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Table 12-1 Expressions for evaluating frictional losses in the flow of fluids through pipeline systems

For noncircular, eross-sectional area and turbulent flow, replace D by 4Ry = 4 (cross-sectional flow area/wetred
perimeter) for an approximate frictional loss.

General

expression for
| Friction caused by frictional loss Limited expressions and remarks
Flow through long. 25V AL For cases in which fluid is essentially noncompressible and tem-
straight pipe of constant dF ==~ perature is constant
cross-sectional area 2 -
AFYIL
F=-_——
D
Sudden enlargement (Vv — V) The following values for @ may be used in design calculations:
Fu Za turbulent flow, & = 1: streamline flow, @ = 0.5,
R
Vi—— —— 1
[ L
Sudden constriction K.z The following values for @ may be used in design calculations:
Faip= 2 turbulent flow, o = 1; steeamline flow, a = 0.5.
A A

ot

For A2/A, =< 0.715, Ko = 0.4(1.25 — Ax/Aq).
For Aa/A, > 0.715, K. = 0.75¢(1 — Az /A 10
For conical or rounded shape, K, — 0.05.
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2 2.375 2.375 2.067 1.939
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1 4500 4500  4.026 3.826
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1600 p,
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ASA_ i’ressuré -Class

Schedule No. of Pipe |

< 250 1bs./sq. in. 40
300-600 80
900 120
1500 160
2500 (% in.—6 1n.) XX (double extra strong)

2500 (8 in. and larger) 160

20




gl slsul sy

y\}s@u6>}wwé\m}f‘umu}1pw§‘u; Sl g e
>yu;,b,>ﬁ‘u,1,mum,us>m~e\

gu.ﬁ;wauucjbumwybbm,nd,wf‘\fw\g_g)w‘d}]w)w .

bJ&Jb)bw«!‘U}wabC)W

<— Total cost
=
0
=
n
o
2
[=H
E
=
: ™
w Fixed charges based
£ on capital investment
] for installed pipe

Cost for
pumping power
Optimum economic
pipe diameter .
~al
Y E

21
Pipe diameter

airgs alsul 9 Cucun

Table 12-3 Recommended economic velocities for sizing steel pipes

Turbulent 8w
Type of Bid Recommended velocity range, m/s
Water or fluid similar to water 1-3
Low-pressure steam (250 kPa) 15-30
High-pressure steam (750 kPa) 30-60
Air (250-500 kPa) 15-30

Viscous 8w

Recommended velocity range, m/s

Nominal '
pipe diameter, m (in.) =50 cP jr =100 P 1t = 1000 cP |
0.0254 (1) 0.5-1 0.3-0.6 0.1-0.2
0.0508 (2) 0.75-1.07 0.5-0.75 0.15-0.24
0.102 (4) 1.07-1.5 0.75-1.07 0.24-0.36
0.203 (8) — 1.2-1.5 0.4-0.55

TThese values apply for motor drives. Multiply indicated velocities by 0.6 to give recommended velocities when
steam turbine drives are used.
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For turbulent flow (Re > 2100) and D; > 0.0254 m,
Dj opt = 0.3631m0% p%13
For viscous flow (Re < 2100) and D; < 0.0254 m,

where D; oy is the optimum pipe diameter in m, »1, the volumetric flow rate in m%s,
o the fluid density in kg/m” and s, the fluid viscosity in Pa-s.
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Pump performance curve for a PD pump.
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Centrifugal Pump Characteristic
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Pump Performance Curves
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FIGURE 9.6

Pump test results on a centrifugal water pump with impeller diameter of 14.62in. (From R. L.
Daugherty and J. B. Franzini, Fluid Mechanics with Engineering Applications, 6th ed., McGraw-
Hill, New York, 1965. Reproduced by permission of the publisher.)
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Figure 1. Major Components of Multistage Barrel-type
Centrifugal Compressors (Dresser-Rand Co., Olean, NY) 56
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N\

a
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\\ *

N\

Pressure

PV =C
(Isothermal)

N PV =C

(Adiabatic)
PV"=C

N\, / (Polytropic)

v

V,
Volume

Operations : 4 — 1
1-2

Vi

: Volume V; of air aspirated into Compressor, at P, and 7
: Air compressed according to PV” = Const. from P, to P,.

— Temp increase from T, to T,.

2-3:

Compressed air at P, and V, with temperature 7, is delivered.
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Actual Work = W, , = Area 4-1-2-3-4
3 2227
P, \4_- 3 PV =C W,.=Area (4-1) — Area (1-2) — Area (2-3)
v\ (Isothermal) PV.— PV
V\e— prr=c :PlVl_%lll_Psz
*.  (Isentropic) " Py Py
\ —
NS PYV"=C —(pv. —pyv.) — | 2222 "1"1
p 4 N\, /(Polytropic) ( e 2) n—1
1
BV, - P)J.
=(RV, = RV,) + (— — j
v, v, n—1
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n
3 2’ 22" =|— | (RV,-BV,)
P, \4_'1 PV =C n—1
\ (Isothermal) P
N\ (Adiabatic) n—1 PV,
NN PV"=C i i
3 ! N, 7 (Polytropic) Now, FV" =PV,
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o G
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n-1 A\ A
—1/n
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VI Y (Isothermal) AN
\ NPy’ =C ol
. (Adiabatic) " p Y~
AN PV =C Wm=(—j BV, <1-| =
P 4 N\, /(Polytropic) n—1 B
1
n—1
VZ VI ( n j (P j n
i W . = nRT {1—-| =
Delivery T ture, . 1
elivery iemperature o t I’l—l Pl

P n
]”2 — ]’1 [_2 The solution of this equation is always negative.
f)l This shows that Work is done ON the Compressor.
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Intercooler

L.P.
Cylinder

Air Intake

y
.

L.P
Cylinder

Air Delivery

A 4

H.P.
Cylinder
Intercooler

L.P. = Low Pressure

I.P. = Intermediate
Pressure

H.P. = High Pressure

Intercooler :

Compressed air is cooled

between cylinders.
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Table 1b. Summary of Typical Operating Characteristics of Compressors {(US Units)
Inlet Maximum Efine Operating Maximum
Capacity Discharge %) Y Speed Power Application
(acfm) Pr(iie‘;gu)re 5 (rpm) (HP)
Dynamic
Compressors
Centrifugal 100 - 10,000 70— 87 1,800 - 50,000+ Process gas & air
200,000 50,000
Axial 30,000 - 250 87 - 90+ 1,500 - 100,000 Mainly air
500,000 10,000
Positive
Displacement
Compressors
Reciprocating {Piston) 10 - 20,000 60,000 80— 95 200 - 900 20,000 AIr & process gas
Diaphragm 05— 150 20,000 60— 70 300 - 500 2,000 Corrosive & hazardous process
gas
Rotary Screw (Wet) 50 - 7,000 350 65 - 70 1,500 - 3,600 2000 Air, refrigeration & process gas
Rotary Screw (Dry) 15— 700 55-70 1,000 - 3,000 Air & dirty process gas
120 — 20,000
58,000
Rotary Lobe 15 - 30,000 5-25 55 —-65 300 - 4,000 500 Pneumatic conveying, process
gas & vacuum
Sliding Vane 10 - 3,000 150 40 —-70 400 - 1,800 450 Vacuum service & process gas
Liguid Ring 5-10,000 80 - 150 25 -50 200 - 3,600 400 Vacuum service & corrosive
process gas
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Dynamic
Compressors

* Wide operating range

Centrifugal * High reliability
¢ Low Maintenance

* High Capacity for given
size
Axial * High efficiency
* Heavy duty
* Low maintenance

* Instability at reduced flow
* Sensitive to gas
composition change

* Low Compression ratios
* Limited turndown
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Positive displacement

COMmpressor

* Wide pressure ratios

* High efficiency
Reciprocating

* Very high pressure

* Low flow
Diaphragm * No moving seal

* Wide application
Screw rotary * High efficiency

* High pressure ratio

* Heavy foundation required
* Flow pulsation
* High maintenance

* Limited capacity range
* Periodic replacement of
diaphragm

* Expensive
* Unsuitable for corrosive or dirty
gases
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Any Question?




