Piping Hydraulic Design Guide.

Process Div.

Copyright (c) HI-TECH Engineering Co., Ltd. All Rights reserved. (] . .
#106-5 Hakdong, Yeosu City In Korea +82-61-681-7000 “} HI-TECH Engineering Co., Ltd.



Piping Hydraulic Design Guide.

Hydraulic Calculation2| & 9],

B2 LHOlA S Sote SXHS SE42 ISt 0|12 SES IIELZ UM = EZA,
SZMEN 284, S Dot 22| 3I|E 2 E ole= XS & & & F(Hydraulic Calculation)

Olct etCh.
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Plplng HydraU"C DeSign GUide.‘ Pressure Drop Calculation

1. Non-Compressible flow.( 24 )

22t 9| System 0l CHet &S &4 = Hbtol= A2 el KD JLH, HEELZ AIEE =
A0l CHt M=8tCh

LEE=AZ HAAl BHZ2] HE U HEHH Wt HE D &It THED] 20| 0l A& st
Moody Chart £ AtE¢&tl}. (S& 2248 22 2, Roughness factor = 0.0001524m)
Darcy-Weisbash Equation Fanning Equation Chen Equation

h = £, x (L/D) x (V4/2g) AP = 4fLID x (pV2/gc) 1/ Tf_=-2log [ (K/D)/3.7065 - (5.0452/Re)logA,.
hf : friction loss, m f : friction factor,

L -l Z0l,m L :HH2 20l,m Ad = (K/D)"10% [2,8257 +7.149/Re)08%8

D :ti2 LHE, m D :btH2LHE, m k : Absolute pipe roughness, m

Vi bi2U 8 75, misec VU2 B2 S, misec

g :=S=It55 (9.8 m/sec2) p : LT, kgimd

fm : Moody friction factor. gc : S IIH T (9.8 misec)
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Equivalent Roughness for New Pipes

Equivalent Roughness, € om
Pipe Feet Millimeters
Riveted steel 0.003-0.03 0.9-9.0
Concrete 0.001-0.01 0.3-3.0
Wood stave 0.0006-0.003 0.18-0.9
Cast iron 0.00085 0.26
Galvanized iron 0.0005 0.15
Commercial steel
or wrought iron 0.00015 0.045
Drawn tubing 0.000005 0.0015
Plastic, glass 0.0 (smooth) 0.0 (smooth)
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2. Compressible flow.

JIHQ 20 22 &4 BigH0f 2ol LEo B 2 SHUE 254 |Hlct &.
A HE A2 Isothermal( S2)1 Ad|abat|c( tE) Flow type 2 S2t0lH OIF O XIH [l <
oted & Al H A Al Isothermal Z ol= 210| @+& BILC}.

3. Two-Phase &3 &4l

>

-

M2 HH2 2J02] 2101 &M & M %@."
L L5tH =& Design & 16t Min, No
Hl & oHO4 OF StCh

Lst 0l Pattern 2] S 50| Y= #2H0ll= P&IDOI 3 Alot0d OF SFLF.

alo| 2

o o
— LT
ax flow e 4

§|'

-Flow Pattern.
1) Dispersed Flow.
Dlspersed flow = Overhead condenser Lt Reboiler return Hi 20l A 244 & 4~
E19 S0 8Al Flow rate 2| 30% O|&422Z =T & [ 0l2{&t Pattern 2 & 4

2) Bubble Flow
S0 A CHUHI A WA 2 &2
Flow rate 2] 30% 0|3t2 &M
22 Yoz ASHSHTL

ol= Flow= 26lH 2 012 R0 A
&4 BtCt Sizing &¥ 2 Dispersed Flow 2t

Wl I'IO

=C 2 0|SolH 8=
FIH Ol2{8t Pattern
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3) Slug Flow
&2 99| Pocket HIZ0IA &
SEMEl= 212 AN 50 OF 8HCF.

F-III
I O
HU
I8
0=
ol
rr
ra
07

Ol 33 i 20l A= Slug Flow 2| Pattern 0|

()

- Slug Flow 2 2X|
OI-E:-I A/\I 0.” 0;|_’9|_j|.

- Parallel HH 201l A

- Low Point QIA =

- Gravity flow

2 2t 20| Slug Flow & Pattern £ S10HOF ot (H X2 ??3tst2| Steam Condensate Hi 20l A O] 2t

Z 2 Flow Pattern 0] 25t SXItEHA2H M X222 Drain 6t 2& 6112 U= Al I JA

018 MHEE.

Ol YWEHS FTHA AN B2 HH2ASZ
22 2049 & © 2 Parallel 2 4.
e Ofl -—I°* Flow =&,

alv
&t Drain O| Lt By-pass & &

x

Al

F-III <

4) Stratified Flow.
=Het i 2 ol A HH2 S50l &2 olFE s2
Slug Flow & H& & & ULt

rlr

YRS LoH0 WIS 3II0H AT FR

IIJI

5) Annular Flow

Hi 22| B3 2 Film OILI Ring 2t 20| XHIOt EFMAH S2= ZR0/H JIXM 5501 #HE Z 0
&t M3t= Flow Pattern O|CH S5 %= B2l S & Annular Flow 2| Pattern Of DP‘ E232o=z
LIEFLE QUCH
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Plplng HydraU"C DeSign GUide.‘ Pressure Drop Calculation

Flow Pattern Microgravity , =& AFEH Normal Gravity

Bubbly

Slug

Annular
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Piping Hydraulic Design Guide.

UBINOZ HE S2 20 Mo S 20t= Z3tAE 2l M2l Z<0l= 0.05 kgicm? /100m,
ISt AEHDL Ot X2l & < 0.1kglcm?/100m O| 5t =2 & & &tLCY.

oMoz HIT 22 & 2 A 232A6t= 1.0kg/cm?2/100m 2 S AGHH 2| A &
FUAS B2 EOZS kg/cm2 2| &= 2otE 14 stlt.

AP = AI:)Iine + AI:)H/E + APcv + AI:)others

AP, BIES A SHXNK S 2t Al (kg/em?)
APe: © DEI0IA L&A
AP, : Control 2 Ol Al &4l (R 22| 500(CV R Q)& & &2l 1/3(CV L&)
APoriers : SEHSO erataal
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Piping Hydraulic Design Guide.

£ S0l S RSEHER UEs K52 JHA 1D JUCHH 0] = Fitting & S0l Erosion 2

Erosional velocity , Vc (ft/sec) =C/ p?9°

C ; Erosional velocity coefficient.(100: Continuous, ~ 125 : Non-continuous, Max 200)
p : Density of fluid, Ib/ft 3

Example) Water Continuous Service.

Vc =100/ 62.4 95=12.66 ft/sec = 3.86 m/sec.
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Piping Hydraulic Design Guide.

a5 55 F 015t HISHA]
Z|H ST &= Critical £5£2] »2 0|ot2 HNI&tS S0 OF 8tCt.
Ol&t JIHI2 B2 LhSA0 2ol Critical S5 Al LY.

Vi =T g.kRT/M =223 x ( RT/M) 0.5

Verit: & H =S (m/sec)
gc : = &4 Hl2=(4.45kg.m/sec ?)

k : HIZH| (Cp/Cv)

R : JIX At==(0.08205 m3.atm/kg.mol.K)

T 2% (°K)

M 2AE (kg/kg-mole)

Gas, vapor, superheated steam > 17.2 kg/cm2G sonic velocity 50%

Gas, vapor, superheated steam < 17.2 kg/cm2G 30.5 (d)?

- Saturated steam = 61 m/sec,
- Superheated steam = 76 m/sec.
Sonic or acoustic velocity =91.2 (KT /MW )  %>m/sec
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Piping Hydraulic Design Guide.

= E@ £ = Control VIV JHXI2 B2 0IH &€& 2Adl= SF20( J|&
2 0.1 kg/cm 2/100m 2 C+ & OOk StLCt.

a
o
0
ﬁ
Hu
gl
5 0

IO |>

gm

A8 EHUH AN 2% Vessel ItKXl 2 IjH t2 &St 28 40| &M SHAl 2 == Design o0 O
ofH S5=2 M SLSJ12 K52 Erosion 2 LAl otJ| RIolH S S&= 25.4 m/sec &2
Higt = Ch.
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Piping Hydraulic Design Guide.

9. ¥ 2 =4 _ Side cut draw-off £ £EZ QI8 H|&HX

Liquid draw-off tray Ol Al 4Kl 2SI0l CHEt 2EE24J} MIZEX L=CHH, 220 =
10ft 0l M2l 2% E = 0.762 misec 01 5HX OF BHC}.

Ol 2t2 D1 st A2l SREU A Particle Size JF 200u 21 S 20| J|H 22|J1 & LY £
U= BHOICH

10ft OIT—.—I B2 LBHA0l b A A &0l Sloll 28 & Column 2 28 50| 2
d2= Control VIV 2| &f£E SE06| =58 = U= =8 =012 =00 &

»
»

|4
|‘

e
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Piping Hydraulic Design Guide.

10. 2 S8 — HotoEHC| WX =0l 2EE BE= S & M2 Line Size Z2&.

Static head 2 Liquid level OIMSE 2EE WENX 2 Hi 22t 0MH 2l dEHEAS
ZOol, 2EE EE9 R SUHM LIt 2HUKX =S & 3= 2 F st

CtSAE 8= AIAHOF 8L

rr

Ol Z=0i

0.1ph > AP flowmeter + AP line friction

p : Specific gravity m

h : Static head
AP flowmeter : flowmeter Of| A =4l
AP line friction: line &t&4!,
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Piping Hydraulic Design Guide.

11. Vacuum Tower Overhead Line

HBol0A 28 fle Rile RAS RUD 1 MB2=2 25 agst II|0 oiEot2=
=2l & J|2 0F 8tLt.
20l 2 Hl= 0 Utility 22&(AE, d2d+ 352 ARE)E A olH, S HIE0| = A 82
2 £ U= 60 Line Size € Z & 6ILH.
Pre-Condenser A2 &3 &4 4mmHg 0I5t)F & &2 & A StC.
12. A3 0|2 S @St 8t S5
IJIH Y SI B2 A &3 et HXl = fst 20 &= CtS o 20
Normal Background Sound Maximum fluid velocity to prevent
Pressure , dB(A) noise, m/sec
60 30
80 40
90 50
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13. Water flow

29| I o&+& 26 HAF2 William and Hazen’s Formula Ol 216 H & Sl C}.

h = [(10.665 x L) /(C 1852 x D 4871)] x Q 1852

hf ; Friction head loss in mH20. = Table (1) ==

L . Pipe Iength in m. M::E:ial Hazen-William rougléness coefficient range
D : Pipe diameter in m. ot oo o1

Q : Pipe flow rate in m¥s. o P

C :- Hazen - Williams roughness coefficient, dimensionless. G 0

Its value depends on the pipe material and table (1) lists Plastic 140— 150

general range of this coefficient for different types of new Steel 110

pipe materials:

Copyright (c) HI-TECH Engineering Co., Ltd. All Rights reserved. {‘} . .
#106-5 Hakdong, Yeosu City In Korea +82-61-681-7000 (] HI-TECH Engineering Co., Ltd.
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Z| &3 2 B2 26tJ| 9ol A= Operating Cost2t Fixed Cost2| & 0| = A D} &l = SizeZ2 A
Design T/ O{ OF StCt 2Lt 0|2t 22 LS JHE ZELG AIEEIE+ S &0l ol= HESO0|
EEE O U H2 A2t =280| 2 Qo0 E&H SHHAM = RS2 A2 AHS BE &2
JIESZ &5t

Or2Hol Data2t B2 X2 = ZED AL SSIIELZ 208 XIHROICH
AP =X, kg/cm 2 /100m O =%, misec
Service Utilities

Header Branch Header Branch

Wt B350 =8 0.10 0.40 3.5 3.5

HWES> B0 =8 0.15 0.60 3.5 3.5

SHE Al 0.15 0.40 3.5 3.5

2 2= 0.20 0.50 3.5 3.5

AZOl 31 =8 0.15 0.40 3.5 3.5

812 tH== Line 0.0025 0.01 1.2 0.9

HEW A2 &I 8= - 0.05 - 0.9
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APl X HXI, kg/cm 2 2 A
Service Operating 1100m ZIH =&, m/sec
Utilities Kg/cm 2g
Header Branch Header Branch
0~5 0.03~0.08 0.08~0.20 50 30
A& 5~15 0.08~0.14 0.20~0.34 60 40
15~40 0.14~0.23 0.34~0.58 60 40
40~100 0.23~0.38 0.58~0.94 60 40
Instrument Air 0~10 0.10 0.25 50 40
Plant Air Over 10 0.15 0.40 40 30
0~10 0.10 0.25 50 -
Nitrogen Over 10 0.15 0.40 50 -
0~5 0.019~0.05 0.05~0.15 60 40
Fuel gas 5~15 0.05~0.086 0.12~0.21 60 40
15~40 0.086~0.14 0.21~0.35 60 30
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Utility two-phase line sizing

Servi Two-phase AP2| £ T4 XI, kglem? /100m 0 =&, misec
U:ingg Average
density Header Branch Header Branch
u | oo
10 ~ 30 AP(max.25%) + Branch AP (Max. 50%) + 9 ~13 14 ~20
Trap AP (min.25%)
30~ 100 6 ~9 10 ~14
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Max Velocity For Corrosive Or Erosive Services

Service Definition Piping Material Max.Velocity (ft/sec)
. Solutions ir_wolving NaOH, KOH & vyater _mixtures of Carbon steel 4
Caustic these solutions and hydrocarbons in which the
caustic is more than 5% of the mixture by volume
Water solutions of 80% to 100% concentration by
weight & mixtures of these solutions with
Concentrated H,SO, hydrocarbons in which the acid is 5% or more of the 4
mixture by volume
Phenoilc wat 3
enotic water Solutions of 1% or more by volume
Wet phenolic vapor Carbolic acid 60
Aqueous amine solution MEA, DEA 6
Salt water 6
v Includes brackish waters (>1000 ppm chlorides)
CO2-rich amine liquid Stainless steel 10
Cement pipe
15
Salt water or coal tar
enamel-lined
Liquids in general Plastic pipe or 10
Liquids with suspended solids rubber-lined min.3

Copyright (c) HI-TECH Engineering Co., Ltd. All Rights reserved. {‘} . .
#106-5 Hakdong, Yeosu City In Korea +82-61-681-7000 ¢” HI-TECH Engineering Co., Ltd.



Piping Hydraulic Design Guide.- i

bH 2t Hydraulic | & Criteria.

1. Hydraulic CalculationA| & & &t 9/ X112 =0|Xt0| & 1A Gt 28242 =0|0fl CH St AtE
2. HH2t0ll I XI 3t= 2t S Instrument2! Equipment0il CHSH0] & &5 & & =4
3. Gauge &= 0t 0§ =0l tHotH & &gt DefineO
4. Strainer2| 2=y &4l Charts

e
20
Qﬂ
I

SCREWED END “Y"' TYPE STRAINERS DUPLEX TYPE STRAINERS

3 ET TYPE STRAINERS

~
¢
i :wf i

e . © SOF Clchew) Y 4XuX [ S
i : : = mimazsi I
i I.II A = $ + E/’:/ ’,i/ /’ T« H
o T i 0 7 T :
5 (VA AR — i : T :
BT TIE STARER TR §0/ VAT o B AT
A @ Y 71 1 : . L !
' Vi T T Ani A AT / /
» ! [ gL CITn AT Ay anya
" T A R - - va 7= .
; %u I/Z,/‘ Pl IE % . o > : ’{ 7 -7 n
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HHILSE M 20l CHoll M & o= LHR0HE S,

OlEXCz EUHETA SETIIIUCH &2
tC 2E UM SEE=tC 2N BUHESE ~tC 2EUHANY LS

‘UBINOR MBI 2oh HTat ot SHTE L

1. cSt(Kinetic Viscosity)
: SELE CGSHIAZ HAISE XS Stokect St(H 21 1/100= I 5t 01 Centistokes(cSt) = L+E}

LHH SE2&=1. S O(Internatlonal Organization for Standards)& &= EZ 0l 2/dli 40°C,

100COIH MIHS
2.E° (Engler Viscosity)
:200cc Samplel| RE A= 20C2 =22 FE A4 HIZ L= . SE2E=207C,507TC,100C
S2MN =2 REEUHAM ALES.
3. SUS or SSU(Saybolt Universal Viscosity)
: 60ccl| =& = Sample0| RE0ot= AlZH=E)E 58.5

HA ALE.

4. Redwood Viscosity
- Redwood #1 : 50cc2| Sample0| R E0ot= AlZt= 2olH S 2= =204 307C,50C, 80C,

100°C 0l D =20l & 70°F(21°C), 140°F (60°C), 212° (100 C)e.
-. Redwood #2 : 50cc2| SampleO| 0CHIA R=0t= Al2+H2 &,
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Piping Hydraulic Design Guide.-  ::

Net Positive Suction Head.

M= LEe Ol X2t e A0 Tt JIM2 A0 A HE 2+ AL S BIOF A
S0SEM = ZHUA BN Lo SIS LU 2 B3R HA= M=z BHolH BEE= &
= U EHOIE HE ot)| ?lot S BE= Ex US AHHEEZS =X AC Ok ot=ItE
2 == /= NPSHaO|ct ol & 6tH ta” SeotAsAe 2 & =T

B 20l Al Impeller eye JHAl Jt= HEUHA EHE = &5 &4 gt NPSHr Ol ct ol &,

NPSHa > 1.3 x NPSHr or NPSHA > NPSHr+0.5m.

NPSHa H| &4,

NPSHa = (P-V,-AP)/SG, ) x 10 + H.

essel FOAS 28 2.
oA S SO
OIS &AMl &2 &4l Y
esselF 2t Pump )t X 2| = 0| X+0].

2T 0lA2 HISEl.

;

T
(1]
0 J
JI)Il < i FH >
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Example for NPSHa

=D} 2m3 Vessel0f| 98°C, CHJ| & ZAHBIOA M & T U 12 Vesseldt T Z 2| = 0| = 3meter O| C}
ERAAMNEHIZ 0|S ot 2AEMH IOl NPSHa E H A 6tel.

1= Vessel RHIAL 28 22)=0I2 ,= 1.0332kg/cm2A.

1= XHMN SHS SI/2.)=98C0HlAH 22 &1L 0.961kg/cm2A

AP (ELSHAML X 23 £4l)=ti2t Strainer £ 112 6t 0.1kglcm2 2= JHH.
(&2 = Vessel = 2 Pump DHXI 2| =0[XH0].) =3 m.

SG,: EY= 2 0A2 HISe=98C A 22| HI=,0.958

NPSHa = (P-V-AP)/SG, ) x 10 + H.

=(1.0332-0.961-0.1/0.958) x 10 + 3 = 2.7 meter
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PROMA 2000.- Demo Version

Hydraulic Calculation Site :

Example : Water 7/ =
7&f: 30,000 kg/hr, Z' % : 998 kg/m3, Hff& & : 3inch, Sch40., 7/2/:100m, &% : 1cp. 2% : 35°C.

1) Reynolds No , Re = pUD/p =998 kg/m3 x 1.75 m/sec x 0.0779m / 0.001 kg/m.sec = 136,052.
2) A J| Nre gt 2 J|E2 Z f- factor £ 01, =0.02
3) &2 &4 J| & Darcy Equation h, = f_ x (L/D) x (V#/2g)

=0.02 x 100m / 0.0779 x ( 1.752 /2 x 9.8) = 4.0m x 998 kg/m2= 3992 kg/m2 = 0.3992 kg/cm2
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