump
developing?

(1)

(.100)%(998.2)=1,178W

8.
Edu_Zegarr_ch
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865 ing inpust characteristics:
AHp = —§0 + 30 N-m/N
with  in lters per second.

Commercial steel pipe
D =200 mm
= 1000 kg / m®
=0.0113x 10"*m? /s
e =0.040 mm

Water {

First Law for pipe interior:

Vz Pc Vlz)pn

-2—+? 82¢ --2-"*?*8'19*(’07“(5398)

+ 30, +h).-|-—Q+30
R

Bernoulli in Tank A

VCZ
0+0+303-—+£€+0
2 p

Pc

— =30g -
P

Ve
2

Hydrostatics in Tank B
pg=(9,806)(20)

Go back to (1) using Q= V. (%)(.200)2(1,000) Ls

8.85
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] +18 Ve [—V (E\ (:200°(1,000) , SO]g

Ve (9,806)(20) _ { 210
308-_]+303= +f[.200 2 ‘\4) 8

2 1,000 2

= 040 _ 5002

2

Let f=.014 . Go to (4).
-686.78 + 38.52V + 8.75V;. = 0

y . ~38.52+/38.52%+(4)(686.78)(8.75)
€ (2)(8.75)

V=693 mfs
Check Re = 932000 _ 4 296,105  f-.0146
0113x107*

Go back to Eq. (4).
-686.78 + 38.52 V, + 9.065 V= 0

_ -38.52+/38.522+(4)(686.78)(9.065)
(2)(9.065)

vV

V =6.835 m/s

Q = (6.835) [-})(.200)2 = 2147 mYs

H Q= 2147 s ||

http://ingesolucionarios.blogspot.com Edu_Zegarr_&h86



. . . A pump is developing 100 kW on a flow of
8.6@://|ngesolumonar|os.blogspot.com water of 500 L/s. What is the hesd AH,

required by the pump. Water s at 5°C.

% = -100,000 N-m/s

aw
dw _ dt __ -100,000 '
- - J = =200
dm dm  (.500)(1,000) hine
dt

For maximum spacing we will assume each pump merely overcomes the pressure
drop from the pipe length from previous pump. This pressure drop must not exceed

(300-200) =100 kP . Hence look at A, .

A pipe of diameter | m camries crude oil
(5.G. = 0.86) over a long distance. If f = 0.02

(1)
I
] 4 = 01621L
2

~— = .01621L
60

E AH,=1185 m ﬂ

8.87
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8.68

In the p ding problem the pipeline has »
slope of 0.2° upward from the horizontal. What
are the maximum spacing of pumps, the 3H,
needed for the pumps, and the required power?

The pumps now must overcome the head loss and gravity. Hence:

g(AHp) = h,+ g(Lsin .2°)

g(AHD)=(.02)(%) 4_J . 03424L = 050451L

100,000
AR = 100,000 _ 650451 L
§AHp = —2 0

ﬂ L=2,305 m = 2.305 km 1

100,000

g(AHp) = 260

AH,=1185 m

aw
== = (116.3)(1)(860) = 100 kW
am - (116.3)(1)(360)

8.88
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81igingesoluciond BIEEEE Ll e shown p =101b /in? gage

in Fig. P9.69A. What is the power required?

L, Pipe is 2 ft commercial
35 Ib /in? gage steel pipe

j) v =0.1217 X 107 #t2 /s

a N

Air
—-°  30ft{ S00ft . 500ft -
T - mom 1) — Patum
Hz0 / ? ' N K =0.9

K =04 Pump =4

/s

Express first law for thermodynamics for pipe interior as shown.

-2 + gz, +(h) - g(AH))
Bernoulli in left tank. Use gauge pressures.
w + 30g = _’! + _PE +0
1.938 p 2

P _ys67- ¥
p 2

Hydrostatics in right-hand tank.

1 [(10)(144)+(10 3)(62.4)] = 1,074

Subst. (b) and (c) into (a).

V1. 1074+ _V_"_ _
[3,567 - 7] = 1,074 + ()(40) + f (2 00)][ ] 23V _gamy

Assume Q, =80 ¢fs . Then:

8.89
http://ingesolucionarios.blogspot.com Edu_Zegarr_ch .
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(Re), = [w] - 4.18x10° . f,=.0118
1217x107

Solve for (AHp), in Eq. (d).
(AH), =579 ft

The point (1) for (AHy), and Q, is above Q curve. We take as a second

estimate
70

oE

= 3.66x10° f,= 0118

Q,=70 =2228 fifsec

_ (22.28)(2)

(Re)
2 1217x107

(AHp), =354 ft

New point is just above Q line. Third estimate can now be easily made.

Q=76 ofs V,=—18 _ _2419

T 152
[4)(2)

= 24192 _ 3.96x10° f,=.0118

(Re)
Y 1217x107*
(AH), =484 fi

We are close enough to the intersection so that we can say:

Q=76 cfs

The power needed for this operation is then

Power - £)484)(1.938)(76) _ ﬂ 556 HP —H
(.75)(550)

8.90
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8.7[l)tp://ingesolucionarios.blogspot.com What should the pipe size be 0

. 2 cause & volumetric flow of 120 ft/s?
p =101b /in“ gage

. 2 Pipe is 2 ft commercial
351b /in® gage steel pipe

(ﬁ) y=0.1217 X 10~* ft2 /s

500 ft 500 ft

SR

K=04 Pump

PPP P P77 7777777777

Using the diagram’ of the previous problem, we first express the first law of
thermodynamics for the control volume.

PV P, V2
f+-§-+gz=—§+—§—+403+h.—gmﬂo)

Bernoulli for flow in left tank is

(35044 | _r.h
Tor OG22 = =

Hydrostatics for right tank.

%2 _ 1 [a0)144)+(103)62.4)] = 1,074
PP

Going back to Eq. (a)

P2 ~ . 1,040\( ¥2
[3,564 = -2—] +(32.2)(32.5) = 1,074 + 40g + f( = ]( > ] + 2.3[ >

Note 120 _ 1528

8.91
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Let f=.0112 . We calculate D . Eq. (b) becomes: |
2,248.5D° - 3.852x10*D - 1.360x10° = 0

The approximation of D is: D=227 ft

120

T w27y
4

v =29.63 fifsec

Re = 22:632.27) _ 5 57,108 f= 015
1217x10°*

Now go to Eq. (¢). Use latest f and solve for D by trial and error using values
a bit larger than D =227 . The equation is:

2,248.5D°% - 3.852x10*D - 1.396x10° = 0

D=254 ft ||

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 8 92



81}tg::ringesolucionarios.blogspot.com rn:.h:.,onau. 0 pﬁ"&"« Example 9.5,
what is the volumetric Sow and the power
needed by the pump? For this problem, take
the pipe diameter 10 be 200 mm throughout.
T = 20*C. Neglect minor losses.

-Commercial steel pipe
D =200 mm

From First Law (use gauge pressures):

Vnz Py _ V: . LIVQ]_
[?+5g+-;)- _7+0+0+f(3 > (AHp()

200\ 2

sg+ ”—p‘ =f[ﬂ "a] - (AH®)

Bernoulli from a to 1.

—‘é+5g+0=ﬂ+0+'£
2 p 2

Subst. into (1). 5= (AHp)(g)
10g - -"23 - FAS13)V) - (AH(®)

.080

BE

Assume ¢q =80 L/s V= =2.546 m/s

8.93
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htf&fﬁffylucionqp‘
26
24
22
20

Hp
18
>
& 14 /

12
10

50

40
(M

60 80 100 120 140 160 180 200
q. L/s

Re = (2.546)(:20) _ 5.06x10° 2046

€
£ = .00023
1.007x10°¢ D 200

f= 016 2 AHp=634Tm

Re = ﬂSS)_(%_ =6.3x10°

£ - .00023
1.007x10°¢ D

f=0157 . AH,=1505m

Let ¢=105 L/s

Re = 6.64x10° =.00023

x.
D

AH,=1744 OK

ﬂ q =105 L!;s JJ

8.94
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Large

reservoir

9.72 First Law of Thermodynamics for C.V. Use gauge pressures.

{“*321"%1"5*3:2*%*("91'*%

dw

+ﬂ= + —
20g . (k) r am

Py Vf
Bernoulli at (1). 0+30g+0=-——+-—i—+0
P

Head Loss

1
(2546)(—]
Re=Y2. 2) . 1.046x10°
vV 1217x10°°

~ From Moody f=.0156

" http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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(k) 7= (015

2 -
620 ) 25467 |, 2546’ _ co4. 100 Li-Ib
1 2 2 slug

2

Go back to (1). Subst. (2) and (3).

25.46%

, dW,
208 + 308 - =6.594x10° + H

dw. -
+_ 5308 L
dm slug

(5,308)(1.938)(5) = 51,440 £
8sec

_ 5.144x10¢ _ 93.52 HP
550

Force on plate

F=pVA= ©) (LY
- pV2A = -(1.938)(25.46)’{-:‘-—) (5)

E F=246.7 Ib E

http://ingesolucionarios.blogspot.com
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8. 3 NOTE 20 m ot a tempersture of 5°C. The pipe
commercial stecl. The Sow is &t the rate of 220

ve (2200 008 s e o o

= * the sumeer with a fuel temperature of 15°C?

AP
oE

Re = 00D _ g
2.323x10°

~ Laminar flow

First Law

(128)(20)(.220)(2.323x107%)
@XAH,) =h, =
o =h (x)(2)*

AH,=2653 m

b) Summer

Re = {1903)(2) _ 431,107
3.252x10°¢

Flow is now turbulent.

e 046
= = =,00023 . f=.0385
D 200 4

First Law

AR f[_g] (z;_] — [%][7.0032]
(AHp) =9.623 m

Change in total head is 26.53-9.623 = 16.907 m . Increase in power needed
is:

dw _ - _ N-m
i (&) (AH,) = (9.81)(16.907) = 165.9 ”

% = (165.9)[(:220)(1,000)(.970)] =

8.97

Edu_Zegarr_ch
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20 kW
R =500 kPa gage

_¥D__ (94 _;79x10°
v .011441x10™*

. f=.0125

30+k) [7.962]

h, = (0125) £

(4 \ 2

Go back to (1).
570 = (9.81)(30+hk) + (.990)(30+h)

246 = (9.81+.990)(h)

L h=228 m

http://ingesolucionarios.blogspot.com Edu_Zegarr_(&.gg



ﬁga://ingesolucionarios.blogspot.com Water eaters a pump la 8 600-mm pipe and
8 leaves in & 400-mm pips ot an slevation of 0.
* m sbove the entrance. The Bow is 600 L/s. If

the efficiency bs 65%7 Water is at X°C.

v, = (%) (2.122) = 4.775 mis

AH, Vi-v; 3. 50000 _ I 6.351 m l
2 (995.7)(9.81)
POWER = _(3)(6-351)(;56500)(995.7) - I 57.27 kW H

Crude oil (S.G. = 0.86) is beiog transported in
2 500-mm steel pipe over a distance of 100 km.
] Al 3 position sbout midway, somcone has

tapped in on the pipe sad is drawing off some
oll diegally. If the presswre drop soted by
pressure gages stationed every 2 km is 3000 Pa

Pl

)%

the suspected poiot and s 2500 Pa after
suspected point, how much ol is being
) sway illegally? The temperature s 20°C.

2

Guess at f tobe .03 & V=.2411 m/s

Re < (2411)(.500)(860)
(1.7x1074(47.9)

= 1.273x10*

£ .46 92,105 =.000092
D 500

From Moody f=.029

New V
~ Q, before TAP is:

3,000 _ 00y (2:000
860 500

Q, = (2452 %)(.500)2 = 0482 m’s =

8.99

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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After TAP

2,800 _
860

Use f=.029 from previous work. V=.2369 ms
(.2369)(860)(-;-]
T (17x107%(47.9)

=1251x10* - f OK

Q, after TAP

Q= (-2359)[%](.5)2 = .04652 m’[s = ﬂ 46.52 Lis E

~ Hence oil diversion is

Q,-Q,=48.14 -46.52 = H 1.620 Ls u

8 77 Suppose you had two identical pumps
. directly in series in the sysiem whose
performance per pump is as in Fig 8.26. If the
flow s 100 L/s, what is che increase in head
from che pumpe? The pipe dismeter is 200 mm.

What is the power input to the pumps?
=Reservoir == e -

steel commercial

pipe throughout
2.90° elbows

K =0.40

v=.0113 X 10~ m?/s

AH er pump is 17.6
o Perpump & p =999 kg/m?

(AH ) o, = @X17.6) = E s2m |

Efficiency of each pump is 61% .

(AH ) [ﬂ:ﬁ] (:".EJ (ﬁ]
POWER =[ Drom®] T ) ar ) ec _ [(35.2)(9.81)](.100)(999)
.61 61

Edu_Zegarr_ctS . 1 OO
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38s:
/

\
\
{
\
\

u
)

60 80 100 120 140 160 180 200

q, L/s

8.101
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steel commercial
pipe throughout
2-90° elbows
K =0.40

v=.0113 X 10~* m2/s
p =999 kg/m3

Each pump then delivers 80 Lfs . The AH, per pump is then:
(AHp) =197 m

(AHp) o = 197 m

Power to Flow = (19.7)(g)(.160)(999) = i 30.89 kW H

Power to Pumps = (2)(19'7)—%)7(3080)(999) = ﬂ 65.03 kW ﬁ

100

N/
/)
/

e, percent

40

20 40 60 80 100 120 140 160 180 200
q, L/is

http://ingesolucionarios.blogspot.com Edu_Zegarrgbhl 02



Sketch the hydraulic and energy grade lines for

8 790://ingesolucionarios.blogspot.com !
. the pipe in Exampic 8.2 Calculate the valucs
of key points of the hydraulic grade line. Take

H a3 the datum the centerline of the lowest pipe.

Use results of the calculations in Example 8.2,

HYDRAULIC GRADE LINE
ENERGY GRADE LINE

: S8
J:H%J

—-T\l

86.98 508

_ (100)144) _ g5
62.4

V=5.093 fi/sec

-~ Elevation of hydraulic grade line.

)’A=%+Z""23O f

A

H =£+z+f—=230.4 Mt
Y 2

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch8 : 1 03
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5,280

wigg

£ _230-(017) =193.84 f
Y -4

2
2

ye=1938 ft  H,=1942 fr  Ay,=.1611 ft

5,280

P _1940-7 - (017 ——| ¥ 1)
Y 2 \g

1
2

5,280
= 194 - 92.04 - (017

5 5.09321 1
1 2
2

=871
32.2) f

P _ 8698 - (01
¥

http://ingesolucionarios.blogspot.com Edu_Zega%._lIO4
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E

. 2
H=46- 2 (1.05) - 46 - 2456 (105)- 4494 m
28 2

H,, = 4494 - (.0152)(@Iﬂ] -4032 m
b 2g

At C;
20\( 4.456* 4.456%
H, , =40.32 - (.0152)| == -2)9 = 36.965
thd ( 2)[ 231()()(23] "

D:

8.105

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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4.456°

] = 34.66
2g

30
Hy = 3695 - (.0152)(-51

Power = (HD) Tm[(g)(pQ)

(20)(1,000) _
(2)(1,000)(.140)

Hyyy = 34.66 + (Hp) 1,y = 34.66 +

, 30Y 4.456%
=4922 - (. =2 = 46915
Hy, , =49.22 (0152)( _21 » ] m

http://ingesolucionarios.blogspot.com Edu_ZeggrY]cQ6
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First compute g . Use first law for interior of pipe.

(50000)  _
[Vz z <.3=)(1,000)] £

W LRE

Let £=.023,f,=.0258

http://ingesolucionarios.blogspot.com
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(cdnt

Substitute the above results into Eq. (a) noting that

3Y
V,= [“g] V, = .36V,

2
(1001[36"2 ] . (o258 199
2 3

(05)(.36V,)*  2.47(.36V,)
2 2

Use Bernoulli in tank:

P, (36V,)
P

100g = +0

Subst. into Eq. (d) and carry out the calculation.

100g-27 =526V}
V2

= 5.26V,-100gV,+707=0

Solve by trial and error.
V, =13.28 m/s V,=4.78 mjs

(Hy,), = 100 (05)(”:] (oz)( 473] 94.6 m

After contraction:

(Hy,) = -(2.47)(

2
478] 94.6 =91.71 m

108
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50\ 13.282
(Hﬂ)d) »= 91.71 - (.0258) (—:5-1—2?—] =53.06 m

After turbine ()

707

———=47.63 m
(13.28)(g)

(Hyy )y = 53.06 -

50\ 13.282
H. ) =47.63 - (0258 — | —="-| =8.98
Had . )(BI 2g ] "

This just equals the kinetic energy head at exit so solution is self consistent.

109.
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http://ingesolucionarios.blogspot.com Consider an cquisagular trianguiar duct which
8 0.4 m on & side. What dlameter circular pipe
will yleld the same Sow characteristics? What
size square pipe will do the same?

(4)(1)(.4)(.866)(.4)
@@ _\2 = 2309 m
P 1.2

D cutar = L.2309m l

Dy

For square pipe

_ @y
2309 = =0

A trapezoidal duct s transporting 2 ft'/s
of kerosene. The roughness ¢ is 0.0004 fr.

What is the drop ia pressure in 100 ft of
duct? The temperature i 50°F. Use daua from
Figs. B.1 and B.2 for kerosene.

v =32x10°% fi¥Ys
B = 5x107° Ib-s/f®

http://ingesolucionarios.blogspot.com Edu_2e§afr[_(!ho
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cont.s -

- 2
o= 5x107 Bosf 563 spyugsipd
v 32x107° fr¥s

A= (12)(10)-(2)(%)(10)(10 cot 60°) = 62.26 in?

(4)(62.26)
12+(2) m‘w + [12-(2)(10) cot 60°]

D, =

2
V= = 4.626 fifs
( 62.26 %

144

7.007

12 ) - 8.44x10"
3.2x10°

4.62

Ap = (40.31)(1.563) = 63.005 Ibjfi* = E 43753 psi E

8.111

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



8 gﬁp://ingesolucionarios.blogspot.com Oil of kinematic viscosity 2 X 10 t"{.u fows
. Find Reynolds number for circular pipe flow. o s w3
ot e and ead ot e

92 |3

L)

4 A 12 .
Re =1 = 509.3 . Laminar flow.
2x1074

For square conduit of sides of length a ft

D= 9@

For a flow of .02 ¢fs the velocity of flow should be

02 =(V)(a?) =92

a’

For same head loss

(. = JBUO@XI0Y _ 4100, fi-lb

TH R
12
022
ALY A2 [:l&. -4
hd e f[Da 2]4(“] - = L axoy

041721 = £E 2x104 L _2085
a’ a’

From Fig. 9.29 SfRey = 5691

a)

fo
a2
=56.91 . f=.5691a

2x107

S5691a
a

! a=2285ft =2.743 in

Subst. into Eq. (1) =208.6

Edu_Zegarr_%h 1 I 2
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g &/ REYHOIIS ittt for circular pipe is T % s
2

ﬂ—lji[%]

4

-l
2x10™

= 50,930 = 5.093x10* . Turbulent flow

2
D,= k.. a
4a
For q=2 ¢fs the velocity in the square conduit is
2 = Va? v-2

2

For same head loss rate ()i = (A gquare

2

Seard(3:320) = £ iare (_s] fuye from Moody = .021
a

(02D)(3,320) = £, [—2-]

aS

a=.227 in =.0210

__2
(.227)

fme

= 38.81

Re = $881(227) _ 4 495,101
2x10°*

From Moody =.0217

fsquare
- Go back to (1). Solve for new a . Hence

Close enough!

8.113

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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Consider a3 smooth 18-in pipe carrying 100
2 /s of crude oll with $.0. = 0.85 st a temper-
sturs of 50°F. Estimate the thickness A of the
viscous sublayer. Use Moody's diagram for f.

The formula for A is

Note

Find Re next.

100 (1.5)

2 (157
Re=-3 = 5.659x10°
(1.5x107%

From Moody diagram for smooth pipe zone  f=.0130

QNS0 e

V, =2.281 mjs

A = OSN3 548,104
2281

8.115

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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If the volume of air Sowing in the previous
problem Is 0.5 m’/3, find the maximum veloc.

iy
(s) using the one-seventh law

(b) wsing the logarithmic velocity law
The duct is made of steel

Find V= i} = 1592 mfs

"B

B = (4.2x10°7)(47.9) = 2.012x10"

@tp://ingesolucionarios.blogspot.com

5NS
mZ

P 110325 _ o0 kg

P = RT " 281313 3

2
= 1.638x103

R

5[ Ou 5 ] (27)(.100-y)dy -

0

(100)7 °

=V, [6297x107 - 3.359x1077]

£du_zddart b/

http://ingesolucionarios.blogspot.com
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eont.s)

I Vo = 1949 mjs ]

=046 53410

-
D 200

Re = (5:92X(200) _ { 944,105 o+ f=.018
1.638x10°°

.- {[p:’]= .o:s (1.223);15.92)2 R

‘ .7003
= ——— 2
V., 1928 7552 mjs

(cV.] _ (.046)(10")(.7552)] i

" Sy . Smooth pipe zone
N x

1% 14
- 252" + 55

v

(7 Do = 1888 1n | L1735 | 4 454
1.638x10°3

(V ) ax = 20.08 mjs E

http://ingesolucionarios.blogspot.com
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For circular conduit

v (ia)
12
Re = (%I%]l = 5.093x10*

2x107

For q=2 c¢fs the velocity in the square conduitis 2 = Va?

For circular condui(s % = 0:3 = 001

2

21 2) o0 2 LG e
' [(D][z] (%) 2

For square conduit

Try

8.119

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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(cont.)

L

2.6
h, = (025
= ( )12[

42,6042
2

] = 104.7L

104.7L + 79.68L

a=268in =9 _o0119

D, 268

0.10) 288

12 ) - 4.478x10*
2x1074

. f=.025

40.10%
2

L

h, = (.025) [2,68] [

12

90L + 79.68L

a=272 in

http://ingesolucionarios.blogspot.com Edu_Zegg‘r_I‘RO
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(cont.)

2
2-72 )
12

83.58L = 79.67L

2 hy=(025)

00!

e .
= S = = 001095
a=274 in D 7

(38.36) Tz"
Re = 4.38x10°

2x107*

f=.025

L (38360
= (205 = 80.56L
4= (205) 2.74 2
12

80.56L ~ 79.68L

E a=2174 in H

http://ingesolucionarios.blogspot.com Edu_Zegarr_ﬁ‘ 121
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First compute the hydraulic diameter.

@A) _ 333
Dy 212+1] #

8,000
50

V=-xX= =66.7 filsec

2

P __(147+2)(144) _
RT  (53.3)(g)(460+50)

p=

Ib-sec

i =3.8x1077 r

_ PVDy _ (00275)(66.1)(1.333) _ ¢ 434.10°

Re
3.8x1077

f=.0168

Go to first law.

(.0168

1.333 2

2 P, 200 ){66.72

00275 00275

p,-p,= 15419 psf

(v Hg)(h) =15.419

h= 01817 ft = E 554 mm !

http://ingesolucionarios.blogspot.com
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8 duct of S0 m carrying air st & temperature of
. 35°C w1 & pressure ot the inlet of 100 kPa. The
duct has » rectangular cross section of 650 mm
Mmm.ltlbeuklmuﬁupﬁm
inlet 1o outlet of S mm of mercury, what is the
volumetric flow? Hini: For such & small pres- *
sure drop in the duct, treat the flow as incom-
pressible. Take R = 287 N - m/(kgKK). The

_ (4)(.650)(.320) doct s gahanized o Consider that the fow

=.429
B 2[.650+.320] "

p___(100000) _,q33 k&  ,_2110° K
RT (287)(273+35) m? ms

Now express first law for duct.

4 pn W
LB, B L
2+gzl+p 2+gzi+p+f 2

< .15 _ 000350
D, 429

Estimate f=.016 . Hence

P\~P, 50 | V2
2172 _co16) = || =
L33 ~ o6 .429][ 2]
P,-P, = (005)(13.6)(9,806) = 66681 - V=251 m/sec

Calculate Re . Re= (L131)Q@5.10429) _ 541,105 . f- 0168
2.1x10°%
Recompute V : PP (.0168 30 K
11313 429)\ 2
V=2454 mfsec

q = (V)(A) = (24.54)(.650)(.320) = 5.106 m>[sec = 5,106 L/sec

Edu_Zegarr_ch . 123
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A fuid having specific gravity 0.60 and a viscos-

ity of 35 x 10™* N-s/m? Sows through a cir- Re = pVD = (.60)(1,0@)(15)(.300) = 7.71)(106
cular duct which is 300 mm in diameter. The 35 10-‘

average speed of the Buid is 15 m/s. The duct W X

ls commercial stcel. Find the ‘velocity of the

Buid 30 aun from the wall, Find the drag on §

m of the duct.

f=.013

_ 013 (1,000(.6)15) _ 5104 Pa
2

B 2194 -
" \J @000 0% ™

eV, _ (.046x107%)(.605) =477
v (3.5x10-‘]

Transition zone

600

(03)(.605) | _

3.5x107
600

=

V= ﬁ%’-)lo.ss- 348  mfs

z

http://ingesolucionarios.blogspot.com Edu_Zeg%fr}c%4



8 Btﬂ://ingesolucionarios.blogspot.com Develop a formula for the

average velocity @ /A in 2 turbulent pipe flow.
Now rclatc this average velocity V,, with the
maximum velocity ¥,,,, in this flow. Shcn that

3
P‘-—;‘ln—'-'-lnﬁ'il

v, & v,
= [|lny+In— - In B (R-y)dy
R v

\

o

2V,
aR?

_ 2V, llnR
- [+ 4

http://ingesolucionarios.blogspot.com Edu Zega§r' !:h



Coruider Bow of water at 60°C in s smooth
100-mem-dlameter Examine the situations

9.%://ingesolFbrari(Relegmm
a)

Using Blasius we have universal lew of friction. Fally,look st Moody
curves. Compare results.

3164 3164 01779
fl 1 n =

i
Re*  (100,000)*

b) From Prandtl

—5_} =2.Olog[V'“"DJf]-— 8

1
— =2.010g[100,000 /7] - .8
v

Solve by trial and error.

! f=.01799 !
c) From Moody
ﬂ f=.0180 H

For Re =500,000

a) Blasius

3164

(50,000)

b)  Prandtl

1 _2010g[50,000 /7] - 8
V

By trial and error

¢) From Moody

=]

.
Edu_Zega§r_ch

http://ingesolucionarios.blogspot.com



8 %://ingesolucionarios.blogspot.com ::': :nl%.m show ‘:‘w’“":":‘ pipes
: a4 follows:

Ap = 0.2414Lu' D -4 QL1804

Find the pressure drop in & smooth 100-mm
Pipe for » flow of 0.5 m’/s over a distance of
50 m. The fluid is water a1 30°C.

But from Blasius,

E xD? _ DXL
rom equilibrium Ap vl bl w (RDXL)

D 1

Ap = [4_L.
(Re)*

)[ -1_91 EI 1) 4\2
Ap =(1582)\D * Ao \p* —;]‘Q

! 1 3 l
AP - (2414)[4! 4D-4.1’SQI.TSP 4

For 50 m of 100 mm pipe with Q=.5 m%s of water at 30°

1 3
Ap = (:2414)(50)(.801x107%) #(.100)475(.5)' 7%(995.7) 4

I Ap =6.017x10° Pa l

Edu_Zegarr_%hl 27
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N/
/)
/

\2

-

\

. o

A

40 60 80 100 120 140 160 180 200

q, L/s

a) From plot we get

e, percent

A pump has performance given by the plot in
Fig 8.26. If it is pumping 120 L/s of water at
10°C, what is the term JW, /dm nceded for the
encrgy cqualion using cncrgy per unil mass
What is the power inpul in kilowatix”

150.1 N-mjkg

] - ( ](150.1)(.120)(997.7)

1
73

dw.
: =24.67 kW

dt

http://ingesolucionarios.blogspot.com

128

Edu_Zega'rr_ch



8 9gttp://ingesolucionarios.blogspot.com e K dnz‘:cl::“ S
: s fres jet What is the roughness of the pipe?
Neglect losses at entrance t the pipe. The
Buid velocity b 2 m/s

Start with the modified Bernoulli Eq. for the pipe. Use gauge pressures.

LAt =-";-+(30)(sin5°)(g)+0+h,

2 P

Now use Bernoulli in tank.

Subst. into (1).

98.1 - ; - 68.40 + f[_ﬁﬁlf_]

JA80A 2

2222fV?+ 5V*=29.70

888.8 f=27.7

f=.031

Re = — D8 3 595,10°
1.007x10°S

=~ From Moody

au 7830 47

http://ingesolucionarios.blogspot.com



8 9Sttp://ingesolucionarios.blogspot.com or 3 st i 'l‘;‘;;'";:f'fu:':'b‘*""“

procedure for different dismeters to et the
proper AHp required by the pump. Only uy
two diameters.

8 e bty

¥ 5

steel commercial
‘pipe throughout
2-90° elbows
K=0.40

ve=,0113 X 10~* m2/s
p =999 kg/m3

Rewrite Eq. (a) of Example 9.5.

o

V2
27

(700) + 85 —- = 10g + 9.814H,

- _.1273

01499
+

Eq. (1) becomes: =

f[ 5'672] -98.1+9.81 AH,
04

Guess at D to be 150 mm .~ V=5658 mfs

Re = M =751x10°
0113x10™*

.....e_. =2 = _MSI f‘—" .016
D 50
Go to Eq. (2). Subst. D and f . Find AH,

01499 | 016 3672 _98.1+981 AH,

(.150)* (.150)* ~ AH,=11.29m

Plot point on AH, vs q grid. (Note AH, must be 17.6 m.)

8.130
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24

22

20
e

18

Hp
16 N
/)

/

\
\

14

e, percent

10

\

12 \
\

| \

\

l
—— 40

20 40 60 80 100 120 140 160 180 200
q, L/s

D =140 mm V= 1273 6.495 mfsec

(.140)

Re = (6:495)(.140) _ 8.047x10° .. .000329

e
0113x10™* D 140
f=.016
Go to Eq. (2)

01499 | 016 5.672

=98.1+9.81 AH,
(.140)* (.140)*

AH, = 18.06 m

~ Diameter is a bit larger than 140 mm . Maybe 141 mm .

http://ingesolucionarios.blogspot.com Edu_2e§cml_§11



Flowing through a pipe of 12-in disineter is 10

616p://ingesolucionarios.blogspot.com ' /3 of water at 60°F. The pipe is very smooth.
8.1 Estimate the shear stress v, at the wall and
the thickness A of the viscous sublayer. /i

Use Eq. (9.23) for r_.

We may use Eq. (9.23) for the shear stress at the wall.

2 -5 1
v = (03325)(1.938) O | [ L21TX107 )2 _ 355 poy

=t || (1) 10
4 2)| =12
4

Now use Eq. (9.59) for the viscous sublayer thickness.

P - 50217x10% | 1238 _ 1 360x10* £
T 388

A =.001632 in. ||

W
<

<]
1}
L%,
<
™

Do Prob. $.101 for r_. Cam-

8. 101 pare your estimation of A with that of the
preceding problem where we got 4 = 0.001983

10

V= =12.73 fi/sec
(1%
4
Re= Y2 _ (27D _ 46,108
v 1.217x107%
From Moody chart f=.0118
2
ffi pV? =(.0118 (1.938)(12.73%) _ 4cq psf
4\ 2 4 2

A= % - (5)(1217x10°5) l‘_féﬁ - 1.245x10° ft = 001494 in.

We get a small thickness here which is off from previous results by

001632-001494 100 _ ¢ 5o
001632

Edu_2e§arrl_ 3}2
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Flowing through commercial steel pipe of di-

8 IW/ingesolucionarios.blogspot.com ameter 200 men are 1600 L/s of water st 10°C.
n What is the wall friction 7.7 Express the veloc-
ity profile as a function of y, the radial dis-

tance in from the wall. What is the maximum

velocity P7 Use the Moody disgram to get v,

Re = VD _ (50.9)(.200) _ 7.79x10°
v 1.308x107°

- 2085

k3 = 000230 - f=.0143
D 200

) W] - (.0143 (1,000)(50-92)‘ =4,631 N/m?
2 4 2 ’

Calculate pV /v next.

-3, | 4,631
[pV‘] _ (.046X10 )\ m

=75.7

v 1.308x107¢

We are in the rough pipe zone. From Eq. (9.69)
1 ,n(
a

Y 1 (m) + 85
12 4 045
(1000]

http://ingesolucionarios.blogspot.com Edu_Ze érll_é;3



Qasoline having a specific gravity of 0.64 and 2
T%//ingesolucionarios.blogspot.com viscosity of 3 X 10™* N - 5/m?® flows through »
81 250-mm pipe st an average rate of 10 m/s
What drag s developed per meter of pipe by
the gusoline? What b the velocity of the gaso-
line 25 mm radially in from the pipe wall? The

pipe is new cast lron.

Re = Y2 . _(A0X250) _ 67,106

v (3x107%
(1,000)(.68)

=226 _ 001 £= 0198

250

_ f pV* _.0198 | (1,000)(.68)(10%
2

t
Y4 4 2

] = 168.3 Pa

Drag = t (nD)(1) = (168.3)(n)(.250)(1) = 132.2 N/m

1683
(1,000)(.68)

We are in rough pipe zone

At y=.025 m we get:

8.134
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8.104

2|y 1,{2)
_ 1 * e . D _
- L el g (21:)(2 y]dy
4

4 B

¥ . m)’ y
(4
ﬂ—l dy—f—;m;dy

Derive Eq. (8.70) using Eq. (8.69). Take a =
0.4.

Df2 D D2
[ (8.5)(3]@ - [®5yd
0 0

http://ingesolucionarios.blogspot.com
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http://ingesolucionarios.blogspot.com If 1 &%/5 of water Bows into the system mt A
6 ot & pressure of 100 Ib/in® gage, what is the
pressure at B if one neglects minor losses?

The is commercial steel. Take u = 111

F—I,SOO ft_-‘-l x 107 b - o803,

I

i J, N

310 ft. : \'D' 6-in T .
| D = 8-in

| + / B

I _ {f

& =
i 7 -
AT Lt —3000 ft —

D=8in| |
~ % All pipe is commercial steel

Assume for the upper branch that q; = 4 cfs . Hence:

V=2 2204 fifsec
k11

6

1

(1.938)(2.04)[-;,-]
(Re), = - 9.37x10°* £,= 0195
2.11x10°5

The head loss for branch I is then:

2
(h), = (0195) 1280 (2'04 ]=11o.4 i

First law for upper branch.

Now compute ¢, using this head loss. Thus:

Now let f;,=.018 . Solve for V; we get:
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cont.) ®Re) = (1.938)(2.45)-(’-667) = 1.501x10° Sy = 0182
2.11x10

Guess for f; close enough. qi, = (2.45)[1‘—(—1%6—711 = 856 cfs

Now make a second estimate for the ¢'s .

" 4 " 856
= =, = 1 - .682
U= iae W3 ok an= e D) »

V=318 _ 1620 fisec
11
(5)
(1.938)(1.620)(—%)

TS = 7.44x10* f,= 0215
A1

(Re), =

v,-—5% __1963 fifsec

n(.667)*
4

®Re), - (1.938)(1.963)(:667) _ | 504x10° £, =019
2.11x107° :

Now compute the head losses for the branches.

Branch I (k) , = (0215) =761

1

1,360 1.620’]
2

2

=74.6

2)
Branch II )= (.019)( 1,360)[ 1.963

667 )\ 2

pf‘Pz.l

P

[P]‘Pz
P

] =76.7
I

137
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(cont.)

This is close enough for our purposes. To get the pressure at B find the head loss
through the pipe section III .

1
V,,= ———— =286 sec
M x(.667) A

4

Re) pp = L2326 _ 4 75,10° fp= 0178
2.11x10°3

3,000\ ( 2.86*

= ( Saahad =327
(k) = (O178 .66‘7]( 2

The total head loss between A and B is then (h) =75+ 327 =402

The pressure drop is then Ap = (1.938)(402) = 779 Ibjfi®

Hence,

8.138
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f+=——1,300 ft —

T I /| AN
: :D=&m !
30 ft D=8-in
/ B
{L' I/ Q
; JL )
A
T -~ 3000 ft ——=
30 ft /D=8in
1 _Jf o .
/4 All pipe is commercial steel

Use the diagram of the previous solution q; =4 cfs.

4
V,=——— =199 sec
I 2889 A
144

_ (1.938)(1.994)(6.065) _ g 26,10 f,=.0198
" (2.11x1075)(12)

(Re),

First law for Branch 1.

Pr_Pa, 1,360 1.994=]+ a0) o(35.45y TOF
e (0198 6 065 [ 3 [(2)(.30)+(2)(:45)] 5

12

Now compute ¢, .

=%

VZ
1089 = £, ;;i‘: [.E‘E] + [(2)(30)+(2)(42)]

12

2

V=240 fifsec

Let f,=018 . We get for Vj,
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cont.

(1.938)(2. 40)(
2.11x10°%

798]

(Re) ; = = 1.47x10° fy= 0182

Guess for f,; close enough. Hence = (2. 40)( 5003) 834 cfs
Now make second guess.

V7 834
- - 676
=4 8% o

V=328 __1649 fisec

I (28, 29)
144
(1.938)(1 649)[6 ?255

Re), = ) =7.66x10*
(Re), 2.11x10°5

For Branch II v, =—516 _ _ 1946 fisec

T 15003
144
7.981

1.938)(1.
(1.938)( 7

] = 1.190x10°

B
Re) 2.11x10°

Now use first law for each branch.

PiPs _ (020) 1380 (""“92] + @304 3&9}_ =752
° [l 2
12

PiPr _ g1 1360 (1.9462]+[_6+'34][_1_'_94_62.]=76.4
p 798 |\ 2 2

12
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(cont.)

Close enough! Can stop iteration. Look at the last section of Pipe IIIL.

V= ﬁ =2.878 filsec

144

(1.938)(2.878) 1281

2 ) =1.760x10°  f,=.0178

(Re) p =
m 2.11x10°

First law for last section of pipe.

2 2
Py _Ps, op7g)(-3000 (2878 ]+ ( 4‘8)[2.373 ]
P P 7.981 2 2

12
Py=pP; - 683
P, = (100)(144) - (1.938)(108.9) = 14,189 psf

. ;= 14,189 - 683 = 13,506 psf

I py=938 psi E
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8 ltbtx;}'//ingesolucionarios.blogspot.com

Commercial
steel pipe

100m

200 m

Assume g, for Branch Iis 200 Ljs . The head loss is:

_200_ _200_
220\| 1,000 (l]+2.3 1,000 (_1_)
25 )| (m)250h) [\2 (x)(250)* | \2

4 4

ORY|

_200 200
+f,{ 150) 1,000 (_1_)4_2‘ 1,000 [i]
200 )| (x)(:200) | \2 n(.150)% |\2
4 4

(Re), = (X200 = 6.7x10°
(-}] (:250)2(1.519x10°6)

Re), = — D200 _g3510°
[%](.2)2(1.51%104)

f, =015
. (h), =403
£, =015

First law for Branch 1.
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(cont.)

Go to Branch II. First Law. Choose f=.015 and use [p,-p,l,/2 =415 from

previous calculation. Compute an -

415 = (01 230[ ] z( ] V=637 mis

. qp= (6.37)(%}(;200)’(1,000) =200 Lis

Now we don’t need to get better set of ¢’s . We are finished iterating.

Py Py
P

- 415

p, = (1,000)(415) + 20,000 = E 435 kPag E
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8.108

400 m

g |
300 mm
commercial steel

pipe throughout

500 m

Estimate q,’ =250 LJs . First law for Branch I.

ve—20 _ _354 ms

o

P4 ., g(100) = .f:.)e + 8(200) +f( L 00](3'542]
p

3 2

pA—pg 3 1.303 N-m

Let f=.014
a P 4

Go to Branch II and Branch IIl. Find g , qj; using first law.

For Branch II.

Pa + £(100) = Ps + £(200) +f[i‘9.) {_..V_z.)
P (o 3 2

Take f=.015. Use (p,-pg)p =1,303 . Solve for V.

(1,303)-(9.81)(100):(.015)(5—29)(-?] V=5075 mjfsec

For Branch III.

8.144
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(cont.)

Pa +g(100)-——+g(200) f[ ][—"'—]
P 2

Take f=.013 . Use (p,-pple =1,303 . Solve for V.

1,303 - (100)(9.81) = (013 _-3;-’9][4] V=338 ms

The new ¢q’s are:
=250 m3s

/ Y a2 3

dn= (5.075)[7](.3) =.3587 m’[s

am= (3.38)[—:—](.32) = 2389 ms

Find new set of ¢’s.

Py 250 ___(8)-.2360 mYs
250+.3587+.2389

" 3587 3
= 8) = 3386
U = 5507358722389 ) m'ls

" 2389
. 2255
9w = 5507358742389 ) s

V' 236 _3339 ms

[

3393 _ 6.50x10°

(RG)” =
T 1519107

f,= 0146

Edu_Zegarr@cI‘l 45
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cont.

- 3386 _479 mis

n
—4-(-09)

" 4.794)(.3)
R = ——"" = 9.46x10°
Ko 1.519x10°

fr= 0145

=3.19 mjs

e

®eYl = 1) __ 630410°
1.519x10°¢

fy = 0146

Compute (p,-pp)lp for each Branch using first law.

I ﬂ;—”£=g(100)+(.01 “00( ] 1279 N-mjkg

m  24Ps _ 4100) + (014 —3)[-?--] 1258 N-mikg
p

m 24722 _ g(100) + (01 1'3;’0)(3;92] 1303 N-mfkg
P ;

We could go through another cycle. Instead we stop here and take the average of

@,-Pplp = 1280 .

PAPs _ g9 I (@,-Pp = 1,280 kPag I
P |

8.146
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http://ingesolucionarios.blogspot.com Going into the system of pipes at A, we have
69 200 L/s. In the 150-mm pipe, there is & tur-
bine, as shown in Fig. P9.110. The turbine has
perf: h istics as shown in Fig.
§:26. (The head A H, s now the decrease in
besd rather than the increase in bead that
would be the case for a pump.) The water is at
5°C. What is the power developed by the tur-
bine? Hint: Choose a flow q in the lower
branch. Read off AHp for this flow from the
perf chart. Now compute (p, — py)/p
for this branch. Plot a curve of (p, = py)/p°
m;mmme'wmdq.m
compute upper branch (p, = p,)/p for
"’"w-m"()formcmn:ofq.'suhn
the lower branch and agsin plot (pq = pPalip
versus q. The intersection of the two curves is
the operating point. This is another exsmple of
10] hing described in Example 9.5
NS Neglect minor losses. :
Commercial

steel pipe

Consider Lower Branch. Let ¢, =.08 ms

08 _4527 mis  (Re), = Y20 _ 447005 g, - 0168
xY o 1.519x10°¢
7 Jc1s0

Py, Pg| _ . 64 )| 4.53 _2g7 N-m
[ - 1_(19.7)@;) (.0168)(.150)( 2 ] 67 s

4,=.100 m¥s  V,=5659 mjs  (Re),=5588x10°  f,=.0165

2

150 kg

[wil=(17.®@)+(.016 —6-4-}(2'929—'2-]=235 N-m
P

g,=.120 m¥s  V,=6791 mjs  (Re),=6705x10°  f, =.0160

6.7912] 303 N-m

PaPs| _ . 64
- = (15.3)(®) (.0160)(_150]( > -

3

g, =-140 m¥s  V,=7922 mjs  (Re),=7.823x10°  f,=.016

PaPs| _ . ot 54 \[7922%)
[—p—] - (13)g) (.016)(_150)[ : ] 341

Edu_Zegarr_&.hl 47

http://ingesolucionarios.blogspot.com



http://ingesolucionarios.blogspot.com
cont.)

Now go to Upper Branch. (2-q,) =.120 m’s

V,= 120 _ 1528 m/s (Re), = LH_S)(;I)G. = 1.006x10°
[.E o1) 1.519x10°

£, =017

PaPs| _ 01732 15.23-]=635
p )y \10J4 2

(2-¢)=.100  V,=1273 mjs  (Re),=838x10°  f,=.0171

= 2
PaPs| _ o7(32)[(1273 ]=443 (2-q) - 08
P .10 2

V,=10.19 mfs  (Re);=6.71x10°  f,=.0172

P4 Ps| _ 32)(10.19?] _ A=
[ , L_.om{-_ﬁ](———-z ] 285 (2-¢,) = .06

V,=1764 mfs (Re), =5.03x10°  f,=.0174

[‘0 AP "] - (.0174)(2][7'642] -163
5 1)\ 2

Now plot (@,-pplp vs. q .

8.148
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(cont.)

UPPER BRANCH
LOWER BRANCH

v
OPERATING POINT
80 90 100 110 120 130 140
q(Ls) FORLOWER
BRANCH

Hence q for lower branch is 116 L/s and for the upper branch is 84 L/s . The
power generated by the turbine is:

"Power = AH,, g p q e = (16.5)(9.81)(1,000)(.116)(.72)

Power = 13.52 kW

149
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CHAPTER O
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Consider flow of a fuid having the following
velocity ficld:

Ve (3yixi+ 10y23) + 5k} m/s

‘What are the normal stresses at (2,4,3) m? The
siress r,, st this point is known to be -10
/N7 gage. Tuke s = 1077 b - s /0.

Go to Eq. (10.9) for < .

tpn u[(Z)(Sy’) -(3) (3y’+10z3)] -p

Let t_=-10 at (2,4,3).

-(10) = (107296 - (%] (48 mo)] -p

p=-1.160 + 10 = 8.84 psf gauge
Now go to Eq. (10.9) for ¢, and =, .
Ty = 1072[(2)(10z%)-212]-8.84 = 10°%(540-212)-8.84 = ~.5.56 psf

1, = 102[0-212]-8.84 = -10.96 psf
[t _=-10 psf

t,=-556 psf

| Te = -10.96 psf

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch9 1



wall in terms of volume flow ¢ per wnit width,
Hint: Use the fact that the shear siress is zero at
the free surface.

Assume we have 2-D , steady, laminar flow of fluid. The Navier Stokes Eqgs. give
us in the_z direction

V
B JRAAR:
x

Separating variables

Integrate (b):

V———l sin © __y2+ +C
- (‘3“93 )2 4 2
When y=0,Vz=0, C2=0

dav 1
When y=t , —==0 - C,=-—(P-pgsinO)
oy dy Yo

2
V,= L(p-pgsin 9)[y— - 0’]
K 2
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To eliminate ¢ :
¢ 2
q- —‘-(a-pgsine»[?’—- ](dy)(n
o ¥ 2

_ B-pgsin® fi-ﬁ], B-pgsin® _:_3]
k16 3 3

[pssmﬂ -p

*’(—“—17 (rests)

At the free surface, p = const.
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The Navier-Siokes equation for oplindrical co- ukqﬂddeumﬂnmlelmm
ordinates are presented for the case of in- angulsr velocity w, and the outside cyfinder has
compressible flow with constant viscosity u a3 angular velocity wy. Use the fact that in cylin-
follows: dricsl coordinates

b, o ap 12! arqarar) 1 #
o(B-5) o7 Vel Awt ®
Neglect body force of gravity. Show that we get

ol &

dr

(<)

r
e al(F)-o

Simplify these equations to apply 10 the rots-
tional flow {only) between (wo infinite concen-

Note that V,=V,=0 and that V,=V(r) and p=p(r) . Going back to Egs. (a)
we get:

(a)

(b)

Replace V* using cylindrical coordinates and, carrying out DV/Dt , we get for (b)

v,

Vo

Thus we have

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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In Prob. €4 find the wolocity fickd for the

We start with the differential equation for V, .

sze+£..[_Vg =0
dr?* dr

r

a[d V.o W Voo
dr| dr r dr r

%(rv,,) =Cr

This can be written as: -}[% rV,] = C,

:‘:r- V) =Cyr

r=R, , Vy=R0,

r=R, , Vo=Ro,

R.(R —-C‘R’ C

i 1“"1)‘“2_ 1 ¥4,
Cl 2

R(Rw) =LK +C,

C
Subtract (3) from (2): Rfml - R: W, = 7‘ R-R)

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 9 5



Also we have for C, :

C
C,=Rlw,- T‘.Rf
2 2
Riw,-R; 0,

T

Hence: C = R,zml -

Now going back to Eq. (1) we can say:

r

2 2 2 2 2
IR e

R{-R; Ri-R;

_ 1 2 2 an
Ve = PRI"’x"Rz"’z) + T[QI(R?“’R:Z) - Rf"’l *+ Rlz“’z)]}

2 2
R}-R}

R
Vo=— : 2 FR:GI_R:QZ) + L ("’z""l)}
Ri-R, r

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 9 . 6



As an introduction to hubrication theory, con-
sider » slipper block moving with wpeed U over
& besring surface. With A = L, the Bim of ot
beiween the stipper block and bearing surfuce
may be considered very thin, so that Eqx. (10.5)
apply. Clearly the velocity component  must be
much kess than ¢ and with 3 /3x of the seme
order of magnitude as ¢ /3y, we can drop the
sccond cxpression of Eq. (10.50a). Neat, con-
sider the expremsion
pu(du/sdx)

In dimemionicss form 30 that &* = w/U, 1* =
/L, and y* = y/h. If UL/v in besring prob-
Tems is seldom greater than 2.5 X 10, indicate
why wldu/iz) can be deleted in Eq. (10.504)
compared with »#u/2y? for (h/L) < 0.001,
We are then left with the equation

dp Py
Pt | (e)

for lubrication problems. Hini: What are the
orders of magnitude of &*, y*, and 1°7

,ou pUu”ou"U) ou’
P a ) aLx-) =(E) o’ (h_Z]
pdu Fu'U v [a’a‘] L?

ayz B ay.zhz ay.z

& ({(2.5x10‘)(1)(%]2] <0(h?)

and is therefore very small so we can neglect u % compared to v %"z-

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 9 7



-blogspot.com fn Prob, ke reference ayr a8 fxed 10 the
n.ppe:uuludmmmmm
is given as

1
ve g -mey(i-1) @

Next, show that the volumetric flow ¢ per unit
width of the slipper block is

lZplU?: ©
"W T

From this, show on Integrating from 0 to L tha

LG I L

" TI &) "’u""l)"’r

Finally, d ine the p of
x given a3

rrt TS AR @

The boundary conditions that must be satisfied for the problem at hand may now be
given as follows:

when x=0 (y=h) ; p=p, (2)

(c)

(d)

Now considering Eq. (a) in Prob. 10.6, we note that the left side of the equation must
be a function of x only and so integrating with respect to y twice and solving for

u we get:

1
|3 z @Y + £

where fi(x) and f(x) are to be determined by the boundary conditions. Thus
applying Eq. (c) we get:
-U=fx)

Now going to condition (d) we have:

S|l -
0'.[2;; dx}h k- U

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 9 8
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(cont.)
_ 595 2 @

The velocity component u can then be given as follows:

it )0’2 "’)‘”"("1] @

Thus, we see that the velocity profile is the superposition of a parabolic proﬂle as
given by the first expression plus a linear profile as given by the second expression.

We now introduce the volumetric flow rate g by employing conservation of mass.
Thus for every section we have:

o= fro- [l (2w -

1 (dp\E B Ak oL (dp)s_ Uk
2u\dxA 3 2 2 12p \ dx 2
Solving for dp/dx we get:
a __ 12, }EE(U.&]h_l?.E.(.‘{"_HI] @

& 0 2 R

In order to determine ¢ in terms of U , we now employ conditions (a) and (b).
Thus, integrating the above equation between 0 and L we have noting that p=p,
at the ends

Tdx  hdx
2o

O —

P g -0=124
dx

We can then conclude that:

9.9
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Note that we have for h

= X
h=h +(h,-h) L

Substituting this function into Eq. (3), we can solve for ¢ as follows:

B,

L

As for the pressure p , we now substitute Eq. (4) and Eq. (5) into Eq. (3) and, after
considerable algebraic manipulation, we may arrive at the following result:
6uUL

h-h)(h-
i ©

P=pPy+

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 9 l 0



.blogspot.com In Probs. 7.6 and 7.7 determine the lifting

force P on the slipper block per unit width of
the shipper blogk. Get the loliowing result.

P=plL
OIS .1( % ‘*] ©

The total load P that the bearing will sustain per unit width is calculated.

L L
6pUL
P=|pdx= + —B2=  (h-h)h ’d-l
!p 4[%0 2(’!2_"21) 1 hz)

-h
hyhy

From geometry dh = 7

We then have for Eq. (d) Prob. 10.7

_6upUL .,
P= [h*-h(h,+h,)+h.h,]
{ % proA h, lhzl

The integration is straightforward and we get:

by, h,—h.]

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 9 l 1



A thrust bearing with six fixed shoes is shown .
I the shalt rotatey st a speed of 6000

The dimension of the shoe and the B of ol i
shown. The u for the off is 0.0958 N - s/m’.

We shall idealize the problem by considering a rectangular shoe of length
corresponding to centerline AA which is:

0= (-%](500) =393 mm

We will furthermore consider that this shoe is moving along a straight line at a speed
of U corresponding to the centerline A-4 . Thus:

U=or= [(6,000)(%3-)](.55) =346 mfsec

It is clear that p,=0 for this problem and so we go to Eq. (a) in Prob. 10.8 for P,
for one shoe:

p-OWULL s, "1"‘1]
(hy-h ) | B Mrh

m3-231.757 w
1 %34

(6)[.0958 N-sec [346 m ](.393 my?
= mz Sec

(3-1)*x107% m?

+

With six shoes we get:
P=4540 kN

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch

9.12



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



.blogspot.com From Eq. show that as M, ~ = we get
# Neniting minimum Mach sumber M;. What is
this Mach number for air?

As M, - =, we have

k-1
2k

(M:)um =

14-1

(Mbum = =.1429

E' (M,) = 3780 H
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‘_/ Staﬂonaly Plenum

normal chamber
shock

TR

T =20°
k=14 {

R =287 N - m / (kg)(K)
p = 101,325 Pa

Consider isentropic tables

. p, = (192)(.0564) = 44.7 k Pa

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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CHAPTER 11
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llh.ti)://mgesolumonanos.blogspot.com et Sithes the fol

ply or multiply connected:
(#) The region between & solid sphere and an
shell

are sim-

eaveloping
() The region between two tubes

{c) The region berween two tubes with end A
closed

(d) The region inside the big tube and inside
the Hile tube with end A open

Region of Interest

ARRRRRRY,

Simply connected
Multiply connected
Simply connected

Simply connected

11.1
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Given the following velocity fleid
Veo2riyl + 2y'x) + 10k m/s

what ls the circulation I" around a square peth
in the xy plane about the origin at the center
of the square? The square is 2 m per side.
What can you say sboul curl V7

1 Tttﬁ//ingesolucionarios.blogspot.com

T=§V-dl=§V,dc+V,dy+V,d)

LD

r-= f(leydx + 2y%xdy + 10d2)

1 -1 -1 :
=fzyle”ldy+f2x7-_y|y‘ldx+f2)'21|,_ld)’+fzx,)’ly.-ldx
-1 1 1 -1

- [y« [ 2ctas- [y [ 2o
-1 1 1 -1

11.2
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A stream function ¢ is given a3 ¢ = =(x? +
2xy + 41%y), When 1= 2, what is the flow
ralc across the semicircular path shown in Fig-
P12.37 What is the flow across the x axis from
Ao x =107

¥ = —(x2+2xy+4tYy)

45= ) 5- (W), = -(4H(4) -0

4.5 = -64 cfs.

Gyoq = -6 = -100 cfs.

¥

DA™

In Prob. 11.3 point A, the origin of xy. has
been used as the anchor point. Suppose that
we use point D at y = -1 as the anchor
point. What will be the diffcrence between the
flows through paths to poimis B and C from
the new anchor point as compared with using

- 4‘2(._ 1) - 0 = 4‘2 the old anchor point at any time (7

Difference from old anchor point and new anchor point is 4¢* .

Show that ¥V, = —ag /dx.

‘l',ovo(x,)’,‘) + i@%M dx = l[ivo(x,y,t) - V’ﬂx

http://ingesolucionarios.blogspot.com
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%p://ingesolucionarios.blogspot.com " If the stream function of a flow is & = -2y,
11 what 15 the velocity at pusition x = 2 y = §7

V=-2xi+2yf

At (2,5) we have:

V=-4i+10]

In Prob. 11.6 skeich the streamline pattern.
‘What is the significance of the spacing between
your sreamlines?

rectangular
hyperbolae

The greater the spacing for incompressible flow, the smaller the speed.

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 14



If the fiow in Prob. 11.6 is irrotational, what
should the proper velocity potentisl be within
a constamt?

Integrating each equation:

Comparing equations we conclude:

¢=-x1+y2+C

The contour lines are a set of hyperbolae.

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 1 . 5



http://ingesolucionarios.blogspot.com
11.11 Show that ¢ =(A/2e)lar & u hermonic
. function.

Consider the p
- ~A(l.¢’ -y?).
Show that it is 3 harmonic function. What is

. the stream function ¢7 Express this stream
¢ = Coust function in polar i Draw the flow
net. Is there a stagnation point? If so, where?

Is there a singular point? If so, where?

Yy = const

7

http://ingesolucionarios.blogspot.com Edu_Zegarr_chl 1 6



http://ingesolucionariogi*gspo?)g
+—==0

a) = o Laplace’s Eq.

(cont.) [iz+_a_’i Y(-x2+y})=-24+24=0
ox? dy
¢ is harmonic.
o= [ 5y dyes0) = [ 24xdy + 509

¢=~f%dx+h(y)=—fuydx+h(v)

= -24xy + g(x)
¢ = -24xy + h(x) g(x) = h(x)

-2Axy

W = -2Ar cos® r sin® = -2Ar? cos 0 sin0

x y

2. DR VPR T . By
ax dy

= Stagnation point at origin.

No singular point except at « .

11.7
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http://ingesolucionarios.blogspot.com Show that the siream function for ¢ =
S P (A8/2x) is # = =(A/2=)inr. (This s the

11.13 simple vortex)

A A
= f =D nreg@®
s f 2‘m.tzlr«shgg;(ﬂ) ™ r +g(0)

- A
= - Inr

11.8
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1rttq:angesolucionarios.blogspot.com Show that the siream function for & =
: (xcos#)/r is ¢ = —(xsind)/r. (This is s
doublet.)

Integrating (a) and (b) we get:

_ xsin6

Comparing the equations we conclude that

x sin 6
r

v=-

if we disregard the arbitrary constant.

l l l S Demonstrate that the circulation around a
. Joublel is zero. See Prob. 11.14.

I=§V-dl- szerdﬁ
1]

Substituting, we get using a unit circle:

2n 1 . 2n
I'= f[— —)xsmﬁ(l)dﬁ= x cos 6
o\ 1 0

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 ]- 9



1 1htb@ingesolucionarios.blogspot.com

a[roe
we-1 1\

r or

=-4

rt

Integrating the equations we have:

¢ = '[As sin 20 + g(r)]

r

¢ = ﬁzsinze + h(B)
r

Comparing the equations we conclude that:

A
2

¢ = —sin20
Consider

~ 3}— cos 20 = const,
2

Show that the function ¢ = —(A/ri)cou20 it
harmonic and that the stream function for this
potential I (A/r¥)sin20. What is the fow
net for this flow? Hini: Consult your lext on

Iyt for its di ion on kemnis-

Y
cales.

A sin20 = consr.

r

These potential lines are lemniscapes. (See Eq. 11, pg. 265, Calculus and Analytic

Geometry, by Thomas.)

http://ingesolucionarios.blogspot.com

11.10
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http://ingesolucionarios.blogspot.com In Exsmple 3.1 we p d the follows
J 1 .17 two-dimensionsl velocity field:

V, = —Ax
V, = Ay

. 1oy

where A isa Is the flow i ?
Docs it satisfy continuity? Determine ¢ and &
il the answers to these questions are “yes.”

_1 f’_'_’s._iyl] 1 0.0k=5
cuer-E[ay > 3 2(0 0)k

- Irrotational
Look at continuity

ox oy
- Satisfies continuity.

Compute ¢
x2
¢=-4 5t h(y)

3 _ 4,
“'é;"A)’ ¢ AZ gx)

2 2
0=-AZ+A% =205

11.11
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ttp:Hingesolucionarios.blogspot.com
lfl.tfé g gsp:

' Examine curl V

- 2[0- (-2y+4)] 0

- Not irrotational.
Look at continuity.
av, .\ av.

Tyag
ox Oy

2x+ (-2x+0) =0

. We satisfy continuity. ¥ exists.

N _
3y

¥ = x%y + g(x)

%“:m,:zxy-u

http://ingesolucionarios.blogspot.com

A two-dimensional flow has the (ollowing ve-
locity feld:

Veaxll+(-20y + 4x)im/s
Is this an irrotational flow? Does it satisly

continuity? If so, what is ¢ up 10 an arbitrary
constant?

Edu_Zegarr_ch

11.12



1 1 _fltg://ingesolucionarios.blogspot.com

a) Laplace’s Eq.

e) No singular point.

http://ingesolucionarios.blogspot.com

Consider the potential function
=A(s*-y)

Show that it is a harmonic function. What s
the stream function ¢7 Express this stream
function in polar coordinstes. Draw the flow
net. Is there a stagnation point? If so, where?

2Ax dy + h(x) = 2Axy + h(x)

¥ = - [ -24ydx + g(y) = 24xy + 80)

80) = h(x) =0

11.13
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g ( i i A velocity potential ¢ & given a3
httf.r.rgﬁolumonarlos.blogspot.com
- Sx’r + wu’ + 3a? "fl

{4 ifq-ﬂf Formulate the scceleration field.
oy oz

V = (10xy){ + (5x2+10z%) + (3t2+30yz)k

a=v,— '7 ‘W Va_l7 L:i4

*ox ay & ot
= (10xy)(10y{ +10x)) + (5x2+10z3)(10x i+30z2K)
+ (3r2+30y2%)(302%/ +60yzk) + 6tk

@ = (100xy? + 50x3 + 100z%x) i
+ (100x% + 90t%z% + 900yz*) j
+ (150x%z2 + 300z° + 180yt%z + 1,800y%2° + 61)k

Show that the curl of any potential fiow must
be zero by examining curd( V).

)_

curI(V¢)=[az¢ - az¢]{+(az¢ - az¢]j‘+[____

dyoz  Ozoy 0zox  Oxdz

If the partial derivatives are continuous, then we can interchange order of partial derivatives.

. curl(V$) =0

11.14
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Ir‘ftpz"zgesolucionarios.blogspot.com S rharveockyi Rehb Rrgiven oo
Ve (2074 3y)i + 10y + 10: 1k

is the fow krrotational? If not, what is the
curl V?

Take curl V.
: (oV. oV d v v
curl V= —= -2 {+[ Vs Y, f*[ X - aV‘]E
Ly & x ox dy

-

L]

5 (102%) - % (10)12)] {

(3 hy2,9_ 9 .
2 asay ax(loz"z)];

9 2 _ 0 .2,
+2- a0y - £ ax 3y)]k‘

curl V=[0-20yz}i + [0+ 0]/ + [0 - 3]k

curl V= -20yz - 3k sec™

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 115



1 Ih@yingesolucionarios.blogspot.com If we have an irrotstions! steady fow with tne
. following velocity Aeld:

Veldzi+2jm/s

what is the velocity potentisl up 1o an undeler-
mincd constant?

Rlg 2lg 2@
MR

I
=]

[ 2
¢- 3‘,; +f02) + C,

Each integration yields functions of integration. ¢ =2y+g(x2)+C
= 2

| & = h(xy) + C;

But comparing the three results we conclude for the same ¢ in all three cases:

0,2 =2y C,=C,=C,=C

gxz) = x*

h(xy) = x* + 2y

ﬂ ¢=x2+2y+C<E

11.16
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http://ingesolucionarios.blogspot.com Which of the foﬂo\rml functions could he

. stream b for
1 1 -24 M-dllmmwﬂl pountitl M"

(a) x?=y?

(b) sin(x + y)

() In{x - y)

(d) Kin?

(e) D

iz -y + % *?-y’) 20 2-2=0

x2-y? is harmonic and canbe ¢ or ¢ for 2-D potential flow.

& *
—— gin (x+y) + — sin (x+y) 20
dy?

ax2

d a
— C08 (x+y)+ — cos (x+y) 20
Y 3 y

ox

-sin (x+y) - sin (x+y) # 0

~ Does not qualify.

_8_'; In (x-y) + g’i In(x-y)20

ax2
=55l

1 + -1 #0
x-y?  (-y?

In(x-y) does not qualify for ¢ or ¥ .

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 1 * 17



http:(i(rﬁeﬁfljcionarios.blogspot.com

11.24

. DO qualifies for ¢ or ¥ .

If #, and &, are harmonic, show that for
$=Cod +D$ +E

then & is also harmonic if C. D, and E arc

az é constants.
Vo= €O D&+ B+ 5 (Chy Db, + ) 20

=[C Pé, +D<a>%t»,+o]+[c 2o, P4, +0]30
3xz axz ayz ay2

C[ﬂl + .?32_1-] +D[.§..2.?2 + azd)z] 20

&2 ayz axz ayz

. CO+D0)=0

~ ¢ is harmonic.

http://ingesolucionarios.blogspot.com Edu_Zegarr_Jh1 . 1 8



http://ingesolucionarios.blogspot.com For any two-di | incompressible flow

l 1 56 (not necessarily imotationsl) show that the vor-

. ticity vector w has the magnitude equal 1o
iviv.

For 2-d flow in xy plane

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch l 1 19



; We examined the laminar
flow between two parallel infinite plates

httﬁ://ingesolucionarios.blogspot.com
snd found that

’ ] 2
u-h(* -r)

V What is the stream function & for this flow?

51111111_11111 A A A A A A A

We know that

Hence f can only be a constant.

- By 2,
'I'"Zu[hzy 3] “

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 120



iR gingesolucionarios.blogspot.com
11238

L h’lprl y
U™k |ulax I('I)

What is the stream function?

y

Integrate

2h axc ) |2n " a2

2 2 2 3
¢=U{z__|_h_._(?£ Y _y }wz

2uU

11.21
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A two-dimensions! potential flow is shown
flowing radially in toward' a small opening.
What is the velocity potential for the flow i 15
m’ /4 is flowing into the opening per unil length
of the opening?

ttps/ingesolucionarios.blogspot.com
1124

We can use the same velocity potential as that of the sink. Thus

=___4._lnr
T

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 1 22



. . . Hé=-Ar"*g P

1 1 hB)/ingesolucionarios.blogsppt.com ‘“‘ - l:::‘:;;:l\ dm“d l&a:‘u ;m:-
=Ar"/® colw#/a). Show that this may rep-

resent a flow aver a straight boundary as shown

[Re e

}m%ﬁ“‘sm(%?-)lu—t[ﬁ(%)’ﬂ'n(
() o )

Integrating we have:

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 I 23



http://fmlg_c)onarios.blogspot.com

Comparing results we see that:

When 6=0, V,=0 and so we satisfy the boundary condition on the x axis.

When 0=« we again have ¥, =0 and we satisfy the condition on the remaining
boundary.

11.24
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1 1.ﬁtb://inge@ycionari([s‘epgsa)tﬁom . We get for ¢ and # 3 (a) Show that the flow given in Prob. 11.30
.l!::ruwlfuunihluﬂawdﬁu. 11.16
na =
¢= ~-Arcos9 = -Ax (8) When @ = /2, draw an approsimate flow
net, Mh;mdthel’mmnhmn
tisl lines and
- Show MCN’ h‘
# = -A"m 0 i -'A)’ comner. If A = ?mlrxc.nhdnho:
flow slong the horirontal wall st 10 i from
the comer?

This represents uniform flow since:

V. = =-A

x

¢ = -Ar%cos 20

¥ = -Ar’sin 20

Examine streamlines ¥ = const.
Ar’sin 20 = const.

Replace sin20 by 2sin@cos® . Thus:
2Ar?sin 0 cos 6 = const.

2Axy = const.

_ const.
RANRTYY

We thus have a system of rectangular hyperbolae.

v = 2% _ _ 1 0Ar2c0s 26) = ~2Ar cos 26
rao r

= 2Arsin 20

° T

At (10,0) we have for A=1:

11.25
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i, . . A source and sink of equal strength of 20 N¥/s
1 1.3Rp:/ingesolucionarios.blogspot.com is shown. What Is the velocity at
position (15, 15)?

o= i.é [In(r?+a*-2ra cos 6) + In(r*+a*+2ra cos ©)] - V7 cosd
T

V,= /

Source o

Vr=___1_\_ 2r—2acose_ ___2r+2a cos® + ¥, cos 0
4n | r24q2-2ra cos®  r*+a*+2ra cosH

15 _ 707 15 +.707
—59' o ) 43‘:}07;00 300 * 070D
. .23554,100—(2)[—;%}(10)(.707) +100+ -

v - 201414 2828) .4, _ _ 40 (0565-0333) + 7.07 = 6.997 filsec
4n \ 250 850 _ 4xn

v 12
r 00

Vy=-

20 2ra sin © _ -2ra sin©
4rn

- V,sin 6

r’+a®-2racos® r?+a*+2racos®

v, = -20(197  797) 50720 (0283+.00832) - 7.07 = ~7.19 filsec
4n| 250 850 4n

1
V = (7.192+6.997%)? = 10.03 fi/sec

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1126



http://ingesolucionarios.blogspot.com
1133

.

A -—a

Source

http://ingesolucionarios.blogspot.com

Consider a source and a sink of equal strength
A positioned at 1 = ta slong the £ axis a5
shown in +. Show that the combined
stream funclion is given as follows:

d( i ¥ S
*-;‘Il‘ xX+a r—a

Using the identity,

) (a)

llll"A—lln_"“lDﬂ"‘ d [(]]
I +A8

show that the strcamlines are give by the equa-
tion

Show that the streamlines are circles with cen-
fers on the y axis by putting Ey. (c) in the
form 2 +(y ~C,) = C3. where €, and C,
are constants for 2 sircamline. Shaw that the
radii of the circles are given a5

lme
R=acc Iy

Abso, show that the circles all pass through the
source and sink points.
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http://ingesolucionarios.blogspot.com
(gcontf)

Also, when y=0 , we get from (1)
2

x2+ — =g
C2

Thus circles go through the source point and the sink point.

11.28
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In Prob. 11.30 what s the velucity at the
comerfor0 <a <« and for w <a < 1w?

th:./@&esolucionarios.blogspot.com

F) X
V.=-2]|-Ar “sin T2
[ or sin

a -

~ For O<a<n at r=0

« . o
o 1S positive.

For n<a<2n at r=0

is negative.

11.29
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i i i Exsmine the flow of 3 pair of rwo-dimensional

1 l tgslllngesolumonanos.blogspot.com opposite vortices placed st (.00 and (-a.0),
’ respectively, of strength A, Take the counter-
clockwise voricx st 1 = ~a and the clockwise

vortex at 1 = 4. Show that ihe sircamlines

¥ = C are given as

'*‘l-f‘|
¥t :-‘-c P ‘)

._.7__.___
I '/\_'ﬂ(

Hence they are circles of radii 2a/(e ™"/

— eIy,

A, T
+—lnr, = 2
n

"7

1
- [z+a)*+y?)?

r, = [(x-a)*+y’]

Take antilog.

Gra)*+y? _
(x-a)+y?
(x+a)? + y? = [(x-a)*+y?]e

Can
Let ¥ =const.=C for potential line. Let e 4 =

x2+2xa+a’+y* = (x2-2xa+a*+y)D

1.30
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cont.)
x%(1-D) + 2xa(1+D) + a*(1-D) + y*(1-D) = 0

Divide by 1-D

R [x . a(_l-i.l.).)r . g4 a-DP - +DP| o
1-D (1-D)?

2 _ -n2
y,+[x+a[1+p]r+azl-w+n -1-2D-D .
1-D (1-D)?

2 x4+ QF—M=O
Y [x "(1-9) (1-D)?

1+D @ay |
g e
1-D D[l -1)2

D

e ]

e A A

11.31
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What is the circulation sbout the singular point

http://ingesolucionarios.blogspot.com ik ek ariar g

11.36

r=fi7-dl‘

Using a unit circle we have

2x

T'= [ V,do
0

a 13 A 1A, . C2A
V.= —Y =2 —|-— 20l= - — — -—Slnze = —8in 20
° 90 r 60( rzcos 0] r rz( X2) r?

- -c0s20) 2"
r=szsinzede=zA( )| =A(-1+1)=0
0 2 .

11.32
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11.37

b= V- 12

We wish to represent the potemial fow about
8 cylinder of radius 2 Rt withowt circulation,
where the free-stream velocity at infinity & 10
fi/s. What should the stream function be?
What is the drop in pressure at the top of the
clinder from the free-stream pressure al in-
finity? What Is the increase in pressurc above
the frec-siream p n the i
point? Takc the fluid as sir having p =
0.002378 slug /N’

Clearly V,=10 . To get the proper value of x for this case, note from Eq. 12.87

that:

rt=

X
Vo

X = *¥, = (4)(10) = 40

¥ = 10y - 40 sin 6 - 10rsin - 40 sin 6
r r

&=10x+ 3959 _ 16 cos0 + 4°°r°se
r

b) The speed at the top of the cylinder (point b) is:

http://ingesolucionarios.blogspot.com

11.33
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" http://ingesolucignarios.blogspot.com
{cont.y

At r=2 and 0=rnx/2:

V), = -10 - ? =20 fifsec

Now use Bernoulli:

P Vi Py
—_—t — = — +
P 2 p

002378

~400
> (100-400)

<p,—p.)=§wi— vy =

Ap = -357 psf

We have a drop in pressure of .357 psf

At the stagnation point, V=0 .

®,-P) = —g- (V2) = 1189 psf

There is a pressure rise of .1189 psf at the stagnation point.

11.34
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1 lhfgiélngesommonaﬂos.blogspot.com Show that the lift of a cylinder without circula-
) tion is zero.

~lr———
300 ft/s

Using Bernoulli we get for p, :

This becomes:

[ [_2_'./_3] ;I sin’0 do
g

2r
fsineda=0 and
0 .

2“ ¢3 1 -2 2= 1 1 _
fsmﬁdﬁ:-—cose(mne+2)| =2 @) +=(2)=0
0 3 o 3 3

We conclude L=0.
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l 1b&Q/ingesolucionarios.blogspot.com

For a whirlpool

At r=1, V=2

Bernoulli at free surface:

Hence for prob. at hand.

A whirlpool has = velochty of 2 m/s st &
Jistance r = | m from (ht center of the core.
What Is the decreasc In clevation of the free
surface fromr=3mior=1m?

2.1 e6m-4)

28 2%

Az=-1812 m

Decrease = .1812 m

http://ingesolucionarios.blogspot.com

Edu_Zegarr_ch
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Ui 1 i Show that the sup ithon of equs!
l ftt&.ilngesolumonanos.blogspot.com #t a distance 24 spart gives the flow of a single
* source with an infinite wall pormal to the line
of connection of the sources and at a potition
halfwsy b the (This method of
creating boundaries mathematically i called
the method of images.)

The superposition of the two flows gives a zero velocity in the x direction, along surface
A-A.

A single source with a solid boundary as shown above has the same condition along A-A
and looking at the right side has the same singularity.

0,

11.37
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Using the method of images a3 presented n
Prob. [ 41, what Is the speed of flow at posl-
tion (3,5) m from two sources ncar an infinite
wall as shown, The strengths of the sources are
Ay =10m’/sand Ay = Sm/s.

ttp:/4ngesolucionarios.blogspot.com
1142

1m il im 12

We use the method of images to create the wall as shown.

( /
6, = tan"! 2) - 68.2°
\2

{
3)-78.7°
1

2486 mfs

1125 mfs

o
i
]
n

1
2

2w (5%+5%)

¥V = .2955(cos 68.2° { + sin 68.2° f) + .1561(cos 78.7° { + sin 78.7° /)

A

+ 2486(cos 51.3° { + sin 51.3° /) + .1125(cos 45° { + sin 45° j)

V=.3753{+.701] mjsec

Edu_Zegarr_ch 1 ] 38
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1 Tt}a/éngesolucionarios.blogspot.com
y

]
ST

AB = [(5+1)2+ (5-15)

- L5 .
By = ‘(55 S1) = 3026

EA = [(5-1)%+ (5-15)

_ 1 35 _ g
B = tan (——-S_l) 41.186

AD = [(5+15)%2+ (5-1)21'"?
Bp = tan"(-——~) = 58.39°

AC = [(5+1)2+ (5+15)2'2

B = —‘(5“5 = 47.29°

" 1 o4 1
(694600830 ,26° + 5 315cos£tl.l86 633

_1  in41.186° +

sin30.26° + 5315

+ ( __!'_.....
6.946

2] 1/2 _

———0858.39° +

1 o
732 ———8in58.39° +

What is the velocity of flow at position (S, 5)
from a source of sircngth A = 10 m® /% involv-
ing two infinitc walls a1 right angles to cach
other? See Proh. 17 .41

= 7.632

= 8.846

c0s47.29°) 1

1
8.846
1

8 846511147 29 )}

V = 0.6546i +0.6225] m/s

http://ingesolucionarios.blogspot.com
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114 |nmrm;mh—.;bk::l-ﬂ

- . . . [T L] - et

%ttp://mgesolumonanos.blogspot.com " e, Enplain why shis o] a4 st if
ey ware o coriiis tha Row sboul iomeilieg
Mo @ eyhisder saw o wall o o

The flow from the “image” would combine with the flow from the actual case to render the
stream lines there np longer to represent a flow about a gylinder.

For point sources the
siperpositions do not affect the singularities.

http://ingesolucionarios.blogspot.com

Edu_Zegarr_ch
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= : : Considér the superpusition of a usiform flow
1 hid Hingesolucionarios.blogspot.com I 148 podbs § B b it of 3

m /s and a source at the origin with & strength
A =3 m/s. Where b the siagnation point?
‘What is the shape of the boundary sbout which
this might represent a flow pattern? Skeich the
boundary.

A
¢=Vox+—2?]nr

$=2r+—lInr=2rcos0+——Inr
2n 2x

2cos +

Let 6 ==x to make r positive.

@-1-===>_1
® TI'suc

TstaG = 2387 m

A
-V.ys Do
L °y+21't

1[!=V0rsin0+-2—A;6

11.41
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http://ingesolucionarios.blogspot.com
cont.)

: 3.3
¥ = @) 238T)sin® + —— (x) = >

o ¥ =

Hence the boundary is given by the following equation.

. A A
1% 0+-29=2
o7 sin

n

For problem at hand:

2rsin0+-i-0=§-
2n 2

11.42
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" . X in the preceding problem, if the free stream
1 1h%/lngesolumonanos.blogspot.com pressure is 101,325 Pa. what is the gage prcs-
. surg on the boundary at r = 4 m? The bound-
ary of the body is found [rom the preceding
problem to be

Var i e o =
+ - -
ur din I

b

At r=4 we have for 0 . The Auid is water a1 HFC.
8s5in@+— 0=
2r 2

Solve for 6 by trial and error.
0 =10.19° =.1778 rad

V =2cos0+— L -2c0s(10.19) + [>-)(1) = 2.088 m/s
r 2r r 2n )\ 4

V, = -2 sin (10.19) = -.3538 mjs

Bernoulli

22, 101,325 _(2.088%+.3538%) = p
2¢g 995.7g 2g 995.7g

2 2
(2.088 ;.3538 ) (995.7)

Pgasee = @)995.7) -

Posgs ™ 24142 Pa gauge

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 143



Tn Probs. 11.45 and 11.46 we comidered the

1 1hapj/ingesolucionarios.blogspot.com flow about a half body formed by a source and
" a uniform fow. If the strength of the source is

3 m?/(sNm) und the uniform velocity is 5 m /3.
where is the stagnation point and what is the
maximum total width of the hail body?

A =3 m?s/m Vo=5 mfs

A 3
¢=Vox+ﬂ-lnr=5roos6+-2—n-h1r

At stag. point

3 . 3
=5y+ —0=5rsin6+—20
¥y o " 2m

r= .09549 and 9 =T

¥ = (5)(.09549) sin (x) + 53_ . %

T

11.44
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http://jngesolucionarios.blogspot.com
cont.)

Togetmax y,set 6=0

11.45
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i : : A source ai the origin and normal 10 the 1y
1 1h%/lngesolumonanos.blogspot.com isne of strength 10 m’/(sXm) and 8 uniform
: flow are superposed w form a hall body. What
should the uniform velocity be o have » maxi-
mum width of 0.8 m? Use results of Probs
11.45 and 11.46.

A
V.y+— =
°y+21t

A=10. Set 6=0, y=.4 . Solve for V.

1
Vy(4) = —29

Vo=12.5 m/s

11.46
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1 lhwingesolucionarios.blogspot.com

Consider a uniform flow in the 1 direction st
speed V), superposed on a source of sirength A
and at x = —g and a sink of srength A at
£ = +a. The streamline slong the x axis will
split and form an oval-shaped region which s
called a Rankine ocal. First, show that the
streamlines that open at poinis A and B must
be & = 0. Then. show that the width of the
oval k satisfics the equation
” L]

k 2 —_—
a “n[? T

The stream function for the combined flow is:

A A
V=Vey+5-6,-5-6, (@)

At position y =0 along the negative axis to the left of x =—a, we see that

Ol=02=1t

Hence we see from Eq. (a). that ¥ = 0
Now set y = 0 for Eq. (a). We have:

A
Voy +5-6,—

2 =58

22

Let y = 3 We get from Eq. (b)

11.47
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rt Hingesolucionarios.blogspot.com In Prob. 11.49 determine the length L a5 @

I . function of ¥, A, and & for the Rankine oval.
Hint: Superpose Eq. (11.68) for ¢ of the source
and sink combination with a unif: flow of
velocity Vy wusing cylindrical coardinates for
the latter. Show that

L Ay
L -z(. . ]
a

L L]

Point A is a stagnation point.  Use the velocity potential ¢ .
A |
¢ = Vyreos®+ o [In (P +a® + 2racos®) —In (©* +a® - 2racos9) ]
d¢
5 =0

A [ 2r+ 2acos6 2r-2acosf ]

V,c0s0 + — - 2
‘ 7 +a’ +2racos® 1’ +a’-2racos6

an

Set 6=nx .. c0sO = —-1

A r—a r+a
~Vo+ 5= - =0
y zn[rz-Zra-!-az r2+2ra+az]

_1}_ r-a _ r+a
2"[(r—a)‘2 (f+¢)2]

—Vo+-/}~[ 1 _1 ]:o

r—a r+a

A [(r+a) - (r—a):| -0

7o a

11.48
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. . . A Rankine oval is formed by a uniform flow V,
1 rts:flngesolumonanos.blogspot.com of $ m/s and & source amwm with ummh:
" A equal 10 8 m’ A(sXm). If the source and sink
are ol distance & = 0.2 m, respectively, what s
the maximum width of the oval and what is the
maximum wvelocity of the flow? (See Probs.
11.49 and 11.50.)

Insert numerical data.

“Leanl® -
2.5..hmn[2(1 .625h)]

Solve for h by trial and error.

h=.5993 m
Look at Ve P

¢ =5rsin®+ - ftan? Y —ant Y
x| xe2 x-2

¢ =5rsin0 + 1.273 [tan"(_._"_mie.__] _ m-l( rsin 6 )]

rcosf+ .2 rcos -.2

(Vo)mwoccufsat x=0 g y=.:s....?..?-.§

2

http://ingesolucionarios.blogspot.com Edu_Zegarr_cA 1 49



http://lnmlmganos.blogspot.com

e=% r=3

{+[_rsin® rcos®+.2 (rcos@ +.2)°

v--%_ _s¢ne-1273] 1 sin O rsin 6
o or 2
rcosﬁ+.2)

rsin @ rcos®-.2 (rcos6 -.2)°

1 [ sin 0 rsin ]
5 cos 0
rcosO—.Z]

6==
2!

1
=-5-1273|}) /4 —— +0
(Vodpax = -5 - 1.27 : ; P ]2 [(_.2) )

(Voduue = -5 - 1.273[1.5385 + 1.5835]  (Vp)puae = 892 mils

At boundary at top or bottom, V,=0 and |V,|=8.92 m/s
|Vex| = 8.92 mfs
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lhtS)ngesolumonanos blogspot.com

f

Go to Prob. 1249

)
(m)(8)a)
1
2=a{1 . .2387)2
a

Solve for a by trial and error.

Now go to Prob. 12.49.

Insert numerical data.

1 14
. = —tan{— (1 - 1.333A
2655 P tan[ : (1 )]

Solve for h by trial and error.

l h=.667 m i

http://ingesolucionarios.blogspot.com

We wish 10 have a Rankine oval of length -

L = 4 m (see Fig. P12.49). If the free siream
velocity s 8 m/s and the strengths of source
and sink are 6 m® /1. what will be widih of the
oval h? (Sce Probs. 12.49 and 12.90.)

Edu_Zegérr_cLl 5 1



) ] ] A imlemial fiow with a free stream unilorm
1 lhtgé(lngesolumonanos.blogspot.com velocity of $ m /s flows over a long semicircular

hump. If the free sircam pressure is 101.J25 Pa
and temperature s S0PC, what is the force
from the flow on the bump per unit length of
the bump? The radius of the hump is 2 m.

—
-
—
= 60° i

From Eq. 12.103

Pp=Y|77 % —

R m:,sinef]m
28 v 2%

2
For p use Eq. of State at free stream.
pL-RrT
P

101,325

= 1.0602 .
(287)(273+60) keim

_P_ .
d RT

1.0602
2

. 2
P, = (5) + 101,325 - (1'0602)(;"03“‘ 9 . 101,338 - 53.015in20

F,= f p(r d9) sin 0 = f (101,338 - 53.01 sin?0)(2)(sin 6 db)
[1] (1]

. f (202,676 sin © - 106.02 5in’6)d0 = -202,676 cos 8| - 106.02 f sin®0 do
0 0

= (202,676)(2) - 106.02{— -;: cos 0(sin?0 + 2)]| 0 = 405,352 + 35.34 [-1(0+2) - 1(0 +2)]

= 405,352 - 4(35.34)

- ——

| F,-405211 N |

—————

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 11 52’



) . . In the previous problem, assume we hine the
1 1 id//ingesolucionarios.blogspot.com potential flow over Aalf the cylindcr csscntially
the same s that of a semicylinder but that
scparation takes place at the 1op with no pres-
surc recovery. What would the drag be on the
half cylinder per unit length?

From Eq. (12.91)

Vo Py (V,sin0P| oV, p(ZVosinB)’
+ —_— - = —_—

Py=Y|— + Py -
R P 28 ¢

For p use Eq. of State at free stream.

2
. py= 1B 101,325 - (1.0602) { X059

p, = 101,338 - 53 5in’0

p, = 101,338 - 53 =ﬂ 101,285 Pa B

http://ingesolucionarios.blogspot.com Edu_Zegarr_l:rl 53



http://ingesolucionarios.blogspot.com
rlgcontf)

x

2
DRAG = f P,(r d)cos 6 - (101,285)(2)
0

(101,338 - 33 sinzﬁ)(Z)qos 0 do - 202,570

x

3 3
= f 202,676 cos 6 d - 106 f sin’ cos© do - 202,570
s O 0

3 130 |3
- (202,676)sin8l , - 106 f—"-‘;‘i , - 202570

- 202,676 - 1_gg - 202,570

http://ingesolucionarios.blogspot.com
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/i i i A doublet distributed along the x anis is of
1 1 hgpgllngesolumonanos.blogspot.com srcngth 1 = 6 m*7aXmh, W i dewe dong
. and ssucs in the dircction

v=086] + 08k
What is the velocity al position
r=3i+2)+4km

Use projection of 7 in xz plane denoted as 7, .

79 _@f+4k)(6/+8K) _ 12+32 _ goag

Cos @ =

I71 V22+42

11.55
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http://‘inf;é(s’otlij{:ignarios.blogspot.com

r=r,= 22+ 42 =447

_ 6.0 10.305

A =.2952 m/s

¥,

_ 65in10.305

A 472 =.0537 mfs

Vo),

B = tan™! :2- - 53.13°

V, = (V), cos (a + B) - (Vp), sin (a + B)
= (:2952)c0s(10.305 + 53.13) - (.0537)sin(10.305 + 53.13) = .0840 m/s
V, = (V), sin (63.44) + (V,), cos (63.44)

= .2952 sin (63.44) + .0537 cos (63.44) = .2881

V=.0840f + 2881% m/s

11.56
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tg%//ingesolucionarios.blogspot.com A source of strength A, = Im'/(sNm) is
ll. oricnicd normal 1o the 1y planc at position

3,5)

-4 DOUBLET

B O O O T

Look at Source
Fy-F=(-4i+6))-Bf+5)=-7{+f m

_R-R)  <7ie)

Al Ja9+1

-.98997 + .1414f

A 3 0675 mfs

WD sourez = 57 = Gryaorn =

V, = (0675)(-.9899) = -.0668 m/s
V, = (.0675)(.1414) = .009545 m/s
Look at Doublet

0=a=1237°

r, = J6*+4% =7.21

_ 4c0s(123.7) _
7212

-.0427

_ 4sin(123.7) _ oc40p
7.212

http://ingesolucionarios.blogspot.com

x=3m y=35m A doublcl is at the origin
with strength = 4 m" AsXm) and bsucs n
the plus = direction. A uniform flow of speed 6
m/s is direcied in the +y dircction. What is
the velocity at position

€ SOURCE il dinie

when thesc two flows are superposed?

Edu_Zegarr_ch 11.57



http:(’e@ﬁﬂ?cionarios.blogspot.com

V, = (.04269)(cos 56.3°) + (-.06402)sin 56.3° =-02958 m/s
V, = (-.04269)(sin 56.3°) - (.06402)cos 56.3° = -.07104 m/s
) Uniform Flow
V,=6 mfs

V,=0

The total velocity at P
(V= -.0668 -.02958 + 0 = —.09638 m/s

V, = 009545 - .07104 + 6 = 5.939 m]s

V,=0

V= -.09638{ + 5.939/

11.58
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11.57

We will use potential flow on the outside. We compute first the lift on one of the

scmlcylmders. ) A thin-walied tank in Fig. formed from
. . . . - i ide dim
Consider unit length of semicylinder. On outside we have: e et g s g e

outdoors exposed to a wind of speed 10 km/h.
I(whwmmuhmhmw
] if there are 10 bolis each side, what is ten-

sile ttren pel‘ bolt a a resull o{ the umde
and ? The

area of each bollis l!mm Taluc Poie ™
123.5 kg/m’ and aote that [sin’@d8 =
- u:m’l' sin @ « 2),

V2 py (2V,sin@)?
py = y[ 0 Po_ (2Vesin®)”
2g ¥ 2g

Downward force F; on semicylinder from outside flow is:

F; = -[5(rd®) (1) (pp)sin® =

Vo, Po <2Vosin9)’}. n[(vz p.,). ‘"’5“]
~rfoy [Zg Y 2 sin0de - 1.5y[7 3¢+ JSin®— 5 sin’ |do

Using gage pressures, pg = 0. We then have:

V2 2 .

4Vor 1 . 2
—1.57{ ( cos6) |g - —g[—30039(5m 9+2)] o} ®

1.5 Y 1 1
~S Ve 2-4[-3CD @D +3M @) ]}

]
[~ 8

15 16, 10,2 10 '
LBovie-29 - By g &

10.2 10

=(2)(1225)(36) ( ) = 2363 N

10F = 2363 N

From jnside we get upward force using gage pressure:
F, = (200) (10) (3) = 6000 N

P, gage

p; = 2.0 x105

Total upward force is:

il

Fy = 6000 + 2363 = 62363 N

Per bolt

Fy = 9252 - 31115

_ 311815
12x 1076

= 2.598 x107 Ppa ?

~—3 10 km/hr
—
-
| —
| —
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http://ingesolucionarios.blogspot.com A horizontal circular cylinder of di 6
l I.Sé) is rotsting a1 & rsic of speed w of 400 r/min

and is moving through the air at s speed of 300
fi/s. What is the lift per wnit length of the
cylinder if the circulation is 40 percent of the

i ible circulation? p = 0.002378

sug/n’.

L=pWl

n
T, - fﬁ-d‘n’ = _[(m)(r)rdﬁ

- wri2r) = (400)(%’;-](9)(210 - 2,369 fi¥fsec

L = (.002378)(300)(.40)(2,369) = 676 Ib|ft

11.60
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tltt J/ingesolucionarios.blogspot.com There were early pis in the devel
1 . g of the sirplane 10 use two rotating cylinders »s

nirfoils. Consider such cylinders each having a
diameter of J A and length of 30 fi. If cach
cylinder is rotated at 300 r/min while the
planc moves at a speed of 60 mi/h through the
sir a1 2000 fi dard h i
the lift thal could be developed on the plane
disrcgarding end effects. Assume the circuls-
tion for the cylinder is 35 percent of the theo-
retical maximum,

L =pV,I'

p = (0.9428) (0.002378)

V, = 88 ft/sec

To get I' assume fluid has same speed as periphery of the cylinder. Then:

2 2n(800) 3 .3 _ 3
Fax = [0 Verd0 = [ 20 (5) (3) (2m) | = 1184 fitfsec

L = (0.9428) (0.002378) (88) (1184) = 233.7 Ib/ft.

The total estimated lift would be for the two rotors:

LIFT = (0.35) (2) (233.7) (30) =

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 161



. i i in Exsmple 11.2, suppose that the wind s
lI‘lttjﬁ@]gesolumonanos.blogspot.com oricnied ot an sngle of 30° es shown in Fig.

30° P12.60 and that- 45 percent of the nfwomum
30 kl"m'h/ / / / / circulation is developed by the rotors. If the
drag cocMcient is anc-third the lift cocficient

for the ritors, what s the thrust in the x

direction from the rotors? All other dats are
4 km/h h ncingid.
] ) W&/ -
y

V... = [30(5in30°)7+30 (cos30°)j] —4i = 11i+25.98] km/hr

V,. = J11> + 25987 = 28.21 km/hr = 7.837 m/sec

I = (wr) (2nr) (0.45) = (750%‘) (1375)2 (2n) (0.45) = 419.8 m?/s

Fr=2[pV,, 'l = 2[(1.229) (7.837) (419.8)] = 8.087 kN/m
Total Lift Force = (8.087)(15) = 1213 kN

D = -(121.3) = 40.4 kN

Propulsive Force = (121.3) c0s23° + (40.4) sin 23°

“ Propulsive Force = 127.4 kN ”

11.62
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In Prob. 11.60. locate the stagnation points for

mkm,h/ / / / / S/]/so Wl SRadMIon: oF cimitmion Wal wat smptoyed
J

‘ —
x = V\—/X_

y

httg//ingesolucionarios.blogspot.com

The circulation of this case is:

(800) (2n)

I' = (or) (2rr) (0.35) = [ 60

](1.5)2(211'.) (035) = 4145 ft¥/s

Now go to Eq. 1.1:99 for the positions of the stagnation points. We first find X . Thus:

gk
VO

x = PV, = (15)2(88)

Now we have;

0 = sin"l .-;
an (xV,) 12

Since I’ = A here, we have

—-414.5

6 = sin™
S R T (198) (88)] 72

—

6, = -1447°

and

]

7

Edu_Zegarr_ch1 l 63
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Amndmulliuﬂl 11.61 is composed of rotat-
lhllpﬁﬂgesolucionarios.blogspot.com ing and ding 10 the
Mlﬂl‘lﬂ eflect. The vuudmill rotates with angu-
lar speed w; = 40 r/min relative 1o the ground.
The cylinders rotate with angular speed w, =
750 r/min relative 10 the windmill. A wind of
velocity 30 &m/h gocs dircctly toward the
windmill. If the circulstion nmnd the cylinder
is 60 p of the 1h ' i what
is the total torque on the windmill?

Disregard velocity due to rotation ®,

r, - [(%) @-%-zjl](n)(l) = 12337 fi¥s

TORQUE = (.60)(p VT)(10)(5.2)(4)

= (60)(1. 002)[(50 -—-—)}(123 3)(10)(5.2)(4)

Em&ow:z.uxlo’ N-m ﬂ

11.64
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CHAPTER 12
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12.1

We can say for the profile that:

When y=0, u=0

When y=6 ,u=U

Hence we have:

Compute §&*

http://ingesolucionarios.blogspot.com Edu_Zegarr_JuLz- 1



Using s cubic profilc ay + By" for the laminur
boundary layer, show that §/x = 4,64 Re™ '/
by using the von Kirmén momentum integral
equation for a flat plate with a zero pressure

gradient.

12h%r)://ingesolucionarios.blogspot.com

Start with

when

()

Condition (a) is automatically satisfied. Examine conditions (b) and (c).

U=as +88 (d)

0=a+3B6> (e)

From (e) we have: o =-3p8%

And from (d) we get: U=(-3p3%+pd*=-2p3°
U
2683

-G
() GME

Now go to Eq. (1241). Using Newton’s viscosity law we have:
5

_,u[E]w .4 1[p(w’—Uf-t)ﬁ»’y

dy) dx

Dividing through by p we have:

http://ingesolucionarios.blogspot.com Edu_Zegarr_chl 22
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(cont.

Note that:

Hence we get:

A4-E R
“Ex" U2[39] ] Uz[;g%]d&

Separate variables:
840v

e (L =
239U

Integrate:

840v
39U

§%= x+C,

Take &§=0 when x=0 . Hence C;=0.

§= 216 Y%
\I U

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 23



3
http://ingesolucionarios.blogspot.com For the cubic profile, where w = -ivtn'ﬂ

123 - ;U(r/l}’. find 3*/x using Eq. (13.51b)
for 8. Check your result against Eq. (11.51¢).

Replace § using 2 =4.64Re""2

X

5+ -(2) (y(d.64)Re
(3)@asn

1

12.4 Use Y of a cycle of a sine wave whose length is 46 . Hence: y

u=Usin
268

- ny|(26)|°
5 dy = {y +|cos ﬁ}[‘;‘]}l 0

2
: [2”_5]—_21;6.}=6[1—.637] J”

Give an expression for the velocity profile in a
laminar t dary layer whercin this profile is
sinuseidal and fits the boundary conditions at
y=0and y =8 D inc. 8* as a functi

of 5.
|| 8° = 3638

12.4
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ow go to Eq. (12.41) and substitute for u using results of Prob. 12.4.

§ :&&:ﬂ%&uﬁhm. 124 [u =

ny, rmine the ratio §/x, using

_dx 2 25 for a zero pressure gradient. What is the per-

dy y=0 6 centage error of your result as compared with

the exact solution of Biasius? Using the result

8% = 0363 & from the preceding problem,
compute 8* /x.

=[_1.*E£'£
2 w)dx

Separate variables:

When y=0, 6=0,

1
N £=4.80Re 2
X

The error incurred is

4.96-4.80

100) = 3.32
4.96 (100) %

1

§* = (.363)(x)(4.81)Re 2
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P?:gngesolucionarios.blogspot.com Work out the expression for shear stress v, at
. the wall for flow over s Bat plate wherein a

taminar boundary layer is present for the case
of a 2ero pressure gradient. Use the parabolic
profilc as discussed in the text. Results should
be put in the form r_ = 0365 pU? Re~'72,

Multiply and divide by:

12.6
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1ﬂtt;y//ingesolucionarios.blogspot.com P — i s wer kel
* for in Prob. 12.6, this time for the case of the
cubic profile. Use the results of Prob. 12.2,
Give result in the form r,, = 0.323pU? Re™ '/,

For a cubic profile we have the results:

1
3 _464Re 2
X

3
U=—
2 (

At wall

Substitute for 8 using Eq. (a).

1
2
1:W=p.-§—U i
2 x(4.64)

Multiply by Re'? in numerator and denominator. Thus:

_ ;l.(.323)U(pUx)
w 1 u

2

X Re

_ 323p2

w

Re

12.7
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%tpg/ingesolucionarios.blogspot.com
12Z. Perform the same computations as were asked
for in Prob. 12.6, this time for the case of the
sinusoidal profite (u = Usin{wy/28)] Use Ihe“
results of Probs. 12.4 and 12.5. Put the resu
in the form r_ = 0.327 pU? Re "'/

From Prob. 1%.5

Accordingly:

Now substitute for & using Eq. (a).

1
S 1% (Re'z']

v = 2))@.80)

1
Multiply and divide by Re?

1
v, =.327p U’(Re 2] H
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Air moves over a fMat plate with a uniform
http://ingesolucionarios.blogspot.com free-stream velocity of 30 fi /. At a position 6
from the front edge of the piste, what is the
129 boundary-layer thickness and what s the shesr
* siress at the surface of the plate? Assume that
the boundary layer is lami The sir temp
ature is 100°F, and the pressure is 14.7 Ib/in?
absolute. Do this problem using the
(a) Parabolic profile in the boundary layer a3
examincd in the text and Prob. | 26.
(b) Cubic profile in the boundary layer exam-
incd in Probs. 172 and {27,
(c) Result from Blasius analytical solution.

First compute Re .

(30)[1)
Re = ( "U") - 2) -7.89x10*
s ) 19x10-

Parabolic profile

a1
3 _548Re ?
b 4

!l ESAB)
3 =2 - 00975 fi

2.81x10?

Cubic profile

Blasius solution

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 129
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(cont.)
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12.15

(2)(4.96)

/10

4
x

1 (10 =.750 m

-5
x 06= 1.5x10
20

y
U

d = (.00992)(.750) = .00744 m = E 7.44 mm ﬂ

http://ingesolucionarios.blogspot.com Edu_Zegarr_cl 2 I 7



1lzltpl/@gesolucionarios.blogspot.com 2 o o
N Water st 20°C enters a pipe a3 initially friction-
less irrotational flow. A boundary layer imme-
diately forms on the inside periphery of the
pipe. The inside diameter of the pipe is 20 mm
and transition in the boundary layer takes place
#t Re, = 10%, Using a fat-plate model, find
the distance x, from the entrance of the pipe
to where there is a laminar flow over the entire
cross section of the pipe and where also transi-
tion is just beginning to occur. What speed
should the flow have on entering the pipe for
this to be possible?

Make believe that the interior of the pipe is unrolled to be a flat plate with flow over

the plate at zero pressure gradient. Let 8 = [—;-] (.020) at Re =10°. We can say

for laminar flow in the boundary layer that at transition:

(1)

Also, we have

X =2155 m
U=.467 ms

Keep in mind we are requiring fully developed flow and transition to occur

simultaneously. Hence this result is not to be compared with that of Langhaar [Eq.
(9.11)].

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 12 1 8
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12"17 Air at a temperature of 20°C and pressure of
150 kPa absolute enters » h circular duct
of diameter 0.5 m. If at the entrance 1o the

duct the profile is that of a onc-dimensional
flow d wlotlly 0.3 m/3s with zero Immdatr
the b l

hyet

4 and the displ
0.1 m from the entrance. Whnkdwvﬁuclly
here of the flow outside the boundary layer
assuming a uniform profile outside and using a
cubic velocity profile inside the boundary layer?
Take Re,, = 10%. Next, compute this uniform
welocity using the displacement thickness.
Compare resulis.

At x=.1m using flat plate theory

= (ATBHEND _ 5 793410
' @4x10@7.9)

. Laminar boundary layer. Hence:

S _496 Re
X

1
8 = (4.96)(2.793x10%) 2(.1) =

-3 003273 m
8* = (1.73)(2.793x10%) 2(.1) = ﬂ

Now look at a cubic boundary layer velocity profile.

333 6)

The boundary layer flow g, is next computed.

TR ) 2 e pes s

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 2 1 9
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(cont.)

009385
= f (47.95 y - 1.8146x10° y*)n(.5-2y) dy
0

009385
=7 f (23.975y - 95.20y% - 9.070x10* y* + 3.6292x10° y*) dy
0

95.90

(.009385)? - = n (,009385)3 - (.009385)*

[23.975
=n

9.070x10*
4

N 3.6292x10°

s
3 (.009385) ]

= =[.0010558 - 2.642x107% - 1.7591x107* + 5.2846x107%] = 2.698x10™

3
4., =(3 -:—](.5)2 - 2.698x10% = 05621 1”;-

05621

v - -
(%)[.5-(2)(.009335)]2

core

Now use &* toget V_, again.

V., (-:-][.s_ - 2)(003273)]? = (.3)(-;%)(.5)=L

Veore = ﬂ 3080 m/s i

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1220



§J://ingesolucionarios.blogspot.com Do Prob. 12.17 for s = I mand U = S m/s.

12.1

At x=1

1_p _ 150000 _, .0, ke

P T RT T 287)293) m®

Re, = LT8IOUD)__ 4 656,109
@x10”)(47.9)

Hence we have a turbulent boundary layer.

-1
b = (.37)[(4.656x10%) *)(1) = .02720 m
-1
8* = (.0463)[(4.656x10°) *](1) = .003404 m

Volume of flow through boundary layer using velocity field for low Re turbulent flow.
s 1 on ‘-1;'
9p.= [ {1{%’.]1}(@(9_2).) dy= [ (S —L—Ix(5-29)dy
o o [,272)7

0272 1 8 ; %;
= 26‘29 f [‘sy 7 _ zy 7] dy - 26.29 5 («0272) -2 (-0272)
° 8 15
7 7

3
g, =26.29 [7.111x107% - 4.126x107] = .17610 -
s

Deore = 5(%][-52] - .17610 = .80565

.80565

V = =
(%)[.5 - (2)(.02720)

core

Now use 8° for same calculation.

Vm.(-})[-S - (.003404)(2))* = (5)(-’;-)(.5)2 =

http://ingesolucionarios.blogspot.com Edu_Zegarr_chl 22 1



:/lingesolucionarios.blogspot.com
12.1

We start with Eq. (13.40) with «,, =u,(x)

P2

< -1

Take % of this equation.

Note that

a _ i
6~ =P () —

8
But (3)u,) = f u,, dy
1]

http://ingesolucionarios.blogspot.com

Consider for pressible flow that the
free-stream pressure outside the boundary
layer Is & function of x, l.e., pix). Replace
dp/dx in Eq. (12.40) using Bernoulti's equa-
tion outside the boundary layer and reach the
following form of the von Kérmin momentum
equation with u_ a3 free siream velocity:

N
v g [ -ty

) e

Hint: Use the relation
o]
- %[n_fudy] - {%)Eﬁuﬁ

Edu_Zegarr_ch 1222
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contl.J)

Look at last term:

d
U pu dy

1:....4....‘
dx

Subst. into (2)

8

; du
T,= i‘— { o, - Wudy + p[-f]{(u.—u)dy

—

http://ingesolucionarios.blogspot.com Edu_Zegarr_tihz 23



11@dingesolucionarios.blogspot.com Suppose the free-stream velocity outside the
1 . ‘boundary layer for a flat plate is known to have

the form

u,=C, +Cx

Using the form of the von Kérmidn momentum
equation given in Prob. 119, formulate the
diffy ial ion for the boundary layer
thickness equation. Get the following result
using the approximate velocity profile given by
Eq. (12.44):

[ 2u,,  Bul ]d&

¢ 2up _ Bun |d8
Cran5-55lz

2
+ C4(C, + Cyx)8 - ..1’31'1 -0

From Prob. 12 19

du &
Up-wudy + p —= { (u,,-) dy

c'-—-...a-

o d

Substitute u, = C,+Cyx . We get

8 3
e % [ (€ +Crr-wudy + pC, [ (C,+Cre-u) dy
1] 0

Use Newton’s viscosity law for t . Let By

p
(3). %

] & ] ]
v(@.] = szudyq.(clq.czx)_d_fudy— _‘_i.fuzdyq-Cz(C‘ +sz)6 - szUdy
ay )y 0 dx 4 dxq 0

& ] [}
(C+C0) [udy| - % [udy + C(C,+C)B - Cy fudy
[} 0 1]

8 8
d d
];“0 = (CrCp)— [udy- = [wdy+ C(CirCan

e 3o

Edu_Zegarr_ch 1 224

http://ingesolucionarios.blogspot.com



http://ingesolucionarios.blogspot.com
(9]

b

2
‘ r dy} + C)(C,+Cp0)d

2 2
d Qup3®  un8* U
R

[a(u -= u,,)} [ ( )uf, —ul+ % ul| + C,(C,+C,x)8

v 2u, 8
2“,.3 - Cz(Cl +Cf)6 (Cl +sz) T - '—l"s—

dx

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1225



1231788 kerorosg6t0 ™. — D) _500000  L-.1678 m
1.007x107¢

=1.878x1073

what polhim
drag 1.5 lhuldll\cplnu coefficiemt?

D- c,(% pU2\4) = (1.8‘78x10")(%](998.2)(32)(.5)(.16‘?8) =708 N

¢, = (1.5)(1.878x107%)

664 _ (1.5)(1.878x107%)
1
Ux)z
)
_ _(1.007x1076)(.664)’ j
(3)[(1.5)(1.878x10" %) x =.01865 m = 18.65 mm

Show that for a cubic profile, the local cocf-
cieat of skin drag is ¢, = 0.647/ yRe, .

http://ingesolucionarios.blogspot.com Edu_Zegarr_chl 2 26



ht{p;//ingesolucionarios.blogspot.com Explain what you mcan by a two-dimensional
12 sell-similar boundary-laycr flow. Draw the sec-

ond profile for s self-similar flow shown. Ex-
press both velocity profilcs in a single equation.
Verify that using the stream function &, as
stated in Eq. (12.7), we automatically satisfy
the continuity equation. Assume zero pressure
gradi ide the boundary layer.

\Sm/s

«—Second profile

u

LSS SIS

12.27
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The rectangular rudder on  the author's
Columbia 22 sailboat extends 2 Nt into the
waier and is 10 in in width. When the boat is
moving at 6 knots, what is the skin drag from
the rudder? The water is at 60°F. Transition
takes place at Re, = 8 x 10%,

Check on assumption of laminar boundary layer.

6 6,080

)
Re =|_\380ONI12)1_ 54 10°

x

1.217x10°°

Hence the boundary layer is laminar over the entire rudder. Then:

1.328

"

1 - 6,080 10
D =2C,| - pU*A| = (2)(1.594x1073 e —
f[ 3 pU°A| = (2)(1.594x10 { ](l 938{(6 3 )r(Z)[ 12]

= 1.594x107

D=529 N

12.28
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A large. two-bladed wind turbine for generat-
ing power is sistionary and has festhered its
blades in & storm 30 as 10 be essentislly paral-
lel to the wind, which has a speed U/ of 50
km/h. What is the bending moment from skin
drag at the base A of each blade if we simplify
the blade to be a plate of length 30 m and
widih 0.3 m. as shown

Consider transition to occur st Re, = 10*. The

5 m air is at 5°C.

1
_—

L

First check to see if the boundary layer is laminar over the entire width of the plate.
Look at end of plate.
(50)( 1,000
L

3 600)( N
= 2.78x10°

Re =
v 1.5x1073

There is no transition. Boundary layer is laminar. The drag coefficient for one
side of the blade surface is:

1328 1328

/Re, _ /2.78x10°

=2.52x1073

D= 6(2 pUz](A) Q. 52x10"3){ ]( (50 (30)(.3)

3a0)

We need p for the air. Use Eq. of state.

pl=RT
P

101,325

SR @Enanes) P70 M m

D=278 N for one side

This drag may be placed at center of blade.

M = (2D)(15) = (2)(2.78)(15) =

12.29
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A helicopter during & test has its four main
blades turning st 100 r/min with the blades
oriented paraliel 1o the plane of rotation. Esch
biade is 3.5 m long. The average width is 200
mm. The transition in the boundary layer is at
2 Reynolds number of 10* snd the sir is a1
20°C. What power is needed to maintain this
rotation of the four blades? Consider only skin

drag.

Do we have a laminar boundary layer?

2n
= (100) — | = 10.47 r
w =( ){ ) adjfsec

(10.47)(3.5)(:200) _ 4.31x10°

(Re s = 1.7x1073

. We have a laminar boundary layer throughout. Use the local coefficient of skin
friction. We can say for the torque of one blade:

k)
TORQUE = 8 [ (cf)[% 0 02](dr)(.2)(r)
0 ‘—v_'
aa
if'v
T

e

.

Ml 2(.%)[(10.47)1*]2(!1?)(-2)’

1.7x1073

35
TORQUE = 8 f (1.328)[
1]

101,325

- - - 3
RT  (287)293) ke/m

35 s 7

2 = 35
TORQUE = AOOfr 2dr = 400 r? [%}‘ 0 = 9.16 N-m
0

POWER = (9.16)(10.47) = 959 WATTS

POWER = 096 kW

12.30
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The large wind turbine of Prob. 1125 (1.mW
capacity) is not self-starting. ™ If the blades are
feathered 0 a3 10 be paralicl 10 the planc of
motion of the biades 1o minimize drag, at what
speed w, does the turbine reach constant an-
gulsr velocity? The torque is 800 N - m. Note
that the wind normal to the Made surface has
only small effect and is neglected. Transition
occurs at Re,, = 10%.

We first assume that we have laminar boundary layer everywhere. The local skin
friction coefficient at radial position r and at x is:

664 664

Cf_

1 1
ey | @)@ |
(e [l.leO"

- From Eq. (13.52)
3 03

2,.2
T, = cf(_l_ puz) = __i‘64__ l)(p)(rm)i =1.286x103 P @

2 (re)(x) Vx
\J 15x10°
3 35

(TORQUE)yy,, =4[ v, r(drdx) =4[ [« r(drdx)
[

3 3
3 35

2.2
=4f f(;.zssxlo-’)ff;“’_rdrdx
0 s Vx

Compute p from eq. of state.

101,325 _ 3
(287)(278) 1270 kgfm

.
° =R

33 s 1 3 s i 3
(TORQUE),&W.FG-SMIO“’_[ frzx 2@ 2drdx = 6.53x10 7w 2r 2 (%}:2 Q)
0 5 5 0

3 ( AN 3
=0 }(653x10 935757 | Z(3%)(2) = 51802

For constant speed operation:

3
800 = 518w

12.31
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0,=1336 -

rad ( 1.336
sec

)(60) =1276 RPM

2n

Now check to see if we do have a laminar boundary layer. Check worst point at tip
of blade.

(Re,),,, = L3N _g 35,7
1.5x107°

We are ok.

w,. = 1276 RPM

12.32
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T=60°F

p=14.7 psia
U=50 fi/sec.

Air at 60°F and 14.7 Ibsin’ sbsolute moves
over & Mat plate at » speed of 50 ft/s. What is
the boundary-layer thickness and the shear
siress 2 fi from the front edge of the plate for a
transition value of 3 % 107 for Re,,?

Re=LUx . _GOQ@) _ 55,108
b 17x10°¢

Hence we have a turbulent boundary layer.
3= MT - 0519 ft = 623 in.
((5.88)(10%] *

Using Blasius’ formula we have:

1 DT
T, = 0225pU —f.%]‘ - (.mzs)(p)(soz)[wl'7*1° : ]*

(50)(.0519)

Use eq. of state for air.

L2 . ___WADUYY 40937 stug 1A
RT ~ (533)(32.2)(460+60)

p:

T, =.01200 psf

12.33
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Re, = 3.2x10°

3.2x10° = [-CO®)_
1.7x10™*

x=1088 ft

Using the data of Hansen for transition, deter-
mine in Prob. 1128 the position of transition

and the ratio of the turbulent-boundsry:layer
thickness 1o the laminar-boundary-layer thick-

ness at this position.

Hence transition occurs 1.088’ from the edge using the Hansen data.

For laminar flow:

5 . (496)(1.088)

00954
[3.2x10°]'2 r

For turbulent flow:

s - (370)(1.088) _

[3.2x10°1"% iy

Ratio of thickness R is:

1.55x10° |5
(100)(1,000) _
3,600

8 = (x)(.370)

[ -5
8 = (300)(.370) —->>x10

3,600

(100)(1,000) 300

http://ingesolucionarios.blogspot.com

One of the problems in controlling a large
dirigible is that the boundary layer s quile
thick by the time the airflow reaches the tail
control surfaces. The slow flow detracts from
the ability of the tail controls to develop large
forces. To get a “ball-park” estimation, replace
the side of the greatest of dirigibles, namely
the ill-fated von Hindenberg, by a fiat platc of
length 300 m. If it is flying at 100 km/h, what
s the thickness of the boundary layer at the
end of the 0 m. The air is at a temperature
of 10°C and at atmospheric pressure near the
earth’s surface.

12.34
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Air at 60°F and 14.7 Ib/in? absolute with zero
pressure gradient moves over a flat 30-ft-Jong
plate. The main stream has a 0.2 percent tur-
bulence. What are the minimum and maximum
distances [rom the front edge of the plate
along which onc can ¢xpect laminar flow in the
boundary layer? U = 100 i /s,

From Fig.12.12 we see that the range of Reynolds numbers for laminar flow goes
from

2.3x10° to 3.65x10°

For minimum x ,

2.3x105 = _100%
1.7x107*
x. =391 fi

also, for maximum x ,

00x

3.65x106 = —00%
1.7x107

X, = 6205 fi

12.35
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p:fgingesolucionarios.blogspot.com In Prob. 12.31, determine the misiamm and
. maximum possible drags on the 1op surfuce of

the plate. Use the data of the cubic profile as

determined in Prob. 12.7. The plate s 10 It

wide. The minimum total distance for a lami-

nar boundary is 191 ft and the maximum todal

— 100 ft/ distance for a laminar boundary layer is 6.205
S ft. Take p = 000238 shug/ft .

/A

L——30 ft‘-l L

Maximum drag

a) From laminar flow region use the result for t, from Prob. 12.7 Thus:

11 1
rw=(.323)(p)w2>(ﬂ) -(323)(00233)(100)1{-—00-] 2y 2 = 01002x 2
v 1.7x10*

391

D, - f (.01002x 2)(10 dx) =

1
2y 391
(1002)(x ) '0 - 396 b

1
2
‘For turbulent region use Blasius formula for <,

1
1.7x107* |3

= (.0225)(. s
T, =( )(00238)(1002)( 1005 ]

100x

But & =.37 Re V’x = (.37)
1.7x10°

Substitute into T,
1
1.7x107* |3 3

|4 - 04821 °
2.60x°

T, = (.536)[

12.36
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http://ingesolucionarios.blogspot.com
“(cont.)

30 1
3 30
D,= [ (0482)x *10dx=(482) || = = (603)(15.19 - 2.98) =7.36 Ib
391

Total drag is then:

Dy = [7.761!3 ﬂ

To determine the minimum drag, change limits in the preceding calculations
for the later transition position.

1
2y | 6208
DF&]‘)@‘)", =499 b

2

30
D, = (6025)x")| =656 Ib

Total minimum drag is then

Dy = 7.06 b ||

12.37

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



. : . A h plate of di - 5 m long by
http://ingesolucionarios.blogspot.com 1.5 m wide Is held in water at 20°C, which has
s main-stream vebocity of 1.5 m/3 with zero
pressure gradient. Using the data of Hansen,
determine the drag on the upper surface of the
plate. Do not use the Prandtl-Schlichting for-
muls. Hini: Do you really have to consider the
faminar pant of the boundary layer in this
case?

Transition will be assumed to occur at Re,, = 3.2x10°

o 15m/s

32x10° = [—-ﬂﬂ&
1.005x107¢

x=215 m e em

Hence we can consider turbulent flow exists in the boundary layer for the entire flow.

1

- V) (a)
‘, (.0225)(p)(v’)( Ub]

1 4
8 = (1(37 Ls-i) s =(.37)(-"—) xS
v 1.5

Subst. into Eq. (a)

T, = (0225)(998.2)(1.5)2]. v

v s
lascn( )

1
T, = 3.77x *

For v =1.007x10"¢ we get:

4
3.77)(1.5)x 3 | 5
4 0

|
D= f 3.77x 5(1.5)dx =
]

5

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 2 38



Compute the ratio 8*/x for turbulent flow

1Qttg/é‘_ngesolumonanos.blogspot.com wility VK omvSevenk Guities VRO giollc
" Re; "%, The result is &°/x = 00463

But &=.37Re;"x

A water wunnel has a square test-section cross
section of 3 ft by 3 ft at the entrance. The test
section of the tunnel is 8 Nt long. The velocity
profile is uniform at the entrance of the test
section at a speed U of 3 ft /s. To maintain this
profilc over a 3 ft by 3 ft region throughout the
test section (with no model in place), we must
continuously widen the test section as we move
d of the to minimize the
effect of the boundary layer on this 3 fi x
3 {t stream. What should the exit dimension be
of the test section? The water is at 60°F. As-
sume that boundary-layer thickness is zero at
the entrance (o the test section.

We must widen the end cross-section by 8* there.

1 1
5" = (X)(.0463)(Re,) 3 = (8)(.0463)[i)@—] S - 0204 fi
1217x10°5

~ End cross-section of test section is:

|| (3.0408) ft x (3.0408) fi

Edu_Zegarr_]c;'3 9
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http://ingesolucionarios.blogspot.com A hv. s maving between two plates 3 in apart.

If the velocity of the air app hing the plates
12.36 is 20 ft,/5 and the plates are smooth, how far

from the leading edges of the plates does vis-
cous action completely exists over the entire
height of the plate? The air is at 60°F. Re_, =
500,000.

Assume turbulent flow.

5 . 03N(®Re)
X

1
LS __ 037 —29“—] s
(12)(x)

v = 5.3x1078 ft¥s

( (1.5) ) 20 ]
(.371(12) )\ 5.3x10°8

x=1135 ft

Check Re

Re = (20)(11.35) = 428)(101
5.3x10°¢

- Turbulent flow OK.

http://ingesolucionarios.blogspot.com

12.40
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. . . A wind turbine is placed on a pisicau. The
l Ztg#lngesolumonanos.blogspot.com wind approaching the plaicau has a speed U of
: 30 km/h on the average. Each blade of the
turbine is 30 m in length. How high should you
place the centerline of the turbine if you want
the blades not to come within 3 m of the
boundary layer? The distance d is 1000 m and
the temperature of the sir s 10°C. Assume
that the surface of the pl [ h as 2
result of clearing operations. Transition occurs
at Re,, = 500,000 in the boundary layer.

——

Assume turbulent B.L. at the wind turbine.

5 37[Re)
X

1

(30)[1-’99'-1)(1,000) 3
& = (1,000)(3 3,600
1.55x1073

The above calculation is OK since

Re, = 5.38x108

h=30+664+3=

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 24 1



1 ?ts;gingesolucionarios.blogspot.com A barge having dimensions of 0 mby 12 m
' moves at a speed of 1 m/s in fresh water s
15°C, a3 shown Given an estimate of the skin

friction drag D. Transition is at Re,, = 3 x 10°.

Re=—DBO _ _ 56295107
1.141x10°6

Use the Prandtl-Schlichting formula

&= 455 _ 1,050

’ =2.545x1073
[log 2.629x1071>%®  2.629x10’

D= c,[-% pw](A)

D- (2.545><10'3)(%](999.1)(12)(30)[12 + 2)(9)]

ooy |

http://ingesolucionarios.blogspot.com Edu_Zegarr ch  12.42



Du Prob, 12.38 for U = 1.030 m/s and a tran-

http://ingesolucionarios.blogspot.com sition at Re_ = 3.2 x 10%. Do not use the drag

12.39

T =

coefficient formulas but work from Airst princi-
ples with shear stress on the laminar and tur-
bulent boundary layers,

As a first approximation, we imagine the lateral surfaces of the barge to be a single
flat plate measuring 30 m in length and 13.8 m in width. The speed U of the
free stream over this surface is 1.030 mfsec . Using Hansen’s critical value of

3.2x10° we have:

(1.030)(x)

Re_ =3.2x10° =
1.141x10°¢

x=.3546 m (1)

Thus, for virtually the entire region we have a turbulent boundary layer.
Consequently for simplicity we shall consider turbulent flow over the entire plate and
we can accordingly use Eq. (12.61) for the shear stress over the entire plate. Thus

1

r, = .0225 pm(ﬁ)? @)

For the boundary layer thickness 8 we shall use Eq. (13.67)

1
3= .37[—‘5-]’:; s
U

Substituting into Eq. (2), we have

1
v T (0225)(999.1)(1.030%(1.141x10°9
4 1 1

U(.BD(%) x3 (3% (1.030)°

0225 pU

The drag D, is now readily available.

30 i 0 1 4

0 1 1 5 .10
Df=ft w(13.8)d.x=f(1.969x 5)(13.8)dx = 27.18 fx Sdx = 27.18 "T |o
0 0 0 =

5

D,=516 N

http://ingesolucionarios.blogspot.com Edu_Zegaf 2043



12 &ﬁ://ingesmnmﬂlbmmter surface of the torpedo into a flat plate. Using the Prandtl-
' Schlichting skin drag formula we have:

455 3,300 _ 455 3300 _ 002210

CHogRe ™ Re, [log [(40)(5144)](4] ]’"‘ JEOEDON

ey of S48 S it ol B B 1.361x10°¢ 1.361x107¢

moving at a speed of 40 knots in seawsler at
10°C. What power is nceded to overcome the
skin-friction drag? Transition occurs at a

number of 10*. Take » to be 1361 x
10-* m?/s and p to be 1025 kg/m’. Neglect

friction of appendages. D _ C 1 2 2
=G5 pU“(bL) = (.002230)( )(1,025)[(40)(.5 144))(n)(.49)(4) =2,981 N

s

1
2

POWER = (2,981)(40)(.5144) = H 61.3 kW “

Ocean liners have in the past been equipped
with retractable hydrofoils for purposes of

maintaining stability in heavy weather. If the
ship is moving at 40 knots, what is the skin-fric-
tion drag on the hydrofoil if each is 2 m long
and 2 m wide? For the seawater which is at
10°C, the cocfficient of viscosity u is 1.395 x
107 N-s/m’ and the density p is 1026
kg/m’. Transition takes place at Re, = 10*.
Compute the skin drag of the hydrofoils taking
the turbulent boundary layer over the entire
length. Then calculate skin drag, taking into
the lami portion of the b
layer.

1.395x107?

We have a turbulent boundary layer flow over a significant portion of the boundary layer.
First we get the drag assuming completely turbulent boundary layer. Using Eq. (13.78) we
get:

c,- 455 455 - 2.53x10-3
(log Re)**®  [log 3.03x10]***

D= 4{cf% p U’(b)(L)} = 4{2.53x10"(%)(1,026)[(40)(.5144)]2 (2)(2)} =8,793 N

Now include the laminar bdundary layer

c-—33 ___ 330 50,107
[log 3.03x107>%%  3.03x10’

D= 4{(2.42x10‘3)(-;-)(1,026)[(40)(.5144)]2(2)(2)}

ﬂ D=8414 N “

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1244




. . Do Prob. 12.41 for the case where the speed of
lBt,t#/zngesolumonanos.blogspot.com the ship is $ knots and the transition in the
boundary layer is at Re,, = 500,000,

Re, = (5)(-5144)(2)(1,026) _ 3.78x10°
1.395x1073
We use Eq(1275)for this case since Re <107 .

c.=-—9 __3s58x10°

f- [ReL]lﬁ

D= 4(Cf)(-é- [ Uz}(b)(L) = (4)(3.58x10'3)(—;—)(l,026)[(5)(.5 144)17(2)(2)

“ D=1943 N H

Now take the laminar boundary layer into account.

1,700
3.783x10°

C.= 3.58x1073 - =3.13x10°3

D- (4)(3.13x10'3[%](1,026)[(5)(.5144)]2(2)(2) -

» 1700 N “

12.45
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; : : . - A glider has s very large
12 Mddieluchords beagrtheof the airfoil is: which wesew In S0e 1214
of the airfoil divided
squared. If the entire planform area of the
200 airfoil for & glider & 200 A7 and the chord
4'0"_'_'_ length is a constant over the length of the
C? sirfoil, what is the skin-friction drag on the
irfoil for a speed of the plane of 50 mi/h?
The air p s 60°F. Transition takes
place at Re_, = 10*.

C=y5 ft

5,280
: 600](\/‘ )

1.7x1074

= 9.646x10°

-

oa 455 3,300

) = 1.080x1073
[log 9.646x10°1>%®  9.646x10°

D- 2{((:,)(.;- o U?)(bL)} (1.080x10" 3)(p)[(50 ;zgg]r(zoo)

Find p .

(14.7)(144)
(53.3)(8)(520)

=2.372x1073

=—-p—:
P=Rr

) 3 3\[<r( 5,280
D = (1.080x10%)(2.372x10 )[ 0[3,5m]r(2°°)

H D=2755 Ib ||

A ground-effects vehicle is moving over water

at a speed of 100 km/h. While over water, a

pair of retractable rudders are inserted into

the water. The width of the rudder is a con-

stant equal to 0.7 m and a length of I m

(100 = ( 75) extends into the water. What is the skin drag
7 on the rudders if transition occurs at Re,, = §

= 1.826)( 10 % 10% The water is fresh water at a tempera-

1. l4lx10“' ture of 15°C.

455 1,700
Cp 258 7
[log 1.826x107]>*®  1.826x10

D-4 {(cf)(% 0 UZ)(A)} - 4{42.639x10' )[ ](999 1)( ) ¢ 75)(1)}

u D=3052 N "

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 12 .46

=2.639x107?




htfp;//ingesolucionarios.blogspot.com
12°44

In Prob. 12.43 the rudder has a wetted area
having the shape shown. Find the drag if the
vehicle has a speed of 60 km/h. Other data
are the same as in the previous problem.

The largest plate Reynolds number is

LGO LQ'QQ](.S)

Re, = 3000 _ . 7.3x10°

1.141x10°¢

We can use the simple Eq. (13.76) for the entire rudder.

074 1,700

60 < 60
2o [ (8}

1.141x10°¢ 1.141x10°¢

(Cf) z-

1
(Cp),=2.731x107 ¢ * - 1.164x107*¢"!

l 3,5 -4p-13( 1 60 \2
D=4f(2.‘731x10 0 ° -1.164x10"%™H 5 (999.1 36 (0 dz
L .

4
5

- 1.164x107% dz

1
D = (5.55x10%) f (2.731x1073 ¢
0

12.47
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http://ingesolucionarios.blogspot.com
(cont.)

1 4

D=(5.55 xlO’){i.‘B x1073 f (.5-.12) dz - (1.164x1074)(1)
o

Let (5-.12)=1n

D =5.55x10°

= 5.55x10°

[

-.1dz =dn

dz = -10dn

4 4

2.73x1073 [ 3(~10) dn - (1.164x10™%)

5

95 4
-2.73x10~2 “U“;* .= (1.164)(10‘)}

s

http://ingesolucionarios.blogspot.com
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L ; ; In the autogyro, the lift is developed by fregly
http://ingesolucionarios.blogspot.com vakiiling ¥ises. The-naeiion: i oacesd g the
1245 secrodynamic forces on the vanes themselves.

* Using fat-plate theory, what is the aerody-
namic lorque ded 1o skin [fricti
for an angular speed of the vanes of 50 r/min?
Take each vanc to be a plate of dimension 4.5
m by 0.3 m. The air is at a temperasture of
10°C. Transition takes place at Re,, = 3.2 x.
10°, Consider as an approximation Eq. (13.76)
1o be valid for Rey < 5 x 10° for turbulent
boundary layer. Take p = 101.404 Pa.

Find (Re,),,,

2n
=50 —=5.24
® 0 rad/sec

[@5)G29]1C3) _ 4 s6.10°
1.55x10°3

(Re D) oax =

For part of blade we have laminar plus turbulent flow. Up to what radius R do we
have only laminar flow? Set Re =3.2x10° .

3.2x10° = M
1.55x10°5

R=316 m

For laminar region. Use strip dR of vane at position R .

R
- 1o v d@ry(3)R
(ToRQUB), = (C,)(z](pv )dR)(3)
dA

[ )

d(D;'\’AG')

d(TORQUE)

3.16

-1
(TORQUE), = 6 [ (1.3zs>[w] z (l](p)[(R)(s.z‘t)F(.s)(R)dR
A 1.55x10 2

12.49
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http://ingesolucionarios.blogspot.com

(cont.)

316 3

(TORQUE), = (.1286) f RdR = (.1286)(3.16)

For remainder of blades

(rorquBY =6 [ C /(3 Jprrdnana®

316

Use Eq. (12.76) for C,

4
(R)(5.24)(.3) "’ (R)(5.24)(.3)
TORQUE), = 6 [ {(.074){202-2245) 1,050) A2-22N2)
(EORQTE, ,LI( )[ 1.55x107 i )[ 1.55x10° ] }

x (%](1 248)[R(5.20)P(3)R dR

4.5 E 4.5
2276 f R *dR - 3193 f R%dR
3.16 3.16

19 3
s 3 _ 3193 &
31316

[ 2276R

(TORQUE), =13.46 - 6.36 =7.108 N

TOTAL TORQUE = 9.16 N-m
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. . . A barge having dimensions of 30 m by 12 m
http://ingesolucionarios.blogspot.com moves at & speed of | m/s in fresh water at

2 46 15°C. Estimate the skin-friction drag D.

1 . Transition is at Re,, = 3 X 10, Also
give an equation with only U as the unknown
for the speed U to double the skin-[riction
drag. Take » = 1141 X 107* m?/s.

0.9 m

1
?

- DB _ 5 629x107 turbulent flow

o 1.141x10°¢

Use Prandtl-Schlichting formula

455 1,050

C, = ; = 2.545x1073
[log 2.629x1071>%®  2.629x10’

D= cf-% pVoA = (2.545x10'3)(—;-](999.1)(1)2(30)[12 + ()9

oo |

To double D to 1,052 N we have

1,052 = Cf% (999.1)(VH(30)[12 + (2)(.9)]

455 . 1,050

g[GO |_(1G0)
1.141x107¢ 1.141x10°¢

Solve for V by trial and error.
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r i i A mixing device with two blades
l thﬂhpgesolumonanos.blogspot.com is rotating with speed a = 20 1/min with the
’ biades in & horizontal orientation. What is the
torque needed for smooth blades if Re, =
Wat 320,0007 The blades have s width of 0.3 m.
ater (a) Give torque from the purely laminar
boundary-layer part of flow.
p = 1000 kg / m? (b) Give torque from turbulent boundary-layer

1 of the flow.
D |, =1.395 x 103 N-s /m o
w =207/ min

- |

s ]|

Find r_,,  for laminar flow.

(1 000)(20)[ 2"]( - )(3)
1.395%1073

3.2x10° =

=.7105 m
a) For laminar boundary layer flow,

C,=1.328(Re)) *

_1
2

—_— (1,000)(20){-2-’1)(r)(.3)
T,.u=4 f (1.328 S0
LAM

0

L of3) 000)[(»-)(20)[ e
1.395x10

J
r2 ‘ 7108

(712)

TJ105 5
e = 5-208 frzdr 5208

H T im 450 N—

For turbulent boundary layer

a 000)(20)( 60)(5)( 3)
1.395%x1073

=2.252x10°

(Re 1) ax =

Re, <107 low Re range

12.52
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httpi cionarios.blogspot.com
{Ehre)

2% -1
(l.om)(r)(zo{g]w .

1.395x1073 (Re)

1 2n
(5)(1,000)[0)(20)[5)]’0)(.3) dr

2n
_ (l,mO)(r)(zo)(a](.s)
1.395x1073

=4.504x10°r

5
[ {(.074) 1 1,050 }(658):-3 dr

1 [4.504x10°7]
[4.504%x10°r]°

5 14
Troms=4 [ {005477r 5. .oozssﬂ}sss dr

TURB
7105

19

7 - 4]:005477r 3
TURB 1_9
5

= 4{.6525 - .0968}658

3 5
- 00233 = 658
3

7105

TT’JRB

T pyms = 1,462 N-m
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i ] ) A 40- hollow cylinder of diameter 3 fi from s
tﬁpS/Tgesolumonanos.blogspot.com spent rocket booster is falling down at 2 speed
1 . of 300 mi/h |t an elevllbn mumndml o
25,000 fx
-ei.luMlaandhmienudmhuﬁh
vertical. What is the admissible roughness for
hydraulically smooth flow iu the enjire bound-
ary layer. If ¢ s 8 % 107" (t and we neglect
wave drag, what is the acceleration of the
cylinder? Take » = 6 x 10~ ft3/s.

=4.889x10°

100 P
e, =40| ———|=8.182x10¢ ft
adn (4.889x10‘]

.
—

€., = 8.182x10°S fi "

For problem at hand:

We are in rough zone.

C,=[1.89 +1.6210g (5 x10%]7%% = 3.593x10?

=2{(3.593x1o—3)[ )( 4481)( 002373)[500 g—’ég.—?)( )(3)(40)} 776.1 N

Newton’s Law

2,000 - 776.1) = 2990

4

Downward

a = 19.70 fi/sec?

12.57
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" ; . . For an underwater “village™ for research, an
http://ingesolucionarios.blogspot.com American flag & In place s :

12.52 It is of plastic material and can rotate
50 as to be parallel to the flow of water. If the

critical Re is 500,000 and the roughness ¢ &s

0.06 mm, what is the bending moment at the

base from & flow rate of water of 25 kn? Take

# = 1000 kg/m’ and » = 0.0115 X 10~* m?/s.

Note 1 kn = 0.5144 m/s.

Student union

PALIIII P77

Compute Re, .

Re, - (23’('5144)_(3) - 3.355x107
011510

3000 _ 5,10t
06

L
e

Go to Fig. (1216). We are in transition zone. Reading directly from plot
C!= 0032

D=2 [c,-;— P WA] =2 {(.0032)(-;-](1,000)[(25)(.5144)]2(1)(3)} =1,588 N

M= (1,588)(2.5 " _21_) - u 4,763 N-m “

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1258
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i0Om/s

- High Reynolds No.

Re. = 60U _ 500,107

X

.180x107*

(15)(1,000) _ | 105
15

=
e

Look at chart, Transition zone.

Read off C,=.0028

Considering skin drags inside and outside of cylinders:

Eq. of State:

http://ingesolucionarios.blogspot.com

D- G[Cf% leA]

pv =RT

30 k&

101,325

Three steel open cylinders on a flatcar moving
at & speed of 30 m /3 undergo skin drag.
The 10 m/s wind is opposite 10 the
velocity of the fiatcar. If the roughness ¢ = 0.15
mm, determine the skin drag. The diameter of
each oylinder is 1 m. Neglect the effects on the
flow sbout and through the cylinders arising
from the flatcar and from each other. Take the
ilion Reynold ber to be 10*. Take
v = 0.180 x 10°* m?/s. The temperature is
20°C. How many kilowatts of power are needed
to overcome this drag?

D- 6[(.0028)(%](.830)"(60’)[(1:)(l)(lS)]}

E D=1717T N

Power = (1,717)(50) = |@ 85.8 kW E

12.59
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http://ingesolucionarios.blogspot.com A thin plate moves st constant speed V =
3 m/s vertically into water which is st 20°C.
. What Is the skin drag ss a function of . The
plate is smooth. Re, = 500,000. Do a quasi-
static analysis.

Do we ever get a turbulent flow? Look at extreme position with plate entirely in

water.
Re,= —3D___ 5958108
1.007x10°

~ We get a low Re, turbulent flow region. Position for transition:

3y ﬂ %, - 1678 m '
1.007x107°¢

500,000 =

1) Laminar Range 0<x<.1678
@@ |7 _ 7.694x10™
1.007x10°¢ Vx

C,=(1.328)

D- 2{1'—694"—104 _2£ (998.2)(32)(.8)(x)] =553/ N
X

—.

{(D =5.53/x N 0<xx .16‘?87'

2) . Turbulent Range .1678 <x<2

Edu_Zegarr_ch I 2 60
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1,700

A I [ 3)® ]
1.007x10°¢ 1.007x10°¢

_ 3.753x10° _ 5.706x10™*
1 x

xS

¢

3.753x10 _ 5-706><1°"](%](993.2)(32)@)(.3)
5

Dy =2 ; -
X

4
Dyp = 26.97x° - 4.101 N 1678 <x < .SJ

In Prob. 12.55 the plate s rough with ¢ =
0.4 mm. Determine the skin drag as functions
of 1. Do not give ranges.
(a) The hydraulically smooth zone. Note Eq.
13.76 not valid for Re, < 5 x 10°

%) The transition zone using an average value

of 0.0045 for C, from the chart.

(¢) The rough zone.
The length of the plate for this problem is 4 m.

Hydraulically Smooth Range

074 ___L700 _[3.753x10° _ 5.706x107*
3 F 3x 1 1.007x107¢

C,=

e % 5
1.007x10- 1.007x107° *

4 ﬁ
L D=2697x%-4.101 N

D= (.0045){-;—)(983)(32)[(.81::] - 15.9246x

Transition Zone

Rough Zone

- 41251 2
D =)1.89 + 1.62 log —e—] {E)(983)(3 W.8)(x) = 17.46x

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1 26 1



] . . A ship has a length of 250 m and is moving st &

http://ingesolucionarios.blogspot.com speed of 30 knots. The wetted area is 14,000
m?. What is the admissible roughness? What is
the minimum possible skin drag for this casc?
If ¢ = 0.1875 mm, what is the skin drag and

Speed = (30)(.5144) = 1543 mjs e e toucrosme: s ding? The

Y - ]

m?/s and p = 1010 kg/m’. Transition for the
boundary layer is at Re,, = 500,000. What is
the p W in power ded a3 a
result of plate roughness?

100 100
20| 190] o5 100 | _ 00648
Cadee [Re,_] (15.43)250) "
1x107¢

Re, = 1349@30) _5 g6, 10
1x107¢

c,- 455 _ 1700 _ 001334
[log 3.86x10°)*%®  3.86x10°

D= (.001334)(-;-](1,010)(15.432)(14,000) =225x10° N =2.25x10° kN

POWER = (2.25x10%)(15.43) = 34,600 kW

For e =.1875 mm , find POWER .

f= 1.333x10°

For Re, =3.86x10° we are in the fully rough zone of flow. Hence, using Eq. (12.82)

C,=(1.89+1.62log 1.333 x10%723 = 002085

D= (.002085)[-;—](1,010)(15.432)(14,000) =3.51x10° kN

POWER = (3.51x10%)(15.43) = 54,200 kW

54,200-34,600 (100) = 56.5%

% increase =
incre 34,600

There is a 56.5% increase in power needed due to roughness.

12.62
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In Prob. 1231, what is the admissible rough-

12 tgq//ingesolucionarios.blogspot.com :
. ness ¢,,, %0 as 1o have hydraulically smooth
plate flow over the entire plate? Find r,.
00 100

1
e, =1 =30
“"  Re, (100)(30)}
1.7x1074

100 ft/s

P (14.7)(144)

P = RT ~ 533)(9)(520)

.000170

. . [Svﬁ ]2 =[(5)(1.7x10-‘),/.002372]’
1]

€ odm

t, = .0593 psf

In Prob. 12.38. what is the maximum roughness
¢ that can be acccpted to still have hydrauli-
cally smooth fow over the cntirc weited
boundary? If the drag for smooth barge is 526
N, what must it be for ¢ = 0,050 mm?

ﬁ $40.9m

L - ]

e — ;':::1'—_*.——

= 30m A |

e =(30) —2% - 0001141 m = .1141 mm
(1)(30)
1.141x10°

Will still be 526 N since the drag will be the same as for smooth surface.

Edu_Zegarf Zh 63
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] 2 Stg://ingesolucionarios.blogspot.com Do Prob. 12.41 for the casc of a rough surfuce
* where e = 0.0M mm.

RBL = (40)(5 144)(2)(13026) = 3.03)(107
1.395x1073

L @00 e
e 030

We are in the transition zone. Use Eq. (13.73).

c.__ 031 __ 3300
(3.03x107)7  (3.03x10")

J = .00254

D= (4)(.00254)(%](1,026)[(40)(.5 144)1%(2)(2) = 8,827 N

ﬂ D=-8827 N "

http://ingesolucionarios.blogspot.com Edu_Zegarr ch 12.64
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12.60 In Prob.12.40, what is the perceniage increuse
in power nceded for the case of a rough sur-
face having ¢ = 0.050 mm? The power nceded
for a smooth surface was 61.3 kW,

From Prob. 1240
L=4m V=40 kn T=10°C D=49 m

v =1361x10% m¥s  p = 1,025 kg/m®

For torpedo in sea water

Re, = GOSN _ ¢ 45,107
1361x10°8

(4)(1,“) = 8x 104
05

L
e

We are in the transition zone. We read off the following value of C,:

C,=.003

D= (.003)(-%—](1,025)[(40)(.5144)]’(11:)(.49)(4) =4,008 N

Power = (4,008)[(40)(.5144)] = 82.5 kW

% increase = -8—2:%5 (100) = 34.5%

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1265



In Prob. 12.44, we found the drag to he 3052
N. If after a summer's usc the drag was mca-
sured to be 6500 N, what would be the rough-

ness €?

1 ?Etg:/iingesolucionarios.blogspot.com

From Prob. 13.44 for rudders, V=100 km/hr width=75m L=1m
Re_, =5x10° T=15°C D=3,052N

(100)[—)( 75)
1.141x10°¢

= 1.826x107

For this problem D =6,500 N

Compute C,

D = 6,500 = 4[(C)( (999.1 -—)(75)(1)]

C,=.005621

Assume fully rough zone.

-2.5
005621 = (1 89+1.62 log 1.52] , t
¢ 1.89+1.62 103[720)

1
1.89+1.62 log ( 750]

1259 =

12.66

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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750

(1.89+ 1.62 log -————] =7.945
e

log 122 - 3.737

[

750 _ 5 458
(4

e=.1374 mm

Are we in fully rough zone?

L _5.458x10°
[4

= 1.826x107

We are in the fully rough zone. Hence

E e=.1374 mm

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 1267



The rudders in Prob. 12.45 are rough. having a
roughness cocfficient ¢ of 0.0400 mm. What is

1 2 _G‘Qtp://ingesolucionarios.blogspot.com
What zone of flow are we in at the extremities of the rudder? ™ & e heicx@tn/h

(.5)
lﬂL_n 106

e 1.141x10°¢

L_ 350 _o5x10¢
e 04

We are entirely in the transition zone. For an approximate result, we use a plate .45 m

by 1m.

4[(0041)[ (999. h{ ](1)(4 S)l

D=1024x10° N

[2.68
http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



A delta-winged Aghter planc is fying subsoni-
cally at 3 speed of 600 km /h. What is the skin
drag from the wing, which has a roughnecss
cocfficient due to camouflage paint and flush
riveting of 0.0050 mm? Transition occurs st
Re,, = $00.000. Air is at 10°C

:/lingesolucionarios.blogspot.com
2.63

Find maximum and minimum values of Re, .

v = 1.55x107° m¥Ys

600 12
( )(3600)( )

1.55x1073

= 1.29x10%

(Rey) =

L _ (12)(1,000) - 2.4%10°
e 005

(600

)(3)

1.55x10°*

3 600 =3.23x10’

(Re L) =

- (3)(1,“])) =6X105
.005

Entire wing is in hydraulically smooth zone and is high Reynolds no. flow. Use a
uniform plate having same area and same average length.

12.69

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http:/(@ﬂilu}ionarios.blogspot.com

(600)( : ](7 5)
1.55x10°®

Re, = = 8.0645x10’

L sx108
[4

- Hydraulically smooth zone also.

. 455 A
4 [log(Re)I*** (Re)

=.057526

C.- 455 1,700
7" [log(8.0645x10")>®  8.6405x10’

o-doonr{ o)

Eq. of state for p .

RT  (287)(283)

D=7707 N “

12.70
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An ubjpect has o projected area of 1050 0 the
dircction of ws motien [t has o drag coctficien
of 14 for 3 Reynolds number of 107 yuing 4
characteristic length of 5 1 For thin Resnolds
number, what s the drag on the objecr when
moving through water at &FF" What o« the
drag when moving through av at SFF and
147 1b/in" absolute™”

A=10 fi C,=4 when Re-=10’
L=5 ft Re = 107
pU? U?
Through water: D, =C,A = = (.4)(10)(1.938) >

But o= YL _O6)

v 1217x107
U=243 fifsec ~ D =2296 b

2
Through air: D, = (4)(10)(.00238) %

But 10" - DO
170x10*

U=340 fifsec D, =550 Ib ||

Edu_ZegarrI(; 7 l
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A body travels through air at 60°F at a speed
of 100 fi/s, and 8 hp is required to accomplish
this. If the projecied ares is 10 ft? in the
direction of motion, determine the coefficient

of drag.

We compute the drag:
(D)(100) = (HP)(550) = 4,400

D=44 Ib

4“4
10

Cp=2
(.00238)(10%)

o]

A streamline strut has a width
of 3 in. What should the length be for minimal
' total drag from pressurc and skin friction? If
. - the strut were not sircamlined, what diameter
— f()r min. drag IS 2() . rod would give the same drag per unit length
for turbulemt flow? What does this tell you

sbout the advantage of streamlining?

L= -1154 in.
26

Drag|Unit Length = (C,,)( ](p UHoQ) = (062)( ](p UZ)[ ](1) 007550 p U

For rod:
Drag|Unit Length = (3)[ ]( Uz)( Siam ](1) .01250(p U*)Diam

Equate drags.
.007550 pU? = .01250(p U*)Diam

Diam = .62 in.

12.72

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



. . . An Is held stati in 8 50-knot
l 9] @p://lngesolumonanos.blogspot.com wind. What torque T is required 1o maintain
el the instrument stationary? Cups A and 8 are
oppaositely oriented and each has & diameter of
75 mm. The wind is oriented perpendicular 1o
the arm connccling the cups. Air is at a tem-

perature of 20°C.

TORQUE =(F,) (.200) - (F,)(.200) = (1.42)[5 pUzl(nJ(

075?
4

1 0752
-(.38) — p U? 200
( )(2” )"”[ 4 ]]

101,325\ )00 ke

" (287)(293) m

TORQUE = (.200)[%](1.205)[(50)(.5144)]2(::) Q’_}SX (1.42-.38)

|| TORQUE = 366 N-m ||

http://ingesolucionarios.blogspot.com Edu_Zegarr_c’h



i i i A sports car has a coefficient of drag of 0.4U

l 2 .mm.//mgesolumonanos.b > and a frontal area of 25 it?. The vehicle weighs
2600 Ib. If a total constant torque of 800 ft - Ib

is maintained on the rear wheels, how long will

it take for the vehicle 1o reach 60 mi/h if we

neglect the rotational inertia of the wheels?

The air is at 60"F. Neglect rolling resistance of

the tires. The tires have s 24-in diameter.

800 ft-Ib o
Jomm ()

If we neglect inertia, we equate torques about center.

f£(12) = (800)(12)

f=800 Ib

Newton’s Law:

800-D =

)

g \dt

D- (.40J(5‘](p V2)(25)

__(47A44) _ go0ra0, Slug
(53.3)(g)(520) 13

D- (.40)(%](.002372)(25)W - 0118617

Go back to Newton’s Law.

800-.01186y2 = 2600 dV

322 dt

Edu_Zegarr_]c2-74
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Separate variables.

(2,600] d )
32.2 )| 800 - .01186¥2

]qﬂ

( 2,600 av
322 ) (67,453-V?)(.01186)

Integrate:

V67453+V| .. -
(32. 2)(01186) (2)(\/6‘? 53| | 67453-v '

13111020 L
260-V

When ¢=0, V=0 . C,=0

5,280 fi .
Wh V=60 = =88 — | for th t
en ({3,600) coc we get tor the time

13.11 260+88 -
260-88

t=924 sec

http://ingesolucionarios.blogspot.com Edu_Zegarr_cl 275



l -y 711tp://ingesolucionarios.blogspot.com A wind of 50 km/h impinges normal 10 the
- sign. What is the bending moment on each leg

of the support at the ground? The temperature
is $°C. Neglect the drag on the supports.

The ratio of width b to height A is:

-2-25

We estimate from Table 13.3 that C, is 119.

D= (. 19)( ](p)wzxz)(S)

101,325 - 1.270 kg
(287)(278) m?

1,000

D = (1. 19)( ](l 2‘?0)(50 3 ] (2)(5)=1458 N

= L (1,458)(5+1) = 4374 N-m

2

5m

SPEED
LIMIT
88 KM/H

LA

We are neglecting the drag on the two supports and so M, will be less than the
proper bending moment.

12.76
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A fighter plane is moving on the ground sfier

12.3@://ingesolucionarios.blogspotBora (1 _2){ %}( p VQ)(30)+(4)[_;.)( p)(Vz)(20) t:njil:l o4 epued of 54 fon/ e o p;l:

of drag for the parachute is 1.2 and the frontal

area is 30 m’. The plane has a coefficient of
drag of 0.4 and « frontal area of 20 m’. If the
engine is off, how long does it ke to slow

down from 350 km /b to 200 km/h? The air is

b= _101,325 o475 K8 ehghia il oo gt
(287)(283) m?

rolling resistance of tires.

D= [-;-)(1.2475)(90)[(1.2)(30%(.4)(20)] =27.45V?

Newton’s Law:
)
" o__
m %’ - -2745V2

(8)(103)[-‘%’] - 2274507

dv

VQ

~2745| .
8x10°

Integrate:

~V-1=-343x107% + C,

When =0 , V=(350)( ;000

]

)= 97.2 mjsec . Hence:

—e——=C
97.2

1

=3.43x1073 + 1
972

1
Vv

1,000
Set ¥V =(200)] =2 = 55.56
e ( )(3’5::] mjsec
1 P | _
—— =343x1077t + —— t=225 sec
55.56 97.2

27.45
8x10°

(?:"L,“T‘ °

(97.2)° -3305¢ =

http://ingesolucionarios.blogspot.com Edu_Zegarrl_gx.77



in Prob. 12.72 what is the largest frontal area
of the braking parachute if the maximum de-
celeration of the planc is to be 5 g's when at a
speed of 350 km/h the parachute is first de-
ployed?

12 7J‘iuttp://ingesolucionarios.blogspot.com

ety

A

D- (1.2)[-;—)(9 V2)4) + (.4)[%](9 3)(20)

_ 101,325
P~ 287)283)

For V,use (350 _11@.] =972 mfs
3,600

bl

D =7.08x10°4 + 4.72x10*

Newton’s Law:
-(8x10*)[(5)(9.81)] = -[7.08x10°4+4.72x10%]

A=4876 m?

12.78
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1 2hﬂyﬂ//ingesolucionarios.blogspot.com In Scct. 68 we ined | tow
parallcl infinite plates separaied by distance A.
For turbulent Aow we can assume a logarith-
mic velocity profile

where n is measured from the botiom plate
upward to the midplanc. Form the equation
for the average velocity P, beiween the
plates. To introduce f show that using a = 0.41
and B - 5,

?}— = 2.010g(Re,, f ) - 119

which is the analog of Prandtl's universal pipe
friction formula. Hine: Use the result

=7

V. 1
V._a

. h
For a unit width Py

h

_ v v,

q=2[V dn(1)=2f [mn +In—|dy + V.(B)(1)(B)
o

We now use the following result.

http://ingesolucionarios.blogspot.com Edu_Zegalrgcl-? 8 a



Hi i i A mixing rotor conssis of cylin-
| At Fingesolucionarios.blogspot.com ORI L. ey f et -Jur b
ariented paraliel to the free surfsce and have a
width in this direction of 0.2 m. What is your
estimate of the rotational drag of this rotor at
w = 20 rad/s. Take C for cylinder to be 0.30
—— and the blades to be thin plates for which

B |

A

c B y (v vades tobe
—L  —
0.6 m~l
4m

D =600 nnm—1 \"Y“

db,

)777/777*///////////

Find Re, at B and A for blades.

(Rey) - DD _; 559,10
1.007x10°¢

(Re
) 1.007x10°¢

A

[ 5) _ [ 5) _ (2)(1,000) _ 00
A B

e e 4

- We see that we are entirely in rough zone.

Cf= [1.89+1.62 log (500)]1 %% =.01019

Now compute torque form blade and cylinder.

4 i
mRouszzch(l pPa]dAr+4fo(—1- sz}dAr
0 2 4 2

4 1
-2 f (.30)(%](998.2)[(r)(20)]2(.6)dr r+4 f (.010!9)(%)(998.2)[1“(20)]2(.2)& r
0 4

4| 4 411
- 7.187x10* ;- L 1.627x10° % , - 460 +396.3 =856 N-m

TORQUE = 856 N-m

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch )
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v
Replace V, by —ﬂg We get
V8

e

V8 5439 {111 [M]Jf} -In4y8 + 41B - 1
‘/}' v

1
— =.8623 {In|Re \/f| - 2.426 + 2.050 - 1

L 8623 {In[Re,7| - 1.376
S {[Renr] - 1376)

L 1.986 {log Re,, /F]} - 1.187
;= 1986 {os Rey 1)
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L for a torque of 10 N-m 1o bring the system up
10 speed if il has & radius of gyration sbout the
vertical axis of 1.3 m and & mass of 50 kg. Set

up in the form of a quadrature

m dw
=k

where flw) is a funclion of w.

From appendix:

v = (1.8x1074)(.0929) = 1.672x107° m?s

Consider conditions at 20 rad/sec

Re,) , - DD _ g 569,10¢

L’B "~

1.672x1073

(Re,) , = DA _ 5 397,10°
1.672x107°
Since (Re;) <Re_ = 5x10° the boundary layer remains laminar

1.328
C,= n

(Re))?

Compute torque.

http://ingesolucionarios.blogspot.com Edu_Zegarr_]cgo 8 l
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4 1
TORQUE = 10-2fcp(% pV2]dAr—4fo[j;- pW]dAr
0 4

4
=10-2 f (.3)(-;—)(l._205)[r2m1]dr(.6)r
0

yp—. (%](1.205)(r2m2)dr(.2)r

1
41 (rw)(2) |2
1.672x1073

3
T=10 - ©*(1.388x107%) - w 2(1.604x107?)

Use moment of momentum.

10 - (1.388x10 %) w? - (1.604x10 w2 =(1.3)%(50) ‘;—"’
L

845dw

3
10 - (1.388x107%)w? - (1.604x107%) e 2
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2Ff

An automobile has a cocflicient of drag of 0.36
and a frontal area A. A remodeling of the
sheet metal reduces Cp to 0.30 and the frontal
area of 0.9A4. If the older model gets 26 mi/gal
at 55 mi/h, what should the newer model get
at the same speed? The drive system has not
been changed.

D, - (36){%](;»)(!/2)04)

; (_30,(%]@(,,2)(%

D
_1=('3_6 i]=1,333
D, {3019

Gas Mileage ~ (1.333)(26) = 34.7 mpg

An squaplaning board is 2 ft long and I N
wide. If it is at an angle of 8° with the horizon-
tal and has a speed of 10 mi/h, what load can
it carry as a passenger? What is the drag
force?

From Fig.12.22

W= { ](pW)(A) (5)( }(1 938)[10 5’;8)8) (2)(2) =4169 b

5,280
D= (08){ )(1 938)(10 3.600

»

] (2)(2) =66.7 Ib

Edu_Zegar:l'_%h83
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o If the critical Reynolds number for flow around

a smooth cylinder 8 6.7 % 10%, what is the
wvelocity for this condition of aic at 40°C around
a smooth cylinder having a diameter of
100 mm? How about water? Both are at atmo-
spheric p . the p s doubled for
air. what is this velocity?

We look up v for air and water.

2
v, = (1.95x1074)(.0929) = 1.812x10°° m-
Y

At p. 1

2
- 661x10¢ M
S

{ Va0

For air at 40°C and at p=2p__
B, = (4.3x1077)(47.9) = 2.060x10°3 N-s/m*

(2)(101,325)

= - 3
J [P a2 am 287)(273+40) 2.256 kg/m

-5
v dy o = 2200407 513151076 m¥s

2.256

For air and water at p_

6.7x10° = M V. =121.4 m/s ||

1.812x10°3

1105 FuodD N Vo443 mis “

”2
661x107¢

For air at 2p,,

6.7x10° =

Vadgp (D) Vo), 5y = 6117 mis
9.131x10°¢

http://ingesolucionarios.blogspot.com Edu_Zegarr kR 84
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(998)(50)[ ; 000 )(.45)

1.005x10°?
L 45
[

Re, - ' = 6.206x10°

=— =10
4.5x107°

- Transition zone

C,= 0041

1,000

_le 1 _ 1
D= lcf 5 pVQA](S) (.0041)(2](998)[(50) 3.600

r(.45)(.8)(8) =1.137x10° N

1,000
Vo 12 {(50)( 3,600 )r
D=C,A Tﬂ - (.38){ “4 ](998) —at - 2.873x10° N

Total Drag = 1.734x10* + 1.137x10* + 2.873x10* = 4.719x10* N

(50)(1,000)

Power = (4.719x10%)

= 6.555x10° W = || 655 kW

12.85

http://ingesolucionarios.blogspot.com Edu_Zegarr_c



A loTpedo 18 moving at a speca

1 2h&(Yingesolucionarios.blogspot.com of 50 km/h. We want to estimate the powcr

* required in kilowatts 1o propel the torpedo.

We do it in three steps. Proceed as follows:

1. Get skin drag over the cylindrical part of
the torpedo (length 10 m) Take ¢ =
2 % 10°? m for roughness.

2. Get the skin drag of fins using an average
rectangular plate for each fin. Take ¢ =
45x 107 m.

3. Get the wave drag (pressure drag) of the
hall sphere by considering a solid half sphere
for which Cp, = 0.38,

Now get desired power. Re_, = 300,000.

Hemisphere

p =998 kg / m®
p =1.005 % 10 *N-s / m?

1,000
- (998)(50)( :

b 1.005x10°?
L 10

e 2x1073

)(10)

Re, - P

= 1.378x10®

~ Rough zone.

C,=(1.89 + 1.62log 5,000)2% = .00573

1 1 1,000
D= C,= pV?4 = (.00573)| — |(998)|50 —2 1)(10) = 1.734x10* N
15 PV = (o073 K )[ 3600]2(1:)()( )

http://ingesolucionarios.blogspot.com Edu_Zegarl_gh 8 6
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http://ingesolucionarios.blogspot.com

A traler truck is shown muving at a speed of
100 km /h. The truck weighs 53.5 kN. If it has
s coefficient of drag of 0.60, how far will it
have lo go before the speed is reduced to 50
km/h. The motor is not engaged during the
action. The rolling resistance of the tires is 2
kN. Air is at 15°C. HMini: Recall from sopho-
more mechanics that

d d dx " d
#&xT &

D - (.60)[—;— 0 W](S)(4.5) +2,000

oo 101325 oo ke
(287)(288) m?

M ‘% - _[8.276V2 + 2,000]

av AV & v

dt dx

3
3310, dV _ _(3.276¥2 + 2,000}

9.81 dx

vav __ 981
(8.276)(V?+241.7) 53.5x10°

vdv

— = -1.518x107%dx
VZ2+241.7

V2 +241.7 = n

2VdV =dn dv

Edu_Zegarr_ch 12.87
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£ - -1518x10%dx
n

Inn = -3.036x107%x + C,

In(V2+241.7) = -3.036x107x + C,

When x=0 , V=(100)(ﬂ]=27.8 sils
3,600

In (27.82+241.7) = C|

C, =1n(1,013)
In (V?+241.7) = -3.036x1073x + In (1,013)

ln[ V242417

= -3.036x107°x
1,013

When V= (50) { ;000

]= 139 , whatis x ?

In 13.9%+241.7
1,013

] = -3.036x10x

“ x=279 m n

http://ingesolucionarios.blogspot.com Edu_Zegarr_lcE . 8 8



12 82 Ysing. Tablg 134, we, see that for turbulent flow around the flagpole the drag
- ID.ce:)efficient is .3 . Wework with three parts of the flagpole.

A Nagpole is 1S m high. The lowest 5 m has 2
uniform diameter of 125 mm, the middle 5-m

- SO ) 248 keim? ey s e e
P (287)(283) mm. If a strong wind of 30 km/ h is blowing

and there is no flag, what is the bending mo-
ment at the base of the Ragpole? The air is at
wrc.

D, - (.3)(—;)(1.248)[50( ;g ]F[(S)(.&S)] -2257 N

M, - (22.57)(%] =564 N-m

D, - (-.3)(-;-](1.248)[50(

M, = (16.25)(7.5) = 1219 N-m

1,000
2 5(.090)] =1625 N
o ]T[( )(.090)]

- (3) 1 LO00YE, o 070] = 12.639
D, - (.3)(5)(1.248)[5({ 3600)] [(5)(.070]

M, = (12.5)(12.639) = 158.0

Mooy = 3363 N-m

12.83

We take the sea as turbulent flow. We get for the drag in the sea water and the
above alt. In recent times, we have had disasters occur-
z ring on offshore drilling operations. such as
-—-lulm—— p= P - 101,325 =1.270 kg[m3 :n:‘;:’:h:'h:oh::'r&.‘ Ijmel‘. Let u:::;n;l;:
AT RT  (287)278) I s e s e e
in the y direction and the sea is moving at a

J_ ee

speed of 4 knots also in the y direction. Com-
—_— pule the total shear force at the base of the
= structure. Take p of the seawater to be 1025

kg/m’. Hini: Because of the great height of

) D = 4{(.3)[%](1’025)[(4)(.5 144)]2(2,5(K))(9)]} the columns, we can assume that they are

vertical without significant loss in accuracy.

# 2{(.3)(%)(1,025)[(4)(.5144)]2(40 + 60 + 80)(9)}

+(3){%]{1,270)[(50>(‘s144)12[(30)(40)] D= 6.08x10" N = 60.8 MN

Edu_Zegarr,]
http://ingesolucionarios.blogspot.com u_zeg 1_@89



In Prob. 12.83 suppose that the height is only

1 2. 8p:/lingesolucionarios.blogspot.com 300 m Instead of 2500 m. The approximation
L. made in the previous problem can no longer be
made without some lois in sccuracy. Sobve for

shear force. Hint: Get a unit vector « for

column, say AB. The desired velocity compo-

nent ¥, normal to the column is then V] - (o

X 1). The drag P in the y direction is

then the computed drag normal to the column

times (e X i) - J.

Top view showing
only one side-
bracing members

Consider column.

Fy-T, = [19(.707i+.7077)+300k] -[50i +50/] = -36.6i-36.6j+300k m

- -36.61-36.6/+300K _ -.12027 - .1202/ + .9854k
V36.62+36.62+3007

& x i = (.1202k+.9854))

J{(& x i) = 9854

V. = (4)(.5144)(.9854) = 2.0276 m/s

For AB

1

21~
D, = (.3)(%](1,025)(2.02‘76)’{3002 R ( ;537‘ - 19] ]"-(9) - 1.732x10° N

D, = (1.732x10%(.9854) = 1.707x10% N

Hence

D, = (4)(1.707x10°) + (2)(.3){%](1,025)[(4)(.5144)]2(40+60+80)(9)

: (.3)[—;)(1.27())[(50)(.5144)12(30)(40)

D, =9.088x10° N = 9.09 MN

Edu_Zegarr_cll 290
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A Cotirell precipitator consists of a series of

p : : horizontal, llel rods forming a grid. The

12 gtS).//mgesolumonanos.blogspot.com sods a5 bt b & Boihivtel Sieciior hace:
) These rods are kept st & very high voltage.
Flue gases from a power plant pass through
the precipitator in the chimney. The fly ash
particles are given a charge and are later pre-
cipitated out by being attracted to properly
charged plates. If esch rod has a }-in diameter
and are spaced 2 in apart between centerlines,
what i the force on the precipitator from
combustion products having a density of 0.003
slug/fNt® (this density takes flue particles into
sccount) and a speed of 30 fi/s. The flow is
turbulent. There are 35 rods in the grid and
the hoop has s 6-ft diameter. The center rod
gocs through the center of the circular hoop.
(here s a good opportunity to use a pro-
grammable calculator, but it is not necessary )

The n™ rod has a length 24 equal to

2
n

36*-(2n)? =d

d, =y36*-4n* in.

17
Liora = [2 Z_l: 2y 362"4"2]+72 = 4[\/362"4 + \f362— 16 + J362—36

+/362-(4)(16) + /362 -(4)(25) + 362 -(4)(36) + {/362-(4)(49)

+/362-(4)(64) + //362-(4)(81) +/362-(4)(100) + /362-(4)(121)

+ /362 -(4)(12)? + /362 -(4)(13D) + {362-(4)(14) + {362-(4)(15?)

+362-(4)(16) + 36~ @)1 |+ 72

Looga, = (4)(488) + 72 =2,026 in. = 168.8 ft

1

4 |1
D = (.3)[(168.8)y — || = |C.
(.3)[(168.8 53 (.003)(30%)

D=1424 Ib

http://ingesolucionarios.blogspot.com Edu_Zegarr_§) Q1]



From irrotational-incompressibic-flow, theory.
the velocity Vg along the surface of a sphere is

http://ingesolucionarios.blogspot.com

3
Vy = EU'sinﬂ

where B is the angle between the radius R and
the z axis. Show that the drag on this sphere is

zero by first f lating the folk g eqs
for drag.
pU7 sin’ B

!
D= ZwR’[p,E(sin‘,s) e

9

8 4

D= fpcos B(2nRsin B)R dP
(V]

D=211:R2fpsinﬂcos|3d[3
0

_pu’( e )" (5

and then puiting in the limits =, 0 for 8. Hint:
Use a strip as shown in the disgram of width
(RdB) and circumlcrence (2w R)sin 8.

Note

1
fs&nﬂco—s,‘]dﬂ -Esm’g}

m™l g

and fﬂn"ﬁcm&dﬂ - ’

m o+l
The resuliing zero drag siems from no skin
[riction guing with zero viscosity and no pres-
sure drug because of nu separation. This was
called the d'Alembert parados in curly days of
fluid mechanics because everyone knew there
had 10 be drag in real flows

We get p using Bernoulli. Neglecting gravity we have for incompressible flow:

Substitute into Eq. (1).

n 2
D=27R [p.+ ";"' (1 . %sinzﬂ] sin B cos B) dp
ol

(
n

D=21:R210_}.sinbcos|3dﬁ+ ad fsinBcosBdB—
0

2 9

] L guap\l . P¥o[sin®B )" 9o (sin'p |
D—2nR’{p_{2 sin B]L rml= |4

Clearly this result is zero.

http://ingesolucionarios.blogspot.com
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12.87

Use =/2 in Eq. (b) of Prob. 12.87 to get drag F, on the round surface.

2 In Table 12.3 we listed the cocfficicnt of drag
F. =2nR f: + ﬂ_ i _i 2 for 1 sofid hemisphere us 0.38. Let us assume
1 2 2 2 32 P that the flow to the right of A - A (scc Fig.
P13.88) is cusentially given by the irrotational- |

flow theory as presented in the previous prob-
lem ouiside the boundary layer. Compute the
T pressure drag on the spherical pant of the
The force F2 on the back face 18 boundary using Eq. {b) of Prob.12.86 with the
proper limits on 8 for this case of w/2 and 0.
At the periphery of the hemisphere we showed
2 in Prob. 1387 that the pressure p for this

P U _ 9 U2

n r P

F hypothetical ideal flow is
2

pU? (940U
Ppt 3 - (:]T"“” (@)

+ . Al the edge B the pressurc is compuicd by
The drag D is then: setting B = /2. Now in the region behind the
hemisphere, the pressure is the same pressure
as in Eq. () with B = w/2 with a fraction

coefficient # multiplying the last expressk
This means that only the fraction (I - n) of
the kinetic energy at edge B is recovered into
pressure in the wake behind the hemisphere.
We call 5 8 recovery facior. Show that the

total drag D is given as

2
16

= 2 2 Uiy (9
D =(nR*(pU ){ D-tva‘)(%—](;)m- ()
Compute recovery factor 5 for Cp = 038,
Comment on assumptions made that weaken
your answer.

-—
-—
-—
-—
-——
———

For C,=38 find n .

Edu_Zegarr_]:tQ.g?’
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First skin drag. Assume that we have a laminar boundary layer.

1328 _ 1.328 _ 3.16x10°?
JRe,  J(U)(.030)/1.7x10°3 JU

C.=

Do ) g 3.16x102 (1) oo
D, = (€3 oV} e HRLROEOTED

- 205
RT  (287)293) kelm® R —

and it descending at its terminal speed. Esti-
mate this speed by first computing the skin-
{riction drag on the cylindrical surface. Esti-
mate the p drag by idering the from
tip of the bullet 10 be a hemisphere and then
E use the results of Prob. 13.88 adapted to this

_ -Syr2 problem with a recovery factor n of 0.669 in
Dl - 1435)( 10 U N the wake. The bullet is near the earth’s sur-
face. The temperature of the air is 20°C. Tran-

sition in the boundary layer is at Re_, = 107,

For the pressure drag:

- m@®) 2L [ ](2n 1) = (x )(004)‘['2"5](02)[%][(2>(.669)~11

D, = 1.152x10°U* N

3
Drorar = [1.435U 2 + 1.152U%)x10°

For terminal speed:

gM =D

3
(9.81) =|1.435U % + 1.152U%|x10°

3
1.435U7% + 11.52U% = 1,962

Solve by trial and error:

http://ingesolucionarios.blogspot.com Edu_Zegarr_cl] 294



http(/éieﬂﬂsglucionarios.blogspot.com U=1377 m]sec

Check to see if we have a laminar boundary layer.

Re, = B8TDC030) _ ¢ 65, 10¢
1.7x10°3

Assumption is OK.

Recently a jet-driven vehicle broke the sound
baricr, achieving a world record for land vehi-
cles. An idealization of the general shape i
shown If the vehicie is coasting
=t 400 rm/h what is the estimated drag? Hint:
See Prob. 13.88 and consider the drag due lo
the skin [riction on the cylindrical surface of
the vehicle plus the pressure drag of & hemi-
sphere as developed in Prob. 12.82 Consider
the surface to be smooth. The air is at 90° F on
the Utah Salt Flats. Take the recovery factor
n = 0.669. Transition occurs at Re,, = 500,000,

From cylindrical surface:

D- c( pm)(A) . U= (400)(5’280] 587

_(14.7)(144)
RT  (53.3)(g)(550)

- O8NBY) _ g pr6x107
1.95x10°*

C,- i _ L7 _ 02140
" (log 9.026x107>%  9.026x10

(002140)( ]( 002243)(587%)(n)(8)(30) = 622.8 b

Now go estimate the pressure drag we have from Eq. (b) of Prob. 1287

D, = (n)(4?) (0022423)(587)2 [(2)(669)-1] = 7,379 Ib

Total drag is 8,041 Ib .

Edu_Zegarr_(lh2 = 95
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. . . If the Musta ter weighs 42.7 kN, st
12 dﬁp://mgesolumonanos.blogspot.com what angle zm :I::u Jﬂ: Sowmat &
.- speed of 250 km/h? The planform srea bs 25
m?. What power s required in horsepower 1o
overcome wing drag? The temperature is 20°C.

The flaps are at zero degrees.

42,700 = (C) (%]( )[2352] (25)

101,325

= 2" =1205 kg/m®
(287)(293)

D- (04)( )(1 205)[250](25) 2906 N

POWER - (2,906)( ";53] 201,776 watts = 202 kW

POWER = -2%2__ 271 HP
7457

http://ingesolucionarios.blogspot.com Edu_Zegarr_l:I2°96



12.9 hpriesswaittiapseesboseatsoat the condition of (C,),. which for usis 1.64 . Using Eq.
(12.91) for V., we get

If the takeoff speed is about 1.3 times the stail
speed for the Mustang, which weighs 42.7 kN,
what ls the takeoff distance for a constant
(2)(W) thrust of 9 kN and s rolling resistance of 0.5
kN? The planform srea is 25 m’. The flaps are
(p)(cl)mnA at 40°. The sir is at 20°C. The overall coeff.
cient of drag for the planc s 0.20 and the
frontal area is 15 m?.

101,325

e e 3
287)293) _ 20° kelm

o \J @)@2,700)  _
sall N (1.205)(1.64)(25)

V at takeoff is (1.3)(41.6) = 54.05 m/sec .

Newton’s Law next.

9,ooo—sm—(.2)(ﬂf](15) (42 7°°]Vi’1’

2 dx

g

8.500-1.808V2 = 4,353 V‘%’

(4,353)(Vdv) _
8,500-1.808 V2

8,500-1.808V7 = q
-3.62VdV = dy vav=-- 90

3218 l —dn ] a5is
f 4,353) 3.62 fdx— 4353 -
8,500

3. 62 8,500

4,353
- 4353 413218 - 1n8,500) = L
Y ) =

'=‘

12.97

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



1 2 .QQp://mgesolumonanos.blogspot.com What weight can the Mustang plane have if it
has a planform wing area of 233 i’ and is
Bying at an angle of attsck of 3* at & speed of
210 mi/h? Air is a1 60°F. What power i
needed for overcoming wing drag at this speed”
The flaps are at zer0 degrees.

L-w- (35)( )(p)(vz)m)

(14.7)(144)

il o 3
(533)(2)(520) 00237 slug [ft

W=(.35)( ](00237)[(210) —5—23—3];(233) 9,167 Ib = 4.588 ton

’

powEr - O)
550

>

D- (.020)(%)(.00237){(210)( :’zgg]r(zss) -5233 b

5,280
523.3
(523.3)(2 10)[3 ]

550

POWER =

=294 HP

POWER =294 HP

http://ingesolucionarios.blogspot.com Edu_Zegarl_2h98



A boat is flited with hydrofoils having a total

i N planform acea of 1 m?. The coefficient of lif is
1 2§ Fingesolucionarios.blogspot.com e el gl el i

is the slowest speed for the hydrofoils to sup-
port the boat. The coefficient drag is 0.6 for
this case. What is the maximum weight of the
boat 1o fulfill the minimal speed for hydrofoil
support? What power ks needed for this speed?
Water is fresh water at 5 C.

C, =15

W= 153w

W - (1.5)[—;](1,000)[(10)(.5144»2(1)

W=19,846 N = 19.846 kN

1 N-m
2 sec

POWER = (.6)( 1}(l,000)[(10)(.5144)]2(1)[(10)(.5144)] = 40,834

[ romenws v |

2.99

http://ingesolucionarios.blogspot.com. Edu_Zegarr_c]h
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n— j—

sists of fat wooden Hats rotated
o inclination of sbout 157. At wha
J(..J 15 would you have 1o rotate the fan
Ms}tomﬂhunumm
5 the wood
- which weighs 1.5 1?7 What torque s
I for this motion? Hinr: Use Fig. 12.22. Air is st
5 ft —»

60" F.
10in

From Fig.12.22 we get the following results for C, and C,
Cp=225

c,=.19

Consider one blade. Compute the lift

5333

1 10 dr
L=(79) [ UZI ]
_!33 2 12

__(14.7(44) _

3
(53.3)(2)(520) 372 slug If

5.333

L=15-= (79)( ]( 002372)( ]f(rm)zdr

333

3 5333
1.5 =(.000’781)w2% . = 00026002[5.333° - .333%]

w = 6.168 radfsec = 58.9 RPM

5333

1 10
TORQUE = {(.225 -
Q L ),fﬂ : pv”(dr){ 12]

5333

1 10
= (255 = I . B 3
(25 ){2)( 002372)(6 168)"( 12)(4) f r3dr

333

4 5333

- 0.3384 —| - 6.84 N-m

http://ingesolucionarios.blogspot.com Edu_Zegarr_cFm
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In Prob. 13.1 P a R 1d: it
given as Re = (¥, 1)/v. We note that if this
Reynolds number is larger than 500, we have
turbulent flow rather than laminar flow. Is
our laminar flow assumption valid? What is
the limiting volumetric flow in Prob. 13.1

herein the laminar flow ption is valid?
What is the film thickness for this case? Note
that V.1 = g. Also, note result in Prob. 13.2.
‘I‘Iu-‘lhickm:n 1 from Prob. 14.1 is 0.7415 x
10°"' m.

__(Bx10* m¥s) _
(1.519x10°% m?/s)

Laminar flow assumption is OK.

500 = Qi
1.519x10°% m?s

Q. = 7.595x10°* mYs

. ( 3qu ]% _[3(7.595x10* m¥s)(1.519x10% N-sm?) |3
Y sin 20 (9,806 Njm®)(sin 20°)

t=1.010 mm

Edu_Zegarr_ch
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A channel is made of » circular boundary and
a vertical side. What is the hydraulic diame-

«- 8“‘22“]/(1; . Ra)}

mau
\\\\\\\\\\\\\é
T x

>

sin 2 = sin Zcos‘lﬂ =

B
fe— - ®-my"? —>

1
[R? - (R-h)}?

1
- IR - R-1? [R—h
R R

sin 2«

1
1 R—h] _ [R?-(R-B)Y)? R;:] (h + Re)!

D, = 2R’[cos’

R R

1
chos-*(RTj"] - R-WIR*-R-Y]?

h+R cos"'(ﬂ)
R

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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What is the depth of normal flow and slope
S.,ol a lar ch 1 1o duct §
m’/s of water a distance of 2000 m with &
head loss H, of 15 m? The width of the
channet is 2 m. The channel is made of brick-
work.

Go to Eq. (13 15). We can solve for S, .
H, = 15 = (5,)(2,000)

S, = 0075

R, = )

2y+2  y+1

Now go to Eq. (13 10).

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
. " C
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An ssphait-lined channel has a slope 5, of
0.0017. The fow of water in the channel ks 50
m’/s. What is the normal depth?

We first compute the hydraulic radius R, .
(- 5tan 10°)10 + (2){%)(5)(5 tan 10°)
R, = 5

cos 10°

2(yy, - 5tan10°) + (2)

(, - -882)(10) + 4.408
B 2y, - .882) +5.007]

From Table 14.1 we have for n the value of .016 . Now go to Eq. (1 .11).

2
Q=50=2Ry 5,4

- .882)(10) + 4.40812
- 0116 (;:(y R 81;:2)1;007] " O0I7 [0y - 8E2)(10) + 4.408)
- N . ‘

5

1 J0017 [y - -882)(10) + 4.40]°
016 2 2
23 [(yy-.882) +5.007]°

50 =

Let (y,-.882)=x . We have:

30.81 = [10x + 4.40]°

(x +5.077)3

Solve by trial and error.

x =1.190

Yy - 882 = 1.190

Yy =207 m

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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A d trapezoidal ch I d "
0.2 m/km. The sides arc at an angle of 45°, It
a flow of 3 m’/s s desired for normal flow,
what should be the width b at the bottom for
a water depth of 0.8 m?

1
S O® NS

Ry =

- 8 T b+2263
b e
* (2)( .707]

n=.022 x = 1.000

2
o=(—§)(R§)JEA
3=( 1 ](.sm.a)%‘ 2 gh .60
022 )\ b+2263) \ 1,000

E]
(.85 + .64)°

2

(b +2.263)°

4.667 =

Solve by trial and error or using programmable calculator.

H b=682m E

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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13. 1 8 What is the ratio of slopes for rectangular
channels having the same flow and cross sec-
tions for asphalt lining and unfinished con-
crete? The flow in esch case is uniform.

2
S asen _ 016" _; 1378
S conc 0157

- http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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13 19 A hannel has & uniform flow of
. water of 100 i*/s. The roughness cocMicient
€ ks 0.004 ft. The height of the free surface is
3 ft. What should be the slope 5,7 The width
of the channel is 10 fi. The water is at 60°F.

103 _
= one " 1478

e _ 004 -
4R, (4)(1.875)

100
(E)(I.STS)@)

=2.054x10°

B 12171078

From Moody f=.0170 . Go to Eq. (13.16).
100 [83 S, R,,], [(8)(32.2)(3,,)(1.875) F

0170

S,=3911x10*= | 00031911

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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p://ingesolucionarios.blogspot.com
Do Prob. 13.7 using the friction-factor ap-
1 3 .28 proach. Assume rough-zone Slow and check at
the conclusion of the problem whether this is
appropriate.

Compute R, .

Use Eq. (14.23a)

f=.01562

Now go to Eq. (13.16).

1

2-.205
01562 mjsec

Ve [sg(.om)(.sss)

Q = (2.05)(10)(1) =20.5 m?s

DH
Pt
Re = ZONAN833) _, 54,105

1.519x10°¢

For f=.01562 and Re=4.50x10° we are in rough zone according to Moody’s
diagram.

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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There is a steady fow at 5 m”/s st a slope of
5, = 0.002. What is the proper width b of a
rectangular channe! if we wish to minimize
the wetted perimeter for the sake of economy
of construction? The channel is made from
unfinished concrete.

For the best section we must require that b=2y . Hence for R, we have:

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch
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In Case I, wave reaches the entire free surface region.

In Case II, wave does not cover the entire region leaving quiescent zone.

Consider a uniform fow of water of speed V¥
in the x direction with a shallow depth. If
V < gy skeich the circular wave at succes-
sive limes formed by dropping a pebble into
the water. Now consider the case where V
> g . Again show the circular wave st suc-
cessive time intervals. What is the difference
between the patterns? Now explain how if &

i disturt is developed at a sta-
tionary position in & fow where V> Y,
stationary waves having an angle a will be
formed as shown. Show that sina = gy /V.

cld Aty

Vyi241)

T~

Supersonic flow

For a continuous disturbance the circles have an outline having the angle «.

http://ingesolucionarios.blogspot.com

cAt
sin ¢ = ——
VAt

v- Y&y
V

Edu_ZegirB‘(fg-?
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We can use Eq. (1328).
e( + %?—)OMA)') =c?y

)"""‘l" )’*‘1'" =
12

This becomes:
y? - 651y + .00347 =0

Solving for y

st is thrown imto & pond. A wave is
which has an amplitude of about 1 in
speed of about 5 ft/s. Estimate the
of the pond where these measurements
made.

651 +/.424-.01388 _ .651 + .639
y = % - = ; = 646 ﬂ=ﬁ

775 in. "

¢ = /gy = /(9.81)(4) = 1.9809 mjsec

Downstream

t,= —10 _ _2.0077 sec
3+1.9809

f= —0__ - 98126 sec
3-1.9809

At=9.8126 - 2.0077

At = 7.8049 sec

http://ingesolucionarios.blogspot.com

Consider a uniform fiow in a ch 1 of depth
0.4 m with a speed of 3 m/s. A small distur-
bance is created on the surface, forming a
gravity wave. What is the difference in time at
which an observer 10 m downsiream from the
disturbance first feels the wave a5 compared

witl; an observer 10 m upstream of the distur-
bance? Observers and center of disturbance
are positioned along a straight line.

Edu_Zegarr_ch
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i " -4
13 .5tlp://ingeso|ucionarios.blogspot.com 2'], :,:Pi,ﬁ:m'z werage :.::m
of 10 Ai/s st & section of height } R along a

rectangular channe with a very small slope.
(s) What is the iotal mechanical energy In
feet of a Sow particle § A from the chan-

nel bed relative to the channel bed?
(b) What is the total mechanical energy per
unit mass of a particie at the free surface
relative w0 the bed?

E,, is the total mechanical energy in units of length for all particles in a section.

.., __w
E, = 2 y —-—-—-——-—(2)(32.2) 1=2553 ft

Total Mech. Energy _ (2.553)(g) = 82.2 fi-b

Unit Mass slug

In the previous problem, ine the crith
cal depth and the critical velocity. What is the
actual Froude numbers for the actual flow
described and the critical flow? What com-
pressible flow is this fiow analogous 1o

For a unit width:
ft

3
g =0 - 10 L

From Eq. (13.39):

1
]3 = 1.459 ft

322

W’\J 10%

o \NG220

(Fn),, = |

Supersonic Flow

Edu_Zegarl_éw47
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Water is flowing in & channel having an

1 1 . &ﬁp://ingesolucionarios.blogspot.com equilsteral croms section &3 shown
The volume of flow is 0.707 m’/1. The maie-
rial is finished concrete. What b the critical
depth? What is the minimum specific energy?

e —“"

b=1-2{—2—|=( - 1.155y)
lmm]( y

o

For critical flow go to Eq. (13.49)

ycr

1
A= ()1 - 1155y, + (2)(5]@9 e

=y, - L155y. + 5774y,

=y, - 5776y,

(- LISy, X5
©81)(y,, - .5776y>)}

(1 - 1.155y,)(.05097) = (y,, - .5776y2)’

Solve by trial and error or on a programmable calculator.

Y, =392 m

Ey. - 32 (STIN3NY | 4, “ 6691 m "
pmin QI1 - (1.155)(392)]

)
http://ingesolucionarios.blogspot.com Edu_ZegaI’r‘_;cﬁ‘lh
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A channel is shown to conduct
water st 60°C in a normal, critical flow. If the
flow is 10 be 100 m’/s, what is the proper
slope? It is an earthen channel with ¢ = 0.15
m

1 3 -Sn?tp://ingesolucionarios.blogspot.com

We go to Eq. (13.49).

[20 + (y,_)1(100)*
(9.81)[(20)()'ch + % (v,)zr

=1

2
(20 +y_)(1,019.4) =|20y_ + %"r

Solve by trial and error or on a programmable calculator.

y,=135m

(20)(1.35) + %(1.35)2

RH = = =1200 m
135 + 20 + 133
707

e 15 _ o3
4R, @(12)

http://ingesolucionarios.blogspot.com Edu_Zegarr_Eclz 38}
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Al a section in s triangular channel, the sver-

1 3 61{&})://ingesolucionarios.blogspot.com age velocity is 10 ft/s. Is the flow tranquil
<. (Fr < 1) & shooting (Fr > 1)? -

b=(20)(414) =828 ft

Area

PR
Q-= (10)[(% ](8.28)( 10)] =414 cfs.

From Eq.13.49

b=2y_ tan22.5° = 828y

A_ - (%)[(-SZS)OCJID’“]

Subst. into (a).
(.828y_)(414) |
(32.2)(414)%y¢

Y = (.828)(.414)?
T (322)(414)}

y,, =9.09 fi

Flow is tranquil.

13.56

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch'"



13 .Gttp://ingesolucionarios.blogspot.com

Starting with Eq. (13.9) with R,, rcplaced by
A /P, show that

dav " i 2 ‘A Y1 d{A/P)
dy n® (3] .P} dry
Show thal, il the cross-section area increascs

faster than the perimeter for increased valucs
of yy. then ¥ and @ must increase

1
dv «x 2 (A]‘; P
——=—==|= S
dyy n3\P dy, ‘/:
If A increases faster than P for increasing y, , then

a4
P

dyy

>0

i‘f_a.o

N

Hence V increases with y, . From continuity

Q- VA

dQ=V[d‘4]+A(dV]

dyy  \dyy) D

av . . . . .
Note —— is positive. Also, if y, increases, A must increase so that we can say
N

iQ_:.O

N

Therefore, Q increases with increase of y, .

http://ingesolucionarios.blogspot.com Edu Zegarrlcﬁ-S?



. . . Show for increasing yy, that ¥ and ¢ must
étxp://mgesolumonanos.blogspot.com increase for a given slope 5, and for a rechan-
l 3 A Vi gular channel. See Prob. 13.61.

A =By P=2y,+b

Ay g _,
dy,

dyy

Qyy + DB - (by)(2)
2y, + b)?

" /5 2(4)

Qyy + b)b-2yb = B2>0

£>0

dyy

Q
V=— Q=Vby
by, N

Q _yp.py |V
dy, ””(m)

Because of (1)
iQ._ >0

dyy

Q and V increase with increasing y, .

2
http://ingesolucionarios.blogspot.com Edu_ZeganI'_‘ch‘
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Start with Eq. (13.9).

http://ingesolucionarios.blogspot.com Edu_Zedar}f-_g’f{)
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” . . Shown is flow in a wide channel
1 itt}}/‘lngesolumonanos.blogspot.com over a parabolic bump. The flow g is 5 mi/s.

. Estimate y(x) sbove the bump. We have
steady frictionless Row.

Parabola

\

First we shall compute h,(x) . For this parabola
(h - .3) = Cjx?

Note first when x=0, h=.3 as required. Also, when x=8 , h=0. Hence

-3=C,(64) ;. C,=-4.688x107

Hence we can say

h=.3 - 4.688x107%x?

We shall now use Bernoulli along the free surface. Thus

',2
2 @@L gy ny s Lo
Y 2 Y

Take d/dx of this equation.

http://ingesolucionarios.blogspot.com Edu_Zegar'r_:ih69
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Solve for (dVjdx) in (4) and substitute into (3). We get

Vdy\ dy
% LA A AP A L
[ y dx)+gdx+gdt

Solving for dy/dx we have

d

dx

Go back to Eq. (1) to get dndx . Thus

% - —(4.688x10%)(2x) = ~9.376x10%x
Substitute into Eq. (5).
g_y_ 9.376x103x
d

- ¥

8y
Let V= (%] . We then have
_dl - 9.376x1073x
& [2.548]
y?

Separate variables.

¢.{1 - E-’i’i] = 9.376x10"xdx
y3

Integrate

-3
y-—(2.548)(- %)y,2= 9.376;10 X+ C,

Hence we have

g, 1274 9376x107

y2

x?+C,

http://ingesolucionarios.blogspot.com
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+0+5=5815m

H), is conserved. At top of bump, we have for (E.),, using Eq. (1.34)
(Eyo=Hp- 2=5815-.2=5615 ()

Go to Eq.(1348).

A "a“” +3(0)

L_[
O
(Eg);-0 % ¥(0)

. 5.615 = 29387 L 50)
)2

y*(0) - 5.615[y(0)*] + 20.387 = 0

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch3.74
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hitp://ingesolucionarios.blogspot.com Water enters 4 rectangular channel which is 3
13. ft wide at an average velocity of 0.8 ft /s and a
depth of 3in. The channe! has an Inclination
a of 0.2°. if Manning’s n for the surface is
0.012, estimate at what distance L along the
channel the elevation will have risen 1o 2
depth of 4 in. Use Ay = 0.2 inches in your
numerical calculation.

= T . O3 _ 54106
INITIAL POINT 1 | VzA 1
@G 2

i
y, - 2ot V,=3—32(.8)=.750ﬁ8ec

¥,(in)

POINT 2
kFr)z - (7503 _ 55081
32
®0a —ﬁ")

.28196; 25595 _ 26896

1-(.26896)* ( 2
012 ]2 775\ 12

1.486 31 %
12

(AL, , = ] - 475424

00349 - (

http://ingesolucionarios.blogspot.com Edu_Zegarr_clﬂ 76
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A wide channel is made of finished concrete.

1 3 .Rtfg:/lingesolucionarios.blogspot.com 1t has a slope S equal 10 0.0003, The opening
from a large reservoir to the channel b a

sharp-edged sluice gate. The coefficient of
contraction C, is 0.80 and the coefficient of
friction C; is 0.85. What is the approximate
depth at the vena contracta and the flow g of
fluid? How far from the vena contracta does
the water increase depth by 30 mm? Use one
calculation with linear averages.

Height at Vena Contracta is:
¥, = (:3)(.80) = 24 m

Now use Bernoulli between free surfaces in tank and at y, . Neglect K.E. at free
surface in tank.

V, = (10-24)(2g) = 13.84 mjs

ey = (13.84)(1)(:24) = 332 mYsec

4, = (85)(3.32) = 2.82 m?fsec

Find AL .

(D)

Downstream y =.24 + .03 = .27

(@82
@2 o

AL= o .
0003 ( .0112) 2.82

10

@2n?

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch | j'h l
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i i i Do Prob. 13.83 using a linear average over
1 3. 8tb://ingesolucionarios.blogspot.com Do Prb. 135 wing » ar weree oo
ft from the preceding probl nm.' bving
an average. Use one cycle of calculation. What
is the error in not averaging in this problem?

L "
A"
-
—
\
p
-

N

At AL=300ft and y=14 ft
Q =5,000 cfs

[%)u(loz)+(20)(4)

= = 6.015
Ru n(10)+(2)(4) i

A- (%]n(102)+(20)(4) =237.1 f2

b=20ft
From previous problem:
R, =580 ft
A=217.1 fi?

b=20ft
Use linear average.

)(5.804+6.015) =5.9075 ft

1
R) =|—
( H)av (2

A, - [2)(237.1+217.1) =227.1 fi?

Go to Eq. (13.69).
| _ _(5,000720)

AL = (D= 2395
.00;6 ,( 012 ]2 5,000% I

1.486 4
(5.9075) 3(227.1)?

13.86

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



i i i In Exampie 13.1, find the frec-turface profile
13. Bfio://ingesolucionarios.blogspot.com In Baample £, Ao A e the e

Use five intervals and use average data The
flow ( is 5000 fr® /s

Q =5,000 ¢fs
(Ry), =580 fi

n=.012

S, = 0016

b=20 ft

), = (%]::(102) + 60 =217 fi?

Choose Ay=.2 , y=132 ft

[% (1)(10%)+(20)(3.2)
()(10)+(2)(3.2)

Ry, =

A), = (-2’-)1:(102)+(20)(3.2) =221.08

First interval 1-2.

(RH)W - 580 +25.8462: 5.8231 ﬁ

=219 fi

217+221.08
A, = —

|- (5,000)%(20)
(32.2)(219)°
012 2 (5,000

1.486 4
(5.8231)3(219)?

@an,,- (2)=58.171 fr

.0016-[

1 Q7

3.
http://ingesolucionarios.blogspot.com Edu_Zegarr_ch ~
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Lu;-)u(mzyzoam

= 5.8897 ft
7(10)+(2)(3.4)

(Rﬁ)3 =

4

(A), = 225.1 fi*

Second interval 2-3.

R, - 5.8897;5.8462 _ 58680 ft

=223.09 fi?

221.08+225.1

(5,000)%(20)
(32.2)(223.09)°
012 Y? 5,0007

1.486 L.
(5.8680) 3 (223.09)*

1 -

(AL), , = (2) = 53.3188 ft

.0016—(

[é- £(109)+(20)(3.6)
R,), = = 5.932
{ R (m)(10)+(2)(3.6) £
(A), = 229.08 fi*
Third interval 3-4.
R, - 5.8897;5.932 59110 £
., - 225.1+229.08 _ o, o9 72
_(5,000%(20)
3
@D, , - 532.2)(223.09) (2)= 47998
.0016*[ 012 5,0007
1.486 4
(5.9110) 3(227.09)

| 3.88

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http(/@&ﬁi?ycionarios.blogspot.com [% (1!:)(102) +(20)(38)
| Ry)s =

(n)(10)+(2)(3.8)

| (4), =233.08 fr’

Fourth interval 4-5.

®R). - 5.9740;5.9320 59530 f

=231.08 fi?

233.08+229.08
A4),, - 2

(5,000)%(20)
(32.2)(223.08)°
012 Y 5,000

1.486 4
(5.9530) *(231.08)*

1-

(AL), 4 =

(2)

0016 - (

(AL), , = 42.03 fi

(i)n(lﬂ«%@)
(10)-2)@)

(Rps = = 6.0148 ft

(A)¢ = 237.08 fi?
Fifth interval 5-6.

.. - 233.08;237.08

='235.08 fi?

_ _(5,0000%(20)
3
(AL), ¢ = - (322.2)(235.03)
16—( - 12) 5,0007
1.486 4
(5.9944) *(235.08)*

(2) =35210 ft

(AL) pry = 237 f1

[3.89
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1 q 81’?3://ingeSO|UCi0nariOS_blogspot_com In Prob. 14.79 skeich the free-surface profile.

Vo= 11771 m

From Fig. 13.21(a) we see that we have curve H, .

/ H, Yerit

R T R T R

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch 3 90
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Steep Slope

“ S, profile

Steep Slope

u S, profile

Edu_Zegarr_ch 13 04
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13 hgpg//ingesolucionarios.blogspot.com Water is flowing in a brick rectangular chan-
Q.7 nel of width 20 ft. The slope s 0.001 and the
volume flow ( is 100 ft’ /5. Is the slope mild
or siccp? What are the ranges of depth fo

types 1, 2, and 3 flows?

/
4

!

y

'

eSS

- 2 >~

LS

A

Vi

H20+2y 10+y

For normal flow.

Solve by trial and error.

For critical flow.

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch?* .") 8
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In Prob.13.95 we computed the depth before
T : : the dam 1o be 4.1502 m. If lect fricti
l 3-9&?.//mgesolumonéhos.blogspot.com — m‘:m. - :' u“":'n - :‘:

hydraulic jump?

From Eq. (13.37) at section (0):

182
g 6
E,=y,+ —— =4.1502 + =4.1768 m
2y’ (2)(4.1502)*(9.81)

If we neglect friction over the dam and the friction in the stilling basin, we can say between
section (0) and section (1):

E,=E,

2
4.1768 =y, + 1

28y,

Noting g =3 m?/s we can solve by trial and error for y, . Thus:

y, =.34604 m ~ .346 m

Now go to Eq. (13.87),

8Q%( 1
Y £ ylz+ Q [‘""

1

e 1

N g y1]= _ 342, l{[.us’- , 808) ][ 1 )}2 = 2.1363 m
2 2 2 (9.81)(6%) )\ .346

Y, =

y,=2.1363 m

13.103

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



http://ingesolucionarios.blogspot.com

http://ingesolucionarios.blogspot.com Edu_Zegarr_ch



1 3hfYingesolucionarios.blogspot.com

From Eq. (13.87)

http://ingesolucionarios.blogspot.com

Y, =

Water in a rectangular channel is seen 10 g0
through a hydraulic jump where the depth
jumps from 3 to 7 m. The width of the chan-
nel is 10 m. What is the vblume fliow Q7 What
are the final and initial Froude numben?

2,[8Q%|( 1
Y i\yl {gbzl()ﬁ]
2
" o )
(9.81)(10)* \ 3
2

Q =321 m?[sec

321\?
[“EEJ (10)

=/3.89 = 1.972

(9.81)(70)

(9.81)(30)

(&}2(10)
L =/.3062 = .553

Edu_zbgurl 5



Water flows in a 1

i i i and undergoes 8 hydraulic jump such tha 60

1 3 ]{M/lngesolumonanos.blogspot.com percent of its mechanical encrgy i 10 be
dissipated, If the volume flow ( is 100 m’/s

and the width of the channel is § m, what

must the Froude number be just before the

fump? Set up the proper equations but do not

actually sobve.

The initial total head is:

1007 y. = 20.39
S ———— Y, = +
L e y!

+

H =

1 2_g 1

Now go to Eq. (13 98)

3 .3
Y200 )

H
4y,,

)’23 ")’13 *)’1)'2()'1 "yz)
4y.y,
20.39 .

2 !
Y

it | EBU00O D) [LJ

N

Y, = 2

Solve simultaneously (2) and (3) for y, and y, . Also

2
100 ](5);
Fr:\Jf_L 00O | _ 6386

g4 | 0810 Vv

13.105a
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