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Table 12-1 Expressions for evaluating frictional losses in the flow of fluids through pipeline systems
For noncircular, cross-sectional area and tu bufe 1t flow, replace D by ARy = 4 (cross-sectional flow areafwetted
perimeter) for an approximaite frictional loss
General
cxpression for
Friction caused by frictional loss Limited expressions and remarks
Flow through long, 2§V2 AL For cases in which fluid is essentially noncompressible and tem-
straight pipe of constant dTF = —— perature is constant
cross-sectional area 2 il
2fV3L
F==--
D
Sudden enlargement - (W, — Va)? The following values for e may be used in design calculations:
S g trbulent flow, & = 1; streamline flow, @ = 0.5.
Vi—— — T,
Sudden constriction K2 The following values for & may be used in design calculations:
Fo= ST warbulent flow, ¢ = 1; streamline flow, & = 0.5.
A, A
4 Vo —— i
For Ax/Ay < 0.715, K. = 0.4(1.25 — Ax/A).
For Ax/ Ay > 0.715, K. = 0.75(1 — Az2/A). 9

For conical or rounded shape, K. = 0.05.
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: +H Material of Equivalent roughness - '
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= 143.4 N-m/kg
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= 1.6 N-m/kg

S F = 1434 + 1.6 = 145.0 N-m/kg
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Nominal PipeﬁS?ze 0.D. Inches " LD. Inches

Inches Schedule 40 80 40 80
% 1.050 1.050 0.824 0.742
1 1.315 1.315 1.049 0.957
ix 1.900 1.900 1.610 1.500
2 2975 2.875 2.067 1.939
3 3.500 3.500 3.068 2.900
4 4500  4.500 4.026 3.826
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1000 p,
= schedule number
Ay
ASA Pressure Class ) Schedule No. of Pipe
< 250 lbs./sq. in. 40
300-600 30
900 120
1500 160
2500 (%4 in.—6 1n.) XX (double extra strong)
2500 (8 in. and larger) 160
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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) 15-36
High-pressure steam (750 kPa) 30-60
Air (250-500 kPa) 15-30
Viscous fiw

Recommended velocity range, m/s

Nominal
pipe diameter, m (in.) i =50 cP =100 ¢cP i = 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 .6 to give recommended velocities when
steam turbine drives are used.

21
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For turbulent flow (Re > 2100) and D; > 0.0254 m,
Dj opt = 0.363m0% p13
For viscous flow (Re < 2100) and D; < 0.0254 m,
Diopt = 0.133}518'40;3,?;20
where D; o is the optimum pipe diameter in m, iz, the volumetric flow rate in m%s,

p the fluid density in kg/m’ and p, the fluid viscosity in Pa-s.

22




Flow rute, i,

mfs

St

- 20

1.0
0.5

- 02
- 0]
E 003

0.2

=
&=

(1.0005

0002

L 0,001

(L0015

oz
0.0001

E 000005

- DOKN2

(0N

Reynulds number =

Optimum mside
dizmater I, m

Turbulent

low

B 20

=

=
=

TTTITT TTTT])

- 002
=01

L u.oos

Viscons
Thow
— 21k

14

=
i

T
fa

-l

0o

- 002

- 0¥l

- [VELARY

= K12

DVe 12580,
wT D

Bethion
Turbulent flow Re = 21{0)
Connect valves of g and rii,
by straight line (o obdin
oplimum pipe diamuler
Visgous flow  Re <2 2104
Comnect vilues of g and mir

i
by straight line 10 obain
aptimum pipe diameter

Example
Thata: Steel pipe
Water flowing at 15°C
= 099 kyfm?
o= 13l
Flow rute = sit, = (00047 m'y
Assume iwrbulent flow. Connect
=999 and i, = 0.0047 1o give
Dy = ROTG m ~ (340in.)
e )
Re = OOTEHI T = 70.000
Floaw is turbulent

Turbulent flaw

Diensity  Viscosity

p bkt P
10,000 - 5,000
5000 3. 2 000
2000 = 1,000
aia F 300
500 200

+ 100
200
E 50
100 =
4 20
30
EERLl
20 & 5
104
-2
E
2 03
L4012
05 3= 01
¥ ans
0.2 A
01 002
3 om
005 E_'
* 0,003
Q02 4
T 0002
.01 -

Wiscous flowe

g alsul 9 Cacuu

oy 1)1 Jaul gy Gl 2 415 03 (0

s o.\AT Cwd L

D opr = 0.363m 04 p01

Dot = 1013350 15

23

o ooy

i 4 ) dat ) SV JUS) Sl b Gy 0Lz Sl piY &S e S dlesl
8 55 ol )l e S 1l g sl Y Ol s 0 wd 5 4 K
Sy ookd hud SO @i 4yl @51 b a5 @98 el ol )

g 0 o3l g Ol

31 )L 13 U b ey Q) )3 S el ge o e 0

ol JUES) Wb o Jlw ko -

(e 9 40 8K g cAinndls) Jlw ol 35 ¥

Jbw QL )5 5§ 5 -

b asly o 580 50 28 b e 5 e alulr G ey sy 4N mi g -

9 C&) < Gy, ek JRCELY J.A.G ér’b é\):r\ gs‘.h)};}.ﬁ L o9 ‘&J_:_Q\ gsl.a)}}}o
. Z . ./

ST o 03l 38 L by sy 55 e 3 S

oy 033L 3 Cwd -0

24




o crny £l9.il

| l

Positive Displacement

|
| |
Reciprocating Centrifugal
| | ] |
Single Multiple _ :
Diaph

25

ISy 9 C16) (gln caoy

35h oo Jitie Jlw 4 O sy 238 1 5 00y €8 o o 5 65 eqmey ) 55
S e oo 0158 4 ST oy 5188 plagmg b 0

Comertingron O g, OISy (61 03 9 o0 05l b g )

o ) 3 S o3l 5 (S U 5550 51 015 o0
Sla Gy 015 o 1y (258 1 5 Cdy Glb ey 03
Al (Sl L gyl

Discharge

Discharge
valve

Suction vabe Crankshaft

Suction
S Olg o W e ol 3l 03l b a8 ol gl g i 9 Cdy Sl oy Sy
W13 Sl By i 1 gl 63 5 03 w3 5 2 Vb Sleily 5 315 Jlw 1y 3L

oyl ldal> 47 SV 33,8 Gy 1 01y o0d B ey ) 3 e 2l S Ol 4 ®
23,5 oslinwl Wyls

26




Brojl s gln oy

855 0 3 28 Sap8 oS 4 5 0ud 305 Bly 5 x5S 0 4 e comey ) 530
358 h G351 S8 g 0ki QU Ly il ) B

sl G5 L 9 Oz ol lyls (9P e b ey ) 3

@3 oz Ol g (o 1 OT jlosliial b g o5 g 03l b Gy pl €l 5 Pk gy
23,8 Gy 1y (Ml 3 il b o) Slale 3

AT () L5 903 S fn Jlow &1 6343 6551 457 Conl 01 55 B oy 1 3151 @
.&)MS@:}?\;

27

I541)93 Capio | ilaslo (glo caoy

Er S by S wobml cute gbulr 5 Jlyed €8 > ) S 5 b Gy )
D b 0l g (9P S b ois sLaS oo Jlew (o olid

it st Hlows Yo 4§ 5K 9 b SVl JUS1 1 o Gy 01 0

WS (0 0al,8 ) oV e g 0315 Jlw 4 (51 5SS O S B ey opl

) 3 ekid 55 0p 4 jle S 13 Gzl ey pl g3 ST L2 0T 1 e
23,5 o5l dal> Oly3 gl ONVLw 9 9y b Olube JUES! ¢l Ll b oy

28




10514605 (glo Cioy

6138 b oy ) 9 03 e glmlr Gl oy 03151 3 ey S (WS1,305 oy
@l by B0 4 00,08 lgn @955 b axily 5,Ses g meS 03 i
D7 e 325 o b iS5 alwlr by JF13 )3 397 50 e (81,30
Bl (o B ey ] 33 90 el 5 26 395 (W81 805 Sl e (S
ool b 13 6T &S Sl &y@&qu‘.f\)é\p‘\;@pp Chyls b cwy ! °
..s}..i)daa:\.é.:..»\gg:\g&;u}gsug{ﬂgjé,&l\gguw}\cw

P . er Py 39‘%)” °

! ‘;"*Lo.@ J&}"ﬂ L. CLG )\?’Q )Lﬁ.é Sl Pv °

5\,:.@%V;&U;.\ip@u,w«{m@w.mpmw.@ NPSH -

Gl Ol 5975 & Soly g ol ok Gy 63939 30 @le U AL e by Li

.>>,§3 w3 33 O 3wl 9l L cavitation pU 4 sl oW g

Ob o Ol 1581 L L easd o0 3b) hy bz Gdd il L as b= ol 51 e

Ly dal g gals .




(NPSH ) Ciio (jialo [palls am

31

(NPSH ) Cudo yiSo palls am
2! 53 25 el NPSH=Z-hy s ;5> (P=P) Lib fgr db= p3 wbo & (Fys0 5

S50 33 355 oy ia B 5 o8 Z )5 oAbl quay 31 VY i il S O ok el

.Gé;)ﬁ):%.j‘jwg\)ﬁdﬁ&\ﬁj\O\}Qw\ogu‘-\.ﬁ\gps>]?v‘\§

o e 86 Wiy o e ol o Fyp b ooy @l ABL 2 Y LY JBla- WL NPSH

NPSHA #
|/‘
NPSH /
Yw 5 oS Gl 6 lhds 03 3> 3o NPSH | NPSHA
— "~ '\PSHR .
D5 (0 o Tl ekige
Q 8313 g 03w Jaw 5 jLisy 0 NPSH i NPSHR  »

S o Bl 1y (43 0 BB g 0 pula 399 K WL 4S) any 893 6351 Ol 5358 o0

32




iww jliz)geo am | i2io

Lp—d _{_L d =i +Z,;—Z.=h _(h_f-*' +h-’{d)

pe 28
p._p FE_p?
hm.':; — d - -+ = = - Z:;n' = Z_i + h.ﬁ + hﬁz‘
“ pg 2 Cfl
-~ H
h — K r
f Z | 2g _/
0__4 ]
V=%=—2130
A = E )

33

34




DU b b o 5d (6 e3lkiul pump stand cud )l Gy 3,8 g e 6l 0

daly Ol 55 o0 Olaj & xS 03001 3 03linal by g couiS” o b SuS & may (795

) paRie G Kl 0,8 el ) Gy Db g3 4L Ol 5 Q e
.&QTQAw:&;ﬁhm‘gjfsh)w‘s\ﬁQch)}Syjﬂ\

Large liquid supply tank Practically a

vertical line

@ Clock

Pressure-
regulating

Pressure
auges
/g 14

Something breaks
(zenerally a safety
pin in a well-
designed pump)

Pump

Pressure rise, P2-P1 (psi)

Motor, driving pump )
' Volumetric flow rate Q, ft*/s

Pump test stand. Pump performance curve for a PD pump.

35

| Pump efficiency
- lines

S| e

Crrres L]

1510

Jw L

" Brake horsepower

B I L £ 5%
23 I i Sk E h if o i R
L RO Y ¥ RS e 8 I S0
: il WY A £ & HER S i :
ﬁ ) N, .
. Y B i H J oL
. B ) M i L] v 11 ir
T 5 P iy RIS
S AR ¥ : BT E I REER R RN
¥ L% 4 SR, BN EEE o
AN ANk i TECR ¥ o B
TiE

-

(-

" 51 1%| ’l
o Fenal] {

curves

i

1To8L

CAPACITY M U5 QALLOME PER MINUTE

J B
=

1000

1600

36




33500 RPM
150 500 TN, DIA
 ES S e S I T | 1
Y l o Vg ) (B /4 BC.
91D S0 80 S, _;_E'-e_ia_ﬂzl?sn pm
-IB'I -~ ‘%‘5“_}7‘.@: Z s
; 3 f O e
1jo* I _@ * "
B2 . ‘?‘;gv
b~
" e p D
Al VA ST
- : P T
i ! TR I i ! i)
. Impeliers are Iﬂ'rm:mln 1_:&1 & - ‘Lff“
i ks fo
Emmm|mﬂ% _}?@T
Imprelier sizing remans with |
Bafl & Gossatt NPSH REQ

SAMPLE PUMP CURVE

37

J55 U ol am 85 ol H,—H, =0

38




Wb p3Y &S s 30 2l pl Muw,b‘uw/\w;u,,.wwi\,b .
Jb)bi})’dbfjbdrsw& -bbcbjmu;wﬂg«o\@b
J}ZM‘P&)G‘G}QWWW‘U)MJ‘)5°"€.J¢$

b::",..a.ﬁ-.)flf

3> 94> shut off pressure Y PRI
| wbjﬁo& d}w)w)’\);;&g'/."'

39

()
Total =
Head
Hm
Theoretical
Actual _—

Flow Q m?/h 20




Centrifugal Pump Characteristic

I"EI(;t:é Theoretical
H <
m

Actual Discharge Characteristic

Flow Q m3h

41

Lot a3jbu

P=APQ = pgH , 0

= —
Tlp p

p - P, pgH 0
M _
7? M ]7 o ’7 M

42




T

Ii]

£

l/min bk
ll]

o koS 03 gl 4 a5 L

=il

==

_‘_T—t ._.I...._t‘"
ey g ¥

=10’

m h ik

R
10 _,».l--L S "M:Ji:qu e l =3 i
S ——— ' SREst
E— 11 10t
A i 3
== = >
L = = Hio &
4+ [ L NN ST 3
53009 Sa bl | |0
v
10 T e e SLoa T
r 4 T LE 102
y 4 | I
Sl ;
, L 1 1 [ 2002
107! 1 10 10? 16? 10°

43

Pump Performance Curves

A

Shut-off Head

/ point

Operating Point
PUMP CURVE

\ 4

Run-out point

TOTAL HEAD, H;

nl

BHP CURVE

EFFICIENCY

FLOW RATE , Q
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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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Air Compressors
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No. of Stages  No. of Sides of Piston

== for Compression in operation
Single — stage Single — acting
Multi - stage Double - Acting
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3 20 22
P, V) PV =C
\ [\ (Isothermal)
\
N\ y——rr” =c
@ W\ (Adiabatic)
= N b n
2 N\ PV"=C
EP 4 N\, ! (Polytropic)
1

Operations : 4 —
1

v Vi

Volume ____ |

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

— Temp increase from 7, to 7,.

: Compressed air at P, and V, with temperature 7, is delivered.
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—> 1-2”: Adiabatic Compression = Max. Work.
—> 1-2: Polytropic Compression

—> 1-2’: Isothermal Compression = Min. Work. P, -3 foeeeees
\\ \\ 'ux‘ ‘ Actual
5.\\ "7\\ \ uy'/—Polytmpic (n>k)
\ "‘\ ‘\_ Isentropic (n = k)
% N A \_— Polytropic (1 < n < k)
L <

\ \\ Isothermal (n = 1)
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. Isothermal Work
Isothermal Efficiency, #,,, =
Actual Work
bdod (S5l 03,0 & iy oBly @3l 03,80 &5 Cunl as ool & YL loden o33l °
L SES
1 Actual Work = W, = Area 4-1-2-3-4
3 25 22”
P, \4_— 2 PV =C W,.= Area (4-1) — Area (1-2) — Area (2-3)
\\ ] (Isothermal) _py PV, - PV, _ py
—— PV’ =C . 22
W\ . n—1
QA (Isentropic)
\ . PV, - PV,
N PV"=C —(PV. —PV.) — | =222 "1'1
P 4 ™\, /(Polytropic) ( rrn2 2) n—1
1
PV, —PBJV.
' =(RV1—PZV2)+(—“ ]
v, v, n—1
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n—1
‘ n
3 222 =\ | (B¥,-B7,)
P I o PV =C n
AW (Isothermal)
Y\ \——rr7=c =(—n j EK[l—szj
N\ (Adiabatic) n—1 AV
AN
N PV"=C " n
P 4 N\, 7 (Polytropic) Now, BV =PV,
1
1/n
. v, B
= —=|—
N oA
P P P 1/n
Wv]sothermal anT ln_z ‘??‘7 VVact :(Lj Pll/l -2 =
R n-1 R\ P,

Ulei aJalan — | iSp 9 Cui) ) g jro8
=) # {1—5[% }
-1 R\P
e e () mAE)]

V] \ (Isothermal)
\\+——rr =c n-1
N\, (Adiabatic) " P\
) N Prr=C Wy = RV 1= 2
p y / (Polytropic) n—1 B
1
n—1
VZ VI n P 7
_ 2
Delivery Temperature, Woee = ( — lj nRT 11— (F
n—1 iz 1

n
]”2 — ]’1 [ij The solution of this equation is always negative.
Pl This shows that Work is done ON the Compressor.
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A

Intercooler >

L.P.
Cylinder

Air Intake

LP.
Cylinder

Air Delivery

A

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 Efficionc Operating Maximum
Capacity %Eg:éﬁ?: (%) 4 Speed Power Application
(acfm) : : (rpm) (HP)
(psig)
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 Iainly air
500,000 10,000
Positive
Displacement
Compressors
Reciprocating (Piston) 10 - 20,000 60,000 80— 95 200 - 9200 20,000 AIr & process gas
Diaphragm 0.5—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 - 8,000 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
Liquid Ring 5-10,000 80 - 150 25-50 200 - 3,600 400 Vacuum service & corrosive
process gas
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- Advantages Disadvantages

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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_ Advantages Disadvantages

Positive displacement

compressor

* 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?
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