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1. Have a deeper understanding of laminar and
turbulent flow In pipes and the analysis of fully
developed flow

2. Calculate the major and minor losses
associated with pipe flow in piping networks
and determine the pumping power
requirements
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B Average velocity in a pipe
B Recall - because of the no-slip
condition, the velocity at the walls of

V_.: a pipe or duct flow is zero
L\:»\\ B We are often interested only in V,,
: 3 which we usually call just V (drop the
i ;}--'- subscript for convenience)
: B Keep in mind that the no-slip
condition causes shear stress and

friction along the pipe walls

i

Friction force of wall on fluid

- i -l"
' , pu(r) dA, ( pulr)2mr dr - ==
m= pV, A = pu(r) dA, TP _ % _2 |
= avy [(n,'

pA pmR’

For a circular tube

u(ryrdr
J 4
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avg

Fluid Mechanics |

avg

i

m For pipes of constant
diameter and

iIncompressible flow

m V,, stays the same
down the pipe, even if
the velocity profile
changes

e \Why? Conservation of
Mass

VavgA = constant

same \ same

sSame
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m For pipes with variable diameter, m is still the
same due to conservation of mass, but V, # V,

D,

|
i. N[t
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Laminar Flow

Can be steady or unsteady.

(Steady means that the flow field at any
instant in time is the same as at any other
instant in time.)

Can be one-, two-, or three-dimensional.

Has regular, predictable behavior

Dye trace

" Diye injection

Analytical solutions are possible

Occurs at low Reynolds numbers.

Turbulent Flow

Is always unsteady.

Why? There are always random, swirling
motions (vortices or eddies) in a turbulent
flow.

Note: However, a turbulent flow can be
steady in the mean. We call this a
stationary turbulent flow.

Is always three-dimensional.

Why? Again because of the random
swirling eddies, which are in all directions.
Note: However, a turbulent flow can be 1-
D or 2-D in the mean.

Has irregular or chaotic behavior (cannot
predict exactly — there is some randomness
associated with any turbulent flow.

Dye trace

f Dve injection | '
No analytical solutions exist! (It is too
complicated, again because of the 3-D,
unsteady, chaotic swirling eddies.)
Occurs at Aigh Reynolds numbers.
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m Critical Reynolds number
(Re,,) for flow in a round pipe

Re < 2300 = laminar
2300 < Re £ 4000 = transitional
R = T T Re > 4000 = turbulent

Definition of Reynolds number

Vive — m Note that these values are
=T ave approximate.
OVavg m For a given application, Re,,

depends upon
B Pipe roughness
M Vibrations

B Upstream fluctuations,
disturbances (valves, elbows, etc. agd
that may disturb the flow)
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Circular tube:

_ AwD4)
===

D, D

Square duct: a

44

D, = =
h™ 4q

a

Rectangular duct: |4

b

_ 4dab _ 2ab
W= 2a+b)  a+b

Fluid Mechanics |

B For non-round pipes, define the
hydraulic diameter
D, = 4A_P
A_ = cross-section area
P = wetted perimeter

m Example: openchannel [ | s
A.=0.15*0.4 = 0.06m? i
P=0.15+0.15+04=0.7/m

Don’t count free surface, since it does not
contribute to friction along pipe walls!

Dy, = 4A/P = 4*0.06/0.7 = 0.34m
What does it mean? This channel flowis  aé

equivalent to a round pipe of diameter
0.34m (approximately).
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Irrotational (core)

flow region
J I
".'l vg
e |

Velocity boundary
layer

VR / “.:i\‘ N

Developing velocity

B Consider a round pipe of diameter D. The flow can be
laminar or turbulent. In either case, the profile develops
downstream over several diameters called the entry
length L. L./D Is a function of Re.

Fully developed
velocity profile

[

> ] 7
j=a=u=vw-N-~g
= —
-
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-— —€ £
Hydrodynamic entrance region

Hydrodynamically fully developed:

du(r, x)

=0 -

Y

Hydrodynamically fully developed region
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B Dimensional analysis shows that the Reynolds
number is the only parameter affecting entry length

L=fdV,pup V= —g—

L, Vd
d L

L
d

=~ ().06 Re laminar

In turbulent flow the boundary layers grow faster, and L e
IS relatively shorter

L—{" ~ 4.4 Rel® turbulent
(
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m Comparison of laminar and turbulent flow

There are some major differences between laminar and
turbulent fully developed pipe flows
V= tyyg = Uppyl2

Laminar / -

e Can solve exactly ———

e Flow Is steady T = r

e Velocity profile is parabolic & L _; Y
e Pipe roughness not important l — . u(r) IR

It turns out that V,,,, = 1/2U

and u(r)= 2V,,4(1 - r?/R?)

max
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Turbulent
¢ Cannot solve exactly (too complex)
¢ Flow is unsteady (3D swirling eddies), but it is steady in the mean

¢ Mean velocity profile is fuller (shape more like a top-hat profile,
with very sharp slope at the wall)

¢ Pipe roughness is very important

profiles

T r -~ Instantaneous
0

u(r)
® V,485% of U, (depends on Re a bit)

No analytical solution, but there are some good semi-empirical
expressions that approximate the velocity profile shape. See text ag
Logarithmic law (Eq. 8-46)
Power law (Eqg. 8-49)
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m Recall, for simple shear flows u=u(y), we had

7= pudu/c
m In fully developed
7= udu/o

Laminar
_>

TW
1, = Shear stress at the wall,
acting on the fluid

Fluid Mechanics |

y

nipe flow, it turns out that

I

Turbulent

T \AL

Tw,turb > Tw,lam
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B There is a direct connection
between the pressure drop in a
pipe and the shear stress at the
wall

m Consider fully developed, and
Incompressible flow in a pipe

m Let’s apply conservation of
mass, momentum, and energy to
this CV (good review problem!)

Fluid Mechanics | 14

o Pir=p2+Ap

NE:=# sin ¢
oy
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m Conservation of Mass
My = 1y = M,
0O, = 0, = const

n=St=v=2 v = v

m Conservation of x-momentum

Ap mR* + pg(wR*) AL sin ¢ — 7,,27R) AL = m(V, — V;) =0

Az=ALsin ¢ mmmp A 4+ Ap _ 27, AL
pg P8 R

ad
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m Conservation of Enerqgy
there are no shaft-work or heat-transfer effects

1
a, V2 + gz, = p—p2 + —a,V3 + gz, + ghy

2

o1
p 2

since V; =V, and a, = a, (Sshape not changing) now reduces to a
simple expression for the friction-head loss h,

| pg pg pg pg
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m From momentum CV analysis
Az + Ap _ 27, AL
pg P8 R
B From energy CV analysis
Ap
AZ -+ _— hf
PE |

m Equating the two gives

47, AL
p9 D

m To predict head loss, we need to be able to calculate t,,, How?
B Laminar flow: solve exactly
B Turbulent flow: rely on empirical data (experiments) dat
B In either case, we can benefit from dimensional analysis!

h, =
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Fluid Mechanics | 17 Viscous Flow in Ducts




m 7, = func(p, V, y, D, g)

B [I-analysis gives

I =f

[:QZRG
€

H3:5

I1; = func(Ily,II3) f = func(Re,e/D)

Fluid Mechanics |

¢ = average roughness of the
iInside wall of the pipe

f

_ 8w | |p _PVD
pV? 7

e/D = roughness factor

ad

School of Mechanical Engineering |UJST

18 Viscous Flow in Ducts




B Now go back to equation for h, and substitute f for z,

o T
n _ 4, L f:8;1; > Tw = fPV?/8
" pg D g
2
h = foY
D 2¢g

m Our problem is now reduced to solving for Darcy friction factor f
B Recal [f= func(Re, But for laminar flow, roughness
does not affect the flow unless it

B Therefore

_ Is huge
¢ Laminar flow: f = 64/Re (exact)

¢ Turbulent flow: Use charts or empirical equations (Moody Chart, a famous
plot of f vs. Re and &/D)
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m We would like to find the velocity profile in laminar flow

"r+dr ) : )
4,—’ Qardr P), — Qmrdr P) g + Qurdxt), — Qardx 7). 4 =0
P‘ P\’d\
— —
— Poac = P (s = (), _
$* dx dr

dr, dx — 0 gives

1P 1(rt _ .
r—+ aray 0 & T = —ulduldr)
dx dr
k(i) _dp
rdr\ dr) dx
m dP/dx = const. ouldr = Qatr =0 and u=0 at r=R
(-):l—<d—P>+Ch~+C W |
v 4 \ dx 1 In 2 > — u(r) = o e 2
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H (R
Vive = = J u(r)r d
& R-
)
R’ (u’P)( -’)
ur)y = —\— f— s
4\ dx R~
fg? o Pz - P|
dx L
L PV
AP, =F
L=1p 73

(1) & (1)

Fluid Mechanics |

SuLVy,  32uLVy, ()
AP=P,— P, = — = —
R D-
/ 87,
(11 and J = 32
[)v‘d\'g
. . ' . 641 64 dd
Circular pipe, laminar: - . :
pDV,.. Re
School of Mechanical Engineering |UJST
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(27rrdr P),— 2mrdr P) + 2mrdx 1),

v+ dx

— 2mrdxT),,,  — pg2mrdrdx)sin =0

mod ( du dP _

— - r—)=—+ pgsinf
rdr\ dr dx
- R’ (dP P n) (l r 3>

— u(r) = — g sin f ——

ap \dx P! %
(AP — pglL sin 0)D- (AP — pelL sin @)D’
Voo = [“) and Q - / ==
2ul 1 28uL Uphill flow: @ > 0 and sin # >0

Downhill flow: @ <0 and sinf <()

The results already obtained for horizontal pipes can also be
used for inclined pipes provided that AP is replaced by:
AP-pgL sing

ad
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Oil at 20°C (p=888 kg/m?3and p= 0.800 kg/m-s) is flowing steadily

through a D=5 cm diameter L=40 m long pipe. P,, = 745 kPa, P, =97 kPa.
Determine the Q assuming the pipe is (a) horizontal, (b) inclined 15° upward,
(c) inclined 15° downward. Also verify that the flow through the pipe is laminar.

Horizontal

Solution:

2 2 — - i,
R RVEL ( )
P9 29 P9 29

V1 :Vz
Lsind=12,-12 +15%

_ 2 2
LRP g g LY LV G L,

04 D2g ©/DD2g pD?2g |
v=2_14Q —>AP—ngsin6?:128ﬂLQ {\/\

D4

A 7D’
~ 7D*(AP - pgLsin0)
- 128l

—1Q
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a) Horizontal

0=0-sin0=0
7D*AP  7(0.05)" (745-97)x10°
128ul 128(0.8)40
b) Uphill =15°
0=15°

—Q=

7D* (AP - pgLsin )
1284l
~ 7(0.05)" (74597 -888x9.81x40sin15° )x10°
128(0.8) 40
c) Downhill 6=-15°
6=15°

—>Q=

7(0.05)" (745—97 +888x9.81x 40sin15° ) x 10°
—> Q=

128(0.8)40

=0.00311m?3/s

=0.00267 m*/s

=0.00354m?/s

=0.00354m°/s
Qrx

—> Ve = 4§2 =1.8m/s
T

p Van D
y7,

Re, = =100 < 2300

The flow is
always Laminar
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Darcy friction factor, f

Fluid Mechanics |

The Moody Chart
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B Moody chart was developed for circular pipes, but can
be used for non-circular pipes using hydraulic diameter

B Colebrook equation is a curve-fit of the data which is
convenient for computations
e/D  2.51 )

1
— = —2.0log |
vii 3.7 Ref
Implicit equation for f which can be solved
using the root-finding algorithm in EES

B Both Moody chart and Colebrook equation are accurate
to £15% due to roughness size, experimental error,
curve fitting of data, etc.
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Qil, with p = 900 kg/m® and » = 0.00001 m?/s, flows at 0.2 m?/s through 500 m of 200-mm-
diameter cast-iron pipe. Determine (a) the head loss and (b) the pressure drop if the pipe slopes
down at 107 in the flow direction.

Solution
9 3/ . / 3 2
V= Q’ = 0.2 m /.s’ =B s Riis= Vd 2 (6.4 m/.s)(()._j m) — 128.000
mR~ (0.1 m)” v 0.00001 m~/s
For cast iron €=0.26 mm
from the Moody diagram
€ _ 026 mm _ 0.0013 > f=0.0225
d 200 mm
I W 500 4 m/s)’
pe=fe Y = (oppsy 20 W _OIwWs) |45,
Ap Ap o : d 2g 0.2m 2(9.81 m/s?)
R 24 P8
Ap = pglhy — (500 m) sin 10°] = pg(117 m — 87 m) ad
> = (900 kg/m?*)(9.81 m/s*)(30 m) = 265,000 kg/(m - s%) o 265,000 Pa

School of Mechanical Engineering |UJST
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B In design and analysis of piping systems, 3
problem types are encountered

1. Determine Ap (or h;) given L, D, V (or flow rate)

Can be solved directly using Moody chart and Colebrook
equation

2. Determine V (or Q), given L, D, Ap
3. Determine D, given L, Ap, V (or flow rate)
B Types 2 and 3 are common engineering design

problems, i.e., selection of pipe diameters to
minimize construction and pumping Costs

B However, iterative approach required since bothy
V and D are in the Reynolds number.
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Oil, with p = 950 kg/m” and » = 2 E-5 m?/s, flows through a 30-cm-diameter pipe 100 m long with
a head loss of 8 m. The roughness ratio is €/d = 0.0002. Find the average velocity and flow rate.

Known:

p=950kg/m*, v=2x10"m?/s,d =0.3m
L=100m, h, =8m, £/d =0.0002 Q=7 V=2

Ilterative Solution:

d2g _
L V?

f=N

2
8 m)( 0.3 m )[2(9.81 m/s”)

06 & v ] or  fV>=0471

we only need to guess f, compute V, then get Re,, compute a better f from

the Moody chart, and repeat.

School of Mechanical Engineering |UJST
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Guess f= 0.014, then V = V0.471/0.014 = 5.80 m/s and Re, = Vd/v = 87,000. At Re, =
87,000 and €/d = 0.0002, compute fe = 0.0195

New f=0.0195, V=V0.481/0.0195 =491 m/s and Re, = Vd/v = 73,700. At Re, =
73,700 and €/d = 0.0002, compute f.,, = 0.0201

Better f = 0.0201, V = V0.471/0.0201 = 4.84 m/s and Re,; = 72,600. At Re,; = 72,600 and
e/d = 0.0002, compute f,,, = 0.0201

We have converged to three significant figures. Thus our iterative solution is

V =4.84 m/s
ad

0 = v(%)dz = (4.84)(%)(0.3)2 ~ 0.342 m*/s
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Work example 3 backward, assuming Q=0.342 m3/s and £¢=0.06mm are known
but that d is unknown. Recall L=100m, p=950 kg/m3, v=2E-5 m?/s and h=8m.

Known:

p=950kg/m®, v=2x10"m?/s, Q =0.342m®/s
L=100m, h; =8m, £ =0.06 mm d="?

Ilterative Solution:

fo m  (9.81 m/s*)(8 m)d’
8 (100 m)(0.342 m’/s)*

=8.284> or d=0.655""

Also write the Re and &/d in terms of d: Re, = H0.342 m’/s) 21,800
‘7 2 E-5 m%/s)d d

e:6E-5m

d d
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We guess f, compute d then compute Re, and &/d and compute a better f from
the Moody chart:

f=003 d=0.6550.03)"" =~ 0.325m

1St try:
21,800 €
Re, ~ -2 ~ 67,000 —~1.85E-4
470,325 d
ond try: fiow =~ 0.0203  then  dow=~0301m
Re new = 72,500 5 ~ 2.0 E-4
. ad
Last try: Joetter = 0.0201 and d = 0.300 m
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B For any pipe system, in addition to the Moody-type friction loss
computed for the length of pipe, there are additional so-called minor
losses due to

1. Pipe entrance or exit

2. Sudden expansion or contraction

3. Bends, elbows, tees, and other fittings
4. Valves, open or partially closed

5. Gradual expansions or contractions

* h,, is minor losses.

V 2 « K is the loss coefficient which:
h — —_ is different for each component.
m
2 g Is assumed to be independent of Re. 2

typically provided by manufacturer or generic table.
School of Mechanical Engineering |UJST

Fluid Mechanics | 33 Viscous Flow in Ducts




m Total head loss in a system Is comprised of
major losses h; (in the pipe sections) and the
minor losses h,, (in the components)

Ah , =h, + Z h
V2 Vv
Ah,, = Zf L 50" 2 K150
I th pipe sectlon jth componet

m If the piping system has constant diameter

V2 fL !
Ah, = hy + h,, = M= K
Tiot (i Z ? D¢ ( o Z ) m
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Typical commercial

valve geometries: 2

77
%

(a) gate valve

.
(b) globe valve e 7,,
(c) angle valve
(d) swing-check valve -
(e) disk-type gate valve e I

ad
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Resistance coefficients K for open valves, elbows, and tees:

Nominal diameter, in

Screwed Flanged
i 2 4 I 2 4 S 20
Valves (fully open):
Globe 14 8.2 6.9 5.7 13 8.5 6.0 5.8 5.5
Gate 0.30 0.24 0.16 0.11 0.80 0.35 0.16 0.07 0.03
Swing check 5.1 29 2.1 2.0 2.0 2.0 2.0 2.0 2.0
Angle 9.0 4.7 2.0 1.0 4.5 24 2.0 2.0 2.0
Elbows:
45° regular 0.39 0.32 0.30 0.29
45° long radius 0.21 0.20 0.19 0.16 0.14
907 regular 2.0 1.5 0.95 0.64 0.50 0.39 0.30 0.26 0.21
90° long radius 1.0 0.72 0.41 0.23 0.40 0.30 0.19 0.15 0.10
1807 regular 2.0 1.5 0.95 0.64 0.41 0.35 0.30 0.25 0.20
180° long radius 0.40 0.30 0.21 0.15 0.10
Tees:
Line flow 0.90 0.90 0.90 0.90 0.24 0.19 0.14 0.10 0.07
Branch flow 24 1.8 1.4 1.1 1.0 0.80 0.64 0.58 0.41
This table represents losses averaged among various manufacturers, so
there is an uncertainty as high as +50%. loss factors are highly dependent
upon actual design and manufacturing factors. School of Mechanical Engineering  JU§ST

Fluid Mechanics | 36 Viscous Flow in Ducts




Average-loss coefficients for partially open valves:

K 10.00

Fluid Mechanics |

20.00 \

18.00 =
\

Gate

Disk

Globe

16.00 —
14.00 \\\
12.00 N

8.00

6.00

A\
AN

4.00

2.00

0.00
0.25

0.30 040

0.50  0.60 0.70

Fractional openin

0.75

h

& —

2D

- A

0.80 090 1.00

ad
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Sudden Expansion (SE) and Sudden Contraction (SC):

2

up to the value d/D = 0.76, above

1.0

Sudden expansion

08 — . [HEat
{v— —p
S
06 —
Eq. (6.101)
Eq. (6.102)
04 =

Sudden contraction:

Vena contracta

which it merges into the sudden- | /v
expansion prediction Pl =" a jd

0 O.I’ 0?4 ()I.() 0.8 1.0 A
Note that K is based on the velocity 5

In the small pipe.

Fluid Mechanics |

38
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Entrance and Exit loss coefficients:

0 0.1 0.2 0.3 0.4
! 0.6

Exit losses are K=1.0 for all
shapes of exit to large reservoir

0 | | - ad
0 0.10 0.15 0.20

r. L
d d
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Note that K is based on the
velocity in the small pipe.

Fully developed inlet flow

Thin inlet boundary layer

A’ -
i g Gradual Expansion
04
Gradual Contraction
0.2

0 20 40 60 80 100 120 140 160 IR0
Total included diffuser angle 28, degrees

Contraction cone angle 26, deg \ 30 l 45 l 60

K for gradual contraction | 0.02 | 0.04 l 0.07
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90" smooth bend:
Flanged: K, = 0.3
Threaded: K, = 0.9

T=L
IS

90" miter bend
(without vanes): K, = 1.1

90" miter bend
(with vanes): K, = 0.2

457 threaded elbow:

K, = 0.4
:\\\
e
—_—\

180r° return bend:
Flanged: K, = 0.2

Threaded: K, = 1.5

%

Fluid Mechanics |

Tee (branch flow):
Flanged: K, = 1.0
Threaded: K, = 2.0

L

Tee (line flow):
Flanged: K, = 0.2
Threaded: K, = 0.9

L

Threaded union:

K, = 0.08
Bl

V i .
e

ad
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A 6-cm-diameter horizontal water pipe expands gradually to a 9-cm-
diameter pipe. The walls of the expansion section are angled 30° from the
horizontal. The average velocity and pressure of water before the expansion
section are 7 m/s and 150 kPa, respectively. Determine the head loss in the
expansion section and the pressure in the larger-diameter pipe.

Assumptions: @ 6 cm| \; ‘: 9cm | @
1- Steady & incompressible flow. it ¥ !
2- Fully developed and turbulent flow with a=1.06. 5. " .
150 kPa
Properties:
Puater = 1000 kg/m?
The loss coefficient for gradual expansion of 6=60° total included angle is dat
K, =0.07
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Solution:

A, _Df (0.06)°
m =m, > p\V. VLA, -V, =—=V, ==V, >V, = 7)=3.11m/s
PV A = PV, A, A D2 (0109)2( )

2
h, =KL =(0.07)— " =0.175m

20 2x9.81

2 2
%+alvi+/z{:%+azv—2+/74+%—%+Ahm

P V2 P, V2

>+, =—"2+a,—>+h_

y 29 7y 29

2\ 1.06(7% -3.112
SR =Rt pl W% gy L_150,1000 ( )—9.81(0.175)
2 1 2 m 2

P, =169kPa
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m Pipes in Series

¢ VVolume flow rate is constant
¢ Head loss is the summation of parts

0, = 0>, = Q3 = const i ;
Ae — —— — *B
I 1 l
Vld% = V?_d% - Vx(/% (a)
A = —("L' £ K.) ¥ V_(f”L* + Sk )
g (I| = / 2 d —_—
AI”IA_)B — Ah| + Ahz -+ A/13 é

Since V, and V; are proportional to V, based on the mass conservation equation:
> ad

vV . . :
Ahy,p = 2_;(0() + o fi + arfp + aszfs)
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mPipes in Series g ,

(a)

Vi .
Ahy 5= 2—1(00 +afi t axfa + azf3)

<

v' If Q is given, the right-hand side and hence the total head loss can be
evaluated.

v" If the head loss is given, a little iteration is needed, since f,, f,, and f;
all depend upon V, through the Reynolds number. Begin by
calculating f,, f,, and f;, assuming fully rough flow, and the solution for o

V, will converge with one or two iterations.
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Given Is a three-pipe series system. The total pressure drop is
P,-Pg =150000Pa, and the elevation drop is z,-zg=5m. The
pipe data are as the table. The fluid is water, p =1000 kg/m?
and v=1.02x10 - m?/s. Calculate the Q in m3/h through the

system.
; 3
Pipe [, m [, ¢m £, mm O
® ©®
I 100 8 0.24 0.003 L — i == e o5
2 150 6 0.12 0002  f 1 ,
3 80 4 0.20 0.005 (@)

ad
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Solution:

: 5
The total head loss across the system is: 25 =—22000 | 5 =203m
g 1000(9.81)

PA — Pg _
Ahy_sp = T 2 in =

From the continuity relation:

and: Re, = Vady Re, = iRc, Re; = 2 Re,
V](]]

Neglecting minor losses and substituting into the head loss Eq., we obtain:
: B V% : : : Vi N 5 )
Ahyp = —(ag + ayfy + arfo + azfs) = Ay 5= 2 12501, + SOO( ) f2 + 2000(4)’f;
203 m = K'-(175()/, + 7900f + 32,00013) (1)

2g
Begin by estimating f;, f,, & f; from the Moody-chart fully rough regime ddd

f1=00262 £=00234  f;=0.0304
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Solution (Cont_): 203 m = ‘;: (1250f; + 7900 + 32,00013) (1)

-

Substitute in Eq. (1) to find: Vi =2g(20.3)/(33 + 185 + 973)

Thus the first estimate is V,=0.58 m/s from which:
Re; = 45,400 Re, = 60,500 Re; = 90,800

Hence, using the Re number and roughness ratio and from the Moody chart,

f,=0.0288  f,=0.0260 f;=00314
Substitution into Eq. (1) gives the better estimate
V,=0.565m/s Q= imdiV, =284 X 107 m/s

0, = 10.2 m’/h dat

A second iteration gives Q=10.22 m?3/h, a negligible change
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m Pipes in Paralel

¢ Volume flow rate is the sum of the

components

e Pressure loss across all branches

IS the same

Ahsy_p = Ahy = Ahy, = Ahy
Q=01+ 0+ 0;

v' If the Ah is known, it is straightforward to solve for Q, in each pipe and sum them.
v" The problem of determining Q;, when h; is known, requires iteration. Each pipe is
related to h, by the Moody relation h, = f (L/d)(VZ/Zg): f Q?/C, where C=(zgd®/8L)

Thus head loss is related to total flow rate by:

»

02

hy = (T@f where C; = 3L
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m Pipes in Paralel

0’ e Q) g
hy = 2 here =2 B00
7 (?\/C;Zf;)” e S ®
Q= [Sh N @

f —

Since the f; vary with Reynolds number and roughness ratio, one begins the above Eq.
by guessing values of f, (fully rough values are recommended) and calculating a first
estimate of h;. Then each pipe yields a flow-rate estimate Q, and hence a new

. . ad
Reynolds number and a better estimate of f.. Then repeat this Eq. to
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Assume that the same three pipes in Example 6 are now In
parallel with the same total head loss of 20.3 m. Compute the

total flow rate Q, neglecting minor losses.

Pipe L, m [, CIM £, mm &ld m
100 8

I 0.24 0.003
2 150 6 0.12 0002 A* °8
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Solution: Aliy: s5.= Al = Ahy ='Abs

From the above equation we have:

V1 12507, = 42 2500f, = 2 2000/,
28 g 28

D19

20.3 m =

et

(R
o

Guess fully rough flow in pipe 1: f; =0.0262, V,; =3.49 m/s; hence Re;=273,000.
From the Moody chart read f; =0.0267; recompute V, =3.46 m/s, Q, =62.5 m3/h.
Next guess for pipe 2:f,=0.0234, V, =2.61m/s; then Re,=153,000, and hence
f,=0.0246, V, =2.55 m/s, Q, =25.9 m3/h.

Finally guess for pipe 3: f; =0.0304, V;=2.56 m/s; then Re;=100,000, and hence
£,20.0313, V, =2.52 m/s, Q, =11.4 m¥h. g

0=0,+0,+0Q;=0625+259 + 11.4 =[99.8 m*/h
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m Pipes in Junction

If all flows are considered positive toward the junction, then

0 +0;,+03=0

The pressure must change through
each pipe so as to give the same
static pressure p;at the junction.
Let the HGL at the junction have the elevation

) o Vi fiLy e
hy=z;+ _ﬁ?%’ Ah, 2% d  — hy
. ; e~ A/ :L.fle:w =5
Assuming p;=p,=p;=0 (gage) il z a
V3 fil
All_} = 25: fd: = 25 /1,
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m Pipes in Junction

We guess the position h; and solve the following Eq. for V, ,V,
& V5 and hence Q, ,Q, & Qs:

A = YESLL _ i e YR, A= ViBls _
Alh - Zg dl =23 IIJ Ah_) 2(’4 (/3 22 h‘/ Ah} 28 (13 3 /I_/
iterating until the flow rates balance at the junction according to
Eq.
Q1+ +03=0 \ )
NgHeL e
HOL -\\\ \\:T.Lil_«{i‘:' ;‘/l\ /‘l

If we guess h; too high, the sum flow sum |~ L~ o\
will be negative and the remedy is to ) -
reduce h;, ,and vice versa. £
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Take the same three pipes as in Example 7, and assume that
they connect three reservoirs at these surface elevations. Find

the resulting flow rates in each pipe, neglecting minor losses.

Z|:20m
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Solution:
As a first guess, take h; equal to the middle reservoir height, z; = h; = 40 m.

This saves one calculation (Q; = 0)

Vi fiL,
Ahy =—L4=L = - —p
I % 1 J
2 £
Alz’:‘—“'f~2::2_h;
2g (13
V3 fla
Ahy = —=~=—== 7. —
3 2% ds 3 /
Reservoir hi;,y m /1,0 M f V.. m/s O, m*/h L,/d
| 40 -20 0.0267 —-3.43 —62.1 1250
2 40 60 0.0241 4.42 45.0 2500
3 40 0 0 0 2000 A
>0 =-17.1

p—
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Solution (cont.):
Since the sum of the flow rates toward the junction is negative, we guessed

h, too high. Reduce h; to 30 m and repeat:

Vi fiL,
Ahy=—"2 =7 —h
1 2‘2 (Il | J
2 fL
Alz':_z"z 2 ::2_11/
2g (13
V3 fila
Ahy=—=—==7z3—h
3 22 d 3 /
Reservoir /17 M Z ft;, M f Vi, m/s O, m'/h
1 30 -10 0.0269 —242 —43.7
2 30 70 0.0241] 4.78 48.6
3 30 10 0.0317 1.76 8.0 Ad
:_Q =129
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Solution (cont.):

This is positive > Q=12.9, and so we can linearly interpolate to get an

accurate guess: h; =34.3 m.

Make one final list:

Reservoir f1,, M m f Vi, m/s Q;, m/h

1 34.3 ~14.3 0.0268 ~2.90 —52.4
2 34.3 65.7 0.0241 4.63 47.1
3 34.3 57 0.0321 1.32 6.0

$Q=07

we calculate that the flow rate is 52.4 m3/h toward reservoir 3, balanced by »

47.1 m3/h away from reservoir 1 and 6.0 m3/h away from reservoir 3.
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m Piping network
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m Piping network
This network is quite complex algebraically but follows
the same basic rules:

1. The net flow into any junction must be zero.

2. The net head loss around any closed loop must

be zero. In other words, the HGL at each junction must have one and
only one elevation.

3. All head losses must satisfy the Moody and minor-loss friction
correlations.

By supplying these rules to each junction and independent loop in the
network, one obtains a set of simultaneous equations for the flow rates i g

each pipe leg and the HGL (or pressure) at each junction.
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