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POISEUILLE FLOW
1 Dimensional,
steady,
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VELOCITY DISTRIBUTION - parabolic
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MEAN FLOW VELOCITY, V FRICTION FACTOR
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LAMINAR PIPE FLOW
steady, 1D, viscous, constant density
Exact Solution Possible
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VELOCITY DISTRIBUTION - parabolic
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Balance Unit Exponents

forM, 1I=a+b
for L, -1=-3a-b+c+d+e+f
for T, -2=-b-c
fromM a=1-Db
fromT c=2-Db

substituting into the L equation,

-1=-34+3b-b+2-b+d+e+f

b=-d-e-1

c=2-b=2+d+e+f
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PIPE FLOW

hypothesis: AP =1 (p, u, V,L,D, e)
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MEAN FLOW VELOCITY, V
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TURBULENT PIPE FLOW
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FIGURE 9.7 Moody diagram for fully developed flow in circular pipes. Laminar
flow is described by equation 9.16. Prandtl’s universal law of friction for turbulent
smooth pipes is given by equation 9.19. Adapted from Moody, L. F. “Friction Fac-
tors for Pipe Flow,” Trans. of the ASME, 66, 671-684, 1944, with permission.



PIPE PRESSURE DROP (english)

250gpm (.947 m’/min) of water at 60 F ( 15.739 C)is flowing through a 4 in pipe (4.026in ID .10226 m)
with roughness e/D =.0004, 200t (60.976 m)long. What is the head loss in ft and meters of the
flowing fluid and in psi and kPa?

2 2
@60Fp=1.93881“3gs,u=1.2li,u=1.210><10—5fL
ft sec sec
2 2
o D 3.1416(4026Y _ oo, oo
4 4 12

Vo GPM x.1337 250 gpm x.1337ft*/gpm

= . . - = 6.30 ft/sec

60x A 60 min/hr x ft~ x.0884 ft
N, = VD _ 6.30 ft/sec - (4.026) 174,682

Y p=1210%x107

SC€C
Figure 9.7 @ at N, and % =.0004, f=.019
2
h=fo Y = grg 200Mt 6.30MUsec e water
D 2¢g (4.026)ﬁ 2x32.2 ft/sec
12

Ap =h, x % = 6.89x1.938x32.2/144 = 2.99 psi



PIPE PRESSURE DROP (metric)

2
@15.739C p= 9988kg n=1287x10° N5 o 11331x100
m SE€C
2
A=n> :3'1416><.102662:.00821m2
4 4
m3
947
Q sec__ 1921
6()><A 60 x.00821 m* sec
N, = VD _1921x.10226m _ .

v 1331x10°¢ ™

SCC

Figure9.7@ N, and % =.0004,f =.019

2
h, —fLV— .01960'976 1921 =2.13m
D 2g 10226 2x9.81

Ap=h xpg= 2.13m><998.8k—g3><9.81 = 20,870 Pa = 20.870 kPa
m



FITTING LOSSES

LOSS COEFFICIENT

ft’

2 2
lf:ftL v :Ex&:ft
D(2g) ft ft

sec’

L : :
K=f x (Bj = resistance coefficient

loss is K " velocity heads"

Loss coefficients are reported in catalogues

by fitting manufacturers from test data.

EQUIVALENT LENGHT
Equivalent length is reported in catalogues

by fitting manufacturers from test data.

Lossin a length of pipe,
of the same diameter as the fitting,

equivalnet to the loss in the fitting.



LOSS COEFFICIENTS

TABLE 9.2
K factors for fittings™

Nominal diameter, in

3 3 1 13 2 3 4 5 6 8-10 12-16 18-24
(Gate valve
{open) 0.22 020 018 016 015 014 014 013 012 011 010 0.09
Globe valve
{open) 92 85 78 71 635 61 58 354 51 458 44 4.1
Standard elbow

(screwed) 90° 0.80 0.75 0.69 063 057 054 051 048 045 042 039 036
Standard elbow

(screwed) 45° 0.43 040 037 034 030 029 027 026 024 022 021 019
Standard tee

(flow through) 054 050 046 042 038 036 034 032 030 028 026 024
Standard tee

(flow branched) 1.62 1.50 1.38 1.26 1.14 1.08 1.02 09 090 0.84 078 0.72

* Data from Crane C., “Flow of Fluids,” Tech. Paper 410, 1979.

Inward projecting
K=0.78

Sharp edge
K=05

( Flush

0.15
rid | 0.02| 0.04| 0.06] 0.10|and up

K [0.28[0.24 [ 0.15|0.09 i 0.04



PIPING SYSTEM CHARACTERISTIC
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25.397

100 gpm

A h, =20ft @50 GPM

e
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—
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Steady Flow Energy Equation N

Open, steady flow thermodynamic system - a region in space

Q=AE-W First Law qand in 1s+ by Smits convention
7 hy Wiowin = IpdV = p1(V1 initial — V1 ﬁnal) =p,V,=mp,V,

Wﬂow out =m p2V2
W - Wshaft + W

flow in

+ W

flow out

= Wy TMp, v, —mp,v,
2

E:U(T)+KE+PE:U(T)+Z—+h
g

V2 V?
Q=m(u, +p,v, + 7 +h)—m(u, +p,v, + E +h,)- W

2

Q=mA(u+pv +V7+ h)-W, .



FIRST LAW BERNOULLI'S EQUATION

2

— V 2
Q—mXA(U‘FpV‘Fg‘FZ)'WShaft lf:A(g‘F;/g‘l‘Zj-W;;aﬂ
H=0=>AT=0=c AT=u=0

, for .=0, W=0
p V

=mxA(=+—+2)-W 2

Q (p 2g ) shaft O:A[p+V+Zj
p 2g

frictional head losses end up as heat
2
I, = A[p+v+zj—WSh"‘ft (10—1a)
p2g m

work done on the system is negative



weight flow =101b_/sec

2 2
p 2 p 2 m
(17+14.7)x144 | \'A
62.4 2x32.2
_(8+14.7)x144 \'A
- 62.4 2%32.2
73.15=52.38+300—
m
W _ 79031t
m b
W = -279.23x10 = —2792 3111
SC€C
27923110
W=-— SEC — 5,08 HP
550 ftIb
sec HP

work added to system
W =-3.8KW

+12><25—E

m

8 psig

25
12 floors

|

17 psig



10-1. The system shown in Fig. 10-50 transfers water to the tank at a rate of 240 gpm (0.015 m’/s)
through standard commercial steel 4 in. pipe. The total equivalent length of the pipe is 330 ft
(100 m). The increase in elevation is 130 ft (40 m). Compute (a) the work done on the water
and (b) the power delivered to the water, and (c) sketch the system characteristic.

130 ft

240 gpm
4in




10-1

assume 60° F water

b, p=62.37% page 586 TableA —1la 7y
_E_lbmx 1 SRS (5
p fthr 3600sec/hr Ib_  sec 130 ft
3 3
_ 240 gpm x.13371t"/gpm x 62.37 Ib/ft _33.36Ib/sec 240 gpm
60 sec/hr 4in
2
:nf:3.ljl6x(4.10226] 0884 f° ﬁ
240 1337 ft'/ — 3301
:%: 6ngm/;<1. 08821 fg) == 605 fisee V2 V?
X.
e 4,026 &+—+z E_P %, §+W+—lf
VD 62.37 Ib/ft’ x 6.05 ft/secx[ '12 j P 28, g P 2g g g

R = _ W=mxh=mx(z, —z, +1

= 2.7131b_/ft hr x 3600 sec/hr 2 =2, +1;)
R, = 167,750 W =33.361b(130 ft +10.62 ft) = 4692 ftlb/sec

4692 ftlb/sec

€
£ —.0004 Table10-1 ial Steel W= =8.529 HP
= 000 able 10 -1 Commercial Stee 550 ft Ib/ sec/ HP

W =8.529 HP x.7457 KW/HP = 6.36 KW

h
h =130 ° |Q?
+£Q§JQ

: h =130+.0001844 Q°
240 gpm

@Reandi, f=.019 Figurel0—1
140.62 ft

2 2
=D Vo)l gy 3300 ) 605 660 g
D| 2¢ 4.026/12) 2x322




A 3-zone heating system uses

hot water passing through the piping Circuits leq, ft D,in Q, gpm
network shown. The heater increases 5-1 _p_2 40 2.5 60
water temperature 20 F. All pipes are 74 70 15 20
copper type L. '
a) What is the total head added by the pump? 2-3 55 2.0 40
b) Assuming a pump efficiency of 45%, 3-4 65 1.5 20
what size electric motor should be used? 3-5 60 15 20

C) What is the heat flow rate into the water?

4-5 50 2.0 40
2 3

L L

L




heating=> T =140°F, p=1.129, p=061.38Ib/ft’

Section L D Q A \Y N, f
3.14D*> Qx.1337 VD
4x144 A \%

5-1-P-2 40. 2495 60 .03395 3.93 1.58x10° .022

2-4 70. 1.527 20 .01272 3.50 8.6x10° .0185

2-3 55. 2.009 40 .02382 3.74 1.2x10° .0186

3-4 65. 1.527 20

3-5 60. 1.527 20

4-5 50. 2.009 40

a) Head/section

P-2-4-1=.761+1.936+1.135=3.071ft
P-3-4-5-1=.761+1.249+1.659 =3.669 ft
P-2-3-5=.761+1.249+1.798 +1.135 = 4.943 ft maximum head
b)

Power:meH:Z Qx'1337xpr:MzQH

60 sec/min 60
Ideal Power — .1337x61.4 y 248.88 x.7457 KW/HP 0460 KW
60 550 ftlb/HP
ActualPower — Ideal Power _ .0462HP _ 103KW
n

60gpm x.1337ft*/gal x 61.4(117.89 —97.9)
60sec/min

¢) Q=m(h,-h)=

h, QxH

761 45.66

1.936
1.249
1.798
1.659
1.135

38.72
49.96
35.96
33.18
45.40
248.88

=590,751BTU/hr



