
and Ryd~k"auEics 

zPe--1 

m Guides and Approximations 

a Reduce T h e  for Line Sizing 

General Line Sizing Comments 

r Computer Not Required I 

m W d  Jxdgment irnd Experience 



m Use 6kornaals' flew rates and "BormaX" 
pressures from process design 

I Consider effect of: 
- Design flow rates 
- -maow rages 

- Shutdown. 

m Use flow skeEch to summarize bydraulfcs ' 

and f i e  sizing data 

r Row skekch will help to visualize e@wt of 
static head 



Principle Criteria 

a Pressure Drop in psi1100 Feet 

Velocity in Feet per Minute 

Required Physical Properties 

r Fbwing Sp&xc Gmvify - ratio of the density 
of &e Eqnid a$ its flowing ternperatare to the 
demity of water at a base temperature, 
vsuaw 6Q°F (15.6OC) or 392°F (4*C), its 
point of xnaxhmrn dens* (1000 g/cm3) 

a Vapor Density - pounds per cubic foot 

m Vapor Specific Volume - cubic feet per poun* 



Sonic Velocity of a Vapor 

a A compressibIe fluid cannot move faster than 
the speed of sound in that fluid 

m Typical preblern in vacuum heater transfer 
' lines, pressure relief piping, and high pressure 

m Usually occurs at end of a pipe or system (at a 
c h g e  in cross-sectional area) 

m Xf sonic ve10ciIy is disregarded, the flow rate 
may be over-d~la&ed 

Sonic Velocity of a Vapor 
(coa&pzaed) 

i For a typical CpKv of 1.1, the speed of sound 

Molecufar Weight 

a Sonic velocity is e x p d  in units of feet per 

I Sonic velocity is; proportional Eo: 



Specific Volume Change 

r Xf &ti& line AP < 10 9% of upstream absolute 
pressure, either upstream or downstream, 
specific volume is acceptable for line AP 
calcuhtion 

I $f .total fine AP < 40 % but > 10% of upstream 
absolute pressure, use average specific volume 

X f  &tal line AP > W %  of upstreant absolute 
pressure, design line in sections 

Mechanical Consideratiom 

m lV&&nm size rack piping I" 

r Minimize purchasing? detailing and inventory 
by avoiding 1%'; 2Wf, FH', and 5" pipe 

r For 2" and smaller pipe size, Schedule 80 
minimum is recommended 



Pipe Wall Thickness 

m Pipe O.D, is constant 
m IS). changes as waff thickness changes 

I Be careful of XB* in hggh pressure or high 
corrosion allowance system 

r WBEI thickness tokrance is r 22% for 
s d e s s  pipe up to 24"' 0B. 
Wd1 thickness tolerance is s 0.8XW if pipe is 
fabricated from-rofled plate 

Revamp Considerans 

r Econonnics and decision .Eactors are diffemt 

r Line size ean often be s d e r  tlzan for new 



Pressure Drop for Liquid FEows 

a The general equation for prcsssure drop of a 
Bqaid in in pipe can be expressed as the Darcy 
Equation in the f m :  

1 4 4 x D x 2 x g  

Pressure Drop for Liquid Flows 
(coIzhIzhaaed) 

AP = Pr-re Drop 

d = Intern1 diameter 
g = Gravitational Constant 



m By rearrangement of the equation, we can 

0-a00216xf X L X ~ X Q ~  

Pressure Drop fur Liqaid Flows 
(con~nued) 

r Simpmations 
- A s m e  L = 100 ft of ecpivalent length 
- Defme AP(,,, = 100 AP 
- Sabstitating p = 62.4 lb/ft3 x SG 

where SG = SpecifZe Gravity of fluid 
- By sub&tu&ion and rearrangement yields: 



Pressare Drop for Lipid Flows 
(conthued) 

- Define dPO(lOO) = - 

- By substitution: 

r Fer small changes in flow, Q, assume Fanning 
Fricaon Factor reraains constant. Thus we 
can define a constant K as follows: 

- = Conslant, K 

Pressure Drop fur Lipid Flows 
(cu&ptteed" 

r The equation then bcomtw: 

which plots as a straight Iine 0x1 a Log-% grrdph 



UOP Pressure Drop Chart 

- - Sch 80 

APo(200) based on Ontiqnid viscocity of0.6 centistoke aad turbulent Bow 

Viscosity Correction 

r Chart dl, is based on a liquid with a bematic 
viscosiQ of 0.6 centistoke 
For materials with different viscosities, 
mlgp#y &art dlP correction factor (v/O.~)@~ 

v Kinemtic vistosity in centistoke 
p Absolute viscosity in cenfipose 
p Density, g d c c  @ 4°C 



Viscosity Correction 
(contzntzptued) 

- For u = 20 Centistokes 

(Corntion is for htrbdent flow, Reynolds 
Number > 2000) 



Liquid Flow Line Sizing/dP Calculatt'on 

Flow Rate 
Flowing S p . k  0-73 

0.6 centistoke 
a* Find hP1100'irin 6" Sch, &O Pipe 
b. Find hP/1003in 8 ' 3 &  40 Pipe -s 0-igg 

c. Find Velocity in 8" Sch 40 Pipe 
d Find Corrected hPJ100"in 6" Sch 80 Pipe if 

o = 50 catistoke 
e. What size pipe would se5trJ.t in a AP/100' = 

0.28 psi ifflow is 4000 gpm, Sp-Gr. = 0.8 and 
v = 0-6 centistoke? 

Pressrcre Drop for Vapor Flows 

m The gmeral equation for pressure drop of a , 

vapor in a pipe can be expressed as the 
Dasey Equation in the fom: 

3 .36~10"~ x f  XLXVV' x v  



Pressure Drop for Vapor Flows 
(csmtinued) 

Where: 
AP = Pr-se Drop (psi) 
p = Density (tb/ft3) 
f = Darcy Friction Factor 

= four times the Fa-g Friction Factor 
L = Length ofpipe (ft) 
V = S w c V s l m e  fft"/lb) 
d = f n t d  diamekr (in) 
W = I@.assflow rate (lbk 

Pressure Drop for Vizpor Flows 
(continzled) 

u SimpZifieaEions 
- Assume L = 200 ft 





Vapor Flow thm Commercial Steel Pipe 



/ Vapor Flow thnc Commercial Steel Pipe I 

Vapor FEow Line Sizing/AP Calculation 

m Rowing Qwti ty  4@,@0@ lblh 
Specific Volume 0.9 f?t3Ab 
a. Find AP/10U7in 6" Sch 80 Pipe 
b. End aPllaO'in 8" Sch 40 Pipe 
c. Find Velocity in 8" Sch 40 Pipe 
d. What size pipe would resalt ia a hPlf 00" 

equat to or less than 0.4 psi, if the fIow is 
100,000 lbih and density is 2 lb/ft3? 

e- What is the vdociq in thte b e ?  



Two-Phase Flow Pressure Drop 

m Correlating Factors 
- Liquid volume fraction 
- Ratio of pseudo 100% g a ~  AX' and pseudo 

100% liquid AP 
- Ratio of AP two phase and pseudo 100% 



Two-Phase F b w  Pressure Drop 

I. Cdculate fictitious all vapor pressure drop, 
Al?, using total mass flow and Bowing vapor 

2. Cafdate fictitious aXE liquid pressure drop, 
Al?, by converting total mass flow to liquid 
(gpm) "nd use the Mwing properties of the 

Two-Phase Flow Presswe Drop 
fcomttnued) 

3. C&date the ratio dl?,, / f lZ 

4. Wedate the actual liquid volume fraction 

Liquid Volume Fraction = 



Two-Phase Flow Pressure Drop 
(continued) 

5. Using &we last two values and chart, 
determine factor, f, where 

6* CaEcaEa.Ee two-phase pressure drop, APw 

AP+fP = f x APLL 

Two-Phase Flow Pressure Drop 
(colztzlztzau~) 

Xf the line size is to be determined, &late 
and AP based upon an assumed h e  size. 

Then, if necesmy after Step 6, re-estimate Zhe 
-fine size and repeat the calculation untii APmb ' 

sufficiently close to the desired rate. 



Vapor Flow 
Specific Volume 

Liquid Row 
Specific Gravity 

Line Size 

TWQ-Phase Flow 
Presswe Drop Calculation 

12 inch SEXl40 



Two-Phase Flow 
Pressure Drop CulcuEation 

(cona'ntted) 

- Calculate the mass flow rates 

v7total = f Wvapor 

WEqM = 443 ga31nxin x 8.34 Ib/gal x 0.494 x 
BU dn/h = 109$@85 Eb/h 

W = 209508-5 + 47000 = 156,;5085 Ebfh. 

Two-Phase F h w  
Pressure Drop Calculatt*on 

(continued) 

- C%Idate MeC; m h g  all of Uhe material is 
vapor and use Uhe vapor fraction proper-ties 

- Use AP CW b get APOno0 

- MOR, = 0.47 (for 12" Sch 40) 

- AP,, = 0.47 x 0103 = 0.142 psilf00' 



Two-Phase Flow 

- Caldak the liquid volumetric flow assuming all 
of the ntalerial is liquid and has the properties of 
the liquid fra&on 

Q.p =443gpmx 

- r j s ~  the DP &A f~ fiq.aids to APOno0 
Urn, = 0.034 psi for 12 iach Seh 4.0 pipe 

= 0.034 x &A94 = 0.017 psi/XOO' 

m Step 4 
- Wcukte the ratio of the fictifious gas to 

liquid pressure drop 



Two-Phase Flow 
Pressure Drop Calculation 

(continued) 

- Calculate the liquid vulme fraction 

- Calculate the liquid vuh.ane 

Two-Phase Flow 

m Step 5 (continued) 
- CaXcaIate the vapor volume 

Vg = 47000 Ib/h x 0303 ft3/ib 

- Liquid volme fraction = 



Two-Phase Flow 

- From two-phase flow &art 
- fz3.0 
- f =APDTpIAP*, 
- AP*, = 3.0 x 0,017 = 0.05 p~i1200' 

w Find a Schedule 80 pipe size tha2 will result in - 
approxha~ly a pressure drop of 05 psinQO" 
as a r ed$  of tm-phase flow ha-g the 
faowing parameters 
- L-quidfXow 

Rate 500 gpm. 
Sp-Gr. 0175 

- Vapor flow 
Rate 40,4300 Xb/h 
Sp.Vo3. 0.9 fPIEb 

Two-Phase Flow Line Sizing 
rn CalcuMon 



Flow Patterns Check for Slag Flow 
in 12 " Schedtlle 40 Pipe 

m Annular or mist flow is u!suaSy assured if the 
ve10city in ft4s i s  a~proxhatefy equal to (ax- 
greater than) 60 divided by the square root of 
the mixed pbse density i-n Ibdcu.ft. 

Flow P d e m s  

4 .-. 

Check further by use of chart 





Flow Patterns 

(&/& y9 = (109,509/47,000)~~ = 2.14 

(PG /pL )aj = (3.30/30.$)~~~ = 0.33 

bLiPG )Oel = (0~5 x 0*494/0&15)'-' = 1.35 

Slug fiow is indicated 

Line Sizing Cderia 

8 Tables give pressure drop and velocity for 
various flows and pipe sizes - BUT - 

r The eengineer needs to be familiar with the 
reasonable and desirable piping design pressure 
dmp and velocity for a given service - H E N ~ E  - 

Line sizing criteria which are based upon years 
of experience and studies, but should always to 
treated as a guide 



Line Sizing Criteria 

r Assumptions for Economic Pipe Sizing 
- Flow in pipe is turbulent 

t - Motive power is supplied by p m p  or 
compressor 

- Pump NPSIf requirement mast be met 
- Slurry Lines ta have veioci-ty high enough to 

avoid but low enough to avoid 
excessive erosion 

Line Sizing C&eeria 
Index of Type Numbers 

Pump Discharge 
Liquid to Son-Pumped Reboiler 
Reboirer Return b Column 
Calm Overhead Vapor 



Line Sizing Criteria 
Index of Type Numbers 

(continl;ced) 

CoEunxn Hot Vapor Bypass 
Coturn Overhead Condenser 
Rundown 
Cemppressor SucEitsn 
C~mpreswr Discharge 
Rigb Adiable P r w r e  Drop (25 psi 
or more available for pipiag fri&o) 
Feed to a Column 

Line Sizing Criteria 
Index of Type Numbers 

(continued) 

Vacuum Unit Heaeer 'Transfer 
Liquid at its Bubble Point to a Contrq 
Valve or Steam Trap 
Steam Condensate After a Control 
Valve or Steam Trap 
Makeup Gas to a Hydrogen 
corlsmliq I'rWss 



Criteria: AP/100 (psi) = 0.15 max. 

8 Remarks: Can be higher if line is mostly 
ve&icaI 

- Criteria: APIXOO (psi) = 0.15 max. 
- Xf FCC main cofmn buttom. or s h i l a ~ .  5oEds- 

carrying stream, velocity should be 180 feet 
per minute iminbum ffpm) to avoid settling of 

- For lnes 3" and smaller, 180 fpm will result in 
APD.80 in excess of Om psi which shoM be 
arccoxxurmiated in determhhg N P S 3  



Pump Suction 
{continaed) 

I Liquid 50°F or more below bubble point or 
hving vapor pressure 25 psi below system 

- Criteria: AP&W (psi) = 035 max. 

r Single ,Line h m p  Discharge 
- Criteria: AP/100 (psi) = I5  m. 

Velocity (Epm) = 700 max, 

r Appiies To Carbon S&eef Piping 
- 'Zow pressure leveP9 includes pump dk&a&e 

lines with design pressure of 1400 psig and 
design temperahre of 150"F, or other 
combinations of pressme and tempemttwe to 
give equal or lesser re@& pipe thickness 
and flange ratings. 



m Applies b Carbon S t d  Piping (cont.) 
"High pressure level?' resuIts in increased pipe 

' thicknesses am? fkqe  ratings. Pugap 
discharge Enes are usually sized close to the 

- Alloy pamp discharge piping is more f i e ly  to 
be sized a$ or above the Wts &.the above 
criteria due & toe very high cost of dloy 
materials. 

Ptcmp Discharge 
(coatin_~~ed) 

- For Iamkar Bow, LS-ROO-18 is mt optknm. 
Laminar fbw exists fez- RepIds  N u m m  begow 

Reynolds Number = 
@F(cstks) 

Where Q = flowing gpm 
d = i-d, (inches) 
cstks = flowirrg viscosity in centistokes 



T.P~ 3 
Pump Discharge 

(cmtilzaellil) 

Xlomstream, of 8 pump discharge with different 
conditions &an at the pump 

- Cki- hP11W (psi) = 1.5  ma^. 

- E 100% liquid, velodgy (fpm) = 7M miax. 

- U 100% vapor, velocity (fpm) = 6000/,/; 

where p,, = Bo- density, Xbfft3 

- If the Ene is the trader fine of a Tired 
reboiler heager or &her pumped reboiler, auad 
it is desired to xxtinimke heater o&et 
temperature: 
- API1OO (psi) max. = 25% of c o w  

'bottom absolute pramre 





- Kettle type: @&OO (psi) = 0.15 max. 
- Tkemosyphon or once-through type, non- 

kettfe, non-pmped. For pwped types, see 

- APfiOO (psi) = 0.10 - 020 max. 

I For two-phase flow, *he b e  should be 
checked for slug flow 



r All except FCC main column and crude vacuum 
cofumn overhead v;apor E n s  

Operating Pressare, psia 

350 to 300 

14.7 to 150 

3.75 to 14.7 

4% of abso1ute pressure 

- veloeity (fp*) = 6000/ j-i 

p = reeeiver pressure, psia 
d = i.d., inches 
p, = overhead vapor Bowing density, fb/fP 



CoZann Overhead. Vapor 
(clo&.~wd) 

r FCC main ccollum overhead vapor 
- Criteria: dPnU0 (psi) = -0.10 max. 

m Crude vacuum column overhead 
- AP over its e~tire leash is not more than 

7% of ffash zone abdute pressare, limited 
to Bash zone pressares ef 35mm and greater 

Column Hot Vrylor Bypass 

B Criteria: hPJl00 (psi) = 0 5  m m ~  
- R-Irs: For m o u *  of vapors tbrolyJh hot 

vapor bypass, use the f.o%owing formula: 

W = 1 ~ 0 f l h ) ~  + 0.06 WoVX23JmI + 

W = bypass vapor, f b& 
(MoIfln), = normal moMb of net gas 
(Morn), = n o d  m o m  of gxoss culmm 

overhead vapors 
% = mol weight of p s s  overhead vapok 





CuIam~z Overhead Condenser Rundown 
(co~*ntted) 

r Totally conilensing, wieb traces of a second 
liquid present and a piping arrangement that 
wodd pennit pockee of the second liquid 
pbrase to accumulate 

m VeXocity 2 350 fpm 

1 Partially condensing, vapor and Xiguid present 

- Use half of the above b i h g  pressure drop for 
eoiumns where minimum pressure at c01umn is 

p = receiver pressure, psia 
d = i.d, inches 



a Check for slug flow CHI vertical upflow lines 
I 

rn Special attation shoutd be given to the 
rundowa Xine if it is part of a pressure relief 
roufe 

u RecJlprocbbi9g Compressor 
- Criteria 
- APflOO (psi) = 0.043&  lax. 

Compressor Suction 

280s - - Velocity (fpm) = ZWOJ- MW 

* p = h e  pressurn, psia 
* MW = gas f~)1& weigkt 



Compressor Saction 
(coa~aaed) 

m Centrifugag Compressor 
- Criteria 
- APf1oo (psi) = 5.043.Jj; zxmx. 

- APIlOO (psi) = 1.0 max. 

- Velocity (fpnt) = 3540/~$~mbx. 

p = Ifae pressare, psia 
p, = gas flowing densie, fb/ft3 

Compressor Discharge 

r Reciprocating Compressor 
- Criteria 
- APfXOO (psi) = 0.043& max. 

- API100 (psi) = 1.0 inax. 

p = line pressure, psia 
* MW = gas molecdar weight 

I 





High AvaiEable Pressure Drop 2 25 psi 
(co~iptued) 

- BW% vapor 
dPf1.00 (psi) = 1.0 max, 
Velocity (fpm) = 6 0 0 0 / , 5  max. 

- Vaporphsliquid 
mfin.oo (psi) = 2.0 max. 

High Available Pressure Drop 2 25 psi 
(conjti~ltued) 

Allow high piping AP, but consider erosion, 
+ 

noise, and vaporization. f i r  vaporizing 1 

mleriafs, use rtownsfsearn conditions for 
cafc*titions of AP* 



Feed $0 a Column 

m Efline is a pump discharge, treat as Type 3, 
except limit the 100% liquid case to a velocity 

m If line has high available pressure drop, treat 
as Type XI, except limit the MO% liquid case 
to a maximum velocity of 700 fpm 

Type 12 
Feed to a Column. 

(co&.nued) 

r If line is oaer as indicated above 

- m o o  (psi) = 3.u L1::w 7 -- 
- If flow is 100% iiquid 
- Velocity (fpm) = 700 max. 



Feed to a Column 
(continued) 

- Xf flow i s  f WClo vapor: 

7 - Velocity (fpm) = 6 W / J  p~ max. 

- If Bow is Wo-phase: Apply the criteria for 

Vactcrcm Unit Heater Transfer 

Determine equ3valen.t length of the line 
r &termhe heater outlet pressure, which is 

Base line sizing caicuiatiorts on only the , 
vapor portion of the flow, use 98% of the' 
acouaf inside diameter to account for 
presence of liquid 

t Observe the sonic velocity limitation; use 
70 % V, for design 



. Liquid at its Bubble Point 
to a Control Valve or Steam Trap 

r Criteria: APBW (psi) = 0.5 to 1 5  mix.  
Velocity ffpm) = 7M max. 

Remarks: Coddef elevatiow of liquid surface 
and contr01 valve* Consider length of line- The 
pressure dsop due to friction should be welI below 
the static head kcpase in pressure due trr lower 
elevation of the control valve in order to avoid 
vaporimgon before vdve. 

S t e m  Condensate 
After a C o d  Valve or Steam Trap 

m With control valve located in st- line 
- = v2 tPsatstm at ex. &anger Qmpf - (Pcond. at battery b i t )  

m With contrd vafve in condensate line 
- APfiOO (psi) = 7 5  max. 

Limit APMOO to 67% of above to allow for 
roughing d. pipe waIl 



Type 18 
Make-up Gas to a Hydrogen 

Consuming Process 

I APPnOQ (psi) = 1.0 max. 

m Remark Consider length of Iine, Take 
smaller AP/100 for long bes. 

Cooling Water 

0-700 gpm: Max.dPi100 = 13 p& 
701-2800gpm: Max. Veloeify = 500 $m 

2801-7000 e m :  Nax. Velocity = 600ffpm1 ' 

Over 7001 gpm: Max Velocity = 700 fpm 

- IT f b  type corrosion protection is used, 





Objectives 

8 Establish Logical PipinmqGpmmt System 

R Determine Performance Requirements of 
Pumps, Cosnpressors, Cuntrol Valves 

Set Location for Relief Valves 

Establish Design.Pressure for Equipment 

Procedure 

B Establish Process Conditions 

m Lay Out HydrauIie System 

8 Size Lines and Determine Pressure Drop r 
' 

8 Set Equipment Elevations 

m Select Fixed Pressure Point 



Procedure 

m Select Equipment Pressure Drops 
a Determine V&abfe Pressure Dropfincrease 

+ - Pressure drop for control valves 
- Differential. head for pumps and compressors 

r Tabulate Pressure Values in Circuit 
r Determine Equipment Maximum. Operating 

r Select ~eijef  valve Location and Se2 Pressure 
r Establish Equipment Design Pressure 

Elements of a Hydraulic System 

Fixed Pressure Point 

E Static Presm Requirements 

Variable Pressure Requirements 

m Pressure Source or Generator 

r Pressure Controller 



Column Elevation Set By 

= Bottom h p  Suc&ion Head Requirement 

8 Thermosyphon ~kboiler Head Requirement 

r Me-cai Requirement 

Receiver Elevation Set By 

r Overhead Puaxp Head Requirement 

m Mechanical Requirements 
- Wager bwt 



Net Positive Suction Head 

m Pressure requirement in excess of the fluid 
vapor pressure at the suction flange of a 

r PSPSH[(R) is a characteristic of the pump 

r Expressed in feet of fluid being pumped 

I Contractor's CalcuXaf&?n 

r Engineer's Wealation 



r IEn@neerts Caldation to Set a Vessej. 
Evaluation 
- Estimate minimurn NPSH required 
- Estimate pump centedine above base line 
- Mxnate suction piping friction loss 
- Investigate system ahdute pressure 
- Me&e minim- controlled liquid bvel in 

tbe vessel 
- Evaluate need-for contiagency 



NPSH((R) for Single CentriJicgaE Pumps 

Rat:& Capacity, gpm 



8 W i  a system ghat provides sufficient NI%H: 
fer tfre following colum~ bottom purnp 

Single Stage ]Pump 

Specific Gravity 
Une Frequency 

1450 Speed) 
A s m e  Vapor Pressure = System Pressure 

NPSH Example CdcuMon 

1. M%H(R) from cbrt or ,~&ctmer 

2. r"ump centerhe a h v e  base line 

3. Friction- 
For 8" h e  APm = 0.11 psi 
5W eq&~~alent Eeet 

Suction valve 
{Assume ga2e valve - one k size sdIe1:) 

Eqwiv&nt length = 13 D 
AP = (0.13 ~]{8"15't)5{13)~5't~X3"~{11100)~231/OI/065) 0.1 ft 

Suction stminer 
Equivalent length = 300 ft 
(0.46 psi)(300flW)t23YO,65) 



I. System Pressare - Vapor Pressure = 0 

5. ,Minimam Level in Vessel 

6. Contingency 
15% of MPSHCR) 
2-0 a Minim- 

NPSH Example Problem Summary 

2. Plunp Centerfine EIeva.tion 
3. 3FI.iCtitn Loss = (2.4 + 0.3 + 4-9) 
4. SysbmPresswe 
5. MinhumLevef 
6. Contingency 

(From Baseline to Bottom of Vessel) 



Themsyphon Reboiler Hydrarlics 

Exi, Loss at Column 

Two Fhse Fricljoa Loss 

Exchanger Ezicuon Loss 

Liquid %man Loss 

Thennosyphon Reboiler Systems 
TYiat Line Size for Mamammtcm 30922 Varporizatcatcon 

r XxlleL Piping 
- 12<d2fQ<X5 

8 0utdetPipin.g 
- M<d?lQ<30 



Themtosyphon Reboiler Systems 
I)etemiize Required Driving Head, 

+ m Line Loss to Exchanger 
m Line Loss to Column 
m Exchanger Loss 

m Static Loss to Column 
m Contingency 



Minimum Reboiler Elevation 

16 Dm. Exchanger* 

8" - 1"-0" %d on hpe S~ZC 

* For Renfe T?pe This aimension Shwld Be from Top of Wxer 50 Bwtom af%Mk!r. 

Piping Pressam Drop 

r LIP charts give pressure drop for 100 feet of 

m But piping circuits consists of stmight piping 
a d  fitkings, like 

Solution is to convert fitting AP to equivalent 
straight pipe length 



Typical Calculation of Piping Equivalent 
Length - 8" Ptlmp Discharge Line 



Resistance Due to Sudden 

Resistance Due to Pipe 
EMrance a d  Exit 



Typical Heater Pressure Drops 

m CrudeHaters 125 psi 
s Vacuum Heaters 75 psi 
!a Hydrotreating Heaters 20-60 psi yW 
a Piatforming @er heater) 3-20 psi 

\I.~V 
4 5 5  

a T h e 4  Crackers 200 psi 

Typical Heater Pressure Drops 
fconitinaed) 

Cokerf-Fep.krs 300 psi 
= Visbreakers 250 psi 
i Hot Oil Heaters B-40 psi 
m Fired Reboilers 50 psi 

Fractionator Charge 4@ psi 

Preliminary pressure drops - Must be 
confinned or corrected based on fmaE 
heater design 



Typical Heat Exchanger Pressure Drops 

m For normal, fluid exchangers, affow at least 
5 psi pressure drop on each side of each 

Tjpicul Heat Exchanger Pressure Drops 
(corr&izatked) 

- Cooking Water Side 
- Combined Feed Exchangers 2 5  psihide 
- Chnde~l~ers 
- Reboilers - Kettle and 

~ e r m o s y p ~ u n  
- Reboifefs - Forced 

Circda tion 
- Vacuum Condensers 10-25 mm mere& 



Control Valve Pressure Drops 

Controf valves in pump discharge circuits - 
dIow greatest OF: 

- 50% of system friction pressure drop 
- 7-10% of pump differential 

a For o&er mntroX valves, dfow pressure drop 
in accordance with available pressure 

m ContmI valve rangeability consideration is 
from turndown to 110% 4ropacit;g d&ennines 
normal AP 

a Control valve canpensates for changes in 
opemIjons and system aging 

Control Valve Pressure Drops 
(cuntiaaed) 



System HydrauZic Curves 
Atmospheric Fixed Point Pressure 





Hydraulics of a Fractionating Column 

- De&nmine normal operating pressure prof le 
- Determine relief valve settings and location 
- &tennine equipment design pressure 

m Procedure 
- Establish process flow d i m  for fmctioaator 
- EstabZisfi fmed pressnre Iocatiol~s 
- Establish line sizes and lengths 
- Establish pressure drops for each piping 1 

- IMabEsh fked pressure drops (static head) 
- Establish equipment and control valve pressure 

- Establish the pump differential 



Procedure 
- Recalculate control valve pressure drop, 

i system pressure drop, and pump differential 
for alternate eases 

- Establish relief valve set- and location 
- Establish equipment pressure at relief valve 

- Set Design pressure of equipment 
- Check for over-capacity req&ements 
- Check for alternate operations 

" Fractionation 













Liquid Flow thru Commercial Steel Pipe 



Vapor Flow thru Commercial Steel Pipe 



Vapor Flow thru Commercial Steel P i ~ e  
(See Other Chart for Smaller Sizes) 



Vapor Flow thru Commercial Steel Pipe 



0.00001 0.0001 0.001 0.0 1 

Liquid Voluttte Fraction 
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Single Stage Centrifugal Pumps 
Minimum Required NPSH 

Rated Capacity (gpm) 



NPSH(R) for Single Centrifugal Pumps 

S = Suction Specific Speed 

Rated Capacity, gpm 



vel, or plug type sent 

I S C ~  t'i~p A-27 
See L'age A-26 
See i3aac A-26 

catlnl I O ' I I I ~  ieltg\lr bdwcet~ drop (jtsi) across vnlvc io i)rovidc 
flaitge faces ot wcidil~g clitls. sufltc~c~tl flow to lift disc Iillly. 

Crarle Co. "Row of Fluids tllrottgh \falves, Pittiags and dPlp," 
'~ecltt~ical t'apcs 4 10 

Representative 
Equivalent 

Length in Pipe 
Diameters (L/L)) 
of Various Valves 

and Fittings2 



Typical Calculation of Piping Equivalent 
Length - 8" Pump Discharge Line 
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Heat and Weight Balances 
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Aromatics 
Fractionation Reflux 
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NOTE - l'hese data arc confido~ttial and tito property of UOP and shall ttot be disclosed to #titers or reproduced i t i  any tltatltler or used for ally purpose whatsoever except 
by written pitrn~ission or as provided in a sigtted agreement with UOB rctating to sctd dota. 
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NOTE - Thcse data are cojifida~tial and Uie pro rty of UOP and skafl not be disclosed to otilers or reproduced in any ztisnuer or ttscd for any purpose wl~atsoevcr cxcej~t 
by written pm~ission or as provided ill s sigue80grecmcnt with UOP slating to PUCII data. 
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NOTE - Tltese data are confidential and !lie pro Nrty of UOP and shall [tot be disclosed to others or ~producccl iil any ntatlner or itsed for any purpose wltatsoevcr except 
by wvriftett ponnission or as provided in r sigtled agreet~efit with UOP rnlatii~g to such data, 
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NOTE - These data are cortfidential and ttte pro erty of UOP and sliali not be disclosed to others or reproduced in any tnantter or useti for any purpose whatsoever except B by wvrittoo permission or as provided it1 a sig11e agreement with UOP relating lo such data. 
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Fractionator Hydraulic Diagram 



MIXED PHASE LINE SIZmG 

w; 
Liquid Volume Fraction = v~ - S.G.x 62.5 - 

vL +" vG w~ s & 
SC. X 62.5 ' 

Total Row Liquid = W ~ f %  - - - - 
S.G. x 50s) x 500 

Try -" Line 

1 
m~~ ---- 1 

Total Flow & #/R X - 
- - - - - ,-= 1 

Totaf Flow L\PL APLO x S.G. x 



4 = Total Flow 4F'= x Factor = x - - 

I 

Try - " Line 

L 
MGOX--- -1 

Total Row aPG # l ~ ~ ~  x - 
- - - - - --= 

TotafFfow- 4Q~~xs .G .  x 

& = Total. F10w .4PL x Factor = x - - 

U " Line 



B- '1 6 APP€ND& 8 -WGINMRfNC DATA C R A N E  

RPE DATA 
Carbon and Alloy Steef - ~faini&s Steef 



C R A N E  A-EX 8 - ENCINEEPING OATA B- 17 

PIPE DATA - COM. 



8- 18 AWNDU I - U J G I N E ~ ~ N G  DATA C R A N E  

Pf PE DATA - Cmt. 
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LINE Sf ZING 
1 

When faced with the time limitations of production engineering, the design engineer must have 

available to him various ,@deEines and rules of thumb to reduce the time consumed in line 

sizing. Although optimization of line si&ng should not be ignored, the available increments of 

pipe size normally encountered make the expenditure of an extensive amount of time involved in 

line size optimization very questionable. UUP employs a computer program with built-in 

optimization procedures to assist the design engineer in the pesfomance of his iine sizing job. 

However, for this discussion, we will approach line sizing without the aid of the computes and 

rely upon good judgement and experience to reduce the time required and still provide a 

reasonable approach to optimiz&ion* 

Following are some general comments to keep in mind as we proceed through this discussion: 

Line sizing will be based on 'normal" flow rates and "nomA" pressures as developed by the 

,> 
process design. However, the engineer should keep in mind the effect of "design" flow rates, 

maximum. flow rates and start-up, shutdown and upset conditions that may have a si@Gcant 

influence on the p la t  pressure psoGle. Xt is generally helpful to develop a simple sketch of 

the piant or system piping arrangement to indicate the normal psessuse profile and to record 

the results of investigations of alitemate considerations. The sketch also provides a good 

means to visualize the possible effect of static head on pressure considerations used in line 

sizing. 

* The principle miterion for line size selection will be pressure drop, expressed as pounds per 
J 

square inch (psi) per 100 equivalent feet of pipe. Velocity, expressed in feet per minute, will 

also be an important fac'tor. 

* Additional properties used in our line sizing procedures will be' specific gravity, vapor 

density and vapor specific volume. Specific gravity will normally refer to a liquid and is a 

dimensionless number ,determined as the rag0 of the density of, the liquid at flowing 

1 temperature to the density of wates at the temperature of its maximum density. Vapor 

IPDf2004 uOp LS- f 



density will be expressed in pounds per cubic foot. Vapor specific volume wiIl be expressed 

as cubic feet per pound. i 

In certain line sizing problems, such as vacuum heater transfer lines and pressure relief 

piping, limitations die to sonic velocity must be observed in a pipe of constant diameter, a 

compressible fiuid cannot move faster than the speed of sound in that fluid. This speed, for a 

typical CdC, of I. 1, is equal to: 

Tcmperamre O R 
Molecular Weight 

Sonic velocity is expressed in feet per minute and is proportional to,/-. The sonic 

velocity limitation can be easily overlooked, resulting in a calculated p m s m  drop lower 

than that which actually exists. When sonic velocity is weeded in a pipe, the downstream 

pressure in the pipe wilI build up until $he increased density pennits the flow to be exactly at 

sonic velocity. Ths built-up dswnstreaxn pressure would &en be used in a toraf pzessure (: 
drop calculation rawr than some lower pressure in a vessel connected to the pipe* 

* If the specific volume of she vapor in a line changes significantly due to line pressure drop, 

certain corrections should be made in the psesswe drop calculation. As a generaI rule, if &e 

pressure drop for a known ]enm of line is less thm 10% uof the upstream absolute pressure, I 

I 
either the upstream or downstream specific volume can be used in the presswe drop 

calcu~ation. Xf the total pressure drop is between I0 and 40% of the upstream pressure, use 

the average specific volume. 2[f the total pressure drop is greater than 40% of the upstream 

pressure, divide the line into sections for calculation purposes. 

For strength considerations, good practice limits the minimum permissible line size to I" 

nominal for pipe rack ntns and pipe spans between supports. Xn order to reduce purchasing 

and detailing problems and to minidze inventory requirements, pipe sizes such as I%, 2?ht 



3 
3% and 5 inch will normally be avoided. Schedule 80 minimum is recommended for 2 inch 

and smaller pipe size. 

Pipe sizes have a constant outside diameter. Therefore, as the wall thickness increases, the 

flowing area will be reduced. The engineer should keep this poinr in mind when workxng in 

piping systems at high pressure or when high corrosion allowances are required. 

When considering the wall thickness for pressure requirements or corrosion allowance, 

remember that the wail thickness tolerance is "12%% thru 24" seamless pipe size. The wall 

thickness rolermce is nomdly reduced to 2 0.01 inch for welded pipe and sizes greater than 

24" when fabricated from rozjed plate. 

- 
* Al&ough most of the infamation contained in this discussion is directed toward new piping, 

the engineer shouid keep in mind -that the econoxnics and decision factors involved in 

revamps are different. Consequently, smaller line sizes can often be used on revamps 

compared to new constntcbon. 

* Chart LS-ROO-18 is used to determine the sizing of Xines for liquid flow. The engineer enters 

the chat with the appropriate flowing gpm at the bottom and proceeds upward, selecting the 

proper line size to suit the pressure drop or velocity criteria, which wig1 be discussed later. 

Note that for the smaller fine sizes, &is chart indicates separate lines for different pipe 

schedules or wail thicknesses. The indicaged chart AP should be multiplied by the Aowhg 

specific gravity to determine actual AP. Chart LS-ROO-18 is based on a liquid having a 

kinematic viscosity of 0.6 centistoke. For more viscous materials7 the chart 4P should be 

multiplied by the correction factor where p is in centistokes. 

For example, a flowing liquid having a viscosity of 20 centistokes will have a line pressure 

drop approximately twice as great as would be indicated by the chart. This factor applies for 

turbulent flow (Reynolds number greater &an 2000) only. 
I 

I 



r Charts LS-ROO-20,21, and 22 are used to determine the sizing of lines for vapor flow. These 
\ 

charts are used in much the same manner as LS-ROO-18 above. The chart AP should be 

multipfied by the specific volume to determine actual AP and the chart velocity should be 

multiplied by specific volume to detemine actual velocity. 

For pressure drop cafcuXations involving two-phase flow, chart LS-ROO-23 is used. This chm 

is based on a method developed for horizontal flow. However, practically all of the two- 
I 

phase flow appliciitions encountered in process piping for refinery units are in the relatively 

high vef ocity flow regimes of annula-, spray or froth flow. Therefore, it is felt that frictional 

pressure drops and type of flow regime are not much affected by pipe orientation at these 

velocities. 

When designing two-phase upflow lines, such as column feeds, reboifer returns and 

condenser nmdowns. the flowing velocity should be kept high enough to prevent slug flow. 

Annular or mist flow is usually assured if the vefocity in Wsec is approximately equal. to 60 

divided by the quare root of the mixed phase densi~y in 1bs/ft3. The chart "Approximate ( 
\, 

Two-Phase Row Patterns" may also be used to detemine the approximate flow conditcion. 

* At UOP, the engineers use hydraulic tabdation fonns to assist in their line sizing work. 

These foms simplify the work of the engineer and provide a convenient means to 

comunicate the hydraulic infomation to specialty equipment engineers. Three examples 

are as follows: 

- Fonn I-nS-R00-41 is a fonn used for single-phase line sizing, vapor or liquid, and for 

puap and control vdve information. The form is used in conjunction with the pressure 

drop charrs. 

- Form LS-R00-25 is a form used for two-phase line sizing and is used in conjunction wi& 

chart LS-ROO-23. This form provides a convenient means for tabufating the two-phase 

flow line sizing data. 

i 



- An additional form which defines the two-phase sizing procedure in equation form. 

Some engineers may prefer to use this method to record their line sizing calculations. 

See problem solutions for an example of this form. 

Liqnrid Flow Thra Commercial! Steel Pipe 



Figure VXXX-2 

Vapor Flow Thra Com~nerciaZ Steel Pipe 

I "  13Dn 2" 3" 4" 6" 8" 10" 12" 



Vqur  Rmv Thrnc Comnzercial Sfeel Pipe 
(See Orher Ch& for Smallerr Sizes) 



Figure VIIX-4 

Li*d Volume Fraceion 



Figure VXIX-5 



Figure VIXf -6 
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Figure VIlf -8 

Representative Eqzsivulenf Length in Pipe 
Diamefers (1;CD) of Various Valves and Fimizgs 

I Equivaient Len& 
Description of Product in Pipe Diametm 

el, or phg type seat 

- Witb stan 6Q degees Corn m of pipe Iine 

2.5 vertical and 0.25 h 

Gane Co. "Row ofFluids dnoagh VaIves, Fit&@ and Pipe," 
Tecfinical Paper 410 

420 
75 Foot Valves 6th Straker 

** Exan equivqlent length is Minimm 01cukted pressme 
e a u a l m ~ l c n g t t t ~  drop (psi) across valve to provide 
aaZtge faces or welding ends. suffzcient Bow to Iift disc fully. 

0.3'..2dy open 
0.4'..3&y open 



Figure VIIX-9 

Resistance Due to Sudden Enlargements 
and Conaac&m 



Figure VIII-10 

ResGtance Due to Pipe Entrance and Exit 

hward Sharp Slightxy 
Projecting Edged Rounded 

Pipe Entrance Entrance 
Enttance 

Proj ecling 
Pipe 
Exit 

Sharp 
E @ d  
Exit 

Rounded 
Exit 

K = 0.04 
Well 

Rounded 
Entrance 
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HYDRAULICS 

Line sizing is only a part of the overall subject of hydraulics. Other areas of hydraulics effect the 

sizing of lines, particularly in so far as the determination of available pressure drop is concerned. 

The following presents a discussion of some of the more important hydrau1ic systems and 

considerations with which the engineer should be familiar. 

Every centzihgal pimp has a minimum positive pressure requirement at the eye of the impeller 

to prevent vaporization of the pumped fiquid, which in turn caass cavitation, This pressme 

requirement is d i e d  "Net Positive ~uction'~ead" and is expressed as the feet of Eq&d 

head, in excess of the fluid vapor pressure, required at the suction flange of a specific pump in 

order to overcome the intend pressure drop in the pump suction nozzle and passage to the eye of 

the impeller. The hFSH required is determined by the manufacturer as a characteristic of the 

pump and will set the elevation of many of the vessels in the process unit. 

NPSH - Cafculations 

Pump LWSH cdcufhons can be approached from two different viewpoints.. A contractor's 

calculation is basically a check of the system to determine if the specified suction vessel. 

elevation is sufficient to overcome the frictional loss of the detaikd piping arrangement and sill 

provide the pump NPSE requirement as defined by the pump supplier. Ml details of the system 

and equipment are usually known at the time the contractor makes this check. 
1 

On the other hand, the god of a design engineer's caIculation is the determination of the suction 

vessel elevation before details of the system and equipment are known. The following 

considerations and estimates shouid be taken into account in the engineefscalculation: 

1. Estimate the minimum p m p  NPSN requirement, in feet of liquid, by means of the attached 

chart. This char& is based upon approximate NPSH requirements &at would pennit a range 



of pump suppliers to be able to quote pumps that are economical in both capital cost and 

efficiency. The estivated WSH requirernenr should be based on the pump design capacity. 

The chart is limited to single stage pumps with maximum differential heads of 1400 feet at 

60 Hz and 1000 feet at 50 Hz. A pump vendor should be consulted for the IVPSW 

requirements to suit bnusual cases or services beyond the range of the attached chart. 

2.  Estimate the elevation of the pump centerline above the base line. The attached chart may 

be used to estimqte the distance from the bottom of the base plate to the centerline of the 

pump. Add one additional foot for the assumed foundation projection above the base line 

to anive at the estimated p a p  centerline elevation above the base line. 

3. Estimate the friction loss, in feet of jiqui&, in the suction piping between the vessel and 

pump suction flange. 

The piping friction loss is based on the pump design capacity and on clean pipe friction 

factors. The calculated friction loss per hundred feet must be multiplied by the estimated 

suction pipe equivdent length in hundreds of feet. 
(*- 

For normal suction piping arrangements f?om process vessels, the following equivalent 

lengths may be assumed: 

For a singBe pump (with spare) service: 

For muftipfe pump services (with spares) with common suction piping or for a pump 

service with a piping split to a reboiler or other service: 

From suction vessel to piping split: 



From the piping split to the pump suction: 

Where: L = estimated equivalent feet of suction pipe 

D = pipe 1.D. in feet 

Keep in mind that the pump suction vaXve may be one size smaller than the suction line 

where the suction connection on the pump is two or three sizes smaller than the line. Since 

the pump suction connection is not h o w  during the engineering work, the engineer must 

usk good judgment in detenniniag if the smaller vdve size will add a significant additional 

pressure dsop. 

Since pump suction systems are provided with p e m e n t  pump suction strainers or the 

temporary pump suction strainer is not removed, the additional pressure drop of the stminer 

must be accounted for in the Eiquid head. fn most cases, the type of strainer to be installed 

is not known during the engineering work, but the engineer can compensate for the pump 

suction stminer pressure drop by adding the fkiction loss of 300 additional feet of piping. 

4. Investigate the system absolute pressme on the liquid in b e  suction vessel to determine if 

the minimum pressure undes all operating conditions exceeds the vapor pressure of the 

liquid at the pump suction temperature. 

Any additional system pressure above the vapor pressure of the Eiquid at the pump suction 
I 

temperature can be considered as NPSH available. This situation is most likely to exist in 

liquid full systems or at pumps handing subcooled materials, such as from storage tanks 

or sage drums or in systems containing a cooler in the pump suction piping. 

5. Next, consider the elevation of the minimum liquid level above the bottom tangent of a 

vertical vessel. L 



The minimum controlled liquid level should be used to set NPSH availability. The 
I 
I 

engineer should copsider if it is ever likely to have an operation at the pump design capacity 

with the liquid level below the minimum controlled level. In such cases, the NPSH 

availability should be taken from the lowest liquid level at which the pump is expected to 

operate at the desigh capacity. 

6.  Finally, the need for and amount of contingency must be evaluated. Consider the following 

when detenniniqg the amount of ,WSH contingency to be provided: 

Additional piping loss if the suction piping system has a tendency to become dirty or fouled 

in operation. 

The possibility of greater pump capacity due to a lager impeller or motor. 

Xn any event, a standard contingency factor of 15% of the estimated pump b"PSfi 

requirement, with a minimum of two feet, should be added to the vessel elevation. Greater 

contingency should be added if indicated by the above considerations. The engineer's 
i 

calcufa~on should clearly record the amount and reason($) for the contingency provided 

7. The suction vessel elev&on necessary to satisfy the estimated pump N3)SH requirements 

can now be determined by adding the feet of flowing liquid from Items 1,2,3, and 6. 

From this total, deduct the feet of flowing liquid from Items 4 and 5. The net result is the 

minimum. elevation above the base fine for the bottom of a horizontal suction vessel or the 

bottom tangent Iine of a vertical suction vessel to suit NPSH requirements. Mechanical and 

physical requirements should also be considered before setting the final vessel elevation. 



' -1 
TIEERM[OSYPHON REBOXLER SYSTEMS 

The hydraulic design of a Thennosyphon reboiler system requires very careful consideration 

since the driving force is derived only from the difference in densities between the inlet liquid 

and the mixed phase outlet. For a typical maximum vaporization of 30%, the engineer can use 

the following approximate method to arrive at a first sial line size: 

For inlet piping: I 2  < d Z / e  < 1.5; or d = &(12 to 15) 

For outlet piping: 24 < d '/Q < 30, or d = a ( 2 4  to 30) 

Where: d = nominal pipe size in inches 

Q = reboiler duty in millions of Btu per hour 

With these trial line sizes or sizes determined in the previous section, the engineer can now 

.,* proceed to a more accurate analysis of the system. 

The following pressure drops axe all additives in determining the Xiquid head requirements, 

1. Entrance loss (psi) = (0.5 ~ ~ 1 2 ~ )  * (Sp.GrJ2.31) 

V = Velocity, Hsec 

Sp-Cir. = Xiquid specific gravity 

gc = Newton's-law propoRionality factor = 32.174 ft-lb/ibflsec2 

2. Line loss to Exchanger = (psi1100 ft) * (equivalent Ie~~gW100) 

3. Line loss to C o i m  = (psif 100 ft) * (equivalent lengtX11100) 

) 4. Exchanger loss = specified loss in psi 



5. Exit loss (psi) = (v212gC) * (Sp.GrJ2.31) 

V = Velocity, ftlsec 

Sp.Gr. = Xiquid specific gravity 

15c = ~ewton's-law proportionality factor = 32.174 ft-lb/lbf-sec" 

6. Static loss to Column (psi) = H * (Sp.Gr.fZ.31) 
t 

$3 = estimated vertical lensh of return line, fi 

Sp.Or. = composite specific gravity 

7. Contingency estimated between 112 and 1 psi or equal to line loss. 

The sum of the above pressure drops is now converted to the feet of liquid head required. 

Total psi * 213 1 
Head = = feet 

s p . e .  

Sp-Gr. = liquid specific gravity 

This head is now the required driving head in feet as determined from the minimum liquid level 

in &e vessel to the centerline of the reboiler. This pwedure can be used for vertical 

Thennosyphon reboilers if the centexline of the exchanger is considered to be the mid-point of 

the tube lenuoth. 



-'i HEATER PRESSGRE DROPS 
,) 

AIthough the final heater pressure drops must be determined by the heater designer or heater 

vendor, the hydraulics engineer needs some approximation of heater pressme drops in order to 

proceed with the preliminary hydzauIic survey. 

The following heater pressm drops may be used on a preliminary basis, to be confinned or 

corrected as heater design information becomes avaiXable: 

Cntde Weaers 

1 ~ o t . 0 i l  ~ea tms  20-40 psi I 

f 25 psi 

Coker Heaters 300 psi 

REAT EXCHANGER PRESS= DROPS 

Heat exchanger pressuse drops vary from mm, of mex~ury  to as much as 25 psi. Because the 

Vacuum Heaters 

Visbreakess 1 250 psi 

Fired Reboilers 

pressure drops vary so widely, there is no su'bszjtute for the good jud_pent of the engineer. For 

normal, fluid exchangers, allow at least 5 psi per shelf on each side as a minimum. Some 

additional guidelines are as follows: d 

'75 psi 

SO psi 

Fsaaionator Charge 1 40 psi 1 



CONTROL VALVE PRIESSURE DROPS 
i 

1 

Control valve pressure drops must be considered during the hydraulic analysis of a system. 

However, the amount of pressure drop to be considered requires experience and judgment. In 

order to provide some guidance in this area, for control valves in pump discharge circuits allow 

the maximum of the following pressure drops: 

f 25 psi minimum 

50% of system friction pressure drop 

10% 'of p m p  differential 

Most other control valves are alloned drops in accordance wirh the available pressure. 

Provision of control valve pressure drop needs to be sufficient to compensate for chanses in 

operating conditions, fluid properties and system aging. 



LINE SIZING/HYDRAULICS - ANSWERS 

LIQUID LINE AP 

Flowing GPM = 500 

Viscosity (centistokes) = 0.6 

Flowing Sp. Gr. = 0.75 

A. Find AP/10OY in 6" Sch 80 pipe 

AP = 0.88 x 0.75 = 0.66psi/lOO' 

B. Find AP/10OY in 8" Sch 40 pipe 

AP = 0.185 x 0.75 = 0.14 psi/lOO' 

C .  Find velocity in 8" Sch 40 pipe 

Velocity - 200fpm 
D. Find corrected AP/10OY in 6" Sch 80 pipe if v = 50 centistokes 

AP = 0.88 x 0. 75(50/0.6)0.2 = 1.60 psi/] 00' 

E. What size pipe would result in a AP/10OY = 0.28 if flow is 4000 gpm; Sp. Gr. = 0.80 and v 

= 0.6 cSt? 

APo = 0.28/0.80 = 0.35 psi/lOO' 

16" - 3/8" wall 

IPDl2004 UOP H-A I 



VAPOR LINE AP 

Flowing Quality = 40,000 lb/hr 

Specific Volume = 0.9 cu.ft./lb 

A. Find AP/1007 in 6" Sch 80 pipe 

AP = 1 . 6 ~  0.9 = 1.44psi/10Oy 

B. Find AP/1007 in 8" Sch 40 pipe 

AP = 0.275 x 0.9 = 0.25 psi/lOO' 

C. Find velocity in 8" Sch 40 pipe 

Velocity =: 1950 x 0.9 = 1430fim 

D. What size pipe would result in a AP/1007 equal to or less than 0.4 psi if flow is 100,000 lb/h 
;) and density is 2 lb/cu.ft.? 

What is velocity in line? 

Spec. Vol. = = 0.5 cu.fl./lb 
2 lb/cu.fi. . 

APo =0.4/0.5 = 0.8 psi/lOO' 

10" Sch 40 

Velocity =: 3000 x 0.5 = 1500fim 



- 
TWO PHASE FLOW 

Liquid Volume Fraction = v~ - - S. G. x 62.5 

VL + VG W~ r- WG 
S.G. x 62.5 ' #/fr3 

Total Flow Gas = WL + WG = 187,500 + 40,000 = 227,50O#/h 
- -. 
i 

.-?' 

Total Flow Liquid 
WL + WG 227,500 + = 607 gpm 
S. G. x 500 0.75 x 500 

TG 12" LINE (Schedule 80) 

1 
0.9 X- 

Total Flow dpG - - - 110.9 - 0.81 --= 3 3  7 5  --., - 
Total Flow APL APLO x S. G. 0.032 x 0.75 0.024 

APTP = Total Flow APL x Factor = 0.024 x 7.0 = 0.168 



I -> TWO PHASE FLOW 

I Try 10" LINE (Schedule 80) 

1 1 

4 0  - 2.4 x - 
Total Flow dP, - - #1ft3 - - 110.9 2.16 - - 28.8 
Total Flow AP, dP,, x S. G. 0.10 x 0.75 0.075 

I 
I APTP = Total Flow APL x Factor = 0.075 x Z = 0.56 

Use 10" LINE 
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@ FRICTION ~ ~ ~ 1 0 0  m (UNCOR.) 

@ APLO (CORR.) I Ox@ 
@ IFWGASLB.AIR.X lo3)@ 

@ FRICTION PSVlOO FT. (UNCOR.) 

( C O R R ) ~  @x@ 

@3 
0 APGOiAPLO/ @I@ 
0 

FACTOR FROM @ A P ~ O i A P ~ O =  ( PD-395A 1 
@ 

500 

0.75 

187,500 

40,000 

227.0 

0 9 

1.12 

10 

11.12 

0.10 

10" 

80 

607 

0.1 

0.075 

227 

2.4 

2.16 

28.8 

7 

0.53 
APLO x (FACTOR) 

@= APnO (CORR.) @x@ 

@ 
@) VELOCITIES FPM (CORR.) 

APLo FICTITIOUS ALL LIQUID AP AP APGo 

1 

= FICTITIOUS ALL GAS 



Typical Calculation of Piping Equivalent 
Length. 8" Pump Discharge Line 

Total Equivalent Feet = 358 (Say 350 ft) 

Total line friction drop is determined by multplying the total equivalent 
feet by the corrected friction pressure drop per 100 feet as determined 
from line sizing. Pressure at the control valve inlet equals the pump 
discharge pressure minus the total line friction drop and orifice meter 
pressure drop, plus or minus the differential static head. 




