Training Services

Line Sizing
and Hydraulics

WO-20040.81

General Line Sizing Comments

® Guides and Approximations
m Reduce Time for Line Sizing
= Computer Not Required o

m Good Judgment and Experience

1PO-2004L8-2




Guidelines

= Use “normal’ flow rates and “normal”
pressures from process design
i
m Consider effect of:
~ Design flow rates
- Maximum flow rates
Startup
‘Shutdown:.
Upset

!

PLR2004L.5-5

Guidelines

(continued)
m Use flow sketch to summarize hydraulics
and line sizing data

m Flow sketch will help to visualize effect of
static head




Principle Criteria

= Pressure Drop in psi/100 Feet

® Velocity in Feet per Minute

PD2004AS-5

Regquired Physical Properties

= Flowing Specific Gravity - ratio of the density

~ of the liquid at its flowing temperature to the
density of water at a base temperature,

usually 60°F (15.6°C) or 39.2°F (4°C), its

point of maximum density (1000 g/cm®)

]

® Vapor Density - pounds per cubic foot

m Vapor Specific Volume - cubic feet per pound

IPO-20041.5-8




- Sonic Velocity of a Vapor

i

m A compressible fluid cannot move faster than
the speed of sound in that fluid

= Typical problem in vacuum heater transfer

" lines; pressure relief piping, and high pressure
drop systems

m Usually occurs at end of a pipe or system (at 2
change in cross-sectional area)

= If sonic velocity is disregarded, the flow rate
may be over-calculated

WO-200LE-T

Sonic Velocity of a Vapor

(continued)

m For a typical Cp/Cyv of 1.1, the speed of sound
is equal to:

Temperature °R

Vs =14,000
Molecular Weight

= Sonic velocity is expressed in units of feet per
minute
= Sonic velocity is proportional to:

JCp/Cv

IPOR2000.8-8




Specific Volume Change

= If total line AP < 10% of upstream absolute

pressure, either upstream or downstream,
specific volume is acceptable for line AP
calcualation

If total line AP < 40% but > 10% of upstream

abSoliite pressure, use average specific volume

If total line AP > 40% of upstream absolute

pressure, design line in sections

RD-20040.5-9

Mechanical Considerations

Minimum size rack piping 1"

Minimize purchasing, detailing and inventory
by aveiding 134", 22", 3%2", and 5" pipe

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

PD200AS10




Pipe Wall Thickness

s Pipe O.D. is constant
m LD. changes as wall thickness changes
. miBe careful of LD. in high pressure or high
corrosion allowance systems
= Wall thickness tolerance is + 12% for
seamless pipe up to 24" O.D.
. ‘Wallthi'ckné_ssetolemnceis +0.01" if pipe is
fabricated fromrolled plate

PO2004158-11

Revamp Considerations

= Economics and decision factors are different

= Line size can often be smaller than for new
plants




Pressure Drop for Liquid Flows

m The general equation for pressure drop of a
liquid in a pipe can be expressed as the Darcy
Equation in the form:

_ fxprsz
- 144xDx2xg

JPR-2004A.8-13
Pressure Drop for Liquid Flows
' {continued)

where:
AP = Pressure Drop (psi)
p = Density (Ib/ft3)
f = Darcy Friction Factor '

= four times the Fanning Friction Factor :
L = (Equivalent) Length of pipe )
V = Velocity (ft/s)
D = Internal Diameter ) (o)
d = Internal diameter (im)
¢ = Gravitational Constant (32.2 ft/s?)
Q = Flow (gpm)

PD2004.8-14




Pressure Drop for Liquid Flows

( contmued )

» By rearrangement of the equation, we can
obtain:
f
0.000216 xf xL x px Q?
a5

AP =

WO-20041.8-18

Pressure Drop for Liquid Flows

(continued)

= Simplifications
— Assume L = 100 ft of equivalent length
~ Define AP 500 = 100 AP |
~ Substituting p = 62.4 Ib/ft> x SG
where SG = Specific Gravity of fluid
~ By substitution and rearrangement yields:

APyop _1.348F xQ*
SG 55

PD-20041.8-16
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Pressure Drop for Liquid Flows
(continued)

AP0
SG

- Define AP@(I%) =

~ By substitution:

1.348f x Q?
APy(100) = 13BIxQ”

a3

® For small changes in flow, Q, assume Fanning
Friction Factor remains constant. Thus we
can define a constant K as follows:

1'34.8 f_ Constant, K
db

IPDR008AT

Pressure Drop for Liquid Flows
(continued)

®» The equation then becomes:

APo(mé) =KQ*

which plots as a straight line on a Log-Log gréph§

1PO-2004 518




UOP Pressure Drop Chart
for Ligquid Flow

APo(100)

GPM

APo(100) based on liguid viscocity of 0.6 centistoke and turbulent fow

LS-B00-17
PO00KE19

Viscosity Correction

= Chart AP is based on a liquid with a kinematic
viscosity of 0.6 centistoke v

» For materials with different viscosities,
multiply chart AP correction factor (0/0.6)%2

02
2
o

v Kinematic viscosity in centistoke
1 Absolute viscosity in centipose
p Density, grams/cc @ 4°C
v £
p

1PD-20047L.5-20
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Viscosity Correction
(continued)

= Example:
- For v = 20 Centistokes

\8.2 0.2
V(200 o016
0.6 06

(Correction is for turbulent flow, Reynolds
Number > 2000)

PO-L004L8-21
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Liquid Flow thru Commercial Steel Pipe
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Liquid Flow Line Sizing/AP Calculation

= Flow Rate 500 gpm
Flowing Sp.Gr. 0.75
~ Viscesity 0.6 centistoke

a. Find AP/100’in 6" Sch 80 Pipe

b. Find AP/100’in 8" Sch 40 Pipe = 0-135

c. Find Velocity in 8" Sch 40 Pipe

d. Find ?'Z.Cdérected“AJI’fl 0" in 6™ Sch 80 Pipe if
v =350 centistoke

e. Whatsize pipe would result in a AP/100° =
0.28 psi if flow is 4000 gpm, Sp.Gr. = 0.8 and
v = 0.6 centistoke?

PD200a4.5-28

Pressure Drop for Vapor Flows

m The general equation for pressure drop ofa
vapeor in a pipe can be expressed as the
Darcy Equation in the form:
336x10°° xfFxLx W2 xV
‘ 5

AP =

PE-20040.8-24
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Pressure Drop for Vapor Flows

(continued)
Where:

AP = Pressure Drop (psi)
p = Density {Ib/ft?)

f = Darcy Friction Factor
= four times the Fanning Friction Factor
L = Lengthof pipe )
V = Specific Volume E6b)
d = Internal diameter (in)
W = Mass flow rate (Ib/h

PO-R00XLE-25

Pressure Drop for Vapor Flows
(continued)

= Simplifications
— Assume L = 100 ft
AP
v o
- By substitution and re-arrangement we
obtain:

2
APpa00)= 5 (m} i

~ Define AP()(}{)@) =100

PO200UL8-25




Pressure Drop for Vapor Flows
: ' (continued)

a For small changes in flow, W, assume the
fanning friction factor, f, remains constant.
Thus:

380 Constant,K
4

N4

, W
s ()

\J .0(1@ B {7000

n This plots asa straight line on a Log-Log
graph

IPD200IL 82T

UOP Pressure Drop Chart
for Vapor Flow

APo (100)

ib/h

LS-F00-1S
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Vapor Flow thru Commercial Steel Pipe
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Vapor Flow thru Commercial Steel Pipe
(See Other Chart for Smaller Sizes)
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Vapor Flow thru Commercial Steel Pipe
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 Vapor Flow Line Sizing/AP Calculation

= Flowing Quantity 40,000 Ib/h
Specific Volume 0.9 ft3/1b
a. Find AP/100’ in 6" Sch 80 Pipe
b. Find AP/100’in 8" Sch 40 Pipe
¢. Find Velocity in 8" Sch 40 Pipe

d. What size pipe would result in a AP/100°
equal to or less than 0.4 psi, if the flow is
100,000 1b/h and density is 2 Ib/ft3?

e. What is the velocity in the line?

D002




Two-Phase Flow Pressure Drop

» Correlating Factors
~ Liquid volume fraction
~ Ratio of pseudo 100% gas AP and pseudo

100% liquid AP
-~ Ratio.of AP twe phase and pseudo 100%
liquid AP
— gt N, vl freleh fioh  gp pe e
@x; GOV‘(W %W-

PO-200B38

50004 IEEN
~%5*‘ H Pressure Drop for Turbuilent Two Phase Flow
2000 e op.Jor 'we
BT AE i * 9 ca/u;%»rmm:;mm i
3‘ BP* w Pictitions AUGae B2 PP w Fititiow AN Liguid DY - Do~ TwnPhuse DP
0 40 T s
400 x T 1
e T S M Hi| i
" s Lgsl.
100 { \E 3
00 7< —c—;
@z""mﬁ;
3 40 —_—
e L1 30 o
M o e ” o -
£ mas TSN
e
aga 1 4 1 I
10 e
Py -
] ™
) o
1955, 8 188 e
vaing e Compates Detived
10
0.00001 8,000} 0001 001 3 \ 10
Liguid Valume Fraction LSB00-23

IPO-20047.8-34




Two-Phase Flow Pressure Drop
(continued)

. Calculate fictitious all vapor pressure drop,
AP’ using total mass flow and flowing vapor
properties

Calculate fictitious all liquid pressure drop,
AP by converting total mass flow to liquid
(gpm) and use the flowing properties of the
liquid phase

L2035

Two-Phase Flow Pressure Drop
(continued) ~

3. Calculate the ratio AP"; / APy

4. Calculate the actual liquid volume fraction

Vi

Liquid Volume Fractlon = m




Two-Phase Flow Pressure Drop
(continued)

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

A

6. Calculate two-phase pressure drop, APy,
APpp =f x AP*L

IPD200448.57

Two-Phase Flow Pressure Drop
(continued)

Note
If the line size is to be determined, calculate

P*. and AP based upon an assumed line size.
Then, if necessary after Step 6, re-estimate the
line size and repeat the calculation until APppis '
sufficiently close to the desired rate.
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Two-Phase Flow
Pressure Drop Calculation

= Process Conditions

Vapor Flow
Specific Volume

Liquid Flow
Specific Gravity

Line Size

. 47,000 Ib/h

0.303 ft¥/1b

443 gpm
0.494

12 inch Sch 40

PD-2004LS-40




Two-Phase Flow

Pressure Drop Calculation
(continued)

= Step 1
~ Calculate the mass flow rates

Wiotal = Wiiquid + anpor

Wiqua = 443 gal/min x 8.34 Ib/gal x 0.494 x
60-min/h = 109,508.5 Ib/h

47000 1b/h

109508.5 + 47000 = 156,508.5 Ib/h

WWT
Wtoial

WPO-20041.541

Two-Phase Flow
Pressure Drop Calculation

(continued)

= Step 2

— Calculate AP assuming all of the material is
vapor and use the vapor fraction properties

— Use AP chart to get APy;4, 1
— APg00 = 0.47 (for 12" Sch 40)
~  APpgp = 047 x 0.303 = 0.142 psi/100°

1PD-20041,842




Two-Phase Flow

. Pressure Drop Calculation
(continued) '

m Step3

r Calculate AP";

— Calculate the liquid volumetric flow assuming all
of the material is liquid and has the properties of
the liguid fraction

156508.5 Ib/h
rrreeeeee 2 § 33
1095085 /b oo
— Use the DP chart for liguids to get APy,
AP 0q = 0.034 psi for 12 inch Sch 40 pipe
AP0 = 0.034 x 0.494 = 0.017 psi/100°

Qgpm =443gpmx

PO-20042.8-43

Two-Phase Flow
Pressure Drop Calculation
(continued)

m Step 4
-~ Calculate the ratio of the fictifious gas to
liquid pressure drop

AP*G/AP*L =0.142/0.017 =8.4

PO-20081.544




Two-Phase Flow
Pressure Drop Calculation

(continued)

m Step 5
— Calculate the liquid volume fraction
Vi
VL -+ Vg

— Calculate the liquid volume
_ 443 gpm x 60min/h
748¢/tt3

VL

-~V =3552585/h

WOR00ULB4E

Two-Phase Flow
Pressure Drop Calculation
(continued)

m Step 5 (conti;med)
— Calculate the vapor volume ,
Vg =47000 Ib/h x 0.303 1> /Ib

- Vg =1424113 /b

- Liquid volume fraction = 35525

| 3552.5+14241
Say 0.2 "

D200 825




Two-Phase Flow
. Pressure Drop Calculation

(continued)

= Step 6
i ~ From two-phase flow chart
- =30
~ f= AP /AP,
~ AP =3.0 x 0.017 = 0.05 psi/100’

P0IBT

Two-Phase Flow Line Sizing
AP Calculation

= Find a Schedule 80 plpe size that will result in -
approximately a pressure drop of 0.5 psi/100°
as a result of two-phase flow having the

following parameters
- Liquid flow
Rate 500 gpm
Sp.Gr. 0.75
- Vapor flow
Rate 40,000 1b/h

Sp.Vol. 0.9 f3/1b

IPD-2004A.8-48




Flow Patterns Check for Slug Flow
in 12" Schedule 40 Pipe |

» Annular or mist flow is usually assured if the
velocity in ft/s is approximately equal to (or
greater than) 60 divided by the square root of
the mixed phase density in Ibs/cu.ft.

o= inft/s

60
NPmp-

$PLH200WLE-45

Flow Patterns

o = 156,508
WP 17,794

=8.80 Ibs/cu.ft.

—
—

60
=9 2021y
Y «/s.-so\, /s o

17,794

174 ¢36<2021
3600207773~ 036 <2021t/s

Vlzn =

Check further by use of chart

PD-20041S-50




Approximate Two-Phase Flow Patterns
(Vertical Upflow)
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Flow Patterns

s Calculate Chart Coordinates

156,508

220 5591b/s—ft%
3600507773 /s

Mass velocity =

1 1
09 03 1= 51ax033 %135
Wy /We ) (oc/pL) (/1 ) .

IPD-E0048-52
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Flow Patterns
(continued)

(Wi, /W )2 =(109,509/47,000)*° =2.14
(g /oL ™ = (3.30/30.8)5 =0.33
(/g ™ = (06 x 0.494/0.015) =1.35

Slag flow is indicated

PR200A.852

Line Sizing Criteria

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

= The engineer needs to be familiar with the
reasonable and desirable piping design pressure
drop and velocity for a given service - HENCE -

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

¢

IPD-20041.8-54




Line Sizing Criteria
(continued)

= Assumptions for Economic Pipe Sizing
- Flow in pipe is turbulent
i - Motive power is supplied by pump or
COmpressor
- Pump NPSH requirement must be met
— Slurry lines to have velocity high enough to
avoid settling, but low enough to aveid

excessive erosion
IPOR200.8:85.
Line Sizing Criteria
Index of Type Numbers
Tvpe Description
1. Gravity Flow
2. Pump Suction
3. Pump Discharge
4. Liquid to Non-Pumped Reboiler
5. Reboiler Return to Column
6. Column Overhead Vapor




Line Sizing Criteria
Index of Type Numbers
(continued)
Type Description

7. Column Het Vapor Bypass
8. Column Overhead Condenser

Rundown
9. Compressor Suction
10. ‘Compressor Discharge
11. High Available Pressure Drop (25 psi

or more available for piping friction)
12. Feed to a Column

POLR04.8-57
)
Line Sizing Criteria
Index of Type Numbers
(continued)
Type Description

13. Vacuum Unit Heater Transfer
16. Liquid at its Bubble Point to a Control

Valve or Steam Trap !
17. Steam Condensate After a Control

Valve or Steam Trap
18. Makeup Gas to a Hydrogen

Consuming Process ‘,
23. Cooling Water
24. Static Electricity Consideration 4

. PO-20041.5-58




Type 1
Gravity Flow

® Criteria: AP/100 (psi) = 0.15 max.
[3

® Remarks: Can be higher if line is mostly
vertical

PDROMILE-S9

Type 2
Pump Suction

= Liquid at bubble point or less than 50°F below
it

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

~ If FCC main column bottom or similar solids-
carrying stream, velocity should be 180 feet
per minute minimum (fpm) fo avoid settling of
solids

— For lines 3" and smaller, 180 fpm will resuit in
AP/100 in excess of 0.20 psi which should be
accommodated in determining NPSH
availability

IPO2004(8-60




Type 2

Pump Suction
(continued)

m Liquid 50°F or more below bubble point or
having vapor pressure 25 psi below system
pressure

- Criteria: AP/100 (psi) = 0.35 max.

PD20LS41

Type 3
Pump Discharge

m Single Line Pump Discharge
— Criteria: AP/100(psi) = 1.5 max.
Velocity (fpm) = 700 max.
= Applies To Carbon Steel Piping ;
— “Low pressure level” includes pump dischm"ge

lines with design pressure of 1400 psig and
design temperature of 150°F, or other
combinations of pressure and temperature to
give equal or lesser required pipe thickness
and flange ratings. ‘

PL-00ARS52




Type 3
Pump Discharge

(continued)

m Applies to Carbon Steel Piping (cont.)

+ “High pressure level” results in increased pipe
thicknesses and flange ratings. Pump
discharge lines are usually sized close to the
upper limit.

— Alloy pump discharge piping is more likely to
be sized at or above the limits of the above
criteria due to the very high cost of alley

materials.
Type 3
Pump Discharge
(continued)

— For laminar flow, LS-R00-18 is net optimum.
Laminar flow exists for Reynolds Numbers below
2000

. (3160XQ)
R lds Number = ———
eyno umber @cstks)
Where Q = flowing gpm
d = i.d. (inches)
cstks = flowing viscesity in centistokes




Type 3
Pump Discharge

(continued)

= Downstream of a pump discharge with different
condifions than at the pump

-~ Criteria: AP/100 (psi) = 1.5 max.

—~ If100% liquid, velocity (fpm) = 700 max.

~ ¥£100% vapor, velocity (fpm) = 6000/./py
where p, = flowing density, Ib/ft?

IPD-R00ASE5

Type 3
Pump Discharge
(continued)

~ If the line is the transfer line of a fired
reboiler heater or other pumped rebeiler, and
it is desired to minimize heater outlet
temperature:
— AP/100 (psi) max. = 2.5% of column
bottom absolute pressure

IPD-20047.5-88




Type 3
Pump Discharge
(continued) '

s Avoid slug flow in vertical upward two-phase
flow. If it is impossible to satisfy this criterion
(which sets a maximum permissible diameter)
and those given previously, then

» Take (and allow for) more pressure drop
- Specify more vapor

PDZASET

Type 4
Liquid to Non-Pumped Reboiler

m Criteria: AP/100 (psi) = 0.15 to 0.20

PRI SEE




Type 5
Reboiler Return to Column

m Criteria:
- Kettle type: AP/100 (psi) = 0.15 max.
~ Thermosyphon or once-through type, non-
kettle, non-pumped. For pumped types, see
Type 3 y
— AP/100 (psi) =0.10 - 0.20 max.

— Velocity < 5.0 }M
¥ PV

Remarks: Maximum permissible size = 30"
nominal

PO-2004L.5-6%

Type 5
Reboiler Return to Column

= For two-phase flow, the line should be
checked for slug flow

1PO-2004L.8-70




Type 6
Column Overhead Vapor

= All except FCC main column and crude vacuum
column overhead vapor lines
f:

0peiating Pressure, psia AP/100
> 300 1.25
150 to 300 0.75
14.7t0150 0.3
375t014.7 0.15
<3.75 4% of absolute pressure
POR00ULS-73
Type 6
Column Overhead Vapor
(continued)

— Criteria: Iimiting equations

100
— AP/ = 02000 .
/100 (psi) ‘/ﬁ(l T3 )max

— Velocity (fpm) = 6000/,/py Max.

p = receiver pressure, psia
d i.d., inches
p, = overhead vapor flowing density, Ib/ft>

i

IPO-0042.5-72




Type 6
Column Overhead Vapor
(continued)

=® FCC main column overhead vapor
—~ Criteria: AP/100 (psi) = 0.10 max.

» Crude vacuum column overhead

~ AP over its'entire length is not more than
7%of flash zone absolute pressure, limited
to flash zone pressures-of 35mm and greater

PH-L004L873

Type 7
Column Hot Vapor Bypass

m Criteria: AP/100 (psi) = 0.5 max.
~ Remarks: For amount of vapors through hot
vapor bypass, use the following formula:

W = [(Mol/h), +0.06 (Molh),I[M,]

W = bypass vapor, ib/h
{(Mol/h); = normal mols/h of net gas
(Mol/h), = normal mols/h of gress column
.overhead vapors
M, = mol weight of gross overhead vapors

POR00MLE-T4




Type 8
Column Overhead Condenser Rundown

= Totally condensing, single phase:
~ Criteria: Limiting equations

' 100
AP/100 (psi )= 0.10./5 ——20 __
/100 (pst) 10‘/5(53.3&.7&1 Jmax

f

Velocity (fpm) = 200 max.

p = receiver pressure, psia

d = id., inches
Type 8
Column Overhead Condenser Rundown
(continued)

~ Reduce to 50% where minimum pressure at
column is critical

FD-20088. 875




Type 8 |
Column Overhead Condenser Rundown
(continued)

= Totally condensing, with traces of a second
liquid present and a piping arrangement that
would permit pockets of the second liguid
phase to accumulate

= Velocity > 350 fpm

Type 8
Column Overhead Condenser Rundown
(continued)

= Partially condensing, vapor and liquid present
Criteria: AP/100 (psi)—-OIOJ_[———l—g‘-}-———-—jmax.
- riteria: = . P 333 +'2.78‘{} :

~ Use half of the above limiting pressure drop for
columns where minimum pressure at column is
critical .
p = receiver pressure, psia
d = id., inches

PD-20041.5-78




Type 8
Column Overhead Condenser Rundown
' (continued) '

a Check for slug flow on vertical upflow lines
. f

m Special attention should be given to the
rundown line if it is part of a pressure relief
route

WPO-2004.8-79

Type 9
Compressor Suction

m Reciprocating Compressor
- Criteria

— AP/100 (psi) = 0.043.p max.
— AP/100 (psi) = 1.0 max.
— Velocity (fpm) = 200013%8— max.

+ p = line pressure, psia
« MW = gas molecular weight

IPO-2000L8.80




Type 9
Compressor Suction
(continued)

» Centrifugal Compressor
— Criteria
— AP/100 (psi) = 0.043./p max.
— AP/100(psi) = 1.0 max.
— Velocity (fpm) = 3540/p05 max.

+ p = line pressure, psia
+ p, = gas flowing density, Ib/ft?

IPR-2002.3-81

Type 10
Compressor Discharge

m Reciprocating Compressor
~ Criteria
— AP/100 (psi) = 0.043,/p max.
— AP/100 (psi) = 1.0 max. o,
. _ /288 |
— Velocity (fpm) = 300()}‘J ——— Inax.

= p = line pressure, psia
-+ MW = gas molecular weight

PR-20041.882




Type 10
Compressor Discharge
(continued) '

a Centrifugal Compressor
~ Criteria _
— AP/100 (psi) = 0.043.,/p max.
— AP/100 (psi) = 1.0 max.

— Velocity (fpm) = 6000/, py max.

- p = line pressure, psia
» p, = gasflowing density, Ib/ft?

PO-200415-83

Type 11
High Available Pressure Drop > 25 psi

m Criteria: Use up, but do not exceed, the
available pressure drop. Also, observe the
following limitations, except for pressure
relief.

» 100% liquid

AP/100 (psi) = 2.0 max.
Velocity (fpm) = 700 max.

PD-2000L8-84




Type 11
High Available Pressure Drop =25 psi
(continued)

~ 100% vapor
AP/100 (psi) = 1.0 max.
Velocity (fpm) = 6000/, py max.

— Vapor plus liguid
AP/100 (psi) = 2.0 max.

Type 11
High Available Pressure Drop =25 psi
(continued)

Remarks

Allow high piping AP, but consider erosion,
noise, and vaporization. For vaporizing '
materials, use downstream conditions for
calculations of AP.

PO200418-86




-~ Typel2
Feed to a Column

m If line is a pump discharge, treat as Type 3,
‘except limit the 100% liquid case to a velocity
'of 700 fpm

= If line has high available pressure drop, treat
as Type 11, except limit the 100% liquid case
to a maximum velocity of 700 fpm

Type 12
Feed to a Column
(continued)

u If line is other as indicated above

N 100
~ AP/100 (psi) = 3. X
(pst) = 3.0 [114 + wd]mx

~ If flow is 100 % liquid
— Velocity (fpm) = 700 max.

PO-2004L5-88




Type 12
Feed to a Column
(continued)
- If flow is 100% vapor:
— Velocity (fpm) = 6000/, py max.

~ If flow is two-phase: Apply the criteria for
slag flow

POR00.5-38

Type 13
Vacuum Unit Heater Transfer

® Determine equivalent length of the line

» Determine heater outlet pressure, which is
often 3.0 psia

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

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

IPD-20040.5-50




Type 16
. Liquid at its Bubble Point
to a Control Valve or Steam Trap

m Criteria: AP/100 (psi) = 0.5 to 1.5 max.
L Velocity (fpm) = 700 max.

Remarks: Consider elevations of liquid surface
and control valve. Consider length of line. The
pressure drop-due to friction should be well below
the static head increase in pressure due to lower
elevation of the control valve in order to avoid
vaporization before valve.

PDR00USST

Type 17
Steam Condensate
After a Control Valve or Steam Trap

m With control valve located in steam line
- AP=1/2 (Psatstmaz exchanger temp) ~ ® cond. at battery limit)

= With contrel valve in condensate line
— AP/100 (psi) = 7.5 max.

m Limit AP/100 to 67% of above to allow for
roughing of pipe wall

PO00ARSG




Type 18
Make-up Gas to a Hydrogen
Consuming Process

m Criteria
AP/100 (psi) = 1.0 max.
Velocity (fpm) = 6000/ \,1’“5;7" max.

m Remarks: Consider length of line. Take
smaller AP/100for long lines.

PO-20047.843

Type 23
Cooling Water
m Criteria
0-700 gpm: Max. AP/100 = 1.3 psi
701-2800 gpm: Max. Velocity = 500 fpm
2801-7000 gpm: Max. Velocity = 600 fpm
Over 7001 gpm: Max. Velocity = 700 fpm

~ If film type corrosion protection is used,
maximum velocity should be reduced to 35Q-

500 fpm. ‘

PO20ILSBL




Type 24

Statw Electricity Consideration

m Criteria: Velocity (fpm) = 400 max.

= Remarks: For hydrocarbons whose vapor
pressure is such as to form an explosive
mixture with air, such as kerosene and jet fuel
to storage tanks.

IP-20040.5-95

Hydraulics

Objectives
Procedure
Equipment Elevations
Typical Equipment Pressure Drops
Operating at Non-Design Conditions
Examples

~ NPSH for a pump

~ Pumped circuit

PD200VLE0E

TN




Objectives

» Establish Logical Piping/Equipment Systems

m» Determine Performance Requirements of
Pamps, Compressors, Control Valves

® Set Location for Relief Valves

s Establish Design Pressure for Equipment

1PO-2004L557

Procedure

» Establish Process Conditions
» Lay Out Hydraulic System

m Size Lines and Determine Pressure Drop!

Set Equipment Elevations

m Select Fixed Pressure Point

1PO-20041.3-68




Procedure
(continued)

= Select Equipment Pressure Drops
u Determine Variable Pressure Drop/Increase
' Pressure drop for control valves
~ Differential head for pumps and compressors
m Tabulate Pressure Values in Circuit
» Determine Equipment Maximum Operating
Pressure
m Select Relief Valve Location and Set Pressure
» Establish Equipment Design Pressure

IPO200.S-00

Elements of a Hydraulic System

m Fixed Pressure Point
m Static Pressure Requirements
= Variable Pressure Requirements

Pressure Source or Generator

m Pressure Controller

IPD-2004L.5-100




Column Elevation Set By

= Bottoms Pump Suction Head Requirement
u Thermosyphon Reboiler Head Requirement

= Mechanical Requirement

IPE20041.9-101

Receiver Elevation Set By
= Overhead Pump Head Requirement

» Mechanical Requirements
- — Water boot

PD-20041.5-102




' Net Positive Suction Head
NPSH

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

fpump
= NPSH(R) is a characteristic of the pump
m NPSH(A) is set by the design engineer
m Expressed in feet of fluid being pumped

PD-20044.8408

NPSH

] Contracter’s Calculation

m Engineer’s Calculation

PO-2004L.8-104




NPSH

m Engineer’s Calculation to Set a Vessel
Evaluation
~ Estimate minimuam NPSH required
Estimate pump centerline above base line
- Estimate suction piping friction loss
- Investigate system absolute pressure
- Determine minimum controlled liquid level in
the vessel
Evaluate need-for contingency

IPD-2008L5-105

NPSHR (8) + Roguived Fess of Liuid
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Single Stage Centrifugal Pumps
Mim'mum Rléquired' NPSH
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NPSH(R) for Single Centrifugal Pumps

. 18 £y i 3 i 1 3 i i B 3

55: 16 £ e Sinigle Suction, 3550 RPM, 60 Hz ——

1 4= === Single Suction, 2950 RPM. 50 Hz i
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0 100 200 300 400 500
Rated Capacity, gpm
LS-ROO02
1PD-20041.8107
Typical Column Bottoms Pump
/"0
@ & Min, Level
TL Tangent Line
€
Vessel Elevation ﬂt‘\FromChm
Baseline

LE-ROD-03
PH-20081.85-108
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NPSH

m Design a system that provides sufficient NPSH
for the following column bottoms pump

Single Stage Pump

‘Capacity 500 gpm

Specific Gravity 0.65

Line Frequency 50 Hz
PumpRPM 1450 (Half Speed)

Assume Vapor Pressure = System Pressure

PR-200MLS-309
NPSH Example Calculation

1. NPSH(R) from chart or manufacturer 621t
2. Pump centerline above base line 254t
3. Friction loss

For 8" line APy =0.11 psi

500 equivalent feet , 2.0t
Suction valve ]

{Assurne gate valve - one line size smaller)
Equivalent Jength = 13D
AP = (0.11 psiX(8"/6" ) (13677127 }(1/100)(2.31/0.65) 0.1 ft
Suction strainer
Equivalent length = 300 ft !
(0.46 psi)(300/100)(2.31/0.65) 4.9 ft

PO-20040.5-110




- NPSH Example Calculation

(continued)
4. System Pressure - Vapor Pressure =0 0.0 ft
5. i_.Minimum Level in Vessel 0.5 ft
6. Contingency 201t
15% of NPSH(R)

2.0:ft Minimum

PDROARES1Y

NPSH Example Problem Summary

1. NPSHR) 6.2 1t
2. Pump Centerline Elevation 2.5 1t
3. Friction Loss = (2.0 + 0.1 + 4.9) 7.0 ft
4. System Pressure 0.0 1t
5. Minimum Level -0.5ft
6. Contingency 2.0ft

TOTAL 17.2ft

(From Baseline to Bottom of Vessel)

PON200451 12




Thermosyphon Reboiler Hydraulics

Exit Loss at Colamn

Two Phase Friction Loss

Two Phase Static
Pressure Loss

Pty

g

@ p—

Friction Loss
Entrance Loss ]
at Coluron ; . : Exchanger Friction Loss
Liguid Friction Loss
LE-RO0-05
PD2004,8-113

Thermosyphon Reboiler Systems
Trial Line Size for Maximum 30% Vaporization

= Inlet Piping
- 12<d¥Q <15

m Outlet Piping ,
- 24<d?Q <30 1

POR00US-114




Thermosyphon Reboiler Systems
Determine Required Driving Head, H

0.5Vv2 SG.
2g 231

 Line Loss to Exchanger
Line Loss to Column
Exchanger Loss
2
ve S.G.
Exit Loss = —X =
2g 231
m Static Less to Column
m Contingency

= Entrance Loss =

PL-E00LS115

Minimum Column Elevation

Tangent
Line
174 Din. of Vessel (For 2:1 Heads)
3" Mindrou
Minizis 1 12 xDin of Pxpc
Skirt A — , .
Height ‘... 12 Dia. of Pipe

2" Insulation
6" Clearance

§“ - 1.0" Based on Vessel Size

LS-RO009
IPO-20041.8-116




Minimum Reboiler Elevation
§ of Reboiler '\

172 Dia. Exchanger®

8" - 1"-0" Based on Pipe Size

' 3 Minimom
Minimum " )
Rebotler 1 172 x Dia. of Pipe
Elevation
"""': 172 x Dia. of Pipe
& ¥ Insulation
-8

* For Kettle Type This Dimension Should Be from Top of Wier to Bottom of Reboiler,

LS-RO0-10
PO 11T

Piping Pressure Drop

m AP charts give pressure drop for 100 feet of
piping
» But piping circuits consists of straight piping
and fittings, like
— Elbows
~ Tees
- Valve
m Solution is to convert fitting AP to equivalent
straight pipe length

1PDR0045-118
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Typical Calculation of Piping Equivalent
Length - 8" Pump Discharge Line

} 40 .
‘E'r ’\— ’)"‘
R . -y
Orifice Meter 5
10 +£
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7 :
&
; ¢ ’ 150
\ A ~
r 3 M .
4 2 :
& :
v :»; - ...;(;;:..?
s
¥ 4
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Resistance Due to Sudden
Enlargements and Contractions

10
ol \ -
N, Tt
0.8 4
% 07 \ Swdannh:g}cgncm
%o N / wf 3
& K
§ PP N A N Nl
TN
g O4r . o
% O3 ~ A
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e T : \A.\
1
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A o pon sz
Resistance Due to Pipe
Entrance and Exit
| l L _
—— el D o R
| | [ {
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Inward Sharp Stighty Well
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Pipe Entrance Entrance Entrance
Entrance
I | _J
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Typical Heater Pressure Drops

PERAN
S &N

MC)A ‘,\\ W 1

A K
o $3% %‘Pzw

® Crude Heaters 125 psi
® Vacuum Heaters . 75 psi Dot
. Hydrotreating Heaters 20-60 psi i
= Platforming (per heater) 3-20 psi P
® Thermal Crackers 200 psi
FD200.5-122
Typical Heater Pressure Drops
(continued) '
m Coker Heaters 300 psi
m Visbreakers 250 psi
m Hot Oil Heaters 20-40 psi
m Fired Reboilers 50 psi
m Fractionator Charge 40 psi
Preliminary pressure drops - Must be
confirmed or corrected based on final
heater design
PD-20041.54124




Typical Heat Exchanger Pressure Drops

= For normal, fluid exchangers, allow at least
5 psi pressure drop on each side of each
shell

PD2004/L84125

Typical Heat Exchanger Pressure Drops

= Exceptions

(continued)
Cooling Water Side 10 psi
Combined Feed Exchangers 2-5 psi/side
Condensers 1-5psi
Reboilers - Kettle and 0.2-0.5 gsi
Thermosyphon
Reboilers - Forced 5-10 psi
Circulation

Vacuum Condensers 10-25 mm mercury

PD-20041.8-126




Control Valve Pressure Drops

m Control valves in pump discharge circuits -
allow greatest of:

- 25 psi

~ 50% of system friction pressure drop

-~ 7-10% of pump differential

I3

IPO200UL$ 127

Control Valve Pressure Drops
(continued)

= For other control valves, allow pressure drop
in accordance with available pressure

» Control valve rangeability consideration is
from turndown to 110% capacity determines
normal AP

m Control valve compensates for changes in
operations and system aging

PO200L5-128




System Hydraulic Curves
Atmospheric Fixed Point Pressure

A

\ Maxionun Operating
oo Point

Control Valve
AP

Head, ft

Pump Curve

azrnu-——-"“’ﬂ/ﬂf‘f""' Poiat -
’ o

Capacity, gpm

LS-R00-08
IPD2O0I S 128

System Hydraulic Curves
Elevated Fixed Point Pressure

A
i System Friction
Pressure Drop Corve

Maximum Operating

Point

Pumpbmc 4

Y

Capacity, gpm ‘ o
1PD-20044.8-130




System Hydraulic Curves

Fixed Available Pressure Source

[

A o Fixed Available Mmdmugigmting
i Control Vsive T System Friction
. AP Pressure Drop
Curve
LSROO08
POROMVLS1531
Control Valve AP Selection
Situations
Fixed 0 ¢ 250 500
Frictional 25 100 100 100
Total 25 100 350 600
AP Options
25 Min. 25 25 25 25
50% Friction 125 |30 | 50| 50
7-10% Diff 25 10 35 l 60 1
Pump Discharge 50 150 400 660

IPO-20 5182




Hydraulics of a Fractionating Column

= Goal
- Determine normal operating pressure profile
- Determine relief valve settings and location
-~ Determine equipment design pressure

IPRROVLE- 133

Hydraulics of a Fractionating Column

(continued)

m Procedure

Establish process flow diagram for fractionator
Establish fixed pressare locations '
Establish line sizes and lengths ,
Establish pressure drops for each piping =/
segment

Establish fixed pressure drops (static head)
Establish equipment and control valve pressure
drop ,
Establish the pump differential

PD2004L5-134




Hydraulics of a Fractionating Column
(continued)

» Procedure

~ Recalculate control valve pressure drop,
i system pressure drop, and pump differential

for alternate cases

— Establish relief valve setting and location

- Establish equipment pressure at relief valve
setting

~ Set Design pressure of equipment

~ Check for over-capacity requirements

~ Check for alternate operations

PD200M B 135
Aromatics
Fractionation
<)0°W ¢‘° ﬁ - S Line
9 ¥ lnd
L8-F0018
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Liquid Flow thru Commercial Steel Pipe
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st o e sems 2 378 Wall Multply APo/100’ by Specific Gravity. LS-R00-18

PD-2004/L.5-22



Vapor Flow thru Commerczal Steel Pipe

lo l“ 11/ 11 20 ’: ‘ : ) !l 10" 2"
Ir Y - 1 T T A D T 00 0 s "y
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Vapor Flow thru Commercial Steel Pipe
(See Other Chart for Smaller Sizes)
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‘Uncorrected Pressure Drop, PSI/100” - APo
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Vo=Unicorrected Velocity

i e sn w2 SCH, 80

e 22 384 Wall

Al Based On Viscosity of 0.015 Centipoise

Bxtrapolation Beyond Limits of Chart May
csult in Brroncous Values of '

‘-‘""“‘(%i)“?Xmo?)
1D = Inside Diameter Inches
W LBAHR

Teble of "f* Values for Pipe Size

0.0150- 12"
00145~ 14"
0.0140~ 16*
0.0135~ (8"

0.0105~ 36"

Vo = (Vo) FPM
Sy = SPECIFIC VOL. ik

2} 31

APo = g&l’o Sv% PSIFIG0

&l i sl risisi

LB/HR (W)
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Vapor Flbw thru Commercial Steel Pipe
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2000 wuﬁs;\‘ Pressure Drop for Turbulent Two Phase Flow
2000k h of Gas/Liquid Mixtures in Horizontal Pipes
1doo h PPo* = Fictitious All Gas DP  DPo* = Fictitious All Liquid PP~ PP = Two Phase PP
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r—— 400 =l IRNTTE ' 11 i

14300 e T
" 200 B e
100 ‘ , ‘ , S .

: : 20 1 ’

£ *,4 kol :
a
(o} n) 10
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% . i . H o
M S . L - -
"k | I e »
r 5 . . . 1 =N \
4 ot DPG* Use Total Flow and Physical Properties of Gas Phase ;
For DPL* Use Total Flow and Physical Properties of Liguid Phase \\:\\
> Source Petroleum Refining Oct. 1955: P. 151 N \
Using Curve Fittiig Equations and Computer Derived Values \\\
0.00001 0.0001 0.001 0.01 0.1 1.0
Liquid Volume Fraction LS-R00-23
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UQ p TWO PHASE FLOW

WORKSHEET

PROJIECTNO,
SHIET.
BY,

DATE___,

_OF_

VAPOR AND LIQUID
LINE
(WO PHASE FLOW)

(O LIQUIDFLOWUSGPM

" (2) LIQUIDFLOWING SP. GR.

" (® LIQUIDFLOWLB/HR x10°

(4) VAPOR FLOW LB/HR. x10° .

(5) TOTALLB/HR. 5 10°

" (©) VAPOR SP. VOLCU. FI/LE,

(D LIQUID VOLUME CH'S x'.%‘%; ,

VAPOR VOLUME CF/S

TOTAL VOLUME CI/S

" (0 VOL L/TOTAL VOL ALV

0)

() LINE SIZE, INCHES

(O PiPE SCHIDULE

@ IFALLLIGUD USGPM KD x D]

(19 FRICTION PSV100 FE (UNCOR)

| @by ©0RR) CORR] D@D
(@ IPALLGAS LB/HR x 10° |(9) -

(9 FRICTION PSI/100 FT. (UNCOR,)

@ arg” | (CORR)| (Dx(0
e

@ b7 [
@

@ A GO

(-4

O~

AP * x(FACTOR ‘ p ;
@ A 1. X ) ®x®

=APpp* (CORR)

() VILOCITIESPM . (CORR) _

AP * FICTITIOUS ALLLIQUID AP

APG*“

FICTITIOUSALLGAS AP

LS-R00-25
IPD-2004/1.5-39
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54
52
50
48
46
44
42
40
38
36
34
32
30

S »
DS = Double Suction
T 12
NPSHR = [ (pm)Epm)
Where:

8§ = Suction Specific Speed = 11,000

~} For Double Suction Pumps

Total gpm

NPSHR (f) - Required Feet of Liguid

[~ S N~ -~

wﬁeﬁ'bk A gpm = 2
J Qo : , ’
Wl ¥ Ss \15 L . -4
1 ’ w50 7750 spm 60 1
f -1 ) ?’5% ‘ASQW DSl “ ( -
il R ZaRRRE NN ..%Ti“--v” s 150 S
w hidd “ v I e ot
4 % i _m'*"‘%a li e = -+
/7 ] ,547 NEEERC R e : )
" ...-fyl’,- | Lt o1
“”“6 P “‘"“TJ; ’Ja" g ) oV -
n/ dat N bt ?ymp(fiﬁlevatioxl rrr—— - ,
1 ! T : Bt b 1 ' ; : ) —3 Baseline to ¢,
. bt - e = S _ ‘ |- . of Pump Inlet ()
~ Pump  Blevation = H“H v _ FH AT e
1,000 2,000 3,000 4,000 5,000 6,000 7,000
Rated Capacity (upm) LS-R00-01
iPD-2004/1.S-106
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NPSH(R), ft of Flowing Liquid

S N B N 0

18
16
14
12
10

N v
Nl

NPSH(R) for Single Centrifugal Pumps

mmm Single Suction, 2950 RPM, 50 Hz ————

s Single Suction, 3550 RPM, 60 Hz F—F—+—F

3550

Where:

iiiiiii

_ 1.33 0.5, 0,721
NPSH(R)z(&E-*M—) [1588(GPM )-2.1

S

S = Suction Specific Speed

o

30 NN TR .

!

N it L]

lllllll

100

200 300
Rated Capacity, gpm

400

500

L.S-R00-02
IPD-2004/L.5-107



g .
Bquivalent Length R
Description of Product "fl;‘)l,;,z ’i;}amet?;rs ep r e S e ntat lve
N v , wm) E H l
Stem Perpendicular | With no obstruction in flat, bevel, or plug type seat Fully open 340 qulva en t
\ 1o Run With wing or pin gaided disc . Pally open 450 * *
Globe R R en t in e
Valves {(No obstruction in, bevel, or plug type sent i g lp
¥-Pattern - With stem 60 degrees from run of pipe line Fully open 175 .
- With stem 45 dcggge}: front cun of pipe ling Fully open 145 Dl a m ete rS ( L / D)
Angle Valves &”jt? 1o obstruction 1(:; gad!, bevel, or plug type seat Fully open 145 . ‘
ith wing or pin guidee isc Fully open 200 V V l
— —_ T of Various Valves
cage, Lise, Three-quarters open 35 = ¢, -
. Dauble Disc, = One-half open 160 and F ltt lng S
Gate or Plug Disc Oue-quarter-open 900 .
Valves Tally open 17
‘Three-quarters open 50
Pulp Stock One-haif open 200
One-gquarter open 1200
: ) i . N Tully open 37
Conventional Swing 0.5*...Fully open 133
Check | Clearway Swing 0.5 .. Fuily open 50
Valves | Globe Lift or Stop; Stem Perpendicular to Run or Y-Pattern 2.0...Fully open Sante as Globe
Angle Lift or Stop 2.0'...Fully open Same as Angel
In-Line Ball 2.5 vestical and 0.25 horizonml...Fully open {50
. . . .3*..Fully open 420
Foot Valves with Strainer , 04 Fully open 75
Butterfly Valves (8-inch and larger) ) o . Pullyopen| 40
Couk Straight-Through Rectangular plug port area to 100% of pipeares  TFullyopen) 18
ocks . Rectangular plug port arca cqual to 80%  Flow straight through 44
Three-Way of pipe area (fully open) _Plowthrough braiich] 140 .,
90 Degree Standard Blbow . 30
43 Degree Standard Blbow 16
90 Degree Long Radius Elbow 20
. 90 Degree Strect Elbow 50
Fittings 145 Degree Sueet Elbow 2
Square Corner Blbow 51
. With flow through run -20
Standard Tee With flow through branch , , . 60
Close Pattern Return Bend ' : , 50,
90 Degree Pipe Bends ) See Page A-27
Pipe Miter Bends Sce Page A-27
Sudden Enlargements and Contractions See Page A-26
Entrance and Exit Losses . See Page A-26
## [ixact equivglent length is tMininam caleulated pressure
eaual 1o the length between drop (psi) feross vidve:to provide
flange faces or welding ends. sufticient flow to lift disc fully,

Crane Co. “Flow of Fluids through Valves, Fittiugs and Pipe,”
Technical Paper 410

L.S-R00-26
IPD-2004/L.5-119
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Typical Calculation of Piping Equivalent
~ Length - 8" Pump Discharge Line

clvovss - , - , >
| | \—— Orifice Meter
0 - Oy & Lerghn 1
{ | Tee 1 AxfoxF= FEOIn -,80«9
' Eib g  gX 30Xy =\ze = 16 S&
Yopin$
Gode Unves 2. ax |3 X€= 208 in = FEE
4 Check Volve i 135 X§ = {o€0im=90 &k
5

; e —
. \ .

. ; ¢ ﬁ:@ —P"e '

- - 3% .
4 e —_—— '

: "3 "e -;:3'{“"3& »

TQ& .i':'.:- 4 .

4 H
Y
: &
¥
EDS-R01-2223/24 Yy et

IPD-2004/.5-120




vop Heat and Weight Balances

25 East Algonquin Road Des Plaines, Hlinois 60017 US.A, Aromatics Fractionation :;ﬂge No. |
. . o : ate
Engineering Department Example for Line Sizing Only grojecl
v

NOTE - These data ave confidential and the property of UOP and shall not be disclosed to others or reproduced in any manner or used for any purpose whatsoever
except by written permission or as provided in a signed agreement with UOP relating to such data.
-

Stream l.qég;{) S B ?3?‘3? ¥ ““f‘:ﬁ}“ S ?C?’,%, ,l Z‘Eﬁ%ﬁ ?’E:S o g B

Aromatics from Storage (7.28)10.0] 89 | 0.86| 100 | - | 5000 | 148 | 718 63700 |"18 ] 1.14
Feed - Bottoms Exchanger Duty b » . 1.72
Feed to Column (7.28) 100 89 | 082 160 | 7 - 155 1718 63700 | 45 | 2.86
Overhead Vapors to Condenser - 1 78 1022 1951 5 - @7 18831 68900 {2251 15.5
Condenser Duty , | | o 14.3
Material to Receiver (7.37),9.75| 78 | 0.86| 100 | O | 5340 | 160 |883| 68900 | 17| 1.2
Reflux (7.37)9.75|.78 |1 0.86 | 100 | O | 4340 | 130 |718] 56000 | 17| 1.0
Benzene Product (1.37))9.75].78 | 0.86 ] 1004 0 | 1000 | 30 |165] 12900 | 17| 02
Liquid to Reboiler (1.26)] 92 1 0.76 ] 265 | 10 | 26,600 | 890 |3670| 338000 | 97 | 32.80
Reboiler Duty v 3 ' 16.56
Material from Reboiler .26 92 | - 12651 10| - - 13670 338000 | 146 49.36
Vapor , 92 1(0.30)] 265 | 10 | (11.15)[(105)]1223] 113000 | 243| 27.46
Liquid (7.28) 92 1076 | 265 | 10 | 17700 | 592 [2447] 225000 | 97 | 21.90
Bottoms to Exchanger (7.28) 10.11 92 1 076 | 2651 - 4000 | 134 1 553] 350800 [ 971 4.92
Exchanger Duty (7.28) 1.72
Bottoms to Cooler v (72011011 92 107912001 - 4000 | 129 15531 50800 | 63 ] 3.20
Cooler Duty (7.28) 2.30
Bottoms to Storage ' (7.28) 10.11 92 1 0851 100 | - 4000 | 119 |553] 50800 | 18 [ 0.90

LS-R00-36
IPD-2004/L.5-137
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vop Heat and Weight Balances

i , — o o Page No. 2
;; Lzm'l AIgml'qum [;;ad D(?:Hames, Illinois 60017 U.S.A, Aroma_pcs Fractmnatlon 1‘;:!;: 0
ngineering Department Exa‘mple for Line Sizing Only I;r;:jec:
NOTE - These data are confidential and the property of UOP and shall not be disclosed to others or reproduced in any manner or used for any purpose whatsoever
except by written permission or as provided in a signed agreement with UOP relating to such data.
o ' lowing ] SR | gpop gqqe | Flowing | Mols . 106
Stream : (!bi'};g:) K Mw }9!;“3;& F (Mg‘gg(’ “10° SCFD) (‘g% P To/h b llbw Bua/h
- | - [CAAI
Steam to Reboiler L (1.12)] 448 i 400 19100 11176
Reboiler Duty & v 16.56
Condensate from Reboiler (0.88)] 365 | 150 19100 310
Note AP for 50° Approach 3151 70
Cooling Water to Condenser ' 80 © 11430 715000
Condenser Duty , 1 14.3
Cooling Water from Condenser _ 100 1430 715000
Bottoms Cooler 80 1531 76600
Cooler Duty 23
Cooling Water from Bottoms Cooler 100 153 76600
LS-R00-37

IPD-2004/LS-138



143’

: ~ Aromatics
, Fractionation Reflux
0, Line Details

10'

70"

10

20'

15

To Storage

Discharge / Atmospheric
Line from

L Receiver
Spare Pump

SN
4/,*5 b N

LS-R00-15
IPD-2004/L.5-139



NOTE - Theso data ar¢ confidential and the property of UOP and shall siot be disclosed to others or reproduced in any mantier or used for any purpose whatsoever except
by written permission or as provided in a signed agreement with UOP relating to such data.

o L ] .
zz a g R p . , ~ Design
8> | 8 % S8 |8 Description ap | Dot [ et | o | et | Pross
S A - Press Press Press | PS8

psi psig psi psig psi psig

VEN L1009 SOUI ‘SRl s peoy umbuoly wey ¢7

00 SN Sy W B W N e
NOLIVINGVL OI'INVAUJAH

—
<>

s,
o

—
N

-
O

it
-

ot
w

,_.
(-2

~3

D>
15

N

i d
W

o
RS

fad
w

[nd
&
QddV A8 ZIVU AZY dddV A8 IV AN

L.S-R00-34
IPD-2004/L.S-140



NOTE - These data are confidential and the pr(:{)eﬂy of UOP and shall not be disclosed to others or reproduced in any manner or used for any purpose whatsoever except
by written permission or as provided in a signed agreement with UOP relating to such dafa.

9
z°§ 8 :§ g ~ gg L Design E
o 8 |24 Ime description
fo| 8|3 55|k AR s
pSlg psig psig -
1 Reflix to Column ‘ 5 3 g
2 Static Head 143 (73 ) 53.24 gy
3 3 40 | 1461 2.5 |LinetoTray 1 L . S 3 ﬁg‘l .
4 6 90° Ells 120D ~0 4
5 1 Teo St 20D z E g
6 1 Gate Valve 13D & 3
7 ~ Subtotal 153D 5 S
8 Bquivalent Length 38 o gﬁ
9 Straight Pipe 163 % ’
10 Total Eq. Length 201"
11 Say 250'
12
13 Control Valve =
14 <
15 3 | 40 | 146 1.0 |LinetoCV. S
16 4 90° Ells 80D &
17 1 Tée St 20D 2
20 1 Gate Valve 13D 5
21 Subtotal 113D o
22 Rquivalent Length 28 §
23 Straight Pipe 46 -
24 Total Bq. Length 68' 5
25 Say 100! ' -
W
ic
g
LS-R00-38

IPD-2004/1.S-141
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NOTE - These data are confidential and the pr(g)erty of UOP and shail not be disclosed 1o others or reproduced in any manner or used for any purpose whatsoever except

by written permission or as provided in a sigue

agreement with UOP relatiug to such data,

- B
Sl g % 'g . = Design %’
§§ g 8 =& %% Description ap | Inlet | ap | nlet |, | Infet Press &
a2 BRI B - I . | Press .| Press Y| Press | PS8
psi | osig | P | psig | P | psig g
1 3 | 40 | 2.15] 2.0 |Pump Discharge Line g §
2 4 90° Ells 80D Sy
3 1 Tee (Branch) 60D G
4 { Tee (Straight) 20D ~0 ¢
5 1 " Check 135D z E g
6 i Gate 13D g g
7 38D 5o 3
8 “Bquiv. Length 82 g §
9 Straight Pipe 85" Z
10 167
1 Use 200
12
13 Punip v 7
14 Static (16')(%1 ) :
15 >
16 6 40 | 007§ 3.0 o
17 | Sec ‘Hyd, Gen, Comments’ %
20 | ~ | Item ‘A-3’ NPSH Cale. 5
21 X -
22 g
23 S
24 5
25 oy
5
S
LS-R00-39

IPD-2004/L.5-142



NOTE - These data are confidential and the pr(g:erly of UOP and shall not be disclosed to others or reproduced in any manner or used for any purpose whatsoever except
by wrilten permission or as provided in a signed agreement with UOP relating fo such data.

ZQ;E Ei, % ,,% gg , : : Design g’
B4 3 (575 e br (et | o |t | op | e |5 g
, psig psig psig ol (]
1 Reflux to Columa 5 é g
2 Static Head 143' (:%43;) 53.24 | 58.24 g
3 3 | 40 | 146 2.5 |Lincto Tray ! 3.65 | 61.89 - TEE
4 Control Valve ~0a ¢
§ 40 1 146 ] 1.0 | Line to Control Valve 1.5 33 ’g g
6 40 | 2.15] 2.0 | Pump Dschg. Line 4.3 S g
7 Punip 5.8 5o
8 Static 16' (2731 © | 02 20
9 3 | 40 | 0.07] 30 02 | o >
10
1
12
13
1 :
15 g
16 :
17 2
20 2
21 o
22 ?g
23 -
2% &
25 -
<
-l

LS-R00-40
IPD-2004/1.5-143



y manner or used for any purpose

produced in an

ch data.

dential and the property of UOP and shall not be disclosed to others or re

whatsoever except by writien permission or as provided in & signed agreement with UOP relating to su

NOTE - These data are confi

Uop

25 East Algonquin Road Des Plaines, Illinois 60017 US.A,

HYDRAULIC TABULATION

Sheet

Project

Line

Ovhd Pump

Suction

Reflux

Net
Product

Ovhd Puap
Discharge

API or Ib/gal at 60°F

Average mol-wt

Temperature, °F

Flowing SP GR

0.86

0.86

Sp vol, Cu f/ib

‘Flow Vis, Centistokes

Vis Corr Factor

Nor Max

. Nor Max

Nor | Max

Flowing USGPM

60 1 189

130 136

30 33

160 189

1 Flow, b/ x 10°

Destination, psig

Static, psi

Exchange; psi

Piping, psi

Valve, psi

Pump Discharge, psig

 Pump Suction, psig

‘Differential, psi

Differential Head, £

‘Pressure Level, (3

‘Normal Flow

Pipe Size, IPS

1.5 15

Pipe Class

40 40 -

40 40

1 Velocity, FPM

100 | 118

330 | 396

275 302

410 484-

|| Eriction, psif100 f (Uncor)

0.08 | 0.11

17 | 245

235 3.03

2.5 349 .

Friction, psi/100 & (Cor)

0.07 { 010

146 | 210

215 | 126

2.15 3.0

Pump Description

Oper | Spare

Oper | Spare

Type

Ttem No.

Driver

Power Condition

NPSH Available

Notes

L.S-R00-35
IPD-2004/LS-144




These data are confidential and the property of UOP and shall not be disclosed to others or reproduced in any manner or used for any purpose

whatsoever except by written permission or as provided in a signed agreement with UOP relating to such data,

NOTE -

Uop : Sheet

25 East Algonquin Road Des Plaines, Hlinois 60017 US.A. Project
HYDRAULIC TABULATION

'

L.S-R00-41
IPD-2004/.S-145

Line

API or Jb/gal at 60°F

Average mol-wt

Temperature, °F

Flowing SP GR

Sp vol, Cu ft/Ib

Flow Vis, Centistokes

} Vis Corr Factor

. ) Nor Max | Nor | Max | Nor | Max | Nor Max | Nor | Max
| Flowing USGPM .

Flow, Ib/h x 10°

Destination, psig

1 Static, psi

Exchange, psi

1 Piping, pst

] Valve, psi

{ Pump Discharge, psig

L— Pump Suction, psig

1 -
| Differential, psi

1 Differential Head, ft

| Pressure Level, mmﬁ

Normmual Flow Suct | Disch | Suct |Disch | Suct |Disch | Suct |Disch | Suct | Disch

Pipe Bize, IPS

Pipe Class

Velocity, FPM

Friction, psi/100 & (Uncorr)

Friction, psi/100 & (Corr)

__§ Pump Description

Oper | Spare | Oper | Spare | Oper | Spare | Oper | Spare | Oper | Spare

Type

jtem No.

“§ Driver

-4 Power Condition

NPSH Available

-4 Notes




_ Fractionator Hydraulic Diagram

3
o

H-1

V-1
Q4
+95 f1 L @\
: 155
180
9
+74 ft
g / 10
: v
¥
40
Lcé +23 1t
!
| ©
. <] +3 Mt
1@ ®
.4 !
!
ol
"~ To Feed

Surge Drum

O Design Pressure
{ ) Operating Pressure

v
To Recovery/

EDS-R00-2239
IPD-2004/L.S-146



MIXED PHASE LINE SIZING

Wy
Liquid Volume Fraction = VL = S.G.x62.5
VL + VG WL N WG
SG.x62.5 #/ o
- x62.5
+ =
x62.5
poed + p—s -
Total Flow Gas =Wy + Wg = + = #HR
Wy + W,
Total Flow Liquid = —& = "G ~_ = GPM
S.G.x 500 x 500
Try___ "Line
' APgp x !
GO 3 ¢ -
Total Flow AP _ #/r® X _
Total Flow APy AP; ¢ xS.G. X

PD2004

MP-1



£
Try " Line
| APgq x ! 1
GO o -
Total Flow AP #F X7 _
Total Flow AP, AP xS.G. X -

| SN2 A 2
APgo =f 336 W x 336 x _
a° | 1000 x10°
APpp = Total Flow APy x Factor = X =

Use " Line

IPD/2004 Uop MP-2




B-16 APPENDIX B — ENGINEERING DATA CRANE

PIPE DATA
) Carbon and Alloy Steel — Stainless Steel
(aiso see next three pages)

Nom- }Ourside ldentification Wall | Inside] Arez Transverse | Moment] Weight] Weight { External] Section
inal Diam. Steel Stain- | Thick~-} Diam- of intemal Area of Pipe | Water | Surface | Modulus
Pipe | dess ness | eter | Memal ) inenia ‘
Size fron | Sched | Steed | @ | @ @ @ | gy | Pounds| Pounds] Sq. Fr. {2___1__,

Pipe No. |Sched. Square} Square § Sq per |} per foot] per foot] | O.D:
Inches § Inches | Sixe No. |lnches | Inches] Inches| Inches F:::mi fnchest] fuot | of pipe | of pipe

ven - 105 D49 307 | 0548 | 0740 {.000S1] 00088 ;19 032 106 0437
18 | 0.405 | SID 40 405 L68 1 269 | 0720 | 0568 }.00040] .00106 24 025 206 03523
80 305 095 ] 215 | 0925 | L0364 |.000251 00122 31 016 106 0062

wew 4 een 105 065 1 430 | 0970 | 1320 {.00091] 00279 33 57 341 L3032
b704 0.5%0 | STD 40 405 088 | 368 | 1250 | .1041 |.00072] .00331 A2 H45 -141 K )r.rd
£0 805 119 302 | L1574 | (0716 |.000S0} .0Q377 S4 Ja31 ~141 03393

: . § ... 1105 | .06 | 565 | 1246 | 2338 |.00162] 0058 | 42 | .11 | 378 | 0176
1 38 | 067 {STD o1 | 93 | der0 | dot0 |ooim| o9 | 57 | 08 | I | 0260
! . XS | 423 3405, j .o0s62 | 7 | .061 | .78

| o3 | 7 | oass

0098
200275
L0248
i 400211 § ) -
JAT 1 56 01 30000 22340 10001634 02008 | 109 I : B G
. 0018 ’ P
00035] 02¢24 { 1L | 022 |
10462

02450 £ 288

S T .065 | 926 | 2011 | 6648 0%
b s oz | osss )z |68 {004 8 | 266 05655
stp ] 40 | e0s } a3 | 82 | 3326 ] 5330 jomn Ly | .28 67055
34 1050 | XS 80 a5 | s
- . 160 | ... T | 62 | 5608 | 2961 |.0e06 i | as 110036
) XXs | ... rn {3081 43 | meo | .1e8 oo 246 | 064 31032
065 | L185 | 2553 | L1029 1.00766] 04999 | .87 | .478

sS
1065 } .19 1097 | 4130 ) o452 f.oosse] o760 | 140 | 409
STD 4 |es | 133 {loso | 4939 | 8610 J.oos00! .0873¢ | 162 | 375
1 1315 | XS 80 |8S |.awm | o957 .6 | .10 j.oeaso| aes6 |2y | 32
ol .. losoi e ].m6s | sz j.o0362] LI2SE | 284 | 230

XXs . - 2358 §.:509 (X060 | 282 [.00196) .1405 | 366 | 122 -

220
20
220
220
220
220
275
02969 275
4335 | 4330 |.om00 08425 | 147 | 288 | 25 | el
05269 25 |
05792 275
344
344
344
344
34
344
435
435

3903

2136

s . 55 085 11530 -} 3257 11839 012y LMBB T LI 97 e v
_ 105 309 j1442 | 407 [1.633 {01134 3605 | 181 | %08 1934
40 eS| .40 1380 | 6685|1495 1.01000] 1967 {227 | 649 | 435 | 246

% 1.660 1 XS 80 305 {oaor Pz .85 1283 j.00891 ) 2418 | 3.00 | .S55 1435 ) l2013
360 —as 250 {1.160 13070 13057 |.007341 .2839 33 A58 ] A3 13421

XXs .. . 382 896 153 | 630 (004381 341 fotlori 2731 435 a0
662

2998

3262

418

3078

8977

2652

55 | 065 |L76 | .37 {2461 01709 1579 | 128 | 1066 | 497
. Toties 0o lresz 6133 j222 Loiss3]iz2ee8 | 209 | 983 | 497
0 |40s .45 [uere |.7995 2036 [o14i4] 3099 | 272 | 882 | 497

e {1900 | XS 8 |8s |.200 |1s500 {ross 1767 L0125 3912 | 3.63 | 765 f.497
- : 360 | ... |28 }1338 (1429 |1406 |.00976] 482¢ | 4.8 | 608 | 497
XXS { ... | ... {400 {1300 }i.88S | 950 [.00660] .5678 | 641 | 42 | 497

. 35 065 2245 | 4TIT7 {3958 102749 31489 4 .68 L2 £22

nne .- 105 109 {2157 | L7760 13.654 102838 | 4952 264 1158 L22 4204

&0 408 54 12067 11075 13355 |.02330 ) 6657 3.65 145 £22 5606

2 235 | XS 80 805 218 131939 {1477 (2953 02050 .8679 | 5.02 {128 622 L3309
aen 160 e L3435 11687 12190 12.241 {01556 {1.162 146 97 22 S
XX$ - vam 436 11503 12.656 {174 [.01232(1.311 9.03 .37 L2z 1.104

aee —en 58 083 j2.709 | 7280 [5.764 10002} 7100 | 2.48 - |2.50 a3 4939
e e 105 W12 12635 (1039 [5.453  [.03787 9873 | 383 1236 JE53 6868
4G 4«08 203 {2469 (1704 }e.788 10332201330 . | 5. 247 233 1.06%

2% | 287 X8 80 805 276 12323 j2.254 14238 102942 11.92% .66 1187 53 1.339
- 60 vem 375 12125 (2.5 [3.546  1.02463 [2.353 1001 jL54 <333 1.638

XXs . cee 352 117 18028 (2464 (LOITIO (2871 {13.69 | LOT 7533 1.997

wae . 38 083 }3.33¢ | .B9I0 {8.730 1.06063 {1.301 3.03 {38 916 7435
3 e “en 108 320 13260 1127 §8.347  [.0SW6 (182 | | 433 {3.62 916 1042
} STD 4 1408 (.26 j3.068 (2228 17393 105130 {3.017 .58 {320 16 1723
S 3 3.500 Xs 80 80S L300 ]2.900 3.016 16.605  {.04587 [3.83%% 10.25 {286 916 225
160 . 438 12.62%4 jA2053  [5.408 103755 {5.032 1432 12.33 916 . 2.87%
Xxs vee voa 600 12,300 {5.466 14.155  }.02885 |5.993 1858 {1.80 916 3.423

geattts =i thick mmmm«mmmmmmﬁ The notzions " Tewnuverse internal stes values iSiec « Tsgudre teet” Ao

S ang Doudle Exira Strong oo Y > ¢ . cubit lee Dee 1001 Of D length.

$T0. XS, and XXS Exves S



CRANE APPENDIX B — ENGINEERING DATA B-17

PIPE DATA — cont.

Nom- | Qutside Identfication, Wall | Inside | Area Transverse | Moment] Weight | Weight | External] Section
inal | Diam. Steel Stain- | Thick-] Diam- of Internal Area of Pipe | Water | Surface |Modukas
Pipe : less ness eter | Metal Inerta o
Size ron {Sched. | Sted | 0 | @ @ | @ | ( |Pounds|Pounds| Sq. Fri, ;

Pipe | No. | Sched. Squarei Square | Square per | per foot] per foot (253J
Inches | Inches | Size No. |Inches] Inches] Inches] Inches | Feet | Inches* | foot | of pipe | of pipe

T2 38 | 083 334 | 1021 10545 [.08017{ 1.960 | 3.48 | 500 | 1.047 9799
wee 1 eee 1 10S 1 120 13760 | 1463 ] 11304 {.OTIE] 2755 | 497 | 481 | LO$7T | 1378

4 { 405 | 226 | 3548 | 26801 9.886 [.06870] 4788 | 9.11 | 429 ! 1047 | 23%
Xs 8¢ | 80S | 318 | 3.36¢ | 3.678] 8888 j.05170] 6280 | 1250 | 384 | 1047 | 3340

.o e 58 H83 14334 1152 1 .75 [.10245] 2810 3.2 639 | 1.178 1249

—.o - 105 '1.320 | 4260 1.651 { 14.25 1.09898] 3.93 s5.61 6.18 | 1.178 1.261

kY ¥3) 40 | 408 237 4026 | 3.174 ) 1273 }.08840] 7.233 | 10.79 350 { L1788 | 3214

4 4.500 Xs 80| 805 337 | 3826 | 44071 1150 §.07986( 9.610 | 1498 498 | 1178 | 4201
- 120 —— A38 | 3.624 | 5595 .31 j.0%16 | 1165 19.06 447 | 1178 | s5.1i8

nm 160 - 3311 3438 | 6621 ] 9.28 [.0645 | 1327 22514 402 | 1178 § 59898

XXS§ .} ... - 6741 3352 { 8101 ¢ B0 [.0542 | IS28 | 2154 338 | 1178 | €M1

aen . 55 i 1.1558 | 6€.947 636 1. 9.72 | 1456 | 2488

. <1529 | 8.425 ko x4 9.54 | 1456 | a9

T390 11546 ] 3462 1 867 | 1656 1 5651
132630 120067 1200781 788 | 1456 | 431
136 L2573 j2t04 | 109 | 31456 | 9750

Ceie ] 360 ] sl 3015 3008 13296 ] 633 | 1456 | 30.796

XxXs | ... {0901 | 3863 {3855 | 561 | 1455 | 121090

55 2239 | 1188 760 | 1357 | 173¢ | 357

wee ] 108 12204 | W40 929 | 1375 | L34 | 4346

ST 4 ] 408 -2006 fza14 | 1897 | 1251 | 1.73¢ | ®es6

6 | 665 § XS 8 | 808 <1810 (4049 | 2857 | 1129 | L3¢ | 1222
: 120 L3650 1 4961 1.3639 | 1030 | 1.73¢ | 1498
wew | 160 3469 | S897 4535 | 9.16 | L7364 | 181

xXxs | ... L3083 6633 {5336 | 816 | L73¢ {2m02

58 4.3855 | 2644 | 9.93 ] 2606 | 2258 | 6131

een 1 108 3784, 1 3541 | 1340 §23.61 | 2958 ].8212

2 | ... 3601 1511z (2236 [dT | 2758 L1339

36§ ... S3553 16335 (2476 ] 2217 | 2258 1 1460

SID | 46 | 405 13404 {1249 | 2BSS | 2170 | 2258 {1681

3 g6l ... 6 | ... 4794 1330 18873 |36t b2a7 | 2258|2058
XS5/i s |88 4566 1317 1057 4339 | 191 | 2258 2481

100 | ... 4346 - {3018 {1713 1 S0.95 1 1883 | 2258 {BM

e-e ) 12001 ... 4059 12819 f405 [ 60 | 1759 | 2258 f32s8

1 e ] 140 .. 13&50 o673 537 677 11668 | 2258 | 3565

XXS § .. V3 f2sm 620 242 [0 | 2258 }37156.

160 | L. {3646 {2532 l1esie 7469 | 15:80 | 2258 | 3848

55 8629 1599 1630 1539 03239 | 284 | un

: I feszs 15922 1769 11865 | 3695 | 2814 | 1430

20 | ... } o250 110250 | 824 {exse |.svsr inisz | o2ee | 376 | 2814 | 2135
30 | ... | 307 heise {1007 | 2069 }.5603 11374 | 342¢ | 3496 | 2814 | 2557
! STD | 46 | 405 | .365 [10.020 J1190 | 7886 [.5475 {1607 | 4048 | 3420 | 2814 | 29.90
1 0750 | XS 60 |85 | .500 19750 [16.10 | 74.66 [.5185 12120 | s5474 {3235 ] 2814 | 39.03
8 | ... ] 59 {9562 j1%92 | 708 [.4989 2448 | 643 | 3113 | 284 | 4554

- 160 . J19 {9312 j22.63 | 6813 1.4732 (2861 7748 | 2953 | 2814 | 5322
——- 120 - B44 1 9.062 12624 | 6453 [.4481 13242 89.29 | 27.96 | 2.814 | 60.32
XX$ 140 .ve {1000 ! 8750 130.63 | 60.33 [.4176 3678 104.33 | 26.06 | 2814 | 6843
e 160 --e §1.325 1 &S00 (3402 | 5675 3941 (3993 115.6¢ | 2459 | 2814 | 4.9

. .- 535 J56 112,438 | 637 112050 18438 (1224 2098 | 5265 | 3338 | 192
. .- 108 80 112390 11 j12057 8373 {1404 24.17 | 5225 | 3338 {20

- 20 e 250 [¥2.250 9.82 {117.86 {.8185 {I91.8 33.38 | 51.07 §{ 3.338 302
. 38 P 330 112,090 (1287 13480 17972 12484 43.77 1 45.74 | 3.338 | 3.0
STD —en 405 335 {12,000 (1458 {113.10 7854 1219.3 49.56 | 49.00 3338 j 438
. 40 o 406 11938 11577 {11193 L3773 13003 53.52 48.50 3.338 { 42}
Xs . 80S 500 (311750 119.24 {108.43 L3528 13613 65.42 | 46.92 3338 | 567
12 1273 PR, & o 562 111.626 §21.52 {106.16 L1372 14004 73.15 | 45.00 3.338 | 628
. 80 . 688 ji1L3M 12603 110164 7658 1475.1 88.63 | 44.04 | 3.338 | 4.6
. 106 e B34 j1r082 1.53 9614 L6677 }561.6 102,32 41.66 3338 | 8.1 SN
xXx |10 | 1 [iooo [o7s0 3691 |90.76 |.6303 [esre 12549 | 3933 | 3338 |00z (
en 40 - 1.125 }10.500 }(41.08 86.59 6613 }700.5 139.67 3752 3.338" {109.9
—.n 160 P 1.312 j10.126 (47138 80.33 5592 (8L} 160.27 34.89 | 3.338 1226
mmmﬂ.-wmmmmmmm B36.30 anct B36,19. The natatons Transverse mternal ares valves listed m “squase toet™ 5o
STD. XS, ang XXS & ., Exwa Strong. ang D Extra Strong pipe y. represent volume i GG teel per tont of Pioe eogth,




CRANE

8-18 APPENDIX 8- ENGINEERING DATA
PIPE DATA—cont.
Nom- }Ourside Identification Wall | Inside | Arez Transverse | Momemt] Weight | Weight |Externall Section
inal | Diam. Steel Stain~ | Thick-} Diam-] of Intemal Arez of Pipe | Water | Surface{Modulns
Pipe Jess ness eter | Mesal @ 0 Inettia
Size fron | Sched. | Steel | © @ s () {Pounds| Pounds | Sq. Fr. 7
Pipe | No. |Sched. Square | Square | Square per | per foot| per foat| {2575,
Inches } inches | Size No. | Inches| Inches | Inches | Inches | Feet jlnches*] foor | of pipe | of pipe|
55 ] .156 113688 | 6.78 |147.15 11.0219 | 1626 | 23.07 ] 6377 3.665| 232
- .. 118 | a8 {13628 | 836 [145.78 {1026 | I94.6 | 27.73 ] 6337 3.665] 278
10 veo 1 250 j13500 § 2080 {24338 | 9960 | 2553 | 3671 ) 6208 3.6655| 366
20 oo | 312 {23376 | 1342 {14052 | 9758 | 3144 | 4561 | 6089 3655 | 450
STD 30 weo | 375 133250 1 3605 {13788 § 9575 | 3728 | 54.57 ] 5975 3665 S32
40 . | 438 1313324 | 3866 {13528 ] 9394 | 420.1 | 6344] 5864 ] 3665 ] 613
¥ Oj1400 | XS —o. ] 300 {13000 | 2121 jIS273 ] 9217 | 4838 | 7200} 5246 | 3665| 69.1
60 - 594 112812 | 2498 112896 | 8956 | 5623 | BS.05} 5586 | 3.665| 803
80 U1 30 13zso0 | 3122 (1272 8522 | 6783 }106.13 ) 53.38 ) 3665 982
. 100 ... | 838 i12317%. ] 3845 (11549 | 8020 | 8264 | 130.85 | 50.04 | 3.665 | 1178 .
e 1 120 o 11098 jrysr> | 4432 {109.62 ] 7612 | 929.6 |150.29 | 47.45 | 3665 1328
oo 1360 1 ... li1oso i11soo | 5007 (30387 | 7233 liozro 117028 | 45.01 | 3665 | 1468
. | 160 .. 11406 {12388 |'sS63 | 9831 | 6827 | Y0 [189.11 | 4260 | 3.665 | 159.6
55 | .165 {15670 | 82F {19285 {13393 | 2513 |2 1 :
wee | 305 1 3887 {15624 | 9:3¢ {19172 {13314 | 2919
10 vee .} 250 }15:500 | 3237 {38869 [13103 | 3m7
20 wee ] 312 |153% | 1538 18569 | 12895 | 4;2 |
SID 36 o b o313 Jasoso | 3842 [18265 12688 | 5623
16 licoo | XS e .. | 500 {15000 | 2635 117672 {122 | Wi
60 oo 1 656 j3sems | o2ner 136884 [11766 | 9324
.80 e | 8 11312 | 4034 36092 }LIITS [1IS58
. 1 200 wee 11031 13938 14848 (15238110596 113645
.- | X20 . 11219 l13362 | 5656 {144.50 |1.0635 {1555.8
Cee.. ] MO - l1a38 13124 | 6578 {13528 | 9394 | 17603
e} 160 .. |1.598 132812 | 7230 12896 | 8956 |1838.5
eew 17855 | w265 37670} 925 28527 {17029 | 3616
105 | .188 131v.624 | 10:52 -{243.95 {16941 | 4173 | 35, 4712 4
. 10 oo} 250 j3Ts00 | 1394 -|24053 {16763 | 349 | 47 712
20 1 ... | 312 j17316.1 1734 23723 {1667 | 612 2o TS
s | ... e |37 117250 | 2076 |233.71 116230 | 8067 7zl 29
ven 30 eee 143311728 12437 1230030 115990 1 9303 ; 3035
18 {18.00 xS wee 1 500 Jrz000 | 2749 ]226:88 115763 110532 927 1 42§ 111
40 .| 362 116876 | 30.79 (223.68 |15533 lunis | 93 | -f 330
60 .. 1 .750 116500 | 40:66 121383 {1484y [i514.7 {13817 92s7 b 1683
80 . '} 938 {362¢ | 5023 }205.2¢ (14383 18330 {17097 | 8850 | 472 2038
eee 1200 . iryselisiess 16117 {19330 |33423 {21800 {20796 | &376 { 42 2423
weo 1 X20 .. 11378 15250 | 781 18266 [12634 24081 {24434 { .07 | 42| 2726
e 1 140 ... lissz hissre | s0:66 117380 j1:2070 (2ns0 jowz | 32 | 42} 3055
eee | 160 ... |1781 |18.438 | 9075 [163.72 {13369 {30200 }30850 | 70.88 | 4.2 | 335.6
ss | .18 |19.62¢ | 11.70 [302.46 {21004 | 5742 | 39.78 | 13106 | 5236 | 574
10S | 218 [19.56% | 1355 |300.61 }208%6 | 6628 | 46.06 | 13027 | 5236 | 663
b -} ... | .250 19500 | 1551 }298.65 {20740 | 7654 | 5273 [19.42 | 36 | s
STD 20 ] 35 lwzse | mr 120008 {20142 111130 | TB60 | 12567 | 5236 | 1113
Xs 30 ... § 500 {19.000 [ 3063 {283.53 [1.9600 [2457.0 1104.13.{ 12287 | S236 | 145.7
eee |40 oo 1 osss limsre | 3635 {278.00 {19365 jINR0 {I28.11 {12046 | 5236 | 1704
20 2000 { .. 60 Tl 81z f1m37e | 4895 26521 [1.8817 {20570 (16640 111992 | 5236 | 2287
. 8 .. t1o031 lizess | 6144 25272 {17550 l27r20 {20887 (10051 | 5236 | 2Tl
100 . liom liraess | 7533|2383 |1.6585 3152 125630 | 103.39 | 5236 | 38LsS
e | 120 ... 11s00 i17.000 | 8718 122698 |1.5762 {37540 [296.37 | 98.35 | 5236 | 3755
140 . 11750 lies00 10033 |213.82 {14849 142160 {34109 | 92.66 | 5236 | 42L7
e | 360 ... {1969 "l16062 {11149 20267 {14076 |4sSS [379.37 | 8174 | 5236 | 4585
5S | .188 |21.624 | 1288 [367.25 [25303 | 7662 | 43.80 }159.3¢ | 5.760 | 69.7
105 | 218 21.564 | 14.92 {36521 j2.5362 | 83¢.8 | S0.71 {15826 | 5.760 | 804
10 | osp l21s00 | 17.08 |363.05 |25232 J1010.3 | 58.07 | 15132 | 5760 | 918
STD 26 .. 375 120250 | 2548 i354.66 |2.4620 11489.7 | 86.6) |133.68 | 5.760 | 1354 ~
Xs 30 . 500 l21.000 | 33.77 1346.36 124053 19525 114.81 150.09 | 5.760 | 117$
2z lzmo | .. &0 0] 85 izo2s50 | 38.07 32206 {22365 132649 {197.41 | 139.56 | 5.760 | 295.0
80 . 11 h1es | 1378 [306.35 (21275 140304 |250.81 113276 | 5.760 | 366.4
100 . l13ms 192 | 8909 (29106 {20211 (473835 |302.88 [126.12 | 5.760 | 4326
e | 120 .. lrezs 1875 [108.02 {22612 119175 [5432.0 1353.61 | 119.65 | 5.760 { 493.8
140 ... 11875 11825 1855 26159 [1.8166 {60S3.7 1403.00 |113.36 | 5.260 | 5503
e} 16D TDodzazs iz 3268 29745 (17186 l6626.4 1451.06 {107.23 | 5.760 | 6024

Po— 28 Thi

SIO. XS, ang XXS

m-m”emammsxea&mw&sas The notatans
” Extra Stong. and Doubdle Extra Strong pipe resdectively.

Teanaverse Woternst ares vators HSwd sn “square leel” Bso
represent volume o Cutre feet per font of Pipe length,



CRANE APPENDIX B — ENGINEERING DATA B-19

PIPE DATA-—cont.

Nom- {Outside Identification Wall | Inside | Arez Transverse | Moment| Weight | Weight | External] Section

inal | Diam. Steel Stain- | Thick-] Diam- of Internal Area of Pipe | Water | Surface | Modulus

Pipe ) ess ness eter | Metal Inertiz

Size Fron | Sched.| Sted | @ @ | () |Pounds} Pounds| Sq. F 7
Pipe | No. }Sched. Square | Sqrare | Square per | per foot] per foot (25:5‘)

Inches | Inches { Size No. | Inches! Inches | Inches | Inches | Feet | Inches’] foor | of pipe} of pipe ~
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LINE SIZING

When faced with the time limitations of production engineering, the design engineer must have
available to him various guidelines and rules of thumb to reduce the time consumed in line
sizing. Although optimization of line sizing 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. UOP employs a computer program with built-in
optimization procedures to assist the design engineer in the performance of his line sizing job.
However, for this diséussion, we will approach line sizing without the aid of the computer and
rely upon good judgement and experience to reduce the time required and still provide a

reasonable approach to optimization.

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 "normal” pressures as developed by the
process désign. 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 significant
influence on the plant pressure profile. It is generally helpful to develop a simple sketch of
the plant or system piping arrangement to indicate the normal pressure profile and to record
the results of investigations of alternate 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 criterion for line size selection will be pressure drop, expressed as pounds per
square inch (psi) per 100 equivalent feet of pipe. Velocity, expressed in feet per minute, will

also be an important factor.

¢ Additional properties used in oﬁr line sizing procedures will beﬁ‘speciﬁc gravity, vapor
density and vapor specific volume. Specific gravity will normally refer to a liquid and is a
dimensionless number determined as the ratio of the density of the liquid at flowing

temperature to the density of water at the temperature of its maximum density. Vapor
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density will be expressed in pounds per cubic foot. Vapor specific volume will be expressed

as cubic feet per pound.

In certain line sizing problems, such as vacuum heater transfer lines and pressure relief
piping, limitations due to sonic velocity must be observed. In a pipe of constant diameter, a
compressible fluid cannot move faster than the speed of sound in that fluid. This speed, for a

typical Cp/C, of 1.1, is equal to:
i

Temperature ° R
Molecular Weight

14, 000\/

Sonic velocity is expressed in feet per minute and is proportional to./C p/ Cy. The sonic

velocity limitation can be easily overlooked, resulting in a calculated preséure drop lower
than that which actually exists. When sonic velocity is exceeded in a pipe, the downstream
pressure in the pipe will build up until the increased density permits the flow to be exactly at
soni¢ velocity. This built-up downstream pressure would then be used in a total pressure

drop calculation rather than some lower pressure in a vessel connected to the pipe.

If the specific volume of the vapor in a line changes significantly due to line pressure drop,
certain corrections should be made in the pressure drop calculation. As a general rule, if the
pressure drop for a known length-of line is less than 10% of the upstream absolute pressure,
either the upstream or downstream specific volume can be used in the pressure drbp
calculation. If the total pressure drop is between 10 and 40% of the upstream pressure, use
the average specific volume. If 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 1"
nominal for pipe rack runs and pipe spans between supports. In order to reduce purchasing

and detailing problems and to minimize inventory requirements, pipe sizes such as 1%, 24,

IPD/2004 uop 1S-2

Y




S

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 point in mind when working 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‘wall thickness tolerance is "12%2% thru 24" seamless pipe size. The wall
thickness tolerance is normally reduced to = 0.01 inch for welded pipe and sizes greater than
24" when fabricated from rolled plate.

Although most of the information contained in this discussion is directed toward new piping,
the engineer should keep in mind that the economics and decision factors involved in
revamps are different. Consequently, smaller line sizes can often be used on revamps

compared to new construction.

Chart LS-R00-18 is used to determine the sizing of lines for liquid flow. The engineer enters
the chart 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 will be discussed later. |
Note that for the smaller line sizes, this chart indicates separate lines for different pipe
schedules or wall thicknesses. The inciicated chart AP should be multiplied by the flowing
specific gravity to determine actual AP. Chart LS-ROO—lS is based on a liquid having a

kinematic viscosity of 0.6 centistoke. For more viscous materiais,q the chart AP should be

0.2
multiplied by the correction factor{%} where (1 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

L

turbuient flow (Reynolds number greater than 2000) only.
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Charts LS-R00-20, 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-R00-18 above. The chart AP should be

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

multiplied by specific volume to determine actual velocity.

For pressure drop calculations involving two-phase flow, chart LS-R00-23 is used. This chart
is based on a method developed for horizontal flow. However, practically all of the two-
phase flow appiicétic;hs encountered in process piping for refinery units are in the relatively
high velocity flow regimes of annular, 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, reboiler returns and
condenser rundowns, the flowing velocity should be kept high enough to prevent slug flow.
Annular or mist flow is usually assured if the velocity in ft/sec is approximately equal to 60
divided by the square root of the mixed phase density in Ibs/ft’. The chart "Approximate

Two-Phase Flow Patterns” may also be used to determine the approximate flow condition.

At UOP, the engineers use hydraulic tabulation forms to assist in their line sizing work.
These forms simplify the work of the engineer and provide a convenient means to
communicate the hydraulic information to specialty equipment engineers. Three examples

are as follows:

~ Form LS-R00-41 is a form used for single-phase line sizing, Vapér or liquid, and for
pump and control valve information. The form is used in conjunction with the pressure

drop charts.

— Form LS-R00-25 is a form used for two-phase line sizing and is used in conjunction with
chart LS-R00-23. This form provides a convenient means for tabulating the two-phase

flow line sizing data.

IPD/2004 , Uuop LS-4
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— 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.

Figure VIII-1

Liquid Flow Thru Commercial Steel Pipe
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Figure VIII-2

Vapor Flow Thru Commercial Steel Pipe
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Figure VIII-3

Vapor Flow Thru Commercial Steel Pipe
(See Other Chart for Smaller Sizes)
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Figure VIII-4
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Figure VIII-6
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Figure VIII-7

: ‘: TWO PHASE FLOW

WORKSHEET

PROJECTNO.

SHEET. OF
BY.

DATE

VAPOR AND LIQUID
LINE
(TWO PHASE BLOW)

(@ LIQUDFLOWUSGPM

(@) LIQUIDFLOWING SP. GR.

(®) LIQUIDFLOWLB/HR. x10°

(4 VAPOR FLOW LB/HR. x10°

(5) TOTALIB/HR x 1¢°

" (6) VAPOR SP. VOL CU. FT/LB.

() LIQUID VOLUME CF/S =2

VAPOR VOLUME CF/S

(9) TOTALVOLUME CFIS

(9 VOLL/TOTALVOL.=LVF

)

© TINE SIZE, INGHES

| (D) PIPE SCHEDULE

(1 1r ALLLIQUIDUSGPM KD x D)/

(19 FRICTIONPSV100 FT. (UNCOR.)

| @2p° corr) ©ORR)] (B0

(1) IFALLGASLBJ/ER. x 10° {(

FRICTION PS/100 ET. (UNCOR.)

- @arr (CORR[@®x(
Bo)

Q) BPg7EP;° 19/ (9)

@

@ APTp*/APy*= {kAg I%R EROM}

@

APy * x (FACTOR)
@= APTP* (CORR) @ X@

@

(@) VELOCITEESFPM  (CORR)

AP * FICTITIOUS ALLLIQUID AP

APG*=FICTITIOUSALL GAS AP

L

TPD/2004 Uop



1

Figure VIII-8

Representative Equivalent Length in Pipe
Diameters (L/D) of Various Valves and Fittings

e Equivalent Length
Description of Product in Pipe Diameters
/D)
Stem Perpendicular | With no obstruction in flat, bevel, or plug type seat Fully open 340
Globe to Run With wing or pin guided disc Fully open 450
Valves £ {(No obstruction in, bevel, or plag type seat
Y-Patterh - With stem 60 degrees frors run of pipe line Fully open 175
- With stem 45 degrees fom run of pipe line Fully open 145
Angle Valves ‘With no obstruction i flat, bevel, or plug type seat Fully open 145
‘With wing or pin geided disc Fully open 200
. Fully open 13
Wedge, Disc, Three-quarters open 35
Double Disc, One-half open 160
Gate or Plug Disc One-guarter open 900
Valves Fully open 17
Three-quarters open 50
Pulp Stock One-half open 200
B One-quarter open 1200
Conduit Pipe Line Gate, Ball, and Plag Valves Fully open 3
Conventional Swing 0.5”.. Fully open 135
Check | Clearway Swing 0.%9,.Fully open 50
Valves | Giobe Lift or Stop; Stem Perpendicular to Run or Y-Patern 2.0’ Fully open Same as Globe
Angle Lift or Stop 2.0"..Fully open Same as Angel
In-Line Ball 2.5 verticel and 0.25 horizontal.. Fully open 150
. . 0.3".. Fully open 420
Foot Valves with Strainer 0.4’ Fully open 75
Butterfly Valves (8-inch and larger) Fully open 40
Straight-Through Rectangular plug port area to 100% of pipe area Fully open 18
Cocks Way Rectangular plug port avea equal to 80% Flow straight through 44
Three-Way of pipe area (fully open) Flow through braoch 140
90 Degree Standard Elbow 30
45 Degree Standard Etbow 16
90 Degree Long Radius Elbow 20
. 90 Degree Sireet Elbow 56
Fittings | 45 Degree Street Elbow 26
 Square Corner Elbow 37
‘With flow through run 20
Standard Tee __| 'With flow through branch 60
Close Pattern Return Bend 50
50 Degree Pipe Bends See Page A-27
Pipe Miter Bends See Page A-27
Sudden Enlargements and Contractions Sce Page A-26
Entrance and Exit Losses See Page A-26
** Exact equivglent length is } Miniroum caleulated pressure
caual 1o the Jength between drop (psi) across valve to provide
flange faces or welding ends. sufficient flow to 1 disc fully.
Crane Co. “Flow of Fluids through Valves, Fittings and Pipe,”
Technical Paper 410
LS-R00-26
uop LS-12
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Resistance Coefficient - K

Figure VII1I-9
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Figure VIII-10

Resistance Due to Pipe Entrance and Exit
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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 hydraulic systems and

considerations with which the engineer should be familiar.

PUMP NPSH

Every centrifugal pump has a minimum positive pressure requirement at the eye of the impeller
to prevent vaporization of the pumped liquid, which in turn causes cavitation. This pressure
requirement is called "Net Positive Suction Head" (NPSH) and is expressed as the feet of liquid
head, in excess of the fluid vapor pressure, required at the suction flange of a specific pump in
order to overcome the internal pressure drop in the pump suction nozzle and passage to the eye of
the impeller. The NPSH 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 ~ Calculations

Pump NPSH calculations can be approached from two different viewpoints. A contractor’s
calculation 1s basically a check of the system to determine if the specified suction vessel
| elevation is sufficient to overcome the frictional loss of the detailed piping arrangement and still
provide the pump NPSH requirement as defined by the pump supplier. All details of the system
and equipment are usually known at the time the contractor makes this check.
1

On the other hand, the goal of a design engineer’s calculation is the determination of the suction
vessel elevation before details of the system and equipment are known. The following

considerations and estimates should be taken into account in the engineer’s calculation:

1. Estimate the minimum pump NPSH requirement, in feet of liquid, by means of the attached
chart. This chart is based upon approximate NPSH requirements that would permit a range
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of pump suppliers to be able 1o quote pumps that are economical in both capital cost and
efficiency. The estimated NPSH requirement 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 féet at 50 Hz. A pump vendor should be consulted for the NPSH

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

Estimate the elevation of the pump centerline above the base line. The attached chart may
be used to estimate 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 arrive at the estimated pump centerline elevation above the base line.

Estimate the friction loss, in feet of liquid, in the suction piping between the vessel and

pump suction flange.
The ﬁ)iping 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 equivalent length in hundreds of feet.

For normal suction piping arrangements from process vessels, the following equivalent

lengths may be assumed:
For a single pump (with spare) service:
L =50+500 D +50 D2

For multiple 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:

L=10+150D+20D"?
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From the piping split to the pump suction:
L =40+400 D +40 D'/

Where: L estimated equivalent feet of suction pipe

D

pipe ID. in feet

Keep m mind that the pump suction valve 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 known during the engineering work, the engineer must
use good judgment in determining if the smaller valve size will add a significant additional

pressure drop.

Since pump suction systems are provided with permanent pump suction strainers or the
temporary pump suction strainer is not removed, the additional pressure drop of the strainer
must be accounted for in the liquid head. In 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 strainer pressure drop by adding the friction loss of 300 additional feet of piping.

Investigate the system absolute pressure on the liquid in the suction vessel to determine if
the minimum pressure under 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 liquid at the pump suction
. R : -

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

liquid full systems or at pumps handling sub-cooled materials, such as from storage tanks

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

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

vertical vessel. \
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The minimum controlled liquid level should be used to set NPSH availability. The
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 determining the amount of NPSH 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 larger impeller or motor.

In any event, a standard contingency factor of 15% of the estimated pump NPSH
requirement, with 2 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

calculation should clearly record the amount and reason(s) for the contingency provided.

7.  The suction vessel elevation necessary to satisfy the estimated pump NPSH 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 line for the bottom of a horizontal suction vessel or the
bottom tangent line of a vertical suction vessel to suit NPSH requirements. Mechanical and

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

The hydraulic design of a Thermosyphon 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 trial line size:

For inlet piping: 12<d?[Q<15, or d = JQ(121015)
For outlet piping: 24 <d? / Q<30 0ord= J—é (24 10 30)
Where: d = nominal pipe size in inches

reboiler duty in millions of Btu per hour

Q

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 are all additives in determining the liquid head requirements.

1.  Entrance loss (psi) = (0.5 V¥/2gc) * (Sp.Gr./2.31)

A% = Vellocity, ft/sec
Sp.Gr. = liquid specific gravity
gc = Newton’s-law proportionality factor = 32.174 ft-Ibfibs-sec”

2. Line loss to Exchanger = (psi/100 ft) * (equivalent length/100)
3. Line loss to Column = (psi/100 ft) * (equivalent length/100)

4.  Exchanger loss = specified loss in psi

IPD/2004 uopP H-5



5. Exitloss (psi) = (V¥2gc) * (Sp.Gr./2.31)

1

\Y = Velocity, ft/sec
Sp.Gr. = liquid specific gravity
g = Newton’s-law proportionality factor = 32.174 ft-1b/lbg-sec’

6.  Static loss to Column (psi) = H * (Sp.Gr./2.31)
f

H = estimated vertical length of return line, ft
Sp.Gr. = composite specific gravity
7.  Contingency estimated between 1/2 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*2/31 _
Sp.Gr.

Head feet

Sp.Gr. = liquid specific gravity

This head is now the required driving head in feet as determined from the minimum liquid level
in the vessel to the centerline of the reboiler. This procedure can be used for vertical
Thermosyphon reboilers if the centerline of the exchanger is considered to be the mid-point of
the tube length.
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HEATER PRESSURE DROPS

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

proceed with the preliminary hydraulic survey.

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

The following heater pressure drops may be used on a preliminary basis, to be confirmed or

corrected as heater design information becomes available:

Crude Heaters 125 psi
Vacuum Heaters 75 psi
Unibon Heaters 20-60 psi
Platforming (per Heater) 3-20 psi
Thermal Crackers 200 psi
Coker Heaters 300 psi
Visbreakers 250 psi
Hot Oil Heaters 20-40 psi
Fired Reboilers 50 psi
Fractionator Charge 40 psi

HEAT EXCHANGER PRESSURE DROPS

" Heat exchanger pressure drops vary from-mm. of mercury to as much as 25 psi. Because the

pressure drops vary so widely, there is no substitute for the good judgment of the engineer. For

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

additional guidelines are as follows:

]

1

Cooling water side

10 psi

Combined Feed Exchangers 2-3 psi per side (Shell)
Condensers 1-5 psi
Reboilers-Kettle & Thermosyphon 0.2-0.5 psi
Reboilers-forced circulation 5 - 10 psi ‘

Vacuum condensers

10 - 25 mm mercury
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CONTROL VALVE PRESSURE DROPS

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:
k25 psi minimum
50% of system friction pressure drop
10% of pump differential

Most other control valves are allotted pressure drops in accordance with the available pressure.

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

operating conditions, fluid properties and system aging.

AN
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LINE SIZING/HYDRAULICS - ANSWERS

LIQUID LINE AP
Flowing GPM = 500
Viscosity (centistokes) = 0.6

Flowing Sp. Gr.

A.

0.75

Find AP/100’ in 6” Sch 80 pipe
AP = 0.88 x 0.75 = 0.66 psi/100’

Find AP/100° in 8” Sch 40 pipe
AP = 0.185x0.75 = 0.14 psi/100°

Find velocity in 8” Sch 40 pipe
Velocity = 200 fpm

Find corrected AP/100’ in 6” Sch 80 pipe if v = 50 centistokes
AP = 0.88 x 0.75(50/0.6)°* = 1.60 psi/100’

What size pipe would result in a AP/100” = 0.28 if flow is 4000 gpm, Sp. Gr. = 0.80 and v
=0.6 cSt?

APy = 0.28/0.80 = 0.35 psi/100°
167 - 3/8” wall
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VAPOR LINE AP

40,000 1b/hr
0.9 cu.ft./Ib

Flowing Quality

Specific Volume

A. Find AP/100’ in 6” Sch 80 pipe
AP = 1.6 x 0.9 = 1.44 psi/100’

B. Find AP/100’ in 8” Sch 40 pipe
AP = 0.275x 0.9 = 0.25 psi/100’

C. Find velocity in 8” Sch 40 pipe
Velocity = 1950 x 0.9 = 1430 fpm

D. What size pipe would result in a AP/100’ equal to or less than 0.4 psi if flow is 100,000 Ib/h

and density is 2 Ib/cu.ft.?

What is velocity in line?

Spec. Vol. = 1 = 0.5 cu.ft./lb
P 2b/cufr. - St

APy =0.4/0.5 = 0.8 psi/100°
10” Sch 40

Velocity = 3000 x 0.5 = 1500 fom
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TWO PHASE FLOW

43
Vi __ $G.x625
VL +VG WL + WG
$.G.x62.5 #/ 3

Liquid Volume Fraction =

500x60x833x0.75

_ 0.75 x62.5
500x60x8.33x0.75 40,000

0.75 x62.5 1/0.9

4000 4000

= = =0.10
4000 + 36,000 40,000

Total Flow Gas =W +Wg = 187,500 + 40,000 = 227,500#/ h

Wy +Wg |, 227,500

Total Flow Liquid =607 gpm
S.G.x500  0.75 x 500
Try 12" LINE (Schedule 80)
1
AFGo X —— 0.9x—1
Total Flow APg #7109 081 3375

Total Flow AP, AP,p xS.G.  0.032x0.75 0.024

AP1p = Total Flow AP x Factor =0.024 x 7.0 = 0.168
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TWO PHASE FLOW

Try 10" LINE (Schedule 80)

APGOx% 24 x——
Total Flow AP, _ # 109 216

= = =28.8
Total Flow AP, ~ AP,, xS.G. 0.10x0.75 0.075

AP1p = Total Flow AP, x Factor =0.075x 7 =0.56

Use 10" LINE
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HYDRAULIC TABULATION

PROJECT NO.
BY

WORKSHEET

SHEET ____

OF

DATE

VAPOR AND LIQUID
LINE
(TWO PHASE FLOW)

(1) LIQUID FLOW USGPM

500

@ LIQUID FLOWING SP. GR.

0.75

(3)LIQUID FLOW LBJ/HR. x 103

187,500

@ VAPOR FLOW LBJHR. x 103

40,000

(5) TOTALLBJ/HR. x 103

227.0

(6) VAPOR SP. VOL CU. FT/LB.

0.9

(7)L1IQUID VOLUME cr/s =52

1.12

VAPOR VOLUME CF/S

10

(9) TOTAL VOLUME CF/S

11.12

VOL L/TOTAL VOL = LVF

0.10

@

(12) LINE SIZE, INCHES

lon

(13) PIPE SCHEDULE

80

IF ALLLIQUID USGPM (1) x (5)/(3)

607

(15) FRICTION PSI/100 FT. (UNCOR.)

0.1

AP ° (CORR.)| (19x(2)

0.075

(17) IF ALL GAS LB/HR. x 103 |(5)

227

FRICTION PSI/100 FT. (UNCOR.)

24

2.16

(19 ApPg° (CORR) (19)x(6)

@D apgeiap; ° (9)/ (o)

28.8

@

(23 APp/aP, °= (FACIOR FROM

PD-395A

AP[ ° x (FACTOR)
®_ AP1p° (CORR.) ©&

0.53

(27) VELOCITIESFPM  (CORR.)

APy ° FICTITIOUS ALLLIQUID AP

APG° = FICTITIOUS ALL GAS AP

EDS-R02-2231
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Typical Calculation of Piping Equivalent
Length. 8 Pump Discharge Line

40 >

al :
K 2}
Orifice Meter 5
A
Pipe Lengths - 4
4
7
10
2
40 15
2 H
&y 5 :
15 :
-:, 2 LS x T
« fj‘”j> A
i Valves & Fittings Pipe Diameters , |<_
1 Swing Check Valve 135 2
2 Gate Valves 2x13= 26
8 90° Elbows 8x20=160
1 Tee (Branch Flow) 60
1 Tee (Through Flow) 20 g"
401 x E'- = 267
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.
! LS-R00-32
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