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11. Series Pipeline System

Chapter Objectives

|dentify series pipeline systems.

Determine whether a given system is Class I, Class I, or
Class Ill.

Compute the total energy loss, elevation differences, or
pressure differences for Class | systems with any
combination of pipes, minor losses, pumps, or reservoirs
when the system carries a given flow rate.

Determine for Class Il systems the velocity or volume flow
rate through the system with known pressure differences and
elevation heads.

Determine for Class Il systems the size of pipe required to
carry a given fluid flow rate with a specified limiting pressure
drop or for a given elevation difference.
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11. Series Pipeline System
Chapter Outline

1. Introductory Concepts

Class | Systems

Spreadsheet Aid for Class | Problems
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11. Series Pipeline System
11.1 Introductory Concepts

« System analysis and design problems can be
classified into three classes as follows:

Class | The system is completely defined in terms of
the size of pipes, the types of minor losses that are
present, and the volume flow rate of fluid in the
system. The typical objective is to compute the
pressure at some point of interest, to compute the
total head on a pump, or to compute the elevation of a
source of fluid to produce a desired flow rate or
pressure at selected points in the system.
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11. Series Pipe

line System

11.1 Introductory Concepts

Class Il The system is completely described in terms

of Its elevati

ons, pipe sizes, valves and fittings, and

allowable pressure drop at key points in the system.
You desire to know the volume flow rate of the fluid

that could b

Class Il Th
along with t
the pipe reo

e delivered by a given system.

e general layout of the system is known
ne desired volume flow rate. The size of
uired to carry a given volume flow rate of

a given fluid

IS to be determined.
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11. Series Pipeline System
11.1 Class | Systems

* Fig 11.1 shows the series pipeline system.

ol Discharge line
1 ‘r._,..--'
I Pump
-
Suction | I Flow
! ] D 4%[@:
WL Walve
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11. Series Pipeline System

11.1 Class | Systems

The energy equation for this system, using the
surface of each reservoir as the reference points, Is

== 4z +— (11-1)

The term h, Is the energy added to the fluid by a
pump. A common name for this energy Is total head
on the pump, and it is used as one of the primary

parameters in selecting a pump and in determining its
performance.
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11. Series Pipeline System
11.1 Class | Systems

* The term h; denotes the total energy lost from the
system anywhere between reference points 1 and 2.

* There are typically several factors that contribute to
the total energy loss.

« Six different factors apply in this problem:

hy = hy + hy + hs + hy + hs + hg (11=2)

h; = Total energy loss per unit weight of fluid flowing
hy = Entrance loss

h, = Friction loss in the suction line

hy = Energy loss in the valve

hy = Energy loss in the two 90° elbows

hs = Friction loss in the discharge line

hs = Exit loss
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11. Series Pipeline System
Example 11.1

Calculate the power supplied to the pump shown in Fig.
11.2 if its efficiency Is 76 percent. Methyl alcohol at 25°C
s flowing at the rate of 54m3/s. The suction line is a
standard 4-in Schedule 40 steel pipe, 15 m long. The
total length of 2-in Schedule 40 steel pipe in the
discharge line is 200 m. Assume that the entrance from
reservoir 1 is through a square-edged inlet and that the
elbows are standard. The valve is a fully open globe
valve.
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11. Series Pipeline System
Example 11.1

Using the surfaces of the reservoirs as the reference
points, you should have

g

P i P2 3
— 4+ l+—+h.,,,—ﬁL——+ I + =

Y 2p Y 28

The equation can be simplified to
| + "!T.-‘l — ||53‘r_ = I3

The total head Is
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11. Series Pipeline System
Example 11.1

Your list should include the following items. The
subscript s indicates the suction line and the subscript d
iIndicates the discharge line:

hh =K [1-_:?..-"2._21 (entrance loss)

ha = fstl.-"'Dl[z-fl.-".lq} (friction loss in suction line)
hy = far(Lo/D)G/2g)  (valve)

hy = falL,/D)v3/2g)  (two 90° elbows)

hs = fqL/D) f'i.-"'f.l?:' (friction loss in discharge line)

hg = 1K T'c';,-""z.?1 (exit loss)
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11. Series Pipeline System
Example 11.1

Because the velocity head in the suction or discharge
line is required for each energy loss, calculate these
values now.

54.0m° | hr
Q0 = X — = 0.015m’/s
hr 3600 5
) 0.015m" |
g = o = * — = — L.B3im/s
Ag 8 8.213 % 107" m*
1 i)
1 (1.83)°
— = m = (.17 m
3.? 2{9.81)
) 0.015m° 1
iy = 2 = Rt T — 0.92mfs
Ag s 2168 = 10" m*
1 (6,027
d _ 1 = 244 m
2o 2{9.81)
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11. Series Pipeline System
Example 11.1

To determine the friction losses in the suction line and
the discharge line and the minor losses in the discharge
line, we need the Reynolds number, relative roughness,
and friction factor for each pipe and the friction factor in
the zone of complete turbulence for the discharge

line that contains a valve and pipe fittings. Find these
values now.
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11. Series Pipeline System
Example 11.1

For methyl alcohol at 25°C,

oDp  (1.83)(0.1023)(789)
m 5.60 X 107

Np = = 2.64 ¥ 10°

For steel pipe, ¢=46x107°m

0.1023/(4.6 x 1077) = 2224
2.64 % 107

D/e
Ng

From moody diagram, f, = 0.018
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11. Series Pipeline System
Example 11.1

In the discharge line, we have

| D 6.921(0.0525)(789 _
Ng = 228 = 107X N8P 502 % 109
" 5.60 X 10—

and
D/e = 0.0525/(4.6 % 107°) = 1141
Np = 5.12 = 10°

£y = 0.020
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11. Series Pipeline System
Example 11.1

We can find from Table 10.5 that f,, = 0.019 for the 2-in
discharge pipe in the zone of complete turbulence.
Returning now to the energy loss calculations, evaluate
h,, the entrance loss, in Nm or m.

The resultis h, = 0.09m. For a square-edged inlet, K =
0.5 and

hy = 0.5(vs/2g) = (0.5)(0.17 m) = 0.09 m

'l"_ I

L s 15
hy = f, X D X 2 —fs({lmﬂ){ﬂ.lﬂm

15
h, = {'D.{]'IS]I( ){ﬂ.l?}m = 045 m
0.1023

—
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11. Series Pipeline System
Example 11.1

From the data in Chapter 10, the equivalent-length ratio
L./D for a fully open globe valve is 340. The friction
factor is 0.019. Then we have

hy = far X Le X i = (0.019)340)244)m = 15.76m
3 dar D 23’ RS . i J.
For standard 90° elbows, L_/D = 30. The value of f  Is
0.019, the same as that used in the preceding panel.
Then we have

L U3
hy = 2fur X E" X =% = (2)(0.019)(30)(2.44)m = 2.78 m
2g
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11. Series Pipeline System
Example 11.1

The discharge-line friction loss is

L 1 200
hs = f; % E X — = (0.020) (2.44)m = 185.9m

0.0525

The exit loss is
he = 1.0(v3/2g) = 2.44m

The total loss Is

hy = hy + ha + hs + by + hs + hg

hy = (009 + 045 + 1576 + 278 + 1859 + 2.44)m

hy = 2074 m
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11. Series Pipeline System
Example 11.1

From the energy equation the expression for the total
head on the pump Is

f."dl — 23 — 2 + f.*j_
Then we have
hy=10m + 2074m = 2174 m

The required power is

hayQ  (217.4m)(7.74 X 107 N/m?)(0.015 m/s)
Epg 0.76

Py =332 % 10°N-mfs = 33.2kW

Power =
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11. Series Pipeline System
11.2 Spreadsheet Aid for Class | Problems

* The use of a spreadsheet can improve the procedure
dramatically by doing most of the calculations for you
after you enter the basic data.

* Figure 11.3 shows one approach

* The data shown are from Example Problem 11.1,
where the objective was to compute the power
required to drive the pump.
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11. Series Pipeline System
11.2 Spreadsheet Aid for Class | Problems
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AFPLIED FLUID MECHANICS.

CLASS | SERIES 5YSTEMS

Dhjective: Pump Power

Exampla Problam 11,1

Fafaranos painis fov the anangy sgquation
Point 1: &% surface of |owar rasarvoir

Figura 11,2 Point 2: At surface of uppar msenoir

Eystem Data: S| Matric Linits

Volume fow rale: O = 0015 m¥s Elvation at poinf 1 = Gm

Prassure af paint 1= 0 kPga Elpvaton at poinf 2= 16 m

Prassure &f paint 2 = 0 kPa FRef. ot /5 o ploe: Set w1 "= B20° DR Sl vZ "= E20°
Vedocily & paint 1 = D mvfE — V| head at poirt 1 = fm
Vlagily & paint 2 = 0 mis — Val head at poirt 2 = m

Flwid Prapeyties:

May nead fo compuls w = pip

Speciic walght = .74 kbl Kinamatic weoasily = 7 10507 ms
Pipe 1: Pipo 2:
Dvamedor; O = 070232 m Dvamedor: 0= Q0525 m
Waill rovghness: & = 460E-05 m Wall ravghness: s = 480605 m  [Soe Toble 8.7)
Langth: L = 18 m Langlf: L = M0 m
franc A = B2FE0E M7 Ao A = 216E03 m® [ = D)
De = Farn Ve = 1141 Ren|atien roughness
L= 147 Ll = 410
Flow walacity = 142 mis Flow walocity = 553 mis [w=00]
Valacity head = 0,170 m Valacity head = 2447 m [+i2g]
Reynolds Ma, = 2 83E+18 Reymiolds Ma, = 5,13E+04 M = wle]
Fricton factor: = 0,0182 Friction factar- f=  0,0158 Using Eg, 8—7
Energy Lasses in Pips 1; Qly,
Fipe: Ky = LD = 767 i Energy |ogs by = A3 M Friclion
Enlrancs lpee: K= 050 i Erergy lass by ;= MLOBS m
Elamand J: Fy= 0.ae 1 Erergy loss ;= 0.000 m
Elamand 4: Ky = f.oe i Ernergy loss by = 0000 m
Elamand 5 K= fog i Erergy lass by = 0000 m
Elamand §: K= foe i Eraigy logs by = 000 m
Elamard T: K7 = foe i Erergy lass by 7= 000 m
Elamand & Ky = foe i Energy |ogs by = 000 m
Energy Losses i Pipe 3 Qly
Fipg: Ky = fLDy= 75,35 1 Erergy loss by 3= 18440 m  Friction
Globe valve: Ky = G468 i Erergy lass ;= 1581 m
2 glt albows: Ky = 0.7 2 Energy |oss by 5 = 78 m
Ewnil lpee: Ky= 1.00 i Erergy loss iy g = 245 m
Elamand 5 Kz = 0.ae 1 Erergy loss iy = 0,00 ™
Elamand §: K= 000 i Erergy lags by = 000 m
Elamard T: K7 = f.ae 1 Erergy lass iy 7= 0,00 m
Elamand & Ky = 000 i Ernergy loss by = 000 m
Total enargy lass by o= P0538m
Roswits: Total bead on pump: by = 26.0m
Pawer added o fluid- Py = 26,08 kKW
Pump efficlency = TE.00 %
Pawer input 1o pump: P,= 32,99 kW




11. Series Pipeline System
11.3 Class Il Systems

* A Class Il series pipeline system is one for which you
desire to know the volume flow rate of the fluid that
could be delivered by a given system.

* The system is completely described in terms of its
elevations, pipe sizes, valves and fittings, and
allowable pressure drop at key points in the system.

* We will suggest three different approaches to
designing Class Il systems.

* They vary in their complexity and the degree of
precision of the final result.
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11. Series Pipeline System
11.3.1 Method II-A

« Used for a series system in which only pipe friction
losses are considered, this direct solution process
uses an equation, based on the work of Swamee and
Jain (Reference 13), that includes the direct
computation of the friction factor.
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11. Series Pipeline System
11.3.2 Method II-B

« Used for a series system in which relatively small
minor losses exist along with a relatively large pipe
friction loss, this method adds steps to the process of
Method II-A.

« Minor losses are Initially neglected and the same
equation used in Method II-A is used to estimate the
allowable velocity and volume flow rate.
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11. Series Pipeline System
11.3.3 Method II-C

« Used for a series system in which minor losses are
significant in comparison with the pipe friction losses
and for which a high level of precision in the analysis
IS desired, this method is the most time-consuming,
requiring an algebraic analysis of the behavior of the
entire system and the expression of the velocity of
flow in terms of the friction factor in the pipe.

* Both of these quantities are unknown because the
friction factor also depends on velocity (Reynolds
number).

* An Iiteration process is used to complete the analysis.
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11. Series Pipeline System
Example 11.2

A lubricating oil must be delivered through a horizontal
6-In Schedule 40 steel pipe with a maximum pressure
drop of 60 kPa per 100 m of pipe. The oil has a specific
gravity of 0.88 and a dynamic viscosity of 9.5 x 10-3Pa.
Determine the maximum allowable volume flow

rate of oil.

Figure 11.4 shows the system. This is a Class Il series
pipeline problem because the volume flow rate is
unknown and, therefore, the velocity of flow is unknown.
Method II-A is used here because only pipe friction
losses exist in the system.
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11. Series Pipeline System
Example 11.2

P‘\q‘S L =100m E?/_F_’

Py—Pa2= o0 kPa

Step 1 Write the energy equation for the system.
Step 2 Solve for the limiting energy loss .

Step 3 Determine the following values for the system:
Pipe flow diameter D

Relative roughness D/e

_ength of pipe L

Kinematic viscosity of the fluid ; may require using
Voo bl o i e




11. Series Pipeline System
Example 11.2

Step 4 Use the following equation to compute the
limiting volume flow rate, ensuring that all data are in the
coherent units of the given system:

Dh | 1784 v
Q0 =-2122 D, L hm( " — + —r) (11-3)
\ L A\3TD/e  DWegDhg /L

We use points 1 and 2 shown in Fig. 11.3 to write the
energy equation:
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11. Series Pipeline System
Example 11.2

Then we solve algebraically for h; and evaluate the
result:

— 3
_ 7 P2 _ 60 kN y 1

h
L v m2  (0.88)(9.81 kN)

= (.95 m

Other data needed are:

Fipe flow diameter, [ = 0.15341 m [Appendix F]|

Pipe wall roughness, € = 4.6 = 10" m [Table 9.1]

Relative roughness, D/e = (0.1541 m)/(4.6 x 1077 m) = 3350
Length of pipe, L = 100m

Kinematic viscosity of the fluid; use

p = (0.88)(1000 kg/m™) = 880 kg/m’
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11. Series Pipeline System
Example 11.2

Then

v =plp =195 % 1~ Pa-s) /(880 l-;gfm31 = 1.08 % 107 m/fs

We place these values into Eqg. (11-3), ensuring that all
data are in coherent Sl units for this problem.

L, (OED0.1541)(6.03)

O = —2.22(0.1541)~,
! 1 (¥

1 . (178 1.08 > 1077 }

(3.7)(3350)  (0.1541)/(9.81)(0.1541)(6.95)/100

Q0 = 0.057 m*/s

oy JI.,'IE'
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11. Series Pipeline System

11.3.4 Spreadsheet solution for Method II-A Class Il Series Pipeline Problems

* Fig 11.5 shows the spreadsheet for Method II-A Class
Il series pipeline problems.

APPLIED FLUID MECHANICS CLASS || SERIES SYSTEMS
Objective: Volume Flow Rate Method ll=A: No minor losses
Example Problem 11.2 Uses Eq (11-3)to find maximum allowable volume flow rate
Figure 11.4 lo maintain desired pressure al point 2 for a given pressure at point 1
System Data: S| Metric Units
Pressure at point 1= 120 kPa Elevation at point 1= Om
Pressure at point 2 = 60 kPa Elevation at point 2 = Om
Energy loss: h; = 6.95 m
Fluid Properties: May need to compute v = 5ip
Specific weight = 8.63 kN/m® Kinematic viscosity = 1.08E-05 m*/s
Pipe Data:
Diameter: D= 0.1541T m
Wall roughness: e = 4. 60E-05 m
Length: L = 100 m Results: Maximum values
Area: A= 0.01865 m? Volume flow rate: Q = 0.0569 m?/s
Die= 3350 Velocity: v= 3,05 m/s
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11. Series Pipeline System

11.3.4 Spreadsheet solution for Method II-B Class Il Series Pipeline Problems

* Fig 11.6 shows the spreadsheet for Method I1-B Class
Il series pipeline problems.

APPLIED FLUID MECHANICS CLASSE || SERIES SYSTEMS
Dbjactive; Veluma Flow Rate Mathod [[—&: Mo minar [ossas
Example Problem 11,3 Uses Eg,(11-3) to eslimale the allowable volume flow rate
Figure, 11,7 lo maintain desired pressure al paint 2 far a given pressune at paint 1
Systam Dafa: E] Metric Units
Pressurs al paint 1 = 120 kPa Eilevation of painf 1 = Om
Pressurs af paint 2 = B0 kPa Eievation af painf 2 = Om
Enargy lass: b, = §,95 m
Fluid Progerties: May need 1o compubs ¢ = gig
Specific welght = BED kb Kiramalic wiscosity = 1.08E-08 mifs
Pipe Data: G- Schodule 20 cesl
Diamaler: D= 01547 m
Wl roughness < = 4.60E-05 m
Langth L= 100 m Raesults: Maximum valuies
Arsg. A= [LO18E5 me Walime low rale: @ = 0.0569 m¥s
Die = FA50 Velogity: w=  3.00 més
CLASS || SERIES SYSTEMS Valume fow mfe @ = 0,053 mos
Mathod U-B: Use results of Mothoo (L4; Given: Preassure g, = 1230 &Pa
incivds minor fassos; Pressure p,m E0,18 kPa
than presswe af poial 2 is computed NOTE: Shouid be » &0 kPa
Additional Pipe Data: Adiust estimate for @ until! p,
D= 49 is greater than dosired prossere.
Flow valocily = 2,88 mis Velocity al poirt 1 = 2,88 mis | IF velocily s in pipe:
Valocily head = 0.424 Welosity al poinl 2 = 2.88 mis |-+ Enler "=B24"
Regrolds Ma, = 4 12E404 Wel. head al poirt 1 = 0.424 m
Friction fackar: = 0.0228 “iel. head at poinl & = 0.424 m
Enargy Lossas i Fige 1: 5w,
Fae: K, = fLAN) = 14.76 1 Enargy kass b, ;= 66 m  Friclion
2 aidl albows: K; = 485 z Enargy lass a= D3 m
Buttarfly valve' &, = 068 1 Enargy kiss hy 5= 0,29 m
Elamant 4: Ky= 000 1 Enargy kiss hy 4= 0,00 m
Elamant 5 Ky = 000 1 Enargy kiss hy g = 0,00 m
Elamant & Kz = .00 1 Enargy kass by ;= o0 m
Elgmant 7 K, = .00 1 Enargy kass b, »= o0 m
Elamant 8 Kz = .00 1 Enargy kass by 5= o0 m
[ Tatal anargy |oss fy . = E9im
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11. Series Pipeline System
Example 11.3

A lubricating oil must be delivered through the piping
system shown in Fig. 11.7 with a maximum pressure
drop of 60 kPa between points 1 and 2. The oil has a
specific gravity of 0.88 and a dynamic viscosity of 9.5 x
10-3Pa.s. Determine the maximum allowable volume
flow rate of oll.

The system is similar to that in Example Problem 11.2.
There are 100 m of 6-in Schedule 40 steel pipe in a
horizontal plane. But the addition of the valve and the
two elbows provide a moderate amount of energy loss.
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11. Series Pipeline System
Example 11.3

Fully opened F
butterfly All pipes are G=in
Schedule 40) steel

valve

Standard Piping system is in
elbows a horizontal plane

(2)

Initially, we ignore the minor losses and use Eq. (11-3)
to compute a rough estimate of the allowable volume
flow rate. This is accomplished in the upper part of the
spreadsheet in Fig. 11.6 and it is identical to the solution
shown In Fig. 11.5 for Example Problem 11.2. This is the

starting point for Method I1-B.
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11. Series Pipeline System
Example 11.3

1. Arevised estimate of the allowable volume flow rate Q
IS entered at the upper right, just under the
computation of the initial estimate. The revised
estimate must be lower than the initial estimate.

2. The spreadsheet then computes the “Additional Pipe

Data” using the known pipe data from the upper part
of the spreadsheet and the new estimated value for Q.
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11. Series Pipeline System
Example 11.3

3. Note at the middle right of the spreadsheet that the
velocities at reference points 1 and 2 must be entered.
If they are In the pipe, as they are in this problem, then
the cell reference “B24” can be entered because that
IS where the velocity in the pipe is computed. Other
problems may have the reference points elsewhere,
such as the surface of a reservoir where the velocity is
zero. The appropriate value should then be entered In

the shaded area.
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11. Series Pipeline System
Example 11.3

4. Now the data for minor losses must be added in the
section called "Energy Losses in Pipe 1.” The K factor
for the pipe friction loss Is automatically computed
from known data. The values for the other two K
factors must be determined and entered in the shaded
area in

a manner similar to that used in the Class | spreadsheet.
In this problem they are both dependent

on the value of - for the 6-in pipe. That value is 0.015 as

found in Tahle 10 K
a Elbow (standard): K = fr(L,/D) = (0.015)(30) = 0.45
» Butterfly valve: K = fr(L,/D) = (0.015)i45) = 0.675
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11. Series Pipeline System
Example 11.3

5. The spreadsheet then computes the total energy loss
and uses this value to compute the pressure at
reference point 2. The equation is derived from the
energy equation,

p: =p1 + ¥lzy — 22 + vif2g — v5/2g — Ry]
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11. Series Pipeline System
Example 11.3

6. The computed value for p, must be larger than the
desired value as entered in the upper part of the
spreadsheet. This value is placed close to the
assumed volume flow rate to give you a visual cue as
to the acceptability of your current estimate for the
limiting volume flow rate. Adjustments in the value of
Q can then be quickly made until the pressure
assumes an acceptable value.
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11. Series Pipeline System

11.3.5 Method II-C: Iteration Approach for Class Il Series Pipeline Problem

Below are the solution procedure for class ii systems
with one pipe:

Write the energy equation for the system.

Evaluate known quantities such as pressure heads
and elevation heads.

Express energy losses in terms of the unknown
velocity v and friction factor f.

Solve for the velocity in terms of f.

Express the Reynolds number in terms of the
velocity.
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11. Series Pipeline System

11.3.5 Method II-C: Iteration Approach for Class Il Series Pipeline Problem

6. Calculate the relative roughness Dl/t.

7. Select a trial value of f based on the known D/ and a
Reynolds number in the turbulent range.

8. Calculate the velocity, using the equation from Step 4.
9. Calculate the Reynolds number from the equation in Step 5.

10. Evaluate the friction factor f for the Reynolds number from
Step 9 and the known value of D/g, using the Moody diagram,
Fig. 8.6.

11. If the new value of f is different from the value used in Step 8,
repeat Steps 8-11 using the new value of f.

12. If there is no significant change in f from the assumed value,
then the velocityfound in Step 8 is correct.
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11. Series Pipeline System
Example 11.4

Water at 30°C is being supplied to an irrigation ditch
from an elevated storage reservoir as shown in Fig.
11.8. Calculate the volume flow rate of water into the
ditch. Begin with Step 1 of the solution procedure by
writing the energy equation. Use A and B as the

reference points and simplify the equation as much as
possible.

Compare this with your solution:

5 UE
Pa | . A Pe B
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11. Series Pipeline System
Example 11.4

9.0 m

/ Long-radius elbow

4-in Schedule 40 steel pipe

N
n af%f\_’/\@gg

Because p,=pg=0, and v, Is approximately zero, then

Y 4
Zp — hp = zp + (vg/2g)

Zpn — Ip = | z-ﬁl.-"lq]l + hy (11-4)
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11. Series Pipeline System
Example 11.4

There are four components of the total energy loss

hp = + by + by + Ry

hy = l.{}{z.-ﬁ,fig} (entrance loss)

hy = f[LI;'.D]{I-:’EI;'Eg} (pipe friction loss)
= f(99/0.1023)(v5/2g)
= 067.7f(vi/2g)

hy = fT[Le,fD]"iT-'?E,fE 2) (long-radius elbow)
= 20 (v§/28)

hy = fT[LEI.-".D:II:I-'?EI.-".Eg:I (half-open gate valve)
= 160fr (v5/28)
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11. Series Pipeline System
Example 11.4

From Table 10.5, we find f- = 0.017 for a 4-m steel pipe.
Then we have

b = (1.0 + 967.7F + 20fr + 160fr (v} /2g)
= (4.06 + 967 7f vy /2g) (11-5)

You should have

vp = 23544 /(506 + 967.7f)

[uﬁ,-"l_e} + s
12m = (vg,/2g)+ (4.06 + 967.7f ) (vg/2g)

(5.06 + 967.7F ) (vE,/2g)
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11. Series Pipeline System
Example 11.4

Equation (11-6) represents the completion of Step 4 of
the procedure. Now do Steps 5 and 6. We get

_ 2g(12) | 23544 | |
U | = | {11-6)
V5064 967.7F N 5.06 +967.7f
D 0.1023 - -
Np = vs~ - 8l ! _ (1.274 % 107 jvg (11=-T)

v 803 x 1077

Dje = (0.1023 /4.57 ¥ 1077 ) = 2238
We find the values for velocity and the Reynolds number
by using Egs. (11-6) and
(11-7):

135 A
— 23344 = \/0.644 = 3.105 m/s
\ 5.06 + (967.7)(0.02)

Nr = (1.27 = 107 §3.105) = 3.94 % 10°
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11. Series Pipeline System
Example 11.4

You should have f = 0.0175. Because this is different
from the initial trial value of f, Steps 8-11 must be
repeated now.

B 235.44
\ 5.06 4+ (967.7)0.0175)
Ne = (127 x 10°%3.27) = 4.15 % 1P

VB = 327 mfs

vg = 3.27 m/s

0 = Apvp = (8213 % 1077 m?)(3.27 m/s) = 0.027 m'/s
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11. Series Pipeline System
11.4 Class Il Systems

« A Class lll series pipeline system is one for which you desire
to know the size of pipe that will carry a given volume flow
rate of a given fluid with a specified maximum pressure drop
due to energy losses.

« Velocity is inversely proportional to the flow area found from
A = wD%4

« Therefore the energy loss is inversely proportional to the flow
diameter to the fourth power.

« The size of the pipe is a major factor in how much energy
loss occurs in a pipeline system.
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11. Series Pipeline System
11.4.1 Method llI-A

* This simplified approach considers only energy loss
due to friction in the pipe.

 We assume that the reference points for the energy
equation are in the pipe to be designed and at a set
distance apairt.

 Because the flow diameter is the same at the two
reference points, however, there is no difference in
the velocities or the velocity heads.

 We can write the energy equation and then solve for
the energy loss,
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11. Series Pipeline System
11.4.1 Method llI-A

But v, = v,. Then we have

hy = PJ': P2

+ I| — I

This value, along with other system data, can be
entered into the following design equation (see
References 12 and 13):

24 4.75 5.270.04
poade (L) o (LT
ghy ghy
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11. Series Pipeline System
11.4.1 Method llI-A

« The result is the smallest flow diameter that can be

used for a pipe to limit the pressure drop to the
desired value.

* Normally, you will specify a standard pipe or tube
that has an inside diameter just larger than this
limiting value.
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11. Series Pipeline System
Example 11.5

Compute the required size of new clean Schedule 40
pipe that will carry 0.014 m3/s of water at 15°C and limit
the pressure drop to 13.79 kPa over a length of 30.5 m

of horizontal pipe.

We first calculate the limiting energy loss. Note that the
elevation difference is zero. Write

hy = (py — pa)fy + (2 — z2) = (13.79 kPa/m.81 b;thjjl + 0= 1402 m

0 = 0.014 mfs L=305m g = 9.8l m/s”
hp = 1402 m € =4572 % 107 m v =1.15 x 107 m%s
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11. Series Pipeline System
Example 11.5

Now we can enter these data into Eqg. (11-8):

D = 0.66|(4.572 % 1075123 (30.5)(0.014)2 (472
| .- (9B 1)(1.402)

_ _ _';“.::, 52 [0u0d
+ (1.15 > 1075)(0.014)74
(9.81)1.402)

D = 0,095 m

The result shows that the pipe should be larger than
D=0.098 m. The next larger standard pipe size is a 4-in

Schedule 40 steel pipe having an inside diameter of
D=0.1023 m.
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11. Series Pipeline System

11.4.2 Spreadsheet for Completing Method IlI-A for Class Ill Series Pipeline Problems

 Fig 11.9 shows the spreadsheet for Method IlI-A for
Class lll series pipeline problems.

minimum size of pipe of a given length
that will flow a given volume flow rate of fluid

=E & with g limited pressure drop. (No minor fosses)
Fressure af point 1= 6732 kPa Fluid Properties:

Pressure at point 2 = 660 kPa Specific weighf = 981 kN/m®

Elevation at point 1 = am Kinematic Viscosity = 1.15E-06 m/s
Elevation af point 2 = Om Intermediate Results in Eq. 11-13:
Allowable Energy Loss: [y - 135 m Ligh, = 2272727
Volume flow rate; () = 0.06 ms Argument In bracket: 2./5E-16
Length of pipe’ L = 30 m Final Minimum Diameter:
Fipe walf roughness: e = 1.50E-06 m Minimum diameter: 0= 01574 m
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11. Series Pipeline System
11.4.3 Method III-B

Fig 11.10 shows the spreadsheet for Method Il1-B for

Class lll series pipeline problems.

©2005 Pearson Education South Asia Pte |

e numum ppe dlameter - HEeE cniahovr 1 - ComgoLia
kem 1118 MIVIUTRAT Sne of gipe of @ grean langrtl
ITaat vl oy & Qe Worlim e o raks of fung!
ST mic Units wedlh @ Nrinled presswve dicp. [IND Irvncer o)
Fressne af pond 1 = 8732 WPa I
Frassre o poind 2= G640 HFPa Spaciic weighf = 581 llil“:h'!"l‘l1
Elawafion & pomf 1 = @ m FRTRTSIG LWSCOGITY = 7 TSE-(M mia
Elewaiion & poif 2 = & rm Intermediale Reselis in Bg. 17-73:
Allowanie Enemy Loss: By . 1.25 m Lighy = 2272727
Valume flow afe: £ = 0 08 m's Argument in bracket 2. 75E-18
Langih of pipa L= 2 Finsl Bl rmem ﬁ:mlbn:r:

Pipe wall roughness: £ = 1. 50E-06 m

Frimuem dismater; O = 04574 mi

CLASS Nl SERIEE BYESTE M8

Epﬂ:i'mn‘_p.lpn-mmr D= FOS m

B AET] - | 4-nch Type ¥ copper tube _
Spacilly sclual damedsy, Inclios mnor ossas, 7 wolocily is in the pipe, enter "sB23" for valie
than e al Sont 2 s com oubed, Velooity af point 1 = 7.9 mis
Agaitionsl Pipe Dada; valocity af point 2 = .8 ms
Flow arga- 4 = QD00 5aE I'I"! val, hzad ot poant 1 = dEE m
Relative roughness. D = 5313 Wal, hesd at point 2 = 3223 m
LiD= 304 B
Flow Wedocity = 7595 s Gl Ivessune af Do 1 = G732 kFa
Velosty head = 3225 m Doy s e o) ooard 2 = GED kPa
Reynolds Mo, = § FEE+D5 Achisal pressure ol podnt 28 S5003 kPa

enchonfacior: F = poio7 (Actus p, should be = dosired pressum,
[Energy lasaes in Fpa: 3 ity

Pipa Ericlean 8y = A4 = 3 B 1 Smergy st by = 12688 m
Elamar 2 iy = o T Energy kea g = AUl m
Eksmant 3 Hy = 003 T Erargy es My = 000 m
Elemant £ Fy = 0.0 T Enargy Bes fa = 00a m
Elomant 5 K, = 0 1 Energy koss fy = 000 m

Emart & g = 0 0a T =iy st g = 000 m

Elemard 7. Ky = £ T Enargy kes by = D00 m
Elameant & Ky = oo T Energy kes Moy = 000 m

| latal energy 085 iy = 19285 m




11. Series Pipeline System
Example 11.6

Extend the situation described in Example Problem 11.5
by adding a fully open butterfly valve and two long-
radius elbows to the 30.5 m of straight pipe. Will the 4-
iInch Schedule 40 steel pipe size selected limit the
pressure drop to 13.79 kPa with these minor losses

added?

To simulate the desired pressure drop of 13.79 kPa, we
have set the pressure at point 1 to be 703.26 kPa. Then
we examine the resulting value of the pressure at point 2
to see that it is at or greater than 689.48 kPa.

©2005 Pearson Education South Asia Pte Ltd



11. Series Pipeline System
Example 11.6

The spreadsheet in Fig. 11.10 shows the calculations.
For each minor loss, a resistance factor K is computed
as defined in Chapters 8 and 10. For the pipe friction
loss,

K| = fle.-"..D]

and the friction factor f is computed by the spreadsheet
using Eq. (8—7). For the elbows and the butterfly valve,
the method of Chapter 10 is applied. Write

K = fr(L,/D)
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11. Series Pipeline System
Example 11.6

The result shows that the pressure at point 2 at the end
of the system is 692.65 kPa. Thus the design is
satisfactory. Note that the energy loss due to pipe friction
IS 0.863 m out of the total energy loss of 1.082 m. The
elbows and the valve contribute truly minor losses.
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11. Series Pipeline System

11.5 Pipeline Design for Structural Integrity

Piping systems and supports must be designed for strength
and structural integrity in addition to meeting flow, pressure
drop, and pump power requirements.

Consideration must be given to stresses created by the
following:

Internal pressure
Static forces due to the weight of the piping and the fluid

Dynamic forces created by moving fluids inside the pipe (see
Chapter 16)

External loads caused by seismic activity, temperature
changes, installation procedures, or other application-specific
conditions
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11. Series Pipeline System
11.5 Pipeline Design for Structural Integrity

« Structural integrity evaluation should consider pipe
stress due to internal pressure, static loads due to
the weight of the pipe and its contents, wind loads,
Installation processes, thermal expansion and
contraction, hydraulic transients such as water
hammer caused by rapid valve actuation, long-term
degradation of piping due to corrosion or erosion.
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11. Series Pipeline System
11.5.1 Basic Wall Calculation

Careful attention to unit consistency must be
exercised.

The basic wall thickness must be adjusted as
follows:

Lgai =r+ A (11-=110)

where A is a corrosion allowance based on the
chemical properties of the pipe and the fluid and the
design life of the piping.
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11. Series Pipeline System
11.5.1 Basic Wall Calculation

The nominal minimum wall thickness is computed
from

tuom = Imin/ (1 — 0.125) = 1,in/0.875) = 1.143 i (11-11)

pD

+ ~12)
2SE + pY) A (11-1

foom = 1.143[
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11. Series Pipeline System
11.5.2 Stress Due to Piping Installation and Operation

« External stresses on piping combine with the hoop
and longitudinal stresses created by the internal fluid
pressure.

* You should carefully design the supports for the
piping system to minimize external stresses and to
obtain a balance between constraining the pipe and
allowing for expansion and contraction due to
pressure and temperature changes.
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