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10.6 FLUS As shown, air (20°C) is flowing from a large tank,
through a horizontal pipe, and then discharging to ambient.

The pipe length 1s L = 50 m, and the pipe is schedule 40 PVC
with a nominal diameter of 1 inch. The mean velocity in the pipe
15 10 m/s, and f = 0.015. Determine the pressure (in Pa) that
needs to be maintained in the tank.

.
1 —
Cair)

PROBLEM 10.6



10.6: PROBLEM DEFINITION
Ei!:"ﬂ:i! 1M

|SITUATION |

Air is flowing from a large tank to ambient through a horizontal pipe.
Pipe is 25 mm Schedule 40. D = 0.0266 m.
V=10m/s f=0015 L =>50m.

[

Assumptions:
Air has constant density (look up properties at 1 atm),
KE correction factor is o = 1.0.

Properties:
Air (20°C. 1atm, Table A3): p= 1.2kg/ m?.

|. Relate pressure in tank to head loss using the energy equation.
2. Describe head loss nsing the Darcy-Weishach equation.
3. Combine steps 1 & 2.

SOLUTION
1. Energy eqn. (location 1 inside the tank, location 2 at the pipe exit)

52 172

|
%+nlﬁ+z|+h, = i—?+n-_.2;+;,+h,+h;.
M Vi
—+0+0+0 = 04+-=+0+h 1
; 2 ! (1)
2. Darcy-Weishach eqn.:
Py @)
r= Eig

3. Combine Eqs. (1) and (2).

Vi Ly jﬂ“’f L
L TE(I-I_IE)_T(I-I_IE)
_ (L2kg/ m®) (10m/ s)° . (50m)
- > (1 +(0.015) G oes m})

= 1.7T3kPa-gage




‘Flnnh = 1.75kPa HHHF\

REVIEW The constant density assumption is valid becanse the pressure in the tank
iz less than 2% of atmospheric pressure.




10.8 ﬁ:;.?w As shown, water (15°C) is flowing from a tank
through a tube and then discharging to ambient. The tube has
an ID of 8 mm and a length of L = 6 m, and the resistance
coefhcient is f = 0.015. The water level is H = 3 m. Find the
exit velocity in m/s. Find the discharge in L/s. Sketch the
HGL and the EGL. Assume that the only head loss occurs

in the tube.

PROBLEM 10.8



| 10.8: PROBLEM DEFINITION I

Situation:

Water is flowing from a tank through a tube & then discharging to ambient.,

2 =0008m, [ =06m.
H=3m. f=0015

Sketch:
H ~
Hy0 \“-/
="
Find:

Exit velocity {(m/s).

Discharge (L /s).

mketeh the HGL K FG:].
Assumpd ions:

The only head loss is in the tabe.

Turbmlent How so o = 1.0.

Properties:

Water (15°C), Table A.5 (EFM10e), p = 999kg/ m® v = 1.14 x 107%m?/s.

PLAN I

1. Relate il to head loss using the energy equation.

2. Describe head loss using the Darcy-Weishach equation.
3. Find V' by combining steps 1 & 2.

4. Find @@ by using the flow rate equation.

|SOLUTION I

1. Energy eqn. (location 1 at the free surface, location 2 at the pipe exit)

™ 'r"f L Vi

?_“.E_:._hﬂ = __?_+"-'i'22_;+32+hr+h.r.
V3
0+0+H+0 = {'+2—J+[]-'-f1r_.
If

2. Darcy-Weishach eqn.:

(1)

(2]



3. Combine Egs, (1) and (2];

Ve i
H = =11 —
E_rr{ 'fﬂ)

CagH

by = 1|,'I m

I"'J.'l:!il.l_-':'l st ) [Am)
1l'l 14 D015 Ho

V= 210m/
4. Flow rate equation:
Q=VA= I|-*':':.i|- = (2.1%m/ s) d [[I'“.:]IEI'"J-

(= 0110 L/ s

5. Sketeh HGL & EGL
o Loeate the EGL & HGL on free surfuee of tank

# Velority head and head loss:
' (2.182m/s)”

[ — [].24
2 LT

L 17 [Gm)  (2192m/s)"
By = feea— = 0015 = = 2,76
f= Igey M R m 2 A m e SO

& Locate the EGL and HGL at the end of the pipe. Sketch lines.

REVIEW Check the turbulent fow assumption.

e VI {2182 m s) (O m
b (1.14 = 105 m?/ s)
R = 15400 = 3

Thus. the assumption of turbazlent fSow is valicl,



10.9 ’E‘L—”st Water flows in the pipe shown, and the manometer
deflects 90 cm. What is f for the pipe if V = 3 m/s?

D=5cm

/—/—'\

4 T

Elevation = ::L/”/

F=31ms

Elevation= 11 m

PROBLEM 109



10,9 PROBLEM DEFINITION

it it o
Water Hows through a pipe.
V' =3m/ & 2 = 1lm.
ga=11m, [=5cm

rirh:

Find: Hesistanee coefficient, [

SOLUTION

Manometer equation

lll'f l':lill:’ﬁ'l.l.l'-'llull.l'\-l ':‘:',1||'I""|”|_|- -1 2
By = (LBm) (2.5 - 1) = L35 m of water

Drarcy Welshbach

he= JLADVE 2

il 2ip
= Iy —
r= (7))
(405 Zi08Lm/ g
- Ll.aam‘.( m)( t. m'fj)
4 (4 =]

Solve for [




10.22 FLUS In the pipe system shown, for a given discharge, the

ratio of the head loss in a given length of the 1 m pipe to the head
loss in the same length of the 2 m pipe is (a) 2, (b) 4, (c) 16, or (d) 32.



PROBLEM 10.22



Ei! Hﬂ IH ]
Fluid flows out of a tank through a pipe with an abrupt contraction.
fq = Ls = (Kl m, f = (1.01.
h=2m, Dy=1m,

ketoh:

200 m {

dm =001 =001

1m

Find:
Ratio of head loss.

hyp (1-m pipe)

i (2-m pipe)

SOLUTION
Lv?
hy = fﬁﬂ
fp (1-m pipe) (flfeﬂ".!a"fﬂl})
he (2-mopipe) A felaVE/ (Dy)
ﬂz 'Lfli
- (5) (%)
4 = 1Ay
Vi P A
i = 2=(3)
Vi - o I}y !
%) - ()
Thus

he (b-m pipe) (DY £ DY
hy (2-m pipe) (E) (E)

Correct choiee is (d)




10.29 Glycerine at 20°C flows at (.6 m/s in the 2-cm commercial
steel pipe. Two piezometers are used as shown to measure the
piezometric head. The distance along the pipe between the
standpipes is 1 m. The inclination of the pipe is 20°. Whal is the
height difference Ah between the glycerine in the two
standpipes?

PROBLEM 10.29



10.29: PROBLEM DEFINITI'D["JI
Eil Hﬂ IH!“.

Glyeerin flows throngh a commercial steel pipe connected to two piczometers,
[ =2cm, V =06m/s.

Sketch:

Find:
Height differential { in m).

Properties:
Glyeerin (20°C), Table A4, p= 141N s/m?, p=112x10"%m*/s.

|SOLUTION I

Energy equation (apply from one piegometer to the other)

mir+eVif 29+ = miv+aVi/lg+n+hy
mifr+n = miv+mnth
(/) +=2)) - ((p/1)+2) = M
Ah = kg
Revnolds number
Vi
Re = —
1
(0.6)(0.02)
T L12 % 1078
= 10.71

Since Re < 2000, the Aow is laminar. The head loss for laminar fAow is

2LV

F

(32)(1.41)(1)(0.6)
12300 = 0.022

= [5.502 m]

hL —




Energy equation

‘.{'uh = 5.502 m\



10.30 "F":JT.-IEE Water is pumped through a heat exchanger consisting
of tubes 6 mm in diameter and 6 m long. The velocity in each
tube is 12 cm/s. The water temperature increases from 20°C at
the entrance to 30°C at the exit. Calculate the pressure difference

across the heat exchanger, neglecting entrance losses but accounting

for the effect of temperature change by using properties at
average temperatures.

- om .
Y 7.
I
o 1
. .
| .
7 N

PROBLEM 10.30



Situation:
Water is pumped throngh tubes in a heat exchanger

De=6mm, L=6m, V=012m/s.
N =20°C, T = 30°C,
ketch:

Find:
Pressure difference across heat exchanger.

Properties:
Water (20°C), Table A5: ¢ = 107%m?/ s

SOLUTION

Reyvnolds number (hased on temperature at the inlet )

VI 012mfs = 0.006m

Rex: = b 10" m?/ = =y
Since He < 2000, the How is laminar. Thus,
32ulV
Ap = T

Assume linear varation in g and use the temperature at 25°C. From Table A5

-'I"I'a"-'lz = “'.EF
= B9 x 107N s/m°

and

2LV
I
32891 x 107*Ns/m* x 6m x 0.12m/ s

- (0,006 m 2 - ok

Ap = 570 Pa




10.54 ﬁ;ﬁ-ﬁ plastic siphon hose of length 7 m is used to drain

waler {15°C) out of a tank. For a flow rate of 1.5 L/s, what hose
diameter is needed? Use H = 5m and h = 0.5 m. Assume all
head loss occurs in the tube.

Siphon hose
diameter [

|

PROBLEMS 10.53, 10.54



10.54: PROBLEM DEFINITION

Eil l;ﬂ IH!“
Water is flowing out a plastic siphon hose.
() =00015m"* s, H =5m.
h=05m, L=Tm, &k, =10

Sketch:
Biphon hose
diamstar O
2} ¥
| [T =18"G)
Fina:

Diameter of hose (meters),
Assumpt ions:
S’r.nmfl}' o,

Component head loss is zero,
Turbulent How. Also, ag = 10.

Properties:
Water (15°C), Table A5, ¢ = 114 x 107%m?*/ 5.

PLAN (Classify this problem as case 3 (1) is unknown), then

1. Write the energy eqn.. the Darcy-Weisbach eqn., ete. to produce a set of 5
equations with 5 unknowns.
2. Solve the set of equations using a computer program (we nsed TK Solver).

|SOLUTION I

1. Governing equations:

o [low rate equation:

=
=V (—) (1)
A
o Energy equation (section 1 on water surface, section 2 at exit plane)
] V2 b 12
LU 2:? +an+h = E—ﬂiﬁ'F;]"—fh + he
Vi

0+0+(H+h)+0 = 0+ =2 +0+hy (2)

29



e Darcy-Weishach:

hy=fros (3)

e Swamee-Jain:
(4)

¢ Revnolds nomber:
Re = — )

3. Solution of Egs. (1) to (5):

hy = 4.715m

He 73000
= (L1SD

3.92m/ s

=
"
Il

Yy = 0.022m

| H]:’."I.-'II:'."l.’I.'I

e Notice that the turbulent Aow assumption is valid beeanse Re > 2300,

e An easy way to solve case 2 and case J problems 18 to acguire a computer
program that can solve conpled, non-linear equations.

e Notice that most of the elevation head (5.5 m) is converted to head loss (4.72m) .



10.56 As shown, water (15°C) is draining from a tank through a
galvanized iron pipe. The pipe length is L = 2 m, the tank depth
is H = 1| m, and the pipe is a 0.5 inch NP5 schedule 40. Calculate
the velocity in the pipe. Neglect component head loss.

¥

PROBLEMS 10.55, 10.56




10.56: PROBLEM DEFINITIGHI
h‘il Hﬂ IH!"-

Water is draining out of a tank throngh a galvanized iron pipe.
L=2m, H=1m, k, =0.15x%10"%m
The pipe g 15 mm schedule 40 NP5, 1 = 0.0158 m.

Pipe of diamesar O

L

ne

Finad:
Velocity in the pipe (m/s).

Assumpd ions:
Steady flow.
Component head loss is zero.
Turbmlent How, so oy = 1.0

Properties:
Water (15°C), Table A5, v =114 x 107%m?/s

PLAN
Classify this problem as case 2 (V is unknown), then
1. Write the cnergy eqn., the Darcy-Weisbach eqn., cte. to produce a set of 4

equatioms with 4 unknowns.
2. Solve the set of equations using a computer program (we used TK Solver).

SOLUTION
1. Governing equations:

e Energy equation (section 1 on water surface, section 2 at exit plane)

| Vi
;i+l"l'] ! "'21—hp = E‘-ﬁ-j B +:—;+|r'|'_!+h;__
¥ 2g 5 ]
Vi
0+0+(H+L)+0 = l}+ﬁ+ﬂ—hf (1)
o Darcy-Weishach:
Lve

hip = — (2)



® Swamee-Jain:

0.25
= k i Y K 3)
[I“Hm {ﬁﬁ + H,D_-!"Fj]
o Revnolds mumber:
Vi
Re = (4)
B
2. Solution of Egs. (1) to (4);
hy = 2.50m
Re = 43600
f = 0039
" =3.15m/ s

REVIEW
1. Notice that the turbulent flow assumption is valid becanse Re = 2300.

2. An easy way to solve case 2 and ease 3 problems is to acquire a computer program
that can =solve coupled, nonlinear equations.



10.63 FLUS If the flow of 0.10 m*/s of water is to be maintained in
the system shown, what power must be added to the water by the
pump? The pipe is made of steel and is 15 cm in diameter.

L 4 m "'I"' 40 m 1-4

PROBLEM 10.63



Water is pumped between reservoirs through a steel pipe.

Q=01m" s D=I15em.
Sketch:

Elgsalion = 12 m

Fandd:

Power that is supplied to the system by the pump.

Froperties:

From Table 10.4: &, = 0.046 mm.
Water (10°C), Table A.5: ¢ = 1.3 % 107" m?/ s, 4 = 8810N/ m.

|SOLUTION I

Flow rate exjuation

1_.'

el

Revnolds number

Re =

Resistance coefficient (from the Moody diagram, Fig. 10.14 in EFM10e)

Q
A

0.1m*/ s
(7/4) % (0.15m)*
= GO m/s

= 1.63m

e 0.000:3

1

VD G6my s x 0.15m
v Lix10%mi/fs
6.4 = 10°

f=0.016



Energy equation (between the reservoir surfaces), with a K, and Kg

po W B \
".r+“]2_|:[+zj+hp = _‘r-l'ﬁgﬂg-l'..gﬁ- T
agsume the two KE terms are equal and thus cancel, so
Ve L :
|r'!-‘. = Za—=21+ Eiﬁp"‘fﬁ*ﬁ}:}
slm
= 1dm - 1lm + 1.G3 (0.1 4 (LAVLEG + 1
m il idm = (0.1 4 T |

= Jd+137=18Tm

Power equation

P = vk,
= 0.10m* /s x 98108/ m? x 18.7m

= 18, - W

|F'= IF-HI-:“"l




10.65 Water flows from a tank through a 2.6-m length of
galvanized iron pipe 26 mm in diameter. At the end of the pipe
is an angle valve that is wide open. The tank is 2 m in diameter.
Calculate the time required for the level in the tank to change
from 10 m to 2 m. Hint: Develop an equation for dh/dt where h
is the level and ¢ if time. Then solve this equation numerically.

Angle valve

2AhAm

PROBLEM 10.65



Water exits a tank through a short galvanize iron pipe.
Diwere = 2m, Dyipe = 26 mm.

Lyipe = 2.6 m, 2 = 10m.

Fully open angle valve: K, = 5.0.

Findd:

Time required for the water level in tank to drop rom 10 m to 2 m.
Assumpl ions:

The pipe entrance is smooth: K, =0

The kinetie energy correction factor in the pipe is ap = 1.0

Apply the energy equation from the top of the tank (location 1) to the exit of the
angle valve (location 2).

|SOLUTION I

Energy equation

1_.':! 'l__.':r ) . .L
h = ﬂ:jﬂ + E—U[_.ﬁ.f + K.+ fﬁ_}
Term bv term analvsis
l'l'l: = l-u

K, = 0, K, =50
LiD = 2.6/0.026 = 100.0

Combine equation and express V' oin terms of i

.| 2gh
ir_1lll'ﬁ+1t]l]:a-:f

Sand roughness height

102



ke 015 -3
E = = TR-I A ]
Reyvnolds number
Vo= 0026 P
Re = ———o— = 2.6 x 10"V
Rate of decrease of height
o :
dh _Q B PEBE 1 _%F = —{1L,OD01GAY

dt - A DE_, 3.14
A program was written to first find V iteratively for a given & using the Swamee-Jain
equation for the fniction factor. Then a new & was found by

fip = Ry = 00001GIV Af

where Af is the time step. The result was 1424 8 or 23.7 minutes,

=207 min

| REVIEW I

1. When valves are tested to evaluate Ko the pressure taps are asually connected
to pipea hoth upstream and downstream of the valve, Therefore, the head loss
in thig problem may not actually be 5V /2g.

2, The velocity exiting the valve will probably be highly non-uniform; therefore,
this solution should be considered as an approximation only.



10.66 % A tank and piping system are shown. The galvanized
pipe diameter is 1.5 cm, and the total length of pipe is 10 m. The
two 90° elbows are threaded fttings. The vertical distance from
the water surface to the pipe outlet is 5 m. Find (a) the exit velocity
of the water and (b) the height (/1) the water jet would rise on
exiting the pipe. The water temperature is 20°C,

| W
e ¢

PROBLEM 10.66



Water drains from a tank, passes through a pipe and then jets npward.
=15em, L=10m, Az =5m.

Two 90° elbows in pipe.

Il
(a) Exit velocity of water [ m/ =),
(b) Height of water jet { em).
Arsumptions:
The pipe i galvanized iron.
The water temperature is 20°C s0 v = 107" m* /5.
Relative roughness k. /D = 015/0.5 = (.01, Start iteration at f = (L.035.
Turbmlent, so oy = 1.0
Properties:
From Table 10,4 k, = 0.15 mm = 0.013 cm.
From Table 10,5 K, = 0,9 and K, = 0.5.

Apply the energy equation from the water surface in the tank to the pipe outlet.

|SOLUTION I

Energy equation

V¥
%+m—+ﬂ = H + Y hy

29
'L’“ . L V3
Egulrtﬁwﬁ“f ]|—

Ve 10m
5 = 1+0.5+2 % 0.9+ 033
(Eq)( o R DA S ﬂMEm)

Vi 2.6
(EHHEI{ -0)

Va = 1.9%20 m/s

D4+0+3 = 0+ o3

=1



Revnolds number

Re = VD/v
= 1.92 % 0.015/107®
= 2858 = 10"

Resistance coefficient (new value)

i (.25
. 3
oo (3¥5 + 5% ]
B .25
loguo (53 + mrs )]
= (LK
Recalenlate Vi with this new value of f
V= 1.80 m/s

Encrgy equation [from the pipe outlet to the top of the water jet)

V2
2y

(1.80m/ &)*
2% 9.81m/
(165 m

||"il= IliE:rrml

Hh




10.67 A pump is used to fill a tank from a reservoir as shown. The
head provided by the pump is given by h, = hy(l — (Q*/ Q)
where by is 50 meters, (J is the discharge through the pump, and
0y 15 2 m’/s. Assume f = 0.018 and the pipe diameter is 90 cm.
[nitially the water level in the tank is the same as the level in the
reservoir. The cross-sectional area of the tank is 100 m®. How long
will it take to fill the tank to a height, h, of 40 m?

Fump
PROBLEM 10.67



A pump operates between a reservoir and a tank,
hp — hn.llr] - {;?Ef'lqlzmk;l: |ri'ﬁ, = B m.

Donx = 2m? /s, = 0014,

D= 0em, Ay, = 100m?.

Find:

Time to Al tank to 40 meters,

medim:
From Table 100.5: K, = 0.5 and Kg = 1.0,

Apply the energy equation from the reservoir water surface to the tank water surface,
The head losses will be due to entrance, pipe resistance, and exit.

|SOLUTION I

Energy equation

'L_i*
‘%+2—H+-]+h,. - E+—+..i+zn'r,;

. Tf”
0+04+24+h = 0404 224+ (K; +_F +h£]

- H0 Ve
fip = (m—3)+ (U.u— (‘U 018 = ﬂ) - 1,|_p) E

FI

hy = h+ qz,n;—

But the head supplied by the pump is h.(1 — (Q% /02 1) =0

2 ¥
J'r,,,(l— tf ) - hr]ﬂ'rv—

ey i o

4
50 — 12507 = Fi'+1{h?
q



Area
A= (x/4)D* = (=/4)(0.9%) = 0.63 w*

50— 12.5° = h+0.2700*
G —h = 127.77¢F°
Vviall=h = 3.570Q

The discharge into the tank and the rate of water level increase is related by

ik
Q = ﬂtuﬂ.m
Sl
i
VB0 = It = 3.57 Awars d—:
i}
di = 3.57 A (50 = k)~ dk
Integrating

f =2 % 357 A (50 — W)VE+ O
when f =0, h = 0 and A, = 100 m? so

t = T14(7.071 — (50 — h)""?)
When it = 40 m

f=2741 =

{ = 46.5 min




10.69 % What power must the pump supply to the system

to pump the oil from the lower reservoir to the upper reservoir

at a rate of 0.20 m*/s? Sketch the HGL and the EGL for the
system.



PROBLEM 10.69

p = 040 kg/m” Elevation = 112 m
v 107" ms R
- o150 —
— — Elevabion = 100m____—"
il
| ]
S :
D = 30 e steel pipe

(1S




(il ia pumped from a lower reservoir to an upper reservoir through a steel pipe.
1 = Mem, @ =020m*/s.

o= 100m, 23 = 112m, L = 150 m.

Sketch:
P = 340 kg Eavadon = 112 m—
wu 107 _—
= 150
—Ehwanlion = 100m__E="
=30 em
Find:

(a) Pump power,
(b) Sketch an EGL and HGL.

Properties:
p=%0kg/ m?, = 107" m:'lr' 5.
From Table 10,4 k, = 0.046 nun

Apply the energy equation between reservoir surfaces |

|SOLUTION I

Enerpgy equation

:r_;l "-FIE . _ ;’3 1.-'23 e
? = ﬂ:.E = i I‘hp — ? I ﬂ:iE I' =1 I' E :hf’_
Ve o L )
lﬂ'[]'l-.lll.r_-, = |12+ tht-l'_rﬂ '-'f'i.L":I

! 12 s 0.03 + .I"r’ +1
L = == A —
: 2g "D

Flow rate equation

(
Vo= =
A
0.2m* s
{w/d) % (0.30m)*
= 283 m/s

— = 408 m




Revnolds number

Re = E
I!

_ 283mys x 0.30m

B 10—%*m?/ s

= 8.5x 104
ks  dbx 107" m
D 3 m

= 1.3x107°

Resistance coefficient (from the Moody diagram, Fig. 10,14 in EFAM10e)
f = 0.019

Then

150m

'
all

he = 12m+ 0,408 m{0.03 + (0.019 = |+ 1.0]

= I3 m

Power equation

P = Qvh,
= 0.20m*/ s x (M0 kg/ m? x 981 m/ ") % 16.3m = 30100 W

= 30.1 kY




10.74 The heat exchanger shown consists of 10 m ol drawn
tubing 2 cm in diameter with 19 return bends. The flow rate is
3 % 10" m*/s. Water enters at 20°C and exits at 80°C. The
elevation difference between the entrance and the exit is 0.8 m.
Calculate the pump power required to operate the heat
exchanger if the pressure at 1 equals the pressure at 2. Use the
viscosity corresponding to the average temperature in the heat
exchanger.

@

Pump
PROBLEM 10.74



10.74: PROBLEM DEFINTTI(]["JI

h‘il Hﬂ IH!"
Water flows through a heat exchanger.
L=10m, D=2cm, =34 =% 10"4m*/s.
N=20CT:,=80°C, Az =0.8m, p;y = pu.

ketch:
@

r J
1
B0 o L8 -
. i |
E' st . )

=4

Fump

Find:

Pump power requined.

Arsumptions:
K =2 x K for smooth bends of 907, r/d = 1, Ky=2x035=10.7
Properties can be found at the average temperature in the heat exchanger.
Smooth tubes (k, = 0.0m)

Properties:
Water (50°C), Table A.5: ¢ = 5.53 % 1077 m*/s, p = 998 kg, m”, 4 = 9693 N/ m?,
SOLUTION
Energy equation (section 1 at inlet, section 2 at exit)
mo W pe WY
—k ==yt ==t ==t n+h+h
~ | 2 T I - Yoy z ¢+ g

Since V) = Vs and p; = ps

.FJ.I,.=.I'J,I__ 1 I:::-; I]]

Velocity
Q@ 3x10'mi/s
Ve = = (1,955 m/s
AT /4% (0.02m)? i

Reyvnolds number and resistance eoefficient

VD 0.955m/ s x (0.02m)
Re = = = 3239
v 5.58 = 100 Tm?/ s Had

F = 0022




Head loss

I v 10 m (0.955m/ 5)°
h, = (fﬁ+ 11-1;“) % = (n.mzn_mm +19 % i}.?) 2% 08/ &

= 1.13 m

Final ealealations

by = sZm—5+h=08+113=19%m
P = ﬁ-hpQ=Hﬁ!§3HImﬂ':{1.EﬁimH3x 1t



10.80 The 12-cm galvanized-steel pipe shown is 800 m long and
discharges water into the atmosphere. The pipeline has an open
globe valve and four threaded elbows; h; = 3mand h, = 15 m.
What is the discharge, and what is the pressure at A, the
midpoint of the line?



-

Cilobe valve

PROBLEM 10.80



10.80: PROBLEM DEFINITIG["JI
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A ateel pipe discharges into the atmosphere.
f) = 12¢m, L =800m, 53 = 12m.

Sketch:

I—e—-l
F

bl
Discharge ( m?*/s).
Pressaure at point A.

Assumptions:
Water temperature is 10°C,

Properties:
Water (10°C), Table A5: v = 1.31 x 107% m? /s,
From Table 10.3: K, = 10, K = 0.9, K. =0.5.

SOLUTION I
Energy equation

| _ L
0+ 12+0 = [I+t]+ﬁ{l-—h}-—I-.1.-—4h’.g.+fx E]

Using a pipe diameter of 10 em and assuming [ = 0.025

800 m )
(1.121m

249 = V1405410 + 4(0.9) + 0.025 =

V= 245/265.1 = 1.0668 m?/s*
Vo= 1138 m/s
Q = VA

= 1.138m/s x 7/4 = {0.12m)*
(2 = 0.0126m" /5
Re = 1138 x0.12/1.31 = 1079 = 1.04 = 10°




From Fig. 10.8 [ = 0.025

py ¥V
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DH10N/ m* = (—9.35m)

pa = —02.0 kPa

(2 % 0.9+ 0.025 =

Q0K 11
(.12 m

:l— |5 m

-0 38 m



10.82 Both pipes in the system shown have an equivalent

sand roughness k, of 0.10 mm and a flow rate of 0.1 m’/s, with
I}y=12¢cm,L; = 60 m, D, = 24 cm,and L, = 120 m. Determine
the difference in the water-surface elevation between the two
reServoirs,

PROBLEM 10.82



A aystem with two pipe siges connects two Teservoirs,
ky = 0.1mm, @ =0.1m*/s.

£ =12cm, L = G0 m.

1y = 24 em, Ly = 120 1m.

Sketch:

Find:

Difference in water surface hbetween two reservoirs,

Properties:
Water (20°C), Table A.5: v = 107% m?/s.

| SOLUTION I

k. 0.1
D, ~ 120 0.00083
k. 0.1
Dot 230 0.00042
i i) 0.1m*/ s

= = = = B.842 '
Al w4 % (0.12m)* m/s

oy = 2.210 m/s
VI BB42m/s x 0.12m

It = = = L0G x 10°
w I 10-%m?/s .
_ 220mfs x 0.2dm .
Rea = 10~/ 5 = 537 = 10

Resistance Coeflicient (from the Moody diagram. Fig. 10.8)

fis = 00150
fu = 00170

Energy equation

T — 3= E fur,
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[H.542 JWLLI.Ir.Li]-I
2 % 0,81 m/ &

. (2.210m/ s)°
2 % 9.81 m, &

)
313

Vi 120hm
= | 1+ 0017
T P ( t ) I:J-id.m) ’

(10.0]

I:_ l"'pl.i" . 1__.5”-}2
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8842m/s — 2.210m/ 5)°

)Hﬂ}ki

2 = 9.81



10.90 What power must be supplied by the pump to the flow if
water (T = 20°C) is pumped through the 300-mm steel pipe

from the lower tank to the upper one at a rate of 0.4 m’/s?

Elevation = 235 m

% Elevation = 2 m

ST

.

|0 m

M mm = 300 mm

=

:—(W—J’—A:#

J

- 10 m
PROBLEM 10.90

S0 m




Sitisal wom:
Water is pumped thraongh a stesl pipe From one tank to another
D=3 mm, L= 140m. ¢ = 04m?/ s
7 = 2 m, zx = X0im, Elbow radius is 300 mm.

Emaigne= G m —

Find:
The punp power.

Assumptions:
Pipe eantrance is well-soumded: @7 0 = (L2,

Progenties:
From Tuble 1003: K. = 0,05 Ky = 0L55; Kg = 1.0,
Water {20°C), Talle A.5: i = 107 m? /s,
From Table 1.4z & = 0,006 mm.

Apply the energy cquation from the waeer surtoee in the lower rescrvoar to che water
sirface ln the upper reservolr.

SOLUTION
Enengy eguation
E 1-._1! r ||? E b L:Ji Ay = |I:I
’i-+EI||+-.I+TI . :E:l._l-l'-._.: Ej‘.
. » Y
D+D+2Mm+ky, = D+04+285m = l}—{h¢_+h_!,+ J'-LE+,FE]
A7
Flow rate equation
£}
Vo= =
A
3 D4t/ s
T w4 = (03 m)
= 5.6 m/s
3
L = 1.G3} m
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Resistianee coellicient (oo e Moody diagman)

Jo=0.015
S
i, . 1400 m
_fﬁ = 0015 = 13 v
bty = Z30m —200m = L63m(0.03 + 03564+ 1+ 7)
= 479 m
Poser exquation
! &rh,

= 04m’ s x 0, TN/ m" = 47.91m
P 184 kW




10.95 A flow is divided into two branches as shown. A gate
valve, half open, is installed in line A, and a globe valve, fully
open, is installed in line B. The head loss due to friction in each
branch is negligible compared with the head loss across the
valves. Find the ratio of the velocity in line A to that in line B
(include elbow losses for threaded pipe Ottings).

I %

PROBLEMS 10.94, 10,95



diameter. Assume f is the same in both pipes. What is the
division of the flow of water at 10°C if the flow rate will be

1.2 m~/s?



| 10.95: PROBLEM DEFIH]TIUZ‘-ZI

St oAt ko

Two pipes are connected in poredled.

Line A has & half open gate valve, lie B a [ully open globe valve,

Skebrh-

Find:

Mot aof wvelovity in hine A to M,

Assamptions;

Hemadd hoes e to frictiom is negligible,

Properties:

Froms Table 1005: K4 =546, K.a = 1, Ky, =040

SOLUTION

E -rl.'.rl

g gk + 20E el

Vi { 1".':)
==+ 2§ 1.9—
2 2ir
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hep gaie + g et
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