CHAPTER (10)

FLOW IN CONDUITS

SOLVED PROBLEMS
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PROBLEM 10.2

Situation: Liquid flows 1in a vertical pipe—details are provided 1n the problem stat
ment

Find: (a) Determine the direction of flow. y = 8k N/ m? ,
(b) Calculate the mean fluid veloeity in pipe. d

Problem (10.2)

=1cm

pipe
|ANAL‘I SISI a=zero
Energy equation
Elevation = 10 m =4 ===}—=p=110kPa )
F’U;"a’? N ﬂoi"ugfer + zp = p1o/ 7 + a0l ﬁ::frz&? + z0+ Az
To evaluate, note that o,V /2g = agl3/2g. Substituting values gives
200.000/80004+0 = 110.000/8000 4+ 10+ A+
. . s = 125
p +zis decreasin g | - -
Because hp 12 positive, the flow must be [upward.
Elevation = 0 m ===~ p =200 kPa P Vv?
Head loss (laminar flow) D 29
32uLV
h_f = ’"Dz . Re
/ For Lamin ar Flow :f = —
: hsyD? 64
Vo= —
Flow 32uL

. h 1.25 % 8000 x 0.012
direction T R < (30x107%) <10

= 1042m/s

"=104m/s




Problem (10.5)

PROBLEM 10_5|

Situation: Liquid flows downward in a smooth vertical pipe. D =1lem V =20m/s

p; = 600 kPa

Find: Pressure at a section that 1s 10 feet below szection 1.

Properties: p = 1000kg/ m® = 0.06N - s/ m?

| ANALYSIS I

Reynolds number

VD
Re = il
L
2 0.01 x 1000
N 0.06
= 333
Fully developed
Since Re < 2000, the flow 12 laminar. flow

Energy principle

Py + V29 + 21 = o/ + o V29 + 2 + bz

Since 1 = 15, the velocity head terms (1.e. kinetic energy terms) cancel. The energy

equation becomes
Head Loss

600,000/(9.81 x 1000) + 10 = ps/v + 0+ 32uLV/1D?
pa/7 = 600,000/~ + 10 — 32 x 0.06 x 10 x 2/(~(0.01)%)
Py = 600,000+ 10 x 9810 — 384. 000




Problem (1 0 10) [PROBLEM 10.10]

Situation: SAE 10-W o1l 1z pumped through a tube—other details are provided in
the problem statement

Q = 785 X 1 0_4 Find: Power to operate the pump.
p1 p2 Energy equation

=100% P1/7 + 2+ iV /2g + hy = pa /v + 0sV3 (29 + 20 +
nPump . i
Simplity

hy = hz = F(L/D)(V2/2g)
lcm Flow :
@ @ ow rate equation
» 4l—‘ ——— V=Q/A=T785x 10_4,.1'([:r_f’i){ﬂ.ﬁl}z} =10 m/s
‘ | N < Pum p Reynolds number
- 8m Re = V"D/rv = (10)(0.01) /(76 x 107°) = 1316 (laminar)
|

Friction factor (f)

64
Re

64
Pump 1316
= 00486

Find : (Power)

Head of the pump

hp = f(L/D)(V?/2g)
0.0486(8/0.01)(10%/((2)(9.81))
198 m

Power equation

P = hyy@
= 198 x 8630 = (T.SS - 10_4)

- W]




Problem (10.13)

Situation: Kerozene flows in a pipe.

T=20°C, Q=002m%/s. D=20em

Find: Determine if the flow 1z laminar or turbulent.

| ANALYSIS I

VDp/p

I:Qx"fqu D r"f I

4Q/(7Dv)

4% 0.04/(m x 025 x 237 x 107%)
85.957

turbulent
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Problem (10.18)

PROBLEM 10.18

Situation: Mercury flows downward through a long round tube. T = 20°C
The tube 15 onented vertically and open at both ends.

Find: Largest tube diameter so that the flow 1s still laminar.

Properties: From Table A4: u =15 x 1077 Ng/m® v =12 x 107" m¥/s, v =
133,000 N/m?

ﬁasumpti:}ns: The tube 12 smooth.

| ANALYSIS I

Energy equation

Y

/v aVE/2g 4+ 2 = pa/v+ V) /29 + 2 + by

Term by term analysis

P = P,

The energy equation

Head loss {laminar flow)

~D?
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Combining Eqs. (1) and (2)

Reynolds number

Combiming Eqs. (3) and (4)
-~

N e —
64. 000

,/(64,000) (15 x 10-) (1.2 x 10~7)
| 133,000
443 % 10~ m
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Problem (10.44)

_________ Steel pipe T
7ﬁ_[= 2in. 100 ft
| | N _l_
<|"al> ( )

Mrusnine = 80%

Find: Power delivered by turbine.
Properties: From Table A 5 /(70°F)= 1.06 x 1072 ft* /s

4 2
<—— L = 1000 ft

W e =

urbine

Assumptions: turbulent flow, so as = 1.

| APPROACH I

Apply the energy equation from the reservoir water surface to the jet at the end of

the pipe.

| ANALYSIS I

Energy equation

pi/v+oV 2942 = pa/v+o0alsy/ 29+ +hr+ Y s
0+04+2 = 0+al/2g+ 2+ hr+ (K.~ fL/D)V?/2g
n1—20 = hr+(1+05+ fL_,r"D]I-"g;‘zg
100 ft = hr+(L5+fL/D)V?/2g




Vo= Q/A=5/((r/4)1%) =637 ft/s
12/2g = 0.629 ft
Re = VD/v==6.0 % 10°

From Fig. 108 f = 0.0140 for k. /D = 0.00015. Then Steel Pipe

100 ft = hr -+ (1.5+0.0140 x 1,000/1)(0.629)
hr = (100 —9.74) ft

Qhr X eff Turbine Efficiency = 80%

5 624 > 90.26 = 0.80
22,529 ft - 1bt/s
40.96 horzsepower

Power equation
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Problem (10.51) “ 1

14 ft

1-in. galvanized

V . ‘? o iron pipe
Pipe

Situation: Water drains from a tank through a zalvamzed 1ron pipe. D) = lin.
Total elevation change 12 14 ft. Pipe length = 10 ft.

Find: Velocity in pipe.

PrﬂPerties: Kinematic viscosity of water 1s 1.22 x 1077 fit? /5. From Table 10.3 K =
0.5. From Table 10.3, &£, = 0.006 inches.

Assumptions: Assume turbulent flow (check after calculations are done). Assume

| APPROACH I

Apply the energy equation from the water surface in the tank to the outlet of the

pipe. Use the Darcy-Weisbach equation for head loss. Assume turbulent flow and
then solve the resulting equations using an 1terative approach.
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CONT.

Energy equation

p 1y 3
- + Cha— + Zn — hL
/;? 29

1 Vs
D+2——|—ﬁ—|—(.ﬁ.e+f }

Vi
(1+K+f )

2g
(1201in) 1_22
)%

-2

<1+05 ¥

Eq. (1) becomes

2 x (32.2ft/s?) x (14ft)

V=
1.5+120 x f

Guess f = 0.02 and solve for 1V

2 2 x (32.24t/s2) x (14t)
1.5 + 120 x 0.02
Vo= 152ft/s

Reynolds number (based on the guessed value of friction factor)

VD
L
(15.2ft/s) (1/12ft)
122 x 1072 ft?/ s
103, 856

Re




Resistance coefficient (new value)

L 0.25
Swamee — Jean Eqn. I T )]2

 Swamee —Jean Eqn. |

0.25

R M 's Di m = 00¢ 5.7 2
OR Moody’s Diagra logyo (%55 + Toseers)
= 0.0331

Recalculate 1" based on f = 0.0331

2 % (32.2t/52) x (14 ft)
1.5 + 120 x 0.0331
Vo= 1282ft/s

1'2

Reynolds number (recalculate based on 1" = 12 821t/ s)

(12.8ft/s) (1/121t)
122 % 10-5t? /s
874 316
Dr. Munzer Ebaid

Re




Recalculate [ bazed on Re = 874 316

0.25

f -
[1'3510 I:D.;_aﬂ_gﬂ T &?ﬂiéu-ﬂ}]g
= (0.0333

Recalculate 1" based on j = 0.0333

|

2 % (32.2ft/s2) x (14 t)
1.5 + 120 x 0.0333

Vo= 1280ft/s

1?2 =

Since veloeity 1s nearly unchanged, stop!

V=12801t/s

1. The Reynolds number 8§74, 000 13 much greater than 3000, so the assumption of
turbulent flow 12 justified.

2. The =zolution approach, iteration with hand calculations, 15 straightforward.
However, thiz problem can be solved taster by uzing a computer program that
solves simultaneous, nonlinear equations.
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Problem (10.63)

Example of case (2)
where h¢ is not given

Pipehasa 7'~ 120 kPa
a p= 150 kPa SlOpe of 1/10
| 30m

PROBLEM 10.63

Situation: A flud flows through a pipe made of galvamzed wron. D = 8em v =
1076 m?/s p=800kg/ m?.
Additional details are provided in the problem statement

Find: Flow rate.

Properties: From Table 10.2 &, = 0.15 mm.

| ANALYSIS |

Energy equation

p]_fll'ff' + 1‘.'111 12"'.-)5‘ +5 = pE;":ﬂ.f' + 0_2152';'29 + 29 + hf
150,000/(800 x 9.81) +%r =0 = 120,000/(800 x 9.81) +% L34k

hy = 0.823
((D¥)/(v)) % (2ghs/L)"* ="((0:08)77/107) x (2 x 9.81 x 0.823/30.14)"/2
= 166 x 10°

Relative roughness

ey /D=15%107*/008=19x107°
Resistance coefficient. From Fig. 10-8 f = 0.025. Then

ht = f(L/D)(V?/29)

Solving tor V'

Vo= \/(hs/)(D/L)2g
= /(0.823/0.025)(0.08/30.14) x 2 x 9.81 = 1.312 m/s
Q = VA -
= 1.312 % (m/4) % (0.08)*
= 1659 x 107 m?/s




Problem (10.69)

Case (3): Iterative procedure

PROBLEM 10.69

Situation: A steel pipe will carry erude oil. S = 093 v = 107°m?/s Q =
0.1m?/s.
Available pipe diameters are D = 20, 22 and 24em.
oSpecified head loss: fip = 50m per km of pipe length. d — ?
Find: (a) Diameter of pipe for a head loss of 50 m. P \pe )
(b) Pump power.

Properties: From Table 10.2 &, = 0.046 mm. .

— )
|ANALYSIS | WP *

ump
Darcy Weisbach equation
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CONT. Case (C): Pipe Size

Method (1): Assume an initial value for (f)

Given Values L@/ NoN)

New (f)

k/D

Compare (f) with New (f)

Dr. Munzer Ebaid 16




Solve tor diameter

Assume f = 0.015

Calculate a more accurate value of f Compare

Re A0 /(7w D)
4x01/(7m =019 % 107%)
6.7 x 10*

Swamee — Jean Eqn. 3'25 —
logio (75 + RF)]

=10

210 \3
0.25

OR Moodyls Diagram o (u_me 1 5.74 )]2

2.7 190 g7000%-#

Recalculate diameter using new value of f

Dr. Munzer Ebaid




= (0.021/0.015)"° % 0.19
= 0203 m=203cm

Usze the next larger si1ze of pipe; | D = 22 em.

Power equation (assume the head loss 1s remams at Ay = 50 m/1,000 m)

Qhs
0.1 % (093 x 981[]) % Bl

‘45_6 kW/km\
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Problem (10.89)

Elevation = 20 ft

L =950 ft

. D =10 in.
Elevation = 15 ft f=0.020

Elevation = 10 ft

Pump curve

[ Y A Y N I
1000 2000 3000 4000 5000

0, gpm

JI. IVIUIIZCI Cudlu




PROBLEM 10.89

Situation: A pump 15 described in the problem statement.
—

Find: Dhiacharge.

| ANALYSIS I

Energy equation

/v + '['lﬂ [2g+ 21+ hy pa/v+ Tl'}f [2g + z9 + Z hr
0+0+10+h, = 0+0+20+V3/2g(K.+ fL/D + ko)
hy = 10+ (Q%/(2gA%))(0.1+0.02 x 1,000/(10/12) + 1)

A = (7/4) x (10/12)% = 0.545 ft*

10 + 1.31Q%,
449 gpm
10 + 1.31Q7%_ /(449)*

gpm/

10+ 6.51 =% 10762

Epm

¢ — 1,000 2000 3,000
h— 165 360 686

Plotting this on pump curve figure yields [ () = 2. 950 gpm




Problem (10.105) Lol AR

Full open globe valve

PROBLEM 10.105

Situation: A pipe system 1s described in the problem statement.

Find: Ratio of discharge in hne B to that in line 4. .

| ANALYSIS I Q — ‘7

hta = hip QA

0.2V3/2g 1012 /2g
Ve = VB0Vg
Op/Q4 = VpAp/ViAs

VeAp/Val((1/2)Ag)
@p/Qs = 2Vp/Vy4

Solve Eqs. (1) and (2) for @r/Q4:

Qz/Qs = 2xVg/V50Vz
0.283




THE END
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