830 Yogunlugu 850 kg/m’ ve kinematik viskozitesi 0.00062 m*/s
olan yag, gapt 3 mum ve uzunlufu 40 m olan yatay boru ile atmosfere
agik bir depolama tankindan bogaltilmaktadir. S1v1 seviyesinin boru
merkezinden vilksekligi 3 m'dir. Yerel kayiplan gz ardr ederek
borudaki yagim debizini hesaplayvine.

e e L

8-30 (il 15 being discharged by a horizontal pipe from a storage tank open to the atmosphere. The flow mate
of oil through the pipe is to be determined.

Assempiions 1 The flow 1s sieady and incompressible. 2 The enirance effecis are neghgible, and thus the
flow is fully developed. 3 The entrance and exit loses are negligible. 4 The flow is laminar (o be verified).

5 The pipe involves no components such as bends, valves, and connectors. 6 The piping section involves no
work devices such as pumps and turbines.

Properiies The density and kKinematiic viscosity of oil are given io be p = 830 I{g-‘m"I and v = 0.00062 m/s,
respectively. The dynamic viscosity is calculated to be

-

u=pv=(830kgm’ ¥0.00062m" /5)=0.527 kg'm-s
Analysis The pressure at the bottom of the tank is
PL\!JF = p"-g-ﬁ‘

2 1 kN
= (850 kg/m OBl m/is  Wimp ———
! el " {Imukg-uﬂr]

=25.02 kN/m*
Disregarding inlet and outlet losses, the pressure drop across the pipe is

AP =P, =Py = P, = Py = P, gy =25.02kN/m” = 25.02kPa

The flow rate through a horzontal pipe in lammar flow 15 determined from
4 g ] 4 . 2
AP (25.02kN/m* )(0.005 m) (1000 kg-mis® | _ et g i
1284 1280.527kg/m-sH40m) | IkN
The average fluid velocity and the Reynolds number in this case are

vV  1821=10" m'/s
D4 x(0005m)” /4
Re . PVD _ (850 kg/m® H9.27 10" m/s)(0.005 m)

u 0.527 kg/m-s

F=.:li= = 927107 m/s

= (L0075

which is less than 2300. Therefore, the flow is lamingr and the analysis above is valid,

Discussion The flow rate will be even less when the inlet and outlet losses are considered, especially when
the inlet s not well-rounded.



831 Sicakhin 10°C {(p =999.7 kg/m’ ve w=1.307 = 107 kg/m - 5)
olan su, ¢cap1 0.20 cm uzunlugu 15 m olan bir boruda 1.2 m/s"lik
ortalama hiz ile daimi olarak akmaktadir. (a) Basing diigiisiing, (b)
yitk kaybim ve (c) bu basing kaybim karsilamak igin gercken pompalama
gliclinii bulunuz, Cevaplar: (a) 188 kP, (B) 19.2 m, () 0.71 W

8-31 The average flow velocity in a pipe 15 given. The pressure drop, the head loss, and the pumping power
are to be determined. ¥

Assumprions 1 The flow is steady and incompressible. 2 The emrance effects are negligible, and thus the
flow is Tully developed. 3 The pipe involves no components such as bends, valves, and connectors. 4 The
piping section involves no work devices such as pumps and mrbines.

Propertfes The density and dynamie viscosity of waler are given o be p = 999.7 I:!._',-"l'.n= and p = 1.307= 10
kg/m-s, respectively.

Arnalysis (a) First we need to determine the flow regime. The Reynolds number of the low is

_PVD _ (99T kgm )1 2mis)2x 107" m) L
u 1307210 kg/m-s
¥ IH=D.IL11|

Water
which 15 less than 2300, Therefore, the flow is laminar. Then the
friction factor and the pressure drop become 12m

i
. L L=15m .I
Fiam ot N

y? 9997 kg/m* 1.2 m/s)? Y
APwap kP g gy, 130 CONTRNOJIZ0N | 14N Lk
D2 0.002 m 2 L1000 kg -m/s | 1 kN/m?

Re

]=1HI:F1I

(H) The head loss in the pipe is determined from
AP, Ly 15 1.2 mv's)*
by =t f o 00340 —— Com  -192m
N £ 1g 0.002m 2(9.81 m/s”)

() The volume flow rate and the pumping power requirements are

Vo= VA = F(aD? [ 4)= (1.2 m/s)[x(0.002m)° /4] =3.77=10° m" /s
'

: ; 1000w )
Wopumg = VAP = (3.77x107 m'/ .;m:tauu)[m 1- 0.71W
| kPa-m /s

Therefore, power input in the amount of 0,71 W is needed to overcome the frictional losses in the flow due
o viscosity.



8—41 Ticari celikten yapilmug dikdorigen enkesitli (15 cm x 20 cm)
bir kanalin, vzunluegu 7 m olan boliimiinde | atm basingta 35°C
sicaklikta ve ortalama hie 7 mds olan hava akmaktadie, Giris etkilering
giz ardr ederck kanahn bu bilimiindeki basing kaybim karsilamak
i¢in gereken fan giicling hesaplayimez. Cevap: 4.9 W

15 cm

Hava

Tmis  20em

841 Aar r:ntcr:i a rectangular duct. The fan power meeded to overcome the pressure losses is fo be
determined.

Assumprions 1 The flow 15 steady and incompressible. 2 The entrance effecis are negligible, and thus the
flow is fully developed. 3 Air is an ideal gas. 4 The duct invalves no components such as bends, valves,
and connectors. § The flow section involves no work devices such as fans or rbines
Properties The properties of air at | atm and 35°C are p = 1145 kg-'ml, o= 1.895x10° kp/ms, and v =
1.655%10” m/s. The roughness of commercial steel surfaces is £ = 0.000045 m.
Analysixs The hydraulic diameter, the volume flow mte, and the Revnolds number in this case are

44 dah 4{0.15 0.0
e L Al L L T TP

Fo o Ha+hy  2005+020)m

V= VA, =Faxh)=(TmsN0.15x020m?)=021m"s

CPVD, (1145 kg/m” NT mis)0.1714 m)
T | 895x10° kgm-s
which is greater than 4000. Therefore, the flow is wrbulent. The
relative roughness of the pipe is
45x10" m _

0.1714m

The friction factor can be determined from the Moody chart, but to avoid the reading error. we determine it
from the Colebrook equation using an equation solver {or an iterative scheme),

. D =
L_,_l_,mug["" h, 251 } i Lt BERKI0 2.51 ]

7 3 Regr) AT 37 7249047

It gives f=0.02034. Then the pressure drop in the duct and the required pumping power become

]

Re 12,450

siD, = 2E25x107Y

L pi? 7 1145 ka/m* 7 m/s)® IN 1Pa
AP = AF; =IEpT=u.nzn34 . CJAa JTE) [ I

- 1J=ﬂ.3l“n
01714 m 2 kg mis™ K INm®

W g = WP = (0.21 m”/5)(23.3 Pa ‘{I—W!] =49W

LIPa-m” /s
Discussion The friction factor could also be determined easily from the explicit Haaland relation, It would
give = 0.02005, which is sufficiently close to 0.02034. Also, the power input determined is the mechanical
power that needs to be imparted to the fluid. The shaft power will be much more than thizs due to fan
inefficiency: the electrical power input will be even more due 1o motor inefficiency.



850 @iki akiskan arasinda 151 gegisini saglamada bir govde

igerisine yerlestirilen yiizlerce borudan olugan gévde=bor
tipi 151 degigtiricileri uygulamada vaygin olarak kullambir. Aktif glines
15151 ile sicak su temini sistemindeki béyle bir 181 degigtiricisi, gévdede
ve giineg kollektorinde dolasan su=antifriz ¢ozeltisinden 1s1y1 alir ve
borularda ortalama sicakligi 60°C olan ve 15 L/s debi ile akan taze
suya verir. 1s1 degigtiricisinde her birinin i¢ ¢apt 1 em ve uzunlugu 1.5
m olan 80 adet piring boru vardir. Girig, gikis etkilerini ve yiik
kayiplarin géz ardi ederek tek bir borudaki basing diigistind ve 151
degistiricisinin boru tarafindaki akigkan igin gerekli pompalama giictind
hesaplaymz,

Uzun siire ¢ahgnktan sonra, i¢ yiizeyde egdeger piiriizliiligi 0.4 mm
olan 1 mm kalinhginda bir tabaka olugmaktadir. Aym pompalama
gilich girigi igin borularda akan suyun debisindeki yiizde azalmay:
hesaplaymiz,

#-50 Water is flowing through a brass tube bank of a heat exchanger at a specified flow rate. The pressure
drop and the pumping power required are to be determined. Also, the percent reduction in the flow rate of
water through the tubes is to be determined after scale build-up on the inner surfaces of the tubes. ¥

Assumprions 1 The flow is steady, horizontal, and incompressible. 2 The entrance effects are negligible,
and thus the flow is fully developed (this is a questionable assumption since the rbes are short, and it will
be verified). 3 The inlet, exit, and header losses are negligible, and the tubes involve no components such
as bends, valves, and connectors. 4 The piping section involves no work devices such as pumps and
turbines,

Properties The density and dynamic viscosity of water at 20°C are p = 983.3 h‘.g_-"m1 and p = 0.467=10"
kg/m:s, respectively. The roughness of brass twbing is 1.5x10™ m,
Analysix First we calculate the average velocity and the Reynolds
number to determine the flow regime:
i v v ~ 0.015m's
A N (aD?/4) 80{x(0.01m)* /4]
_pVD, (983 3kg/m” }(2.387 misH0.01m)
EE 0.467x10 kg/m-s
which is greater than 4000, Therefore, the flow is turbulent. The
relative roughness of the pipe is
]
T Piinl BT 7 1T
0.0l m

The friction factor can be determined from the Moody chart, but to avoid the reading emor, we determine it
from the Colebrook equation using an equation solver (or an iterative scheme),

Lo e SR, 280 ) 1 o [ 18x10™ 280
73T TReyT 7T sy

It pives f=0.0214. Then the pressure drop, the head loss, and the useful pumping power required become

=2.387m's

Re = 50270

r 2 OR3, ! Iy | 2387 m/ 2
AP= AP _ kA o L5m (98 3kgm'N2.38Tms) [ IkN I lkPa_ 1_..=3_tha
D 2 0.01m 2 L1000 kg-m/s” L1 kN/m? )
) - 3 1kW
Woumg = VAP = (0.015m " /sH8.99 kPa) ————— | = 0.135 kW
1kPa-m /s

Therefore, useful power input in the amount of 0.135 kW is needed to overcome the frictional losses in the
tube. The hydrodvnamic entry length in this case is

'Lh.ll.ﬂl.il.‘hl L "}lr} = Im“’ﬂi mj= n,lm

which is much less than 1.5 m. Therefore, the assumption of fully developed flow is valid. {The effect of
the entry region is to increase the friction factor, and thus the pressure drop and pumping power).



858 Igi su dolu 3 m yilksekliginde bir haznenin alt yiizeyine 1.5 ¢m
gapinda bir delik delinerek su tahliye edilmek isteniyor. Kinetik enerji
yuvarlatilmsg ise ve (b) girig keskin kenarh ise delikten akan suyun
debisini hesaplaymz,

8-58 Water is to be withdrawn from a water reservoir by drilling a hole at the bottom surfoce. The flow mate
of water through the hole is 1o be determined for the well-rounded and sharp-edged entrance cases.

Assumprions 1 The flow is steady and incompressible. 2 The reservoir is open to the atmosphere so that the
pressune is atmospheric pressure at the free surfoce. 3 The effect of the kinetic energy comrection factor is
disregarded, and thus m= 1.

Arnalysix The loss coefficient is K; = 0.5 for the sharp-edged entrance, and K; = 0.03 for the well-rounded
entrance.

We lake point 1 at the free surface of the reservoir and point 2 at the exit of the hole. We also take
the reference lewvel at the exit of the hole (z: = 0). Moting that the fluid at both points is open to the
atmosphere (and thus P = P = Pyy) and that the fuid velocity at the free surface is zero (F; = 0), the
energy equation for a control volume between these two points (in terms of heads) simplifies to

A y ! P, yi ¥}
—]+a| ;+:1 +.ﬁmrw =——+y —+ I3 + Bypine « T =+ I =g, —+0
P £ pe 2g lg

pl

where the head loss is expressedas &, = K| = Substituting and solving for 15 gives
=g

j‘ L] el I v 2""
3 : Txi ; - 33:, '-F:“_E': ‘I"Kr_} o I:"r: T’J gr. '-'J &I

2g g oy + K, 1+ K,
singe a; = 1. Note that in the special case of K; = 0, it reduces to the @
Toricelli equation ¥, = J2gz, ., as expected. Then the volume Mow rate T e e T B
becomes e g e P P Ty
2 == - Water———
- Foo b 2oz T, i L
V= AV, =—toic . ek
5 4 -“-£  memmemememema=a-
Substituting the numerical values, the flow rate for both cases === 0 == === == :!j ==
are determined to be e @
3 2 - P
Well-rounded entrance: ¥ = Diete |28 _ x0015m) J 2981m's ¥3M) _ 4 34102 mfs
4 Y1+K, r 1+0.03
- ew |28 0.015m)° (2981 m/s? )3
Rl i Vaodet: |28 G0 m) \/ OEIms H3M) _4.11x10°% m¥/s
4 1+K; 4 1+0.5

Discussien The flow rate in the case of frictionless flow (K; = 0) is 1.36x10" m'/s. Note that the frictional
losses cause the flow rate to decrease by 1.5% for well-rounded entrance, and 18.5% for the sharp-edged
entrance.



§=59 Bir su deposunun serbest yiizeyinden /f kadar asafida, yan
duvardaki 1 caph dairesel delikten akan suyu ele alimz. Keskin kenarli

girigi olan gergek bir delikieki (K,) debi, “siirtinmesiz™ akig ve _ W -
dolayisiyla delikteki kayip ihmal edilerek hesaplanan debiden 6nemli i
oranda daha az olacaktir, Kinetik enerji ditzeltme faktGrinin etkisini
giz ardr ederek, sirtinmesiz alis bagintilarinda kullanmak izere,
Siirtiinmesiz akag Gerpek

keskin kenarl deligin “esdefer gapr™ igin bir baginti elde ediniz.

J D egieper

akig

B-59 Water s discharged from a water reservorr through a circular hole of diameter £ at the side wall at a
vertical distance H{ from the free surface. A relation for the “equivalent diameter” of the sharp-edged hole
for use in frictionless flow relations is to be obtamned.

Asseemprions 1 The flow is steady and incompressible. 2 The reservoir is open to the aimosphere so that the
pressure is aimospheric pressure at the free surface. 3 The effect of the kinetic energy comection factor is
disregarded, and thus a = 1.

Analysis The loss coefficient is K; = 0.5 for the sharp-edged entrance, and K; = 0 for the “frictionless"”
flow. We take point | at the free surface of the reservoir and point 2 at the exit of the hole, which is also
taken to be the reference level (z; = 0). Noting that the fluid at both points is open to the atmosphere (and
thus P, = Py = Py,) and that the fluid velocity at the free surface is zero (F; = 0), the energy equation for a
control volume between these two points (in terms of heads) simplifies o

;'.] ."Id. P:I ."] ."1:
—1-.::1—1-_.-}.1'!"_.1",_, = b Ty —t Iy By = Heg, —+h;
o 1 e £ =£

yi

where the head loss s expressed as &, = K . Substituting and solving for F; gives

ig

2z 2z ) a,+K,; 1+K,;
since ay = 1. Then the volume flow rate becomes
: =D? (2gH
VadV,s= £ (1)
- 4 "‘ 1+ K,
Mote that in the special case of K; = 0 (frictionless flow), the velocity relation reduces to the Torcelli
equation, ¥, =2gH . The flow rate in this case through a hole of D, (equivalent diameter) is

‘_f! ;_F*_‘ . i --H- ---3- H..
H=‘I:"‘“—L+K:.-';" —+ 2eH =Vilay+Ky) — Fﬂ:J : =J ;

-

: ﬂ‘. iy
V=, el Gictioales ™ ? yigH (2)
Setting Eqs. (1) and (2) equal to each other gives the desired @
relation for the equivalent diameter, — _______ o _

Dl a® [2gH Tl |
o o - 2 [ 28 g
4 4 \l-l-ﬁ..:. ==y == D@
sk gives e B

_____________________ —,',—"i
b b =09Mo 0 T

FOa+k)'" ge0n't ;"

<D

Discussion Note that the effect of frictional losses of a sharp-edged entrance 15 to reduce the diameter by
about 10%. Also, noting that the flow mate is proportional to the square of the diameter, we have

Vo ﬂf,{_“ ={0.904D)* = 0.82D° . Therefore, the flow rate through a sharp-edged entrance 15 about 18%

less compared to the frictionless entrance case,



8-l Yatay bir boru O, = 8 ¢cm'den D, = 16 em’vye ani olarak
penislemektedir, Kiigitk borudald su huza 10 mv's” dir ve akas rirbiilansh
olup basmg £, = 300 kPa"dir. Giriste ve gikista kinetik enerji diizeltme
faktériind 1.06 alarak agafiakum basinct P,'yi hesaplayime, Eger
Bernoulli denklemi kullamlmis olsaydi vapilan hata ne olurdu. Cevaplar
322 kPa, 25 kPa

8-61 A honizontal water pipe has an abrupt expansion. The water velocity and pressure in the smaller
diameter pipe are given. The pressure after the expansion and the error that would have occurred if the
Bemoulli Equation had been used are to be determined,

Assumptions 1The flow is steady, horizontal, and incompressible. 2 The flow at both the inlet and the
outlet is fully developed and turbulent with kinetic energy corrections factors of a; = o; = 1.06 (given).
Praperties We take the density of water to be p = 1000 ]tg.'rnj.
Analysis Noting that p = const. (incompressible flow), the downstream velocity of water is

e oA mDit4 DY (D.08m)? ,

ity =W, —# Ay =l 4, = Vs —V s —FF, s — ), 5 ———(l0m/s) = 2.5 m's

TR =Y. RN a4 wiia bl (016m)

The loss coefficient for sudden expansion and the head loss can be caleulated from

. 142 232
K, = jo A | _ |_E.l;. =[|_EE.._J — {5625
A i L 016"
, W (10m’s)* ket s )
By =K, 2 =(05625) "% _ _28Tm
2g 29.81mis") 10 mhs
Moting that =, = z; and there are no pumps or turbines involved, the energy 300 kPa
equation for the expansion section can be expressed in terms of heads as
B 10 BB B . W B . T
—tay =itz +h g S=—t @y =—% I3 +H +h — —_—t i —= iy —+h
] Ig ] e, g 2 23 a rbine, ¢ i 1z | 23_ e 3 zg L
Solving for P, and substituting,
I_.-:_ 1V—.l
P=R+plSiL —93
2 3 ]
LO6(10 m/s)” —1.06{2.5 m/'s)” 1kN 1kPa
= (300 kPa) + (1000 ke/m )| —— B —[Q.Elm.’sz]{z.'ﬂ?m}[ J
B 1000 kg - m/s A 1 kN/m?

=322 kPa

Therefore, despite the head (and pressure) loss, the pressure increases from 300 kPa 1o 321 kPa after the
expansion. This is due to the conversion of dynamic pressure to static pressure when the velocity is
decreased.

When the head loss is disregarded, the downstream pressure is determined from the Bernoulli
equation to be

rd 1 ] rl ¢ J £
Al Billeg = AalleBll & moppll
P 2g e 2 /mo2g om g 2
Substituting,
(10mis)® —(2.5mss)° 1kN 1kPa
P, = (300 kPa) + (1000 kg'm® =347 kPa
7= ‘ b 2 [Ilmkg-WFI]kN."mz]

Therefore, the emor in the Bemoulli equation is Emor = P st — P2 =347 -322=25kPa
Mote that the use of the Bernoulli equation results in an error of (347 - 322)/322 = 0.078 or 7.8%.

Discussion It is common knowledge that higher pressure upstream is necessary to cause flow, and it may
come as a surprise that the downstream pressure has increased after the abrupt expansion, despite the loss.
This is because the sum of the three Bernoulli terms which comprise the total head, consisting of pressure
head, velocity head, and elevation head, namely [P/oz + Y4 g+ 2], drives the flow, With a geometric flow
expansion, initially higher velocity head is converted to downstream pressure head, and this increase
outweighs the non-convertible and non-recoverable head loss term.



873 Sicaklig 20°C olan yvag, diisey bir cam huniden akmaktadir,
Huni, 15 em vyikseklifinde silindirik bir depo ve 1 em gapimda 25 em
yiiksekliginde bir borudan clugmaktadir, Huniye bir tanktan vag ilave
edilerek devamh dolu kalmasi saglanmalkiadir. Giris etkilerini ihmal
ederck hunideki vag debisini belirleyiniz ayrica hunideki gergek
debinin “siirtiinmesiz” durumdaki maksimum debive oram olarak

tanimlanan “huni etkinligini” hesaplayinz. Covaplar: 4.09 = 107 méfs,
yiizde 1.86

873 hl is flowing through a vertical glass funnel which 15 always mamtamed full. The flow rate of ml
through the funnel and the funnel effectiveness are to be determined.

Assuemprions 1 The flow is steady and incompressible. 2 The enirance effecis are neghgible, and thus the
flow is fully developed (to be verified). 3 The mctional loses in the cylindncal reservoir are negligible
since its diameter is very large and thus the oil velocity is very low,

[ C t viscosity of ol ot arc p= ; ‘m =R, JUG =
jes The density and viscosity of oil at 20°C are p= 888.1 kg/m’ and p = 0.8374 ky/

Analfysis We take point | at the free surface of the oil in the cylindrical reservoir, and point 2 at the exit of
the funne]l pipe which is also taken as the reference level (z; = 0). The fluid at both points is open to the
atmosphere (and thus P, = P, = P,.) and that the {luid velocity at the free surface is negligible (¥, = 0). For
the ideal case of “frictionless flow,™ the exit velocity is determined from the Bemoulli equation to be

PR V2 R
ul P +I; = ‘+—“'+:: = Fi=Va, =262,
/Z g Fr 2z

Substituting,

Vigm =282 = ‘IIIZ(Q_N ms’ W40 m) = 2 801 m's
This is the flow velocity for the frictionless case, and thus it is the
maximum flow velocity. Then the maximum flow rate and the
Reynolds number become

V.l.'u:: - V:,m..r‘!: =l;1_,r-u:.1"‘i}'_-'-' 4y
= (2801 m/s)[x(0.01 m)* /4] =2.20x 107" m’/s

_ VD (BBR.1kg/m” (2801 m/s)0.01 m)

R
= 0.8374kg/m -5

=20.71

which is less than 2300, Therefore, the low is laminar, as postulated. (Note that in the actual case the
velocity and thus the Reynolds number will be even smaller, verifyving the flow is always laminar). The
entry length in this case is

L, =005Re D =005=29.71x (0.0l m) = 0.015m

which is much less than the 0.25 m pipe length. Therefore, the entrance effects can be neglected as
postulated.

Moting that the flow through the pipe is laminar and can be assumed to be fully developed, the
flow rate can be determined from the appropriate relation with 8 = -90° since the flow is downwards in the
vertical direction,

(AP - gel.sin #)rD?
1284

where AF = F 0 — P = W T 080 s V- Py = P20y, 18 the pressure difference across the

pipe. L= ki, and sin 8 = sin {-20°) = -1, Substitating, the flow rate is determined to be

t{":

Ve PRlh e + o YD _ (8881 kg/m” }O.81m/s” }0.15+0.25 m)x(0.01m)"
128 128083 T4 kg'm -si0.25m)
Then the “funnel effectiveness” becomes
V. 409x10° m's
V... 220x10% m's
Discussion Mote that the flow is driven by pravity alone, and the actual flow rate is a small fraction of the
flow rate that would have occurred if the flow were frictionless.

~4.09<10°° m¥/s

Eff = =0.018 or 1.86%




878 Bir tank, giinegle 1sitilan 40°C"deki su ile doldurulmustur. Bu
su, vergekimi etkisiyle alis olusturarak bir tarladaki duglar igin
kullamlacaktir, Sistem 20 m uzunlufunda 1.5 cm gapinda galvanizli
demir boru ve vanasiz 4 kige doniis (90%) ve tam agik kiiresel vanadan
olusmalktadir. Suvun 0.7 L/s"lik debi ile dus bashfindan akmasi
istendifine pire, tanktaki su seviyesinin dustan gikis seviyesinden ne
kadar yiiksekte olmasi gerektigini hesaplaymiz, Girig ve dug baghi
kaviplarim ve kinetik enerji diizeltme faktdriini etkisini ihmal ediniz.

B-TR A solar heated water tank is to be used for showers using gravity driven flow. For a specified flow
rate, the elevation of the water level in the tank relative o showerhead is to be determined.

Assumprions 1 The flow is steady and incompressible. 2 The entrance effects are negligible, and thus the
flow is fully developed. 3 The Aow is turbulent so that the tabulated value of the loss coefficients can be
used (to be verified). 4 The elevation difference between the free surface of water in the tank and the
shower head remains constant. 5§ There are no pumps or wurbines in the piping system. 6 The losses at the
entrance and at the showerhead are said to be neghgble. 7 The water tank 15 open to the atmosphere. 8 The
effect of the kinetic energy correction factor is negligible, a = 1.

Properties The density and dynamic viscosity of water at 40°C are p = 992.1 kg/m’ and p = 0.653=10"
kg/nrs, respectively. The loss coefficient is K; = 05 for a sharp-edged entrance. The roughness of
galvanized iron pipe is & = 000015 m,

Arnalysis The piping system involves 20 m of 1.5-cm diameter piping, an entrance with negligible loss, 4
miter bends (90°) without vanes (K; = 1.1 each), and a wide open globe valve (K, = 10). We choose point |
at the free surface of water in the tank, and point 2 at the shower exit, which is also taken to be the
reference level (z = (). The fluid at both points 13 open to the atmosphere (and thus P, = P = P, and F,
= (. Then the energy equation for a contro] volume between these two points simplifies to
P ¥ P Vi
Eﬁ+rzli+:l+ﬁpmu=E‘?+ﬂ2$+rl+hmn‘|=+h —¥ :|=a2$+h;_

2 F—;I

i vi
where By =l o = Ry gajor ¥ e miner = (fﬁ + ZKJ'. ]E

since the diameter of the piping system is constant. The avernge
velocity in the pipe and the Reynolds number are
v v 0.0007 m /s

P’r1 B

A aD/4 x(0O0ISm):/4

[

_ o¥,D ) {9921 kg.-'m“{l‘.ﬁlm-‘sb{ﬂ.ﬂlﬁ-ml
u 0.653%10 " kg/m-s

which is greater than 4000, Therefore, the flow is turbulent. The

relative roughness of the pipe is
000015 m

=391 m's

Re = 90,270

)

El D = e = (1.0
0.015m

The friction factor can be determmed from the Moody chart, but to avoid the reading emror, we determine it
from the Colebrook equation using an equation solver (or an iterative scheme),

1 gfD 15] l 0.0051 251
— = =2 o —— - — = =2 (Hop ——  ———
f 37 Rer 7 37 90270,ff
It gives f=0.03857. The sum of the loss coefficients is
Z"Cf SK, e TN o TR e TR e =0+4x L 1+10+0=144

Note that we do not consider the exit loss unless the exit velocity is dissipated within the system considered
{in this case it is not). Then the total head loss and the elevation of the source become

B o ¢ Vi _ 20m (3.961m/s)’ _
h, _[_.' E+Z.l:,_ ]E_[m.uaasn +14.4 52.6m

Showers

0.015m 2A98Imis7)
¥l 3,961 m/s)*
AL T L L L
g 29 BIm/is~)
since a; = |, Therefore, the free surface of the tank must be 53.4 m above the shower exit to ensure water

flow at the specified rate.



gikaginda kinetik enerji dizeltme fakidriind 1.05 alarak ve toplam
pompa verimini yiizde 82 kabul ederek pompaya verilmesi gereken
glicll hesaplayinz,

Tanker
18 m?

=80 Bir tanker, vogunlugu p = 920 kg/m® ve viskozitesi w = 0.045
kg/m-s olan akaryakit ile doldurulacaktir. Dolum iglemi yeralt
deposundan 20 m uzunlugunda 5 cm ¢apinda hafif yvuvarlatilms girisi
ve 90711k ki tane plriizsiiz dénisi olan plastik hortum kullanarak
vapiimaktadir. Depodaki yag seviyesi ile hortumun baglandif
tankerdeki yag seviyesi arasindaki yiikseklik farky § m’dir. Tanker

B-80 A tanker is to be filled with fuel il from an underground reservoir using a plastic hose. The required
power input to the pump is o be determined.

Assumprions 1 The flow is steady and incompressible. 2 The entrance effects are negligible, and thus the
flow is fully developed. 3 The flow 1s turbulent so that the tabulated value of the loss coefficients can be
used (to be verified). 4 Fuel oil level remains constant. § Reservoir is open to the atmosphere.

Properties The density and dynamic viscosity of fuel oil are given to be p = 920 lr.g.-'m] and p = 0.045
kg/m-s. The loss coefficient 1= K; = 0.12 for a slightly-rounded entrance and K; = (0.3 for a 90° smooth bend
(fManged). The plastic pipe is smooth and thus £ = 0. The kinetic energy correction factor at hose discharpe
is given io be a = 1,05,

Analysis We choose pont 1 at the free surface of ol in the reservoir and pomt 2 at the exit of the hose in
the tanker. We note the fluid at both points is open to the atmosphere (and thus £, = P; = Pu.) and the fluid
velocity at point | is zero (F; = 0). We take the free surface of the reservoir as the reference level (2, = 0).
Then the energy equation for a control volume between these two points simplifies o

3 7

£ ¥y [§! £ _ vy
E+ i) E+h. R e = = +itt; 22 + 23 + By bine o THE =+ Mne =93 2—N+z2 +h;
where
F’_,_z

L
By =0y s =B e P i =[J"—E+ZK.L]E

since the diameter of the piping system is constant. The flow rate is
determined from the requirement that the tanker must be filled in 30 min,
3
oV 18 G o
At {30= 60 s)
Then the average velocity in the pipe and the Reynolds
number become

VeV o V. 00w gy,
T4, aD'/4 x(0.05m)7 /4

~oV.D (920 kg/m " )(5.003 m/s)H0.08 m)

Ta 0.045kg/m -5

which is greater than 4000. Therefore, the flow is turbulent. The friction factor can be determined from the

Moody chart, but to avoid the reading emor, we determine it from the Colebrook equation,

L:—lﬂ‘]n ﬂ-f:_'i]_ — -]_=—2_[|||;| u+i
7 37 Reyr 47 5206,/
It gives = 0.0370. The sum of the loss coefficients is
ZK; =Ky cirmnee + 2K 1 s =0.1242x0.3=0.72

Mote that we do not consider the exit loss unless the exit velocity is dissipated within the system (in this
case it is not). Then the total head loss, the useful pump head, and the required pumping power become

Re = 5206

_‘: ] I 1
h, =[_;£+in]i=f{n_n3my o +n.?zJ‘5'“”m‘f -205m
' D g \ 0.05m 2(9.81mis”)

Vi 5.093 m/s)?
fgump,u ===+ I3+ = .05¢+5m+2ﬂjm=26.9m

2 N9 EIm's™)

H,mm=i&xh,mu _(0.01m*/s)920kgm” W98 1mis* 269m) [ 1kN W ]=z.auuw
W pany 0.2 L1000 kg-mis® L 1kN-m's

Discussion Note that the minor losses in this case are negligible (0.72/15.52 = 0.046 or about 5% of total
losses). Also, the friction factor could be determined easily from the Haaland relation (it gives 0.0372).



582 Dikme demirden yapilan su dagiim sisteminin belirli bir balii-
miinde paralel bir kisim vardir. Birbirine paralel iki borunun gapi 30
cm'dir ve akis tamamen tiirbiilanshdir, Dallardan birisi (4 borusu) .
1000 m wzunlugunda dieri ize (8 borusu) 3000 m weunlugundadir. SEKIL P8-82
Eizer A borusundaki debi 0.4 m'/s ise B borusundaki debiyi bulunuz.

Yerel kayiplan goz ardi ediniz ve su sicakliginn 15°C kabul alimz. & 2
Akigin tamamen tiirbiilansli oldugunu ve dolayisiyla sirtinme  'am 3¢k kiiresel vana (K = 10) bulundugunu o yerel kayiplann
faktdriiniin Reynolds sayisindan bagimsiz oldugunu ghsteriniz. Cevap: thmal edilebilir oldugunu kabul ederek Problem 8-82"yi tekrar ziiniiz.
0.231 mYs Alkag tamamen tiirbitlansh kabul ediniz.

8=83 A borusunda yan kapah stirgiilii vana (K, = 2.1) ve B borusunda

8-82 Cast iwon piping of a water distribution system involves a parallel section with identical diameters but
different lengths. The flow rate through one of the pipes is given, and the Now rate through the other pipe is
to be determingd.

Assumprions 1 The flow is steady and incompressible. 2 The entrance effects are negligible, and thus the
flow is fully developed. 3 The minor losses are negligible. 4 The flow is fully turbulent and thus the friction
factor is independent of the Reynolds number (to be verified).

Properties The density and dynamic viscosity of water at 15°C are p = 999.1 kg/m’ and p =1.138=10"
kg/ms. The roughness of cast iron pipe is & = 0.00026 m.

Analysis The average velocity in pipe 4 is
v v 04m's

T4 D4 x030m) /4
When two pipes are parallel in a piping system, the head loss for
cach pipe must be same. When the minor losses are disregarded,
the head loss for fully developed flow in a pipe of length £ and
diameter £ is
LT
"D
Writing this for both pipes and serting them equal to each other, and noting that £, = [ (given) and £, = fy
(1o be verified) gives

0.4 m'/s

=5.659m's I em

1 ORMD 1

LyVy kg P | 1 (1000 m
o " Y i’ Bl B Vy =V, |- =(5.659 m/s =3.26Tm
fa D, T fa Da 3g - I’ A L, { m/s) 3 = v s

Then the flow rate in pipe & becomes
Vg = AV, =[aD? /4, =[x(0.30 m)" / 4](3.267 m's) = 0.231 m*/s

Proof that fow is fully turbulent and thus friction factor is independent of Reynolds number:

The velocity in pipe £ is lower. Therefore, if the flow is fully turbulent in pipe B, then it is also fully
turbulent in pipe A. The Reyvnolds number in pipe B is

_ VgD (9991 kgim* )3.267 mis)0.30 m)

p 11382107 kgim s
which is greater than 4000. Therefore, the flow is turbulent. The relative roughness of the pipe is

Re, = (0.860= 10"

000026 m
£ D) = e = (LOOOR T
. 0.30m
From Moody's chan, we observe that for a relative roughness of 0.00087, the flow is fully wrbulent for
Revnolds number greater than about 10", Therefore, the flow in both pipes is fully nrbulent, and thus the
assumption that the friction factor is the same for both pipes is valid.

Discussion Mote that the flow rate in pipe & is less than the flow rate in pipe A because of the larger losses
due to the larger length.



8—87 Biyik binalarda su tankindaki sicak su bir kapali devrede
dolagtinlir ve baylece bir kisi sicak su gelmeden dnce uzun borulardaka
biitiin suyun akmasim beklemeye mecbur kalmaz. Dolagim devresinde
40 m wzunlugunda 1.2 em gapinda dokme demirden boru ve alt tane
907 dishi piiriizsiz donis ve ikt tane tam agik stirgiilil vana vardir,
Devredeki ortalama akeg huzi 2.5 m/s olduguna gore sirkiilasyon porie=
past igin gercken ghcl hesaplayimie. Orlalama su sicakhfim 60°C ve
pompa verimini yiizde 70 alimz. Cevap: 0.217 kW

8-87 Hot water in a water tank is circulated through a loop made of cast iron pipes at a specified average
velocity. The required power input for the recirculating pump is to be determined.

Assumprions 1 The flow 15 steady and incompressible. 2 The flow is fully developed. 3 The flow is
turbulent so that the tabulated value of the loss coefficients can be used (to be verified). 4 Minor losses
other than those for elbows and valves are neghmble.

Properties The density and dynamic viscosity of water at 60°C are p = 9833 kg,l'm"', po=0467x I kg/ms.
The roughness of cast iron pipes 15 L0026 m. The loss coefficient 15 K; = 0.9 for a threaded 90 smooth
bend and K; = 0.2 for a fully open gate valve.

Analysis Since the water circulates continually and undergoes a cyele, we can take the entire recirculating
system as the control volume, and choose points 1 and 2 at any location at the same point. Then the
properties (pressure, elevation, and velocity) at 1 and 2 will be identical, and the energy equation will
simplify to

P ¥? P, Vi

i 2 2
E+ELE+:I+;’MP“=E+“I;+:: +.ﬁ|md+|‘l1 — hpmp.u=hl

where
2 1.2 cm

o L RLE
hl ='&I.ﬂujﬂ'+ﬁi-.lﬂiﬂl= =["‘E+ZEIJE o

since the diameter of the piping system is constant. Therefore, Water
the pumping power is to be used to overcome the head losses in 40 m tank
the flow. The flow rate and the Reynolds number are

Vo= VA, = F(aD® / 4) = (2.5 m/s)[x(0.012m)* /4] = 2.83x 10" m*/s
pVD (9833 kg/m” )25 m/s)0.012m)

Re - = (63,200
M 0467107 kg'm -5
which is greater than 4000. Therefore, the flow is turbulent. The relative roughness of the pipe is
0.00026
£iD=—""1_po217
0.012m

The friction factor can be determined from the Moody chart, but to avoid the reading error, we determine it
from the Colebrook equation using an equation solver (or an iterative scheme),

1 g/D 151 i 0.0217 1.51
— =20l + -+ —=-20log +
V7 E[ 7 Res 1 Jr [ 31 600y ]

It gives = 0L05075, Then the total head loss, pressure drop, and the required pumping power input become

h, =[_J'£+ZA@_J‘-‘_ —[ (005075 20m +6xﬂ.'§+2xﬂ.3JM=55_Hm
' g\ 0012 m 9.8 Imis")
1 kN 1kPa
AP=AP = =(983. 3 ke/m” (9.8 m/s” )(55.8 )[ ]:535 kPa
e =pehy = g'm” ) s )(55.8m | 1000 kg o5 A Tivm?
- Wi P 2.83x10° m*/5)(538 W
- TT..... _(2.83x107 m " /553 lcPa}[ 1k : J=ﬂ121?k‘h‘
Burmpoasose 7 pumpemotes 070 1kPa-m™/s

Therefore, the required power input of the recirculating pump is 0.217 kW

Discussion It can be shown that the required pumping power input for the recirculating pump i= (L2110 kKW
when the minor losses are not considered. Therefore, the minor Iosses can be neglected in this case without
a major loss in accuracy.



898 Sicakhig 10°C olan amonyafin ( p = 624.6 kg/m’ ve p = 1.697
# 107 kg/m - 5) 3 cm caph borudaki debisi, diferansivel basing dlger
ile tertibatlandirilmig 1.5 cm gaph akig liilesi ile lglilmektedir.
Diferansiyel basing Glgerde 50 kPa’lik basing fark: okunduguna gire
borudaki amonyak debisini ve ortalama akis hizim hesaplayimz,

8-88 The flow rate of ammoma 15 to be measared with flow nozzle equipped with a differential pressure
gape. For a given pressure drop, the Mow rate and the average flow velocity are to be determined.

Assumprions 1 The flow is steady and incompressible. 2 The discharge coefficient of the nozzle meter is Cy
= 1,54,

Properties The density and dynamic viscosity of ammonid are piven to be p = 624.6 kgrm" and @ =
1.697x10™ kg/m-s, respectively,

Analysis The diameter mtio and the throat ares of the meter are
J=dD=15/3=0350

Jlem —¥ 1.5 ¢m
Ay =mt 14 =m{0015m)° /4 =1.76T=107" m*
Noting that AP = 4 kPa = 4000 N/m’, the flow rate becomes
2R -P)
U‘_'"‘ll'r{"-.ﬂ . 3
Vo= AP=4 kPa
a2 2 % 4000 N/m* kg -ms®
= (1.767x 107" m’ 0.96
: i :J{h14_ﬁkg-':n1_l{|]—Il!l}'i[ IN l

=0.627 <10 'm'ls

which is equivalent to 0.627 L/s. The average flow velocity in the pipe is determined by dividing the flow
raie by the cross-sectional area of the pipe,

l':' _ v _ 62T 103 m?ix
A, mDY4 m(003m) 4

¥F= =0.88T m/s

Discwssion The Reynolds mumber of flow through the pipe is

oo VD _ (6246 kgim” NO.BST mis)0.03m)
& 1697107 kgm-s

R

=9.79x10"

Substituting the [ and Re values into the onfice discharge coefMicient relation gives

: . G53g0E 6.53(0.50)™F

Cy = 09975 - ———m = 19975 — e = (1.983

Fl RIL""" (9.79=107)
which 15 about 2% different than the assumed value of 0.96. Using thes refined value of O, the flow e
becomes 0,642 Lis, which differs from our original result by only 2.4%.  If the problem is solved vusing an
equation solver such as EES, then the problem can be formulated using the curve-fit formula for C; (which
depends on Reynolds number), and oll equations con be solved simulinnecusly by letting the equation
solver perform the iterations as necessary.



8=103 Diferansiyel basing Glger ile tertibatlandmalms bir Venturimetre,
5 cm gaph yatay bir borudaki 15°C"deki suyun (p = 999.1 kg/m’)
debisini dlgmek igin kullanilmaktadir. Venturimetre boynunun capi 3
cm ve Glgilen basing diglist 5 kPa’dir. Debi katsayisim 0.98 alarak

suyun hacimsel debisini ve borudaki ortalama hiz hesaplayimz.
Cevaplar: 2,35 L/s ve 1,20 m/s

5 ¢m —_— Jem

)

@l
Diferansiyel
basmg dlger

(

SEKIL P8=103

B-103 A Ventun meter equipped with a differential pressure gage 15 used to messure to flow rate of water
through & horizontal pipe. For a given pressure drop, the volume flow rote of water and the average velocity

through the pipe are to be determined.
Assumptiony The flow is steady and incompressible.
Propertfes The density of water is given to be p= 9991

kg/m’, The discharge coefficient of Venturi meter is given to
be O, = 0.9%8.

Analysis The diameter ratio and the throat area of the meter are
fg=d!D=3/5=060
Ay =md® [ 4= p{(0.03m)" /4 =T7069x107" m*

Noting that AP = 5 kPa = 5000 N/nv', the Now rate becomes

= i
V= AL, (3R -7

Y otl= )

TN

|
=(7.069% 10°* m* N0,9%) g .
(999 | kg'm " )il - 0.60")

- 0.00235 m'/s

2 5000 N/m* [ kg - mis” |

AP

Mffereniial

pressure meler

which is equivalent to 2.35 L's. The average ow velocity in the pipe is determined by dividing the Mow

rate by the cross-sectional area of the pipe,

VOV 00235m'ls

e — s g = . 1.20m/s
A w¥Y 4 2005m)”/ 4

Discussion Mote that the flow mate 15 proporional to the square root of pressure difference across the

Ventun meter.



