Pipe flow analysis | JZ Oy

Enérgy equation:

o LV? e
Friction loss: # = f—— = f(Re,—
= D7 f=r ( D)

2
Minor losses: 7, = K—  valves, fittings, bends, etc.
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Reynolds number

Problems:

Given: ¢,D Find: Diving force (p;, h, W,)
Given: p, or hor W,,D Find: ¢ (iterative solution)
Given: p, or hor W,, ¢  Find: D (iterative solution)




Example: Water (v =1.14x1 0~°m*/s) flows from the tank
and through the pipe shown. The pipe is made of new
commercial steel whose roughness is e = 0.046mm.
Py ;E :
HHHH | TH—“-—‘.?OM'-'—J_

~— D = 10 om

=
4—-———5{0/m~——-—}

Solve the following problems:

a) If the pipe diameter is 10cm, what is the pressure p; to
cause a flow rate of ¢ = 0.05m’ /s through the pipe.

Modified Bernoulli equatlon between the surface 1 and the
pipe exit 2.
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31—+V—+g21 —p—2+K—+g22 =My
o 2 p 2

VP <<Vy and p,=p,

Di—Da= p[7+g(22 —Zl)+th |

=7(0.1)%/4 =7.85x10 *m?>
V=¢/A=0.05/7.85x10" = 6.37m/s

Re=VD/v=6.37(0.1)/1.14x107° = 5.59x10°
e/D=0.0046/10 =0.00046 From diagram f = 0.0175
L/D = (40+20+30)/0.1=900

= £(L/D)YV?/2=0.0175(900)6.37% /2 = 320m" / s*

P — p, =998[6.37%/2+9.8(5) +320] = 389,000 / m*




b) What is the flow rate § ina 10cm diameter pipe if the
~pressure p; — p, =200kPa?
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V<< sz, and p, =p,

| p2 2 2
— LV LV
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L/D=(40+20+30)/0.1=900

2
(1+900 f) 209090800 +9. 8( 5)=151.4

= _§_Q?~_8_ v Rezzl—)— f=f(Re,e/D)
1+900f 14 | |

Iterate: |
Re =100,000 > f =0.0203 >V =3.96 —> Re 348,000

Re =348,000 > /' =0.0182 >V =4.17 - Re =366,000
Re =366,000 - f =0.0181 -V =4.18 - Re =367,000

G=VA-= 4.18%(0.1)2 = 0.0328m° /s




¢) If the pressure p, — p, = 200kPa, what is the diameter of
the pipe to carry a flow rate of ¢ = 0.05m°s .

' % 2 2
P Pa+g(zl_22)_ +f_L“V“‘ (1+ fé)K—

2
(1+900 f) 20909(;00 9.8(~35)=151.4

302'8 Re:@ f = f(Re,e/D)
90 v '
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V=

g=VED* D= 49
4 14

Iterate:
Assume V=4.0 D = 4q 4(0.05) =0.126
| v 7(4)
Re = VD = 4(0'126__)6 = 442,000
v 1.14x10

f =f(Re,e/D)=0.0179

-302.8 302.8

90 90
1+— 1—0/0179
A Df- 0126010179

V_.

=4.69

V =469 D=0.117 — Re = 481,000 — 7 = 0.0177 — ¥ = 4.55
V =4.55->D=0.118 — Re = 471,000 — f =0.0178 — V' = 4.56

D=0.118m
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separated flow -

FIGURE 9.11 Flow through round and square bends showing regions of separa-
tion. From Visualized Flow, Japan Soc. of Mech. Engineers, Pergamon Press, 1988
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(mjnbr losses). = K %

TABLE 9.3 Typical Loss Coefﬁciehts
for Pipe Fittings

TABLE 9.2 Typical Loss Coefficients
for Pipe Entrances and Exits (D is the

diameter of the pipe, and r is the Valve or fitting | ,- K
radius of the rounded entry) Gate valve (open) 0.20
Kk - Globe valve (open) ? 6.4
Angle valve (open) —
Re-entrant 0.78  Ball valve (open) _
Square-edged 0.5 Standard 45° elbow 0.35
Entrance type | Rounded (r/D = 0.02) 0.28  gtandard 90° elbow 0.75
Rounded (r/D = 0.06) 0.15 | ong-radius 90° elbow : 045
’ Rounded (/D= 0.15) ~ 0.04- gy, qard tee {(flow through run) 04
Exit type Abrupt 1.0 Standard tee (branch flow) - 1.5




MinosR LOSSES

LossES /N VALVES, F/77iNGS, BENDS,
EXPANSIONS, CoNTRARCT/IENS, E7C,

ESE DEVICES CAvsE LD/ISTURBAANCES
AND TURBULENCE WHICH RES VLTS IN
LGSSES OF MECHANICAL ENERGIES OF
THE MEAN Flow.
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b Ay b A, = € VA evA,
’Pz = (Vi o+ k) - (Viuz + buse)

- LAY Y 5 k= (-4




d) If the pipe diameter is 10cm, what is the pressure p; to

cause a flow rate of ¢ = 0.05m° /s through the pipe.
Include minor losses: sharp edged entrance K = 0.5,
90 deg elbow K = 0.75.

Modified Bernoulli equation between the surface 1 and the
pipe exit 2.

2 2
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p 2 L 2

VP <<Vy and p,=p,

V2
P~ DT p[—2—+ g(zy —z)+ hz}

V=q/A=63Tmls
Re =VD/v =559,000
e/D =0.00046 From diagram /" =0.0175

L/D=900
2 2 | ' | 4 2
B = f%%—+2K%— 320+ (0.5+0.75+0.75) 227 —361m?/ 5

Di—p, = 998[6'327 +9.8(5) + 361} = 430,000N / m’

compared to p; — p, =389,000N/ m* without minor losses




