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Pesign Criteria
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Pressure Design Criteria

DP=0P*(1+A/100)+B

DP=design Pressure
OP=Operating Pressure

Lower Limit | Upper Limit Param. B
‘ (PSIA) (PSIA) Eata, A (PSTA)
Range | 0.000 15.000 -100.000 | 15000
Range 2 15.000 50.000 -100.000 50.000
| Range 3 50.000) 265.000 0.000 25.000
| Range 4 265.000 | 1015.000 0.000 50.000
Range 5 1015.000 | | 5.000 | (0.000

$ 3 34 dana; 0ALIS Ags
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Temperature Design Criteria

DT=0T*(1+A/100)+B

DT=design temperature

www.me-en.com

OT=Operating temperature

Lower Limil | Upper Limil ) Pa

(DEG. T) (DEG. I') Hemim, A (DI

Range | -459.670 32.000 (000 -5
Range 2 32.000 70.000 -100.000 7!
Range 3 70.000 200.000 -100.000 25
Range 4 200.000 600,00 0.000 30
Range S B00,.00) 100000 (1.000 St

$ 3 34 dana; 0ALIS Ags
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Separators/Accumuliators
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Methods of supporting vessels. H_l Soodles
{a

(a) Saddle supports for
horizontal vessels, usually of concrete.
¢ M dana; 0 AliS dags 11

(b) Bracket or lug supports —~
resting on legs, for either vertical or horizontal vessels. 5
(c) Bracket or lug supports resting on steel structures,

for either vertical or A L _] 1\

horizontal vessels.
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(d) Straight skirt support for towers and other

tall vessels; the bearing plate is bolted to the

foundation.

(e) Flared skirt for towers and other tall vessels,
used when the required

number of bolts is such that the bolt spacing
becomes less than the

desirable 2 ft.
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Principles of entrainment separation and some commercial types of equipment.
(a) Basic principles of entrainment separating

equipment: (i) change of direction; (ii) impingement on a baffle; (iii) tangential inlet
resulting in centrifugal force.

(b) Wire or fiber mesh pad, typical installations as in Figure B.7.

¢ M dana; 0 AliS dags 13
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(c) A separator combining impingement and centrifugal force
(d)Equipment with impingement and change of direction
(e) Multiple zig-zag baffle arrangement

63 3 ana: 0ALIS Angl 14
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FRACTIONATOR REFLUX DRUMS
Commonly their orientation is horizontal.

el <o pl

A method of sizing reflux drums proposed by Watkins (1967) is
based on several factors itemized in Table 18.1. A factor F; is
applied to the net overhead product going downstream, then
instrument factors F and labor factors F, which are added together
and applied to the weighted overhead stream, and finally a factor F;
is applied, which depends on the kind and location of level
indicators. When L is the reflux flow rate and D the overhead net
product rate, both in gpm, the volume of the drum (gal) is given by

Ve=2E(F + B)(L+ED)gal, full (18.1)

L
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or, 6.25 min half-full. With the best of everything, F=0.5, E=1,
F.=2, F=1, and

V, =2(0.5 + 1)(400 + 2(200)) = 2400 gal, full

www.me-en.com (SwlSo owaigo) Gl 9 odl g Wl iyl oL
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TABLE 18.1 Factors for Sizing Reflux Accumulators

a. Factors F, and F, on the Reflux Flow Rate

Instrument Factor F,

Pl o plw

Operation w/ Alarm w/oAlarm Good

FRC 3 1 1
LRC 1 13 1
TRC 13 2 1

Labor Factor F,
Fair  Poor
15 2
1.5 2
15 2

b. Factor F;, on the Net Overhead Product Flow to External

Equipment
Operating Characteristics F
Under good control 2.0
Under fair control 3.0
Under poor control 4.0
Feed to or from storage 1.25

¢. Factor F, for Level Control

www.mblastsavior.mihanblog.com R

Board-mounted level recorder 1.0
Level indicator on board 1.5
Gage glass at equipment only 2.0

$ 3 34 dana; 0ALIS Ags
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For example, with L =400gpm and D =200gpm, at average
conditions F, =1, E=1.5, E,=3, F,=1.5, and

v, =2(15)(1 + 1.5)(400 + 3(200)) = 7500 gal, full

£ 3 dana; 0ALIS Ay 18
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\‘m Residence Time

For vapor/liquid separators. this is usually expressed Figure 1 relates the K factor for a vertical vessel (K,)
in terms of maximum velocity which is related to the  to:

difference in liquid and vapor densities. The standard "
cquation is Wi/W.(pJp)"™
where

:I-il'lw LT - Kl{pl -p| JJ'fp' ].':l
W = Liquid or vapor flow rate, Ib/sec

where
For a horizontal vessel Ky = 1.25K,.

U = Velocity, I/sec Figure 1 is based upon 5% of the liquid entrained in
p = Density of liquid or vapor, Ibs/ft’ the vapor. This is adequate for normal design. A mist
K = System constant eliminator can get entrainment down to 1%.
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Figure 1. Design vapor velocity factor for verical vapor-liquid separators at 85% of flooding.
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An equation has been developed for Figure 1 as follows: D =-0,0123790

E = 0.000386235

X = In(W,/W,(p./pL)™) F = 0.000259550

please note that X" in the equation is the natural loga-
rithm of “X" in the graph

Y = K, (Remember K5 = 1.25K,)
Y = EXP(A + BX + CX"2 + DX"3 + EX*4 + FX"5)

Sources

1. Watkins, R. N, “Sizing Separators and Accumulators,”
Hydrocarbon Processing, November 1967,

:z :é;ﬁgg 2. The equation was generated using FLEXCURV VY, 2.0,
C = —0.179390 Gulf Publishing Co.
64‘}6—) daaa’ dalis 45\.6:\ 20
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4 Horizontal Pressure Vessel = Continuous
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604 Horizontal Pressure Vessel - Continuous f')é J):.{
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4 Horizontal Jacketed Pressure Vessel -Continuodg J J
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604 Horizontal Jacketed Pressure Vessel - Continuous f')é J )"*r
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6 Vertical Pressure Vessel - Continuous
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606 Vertical Pressure Vessel = Continuous f')é Jﬁ*r
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Heat Exchangers




SHELL
SHELL COVER
SHELL CHAMNMEL
SHELL COVER END FLANGE
SHELL MOZZLE
FLOATING TUBESHEET
FLOATING HEAD

NAPAUN
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10.
.
12,
13,
14,

FLOATING HEAD FLANGE
CHAMNMNEL PARTITION
ETATIONARY TUBESHEET
CHANMNEL

CHANKNEL COVER
CHANNEL NOZZLE

TIE RODS AND SPACERS

I,
- e
= %ww.mblastsavior.mihanbloq.com

TRANSVERSE BAFFLES OR
SUPPORT PLATES
IMPFINGEMENT BAFFLE
VENT CONMECTION
DARAIN CONMMNECTION
TESY CONNECTHON
BUPPORT BADDLES
LIFTING RING

29
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Rod Baffle #4

Baffle #1 = "' N S A
2 'J\ N9 - od Baffle

Rod baffles for minimizing tube vibrations;
Skid Bar each tube is supported by four rods.

www.mblastsavior.mihanblog.com

Rod ffom Tds from Baﬁlla #2
!

Baffle #3

.

Rod from Q

Baffle #4 =L %
[Slals|E

Hadrmm?\ { -

Baffle #3 Rods from Baffie #1

31
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TEMA laus

Standards of Tubular
Exchanger
Manufacturers
Association (TEMA).

69 g dana; oAliS dael
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Table 1
Typical Heat Exchanger Parts and Connections

3. Stationary Head Flange—
Channél or Bonnat
4, Channel Cover
§. Stationary Head Nozzle
6. Stationary Tubeshaet
7. Tubes
B. Shell
9. Shall Cover
10. Shell Flange—Stationary
Head End
11. Shell Flange—Rear
Head End
12. Shell Nozzle
13, Shell Cover Flange
14, Expansion Jaint
16, Floating Tubesheet
16, Floating Head Cover
17. Flaating Head Flange
18, Floating Head Backing Device
19, Split Shear Ring

TEMA laus

69 g dana; oAliS dael

www.me-en.com

20. Slip-on Backing Flange

21. Floating Head Cover—
External

22. Floating Tubesheet Skirt

23. Packing Box Flange

24, Packing

25. Packing Follower Ring

26. Lantern Ring

27. Tie Rods and Spacers

28. Transverse Baffles or
Support Plates

29. Impingement Baffle

34. Instrumant Cannection
35. Support Saddie

36. Lifting Lug

37, Support Bracket

38, Weir

39, Liquid Level Connection

34
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standard segmental baffle designed for side to side flow etandard double split flow design

Il
standard segmental baffle designed

for up and down flow

. . B R B
www.me-en.com (Ssl8e owrigo) Uil g ol 9 Wl syl oKL

standard split flow design with horizontal baffle standard segmental three shell pass
baffle design



Walne usaig

i

standard single flow design standard double split flow design with horizontal P-K standard splash baffle and vapor liquid
beffles separator designs. Used for vapor generation.
¢ 32 danarollS daes 36
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Rod Baffle

Figure 10-20A. RODbaffle® exchanger cross-section showing assembly, using TEMA E, F, H, J, K, and X shells. (Used by pemission: © Phillips
Petroleum Company, Licensing Div., Bul. 1114-94-A=(1.)

31 g danaoallS dgel 37
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Rod Baffle

Figure 10-20C. RODbaffle® tube-baffle details. (Used by permission:
© Phillips Petroleum Company, Licensing Div., Bul. 1114-94-A~01.)

6 g danarodliS dges 39
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leak indicator

Figure 2-2. Portion of a plant piping system. By permission, Spirax-Sarco, Inc., 1991.

6 g danarodliS dges 41
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Schedule number(SN)

BS 3351
T=Pd/(20 s,+P)
P(bar) d(mm) s=N/mm?2 ke gl o Al jh i

Schedule number = 1000 P/S,
where

P = internal pressure, psig
S = allowable working stress in psi.
sch40 L s«
GSsa Ol 5 Al SLE il 5o Ceglie (ulal Al i i

¢ M dana; 0 AliS dags 42

www.me-en.com (SwlSo owaigo) Gl 9 odl g Wl iyl oL



PIPE SUPPORT

+ PIPERACK(PR)
« PIPESLIPPER(PS)
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Velocity Head

Two of the most useful and basic equations are

2

ﬁh:% 31 ) sdae i Cae yu by L38 (1)
Au’

AP(V)+——+AZ+E=0 (2)
2g

where

Ah = Head loss in feet of flowing fluid
u = Velocity 1n ft/sec
g = 32.2ft/sec’
P = Pressure in Ib/ft’
V = Specific volume in ft'/Ib
Z = Elevation in feet
69 34 daaaraaiis 4;  E = Head loss due to friction in feet of flowing fluid
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when using it with Equation 2, which is the famous
Bernoulli equation. The terms are

|, The PV change

2. The kinetic energy change or “velocity head”
3. The elevation change

4. The friction loss

These contribute to the flowing head loss in a pipe.

69 g dana; oAliS dael 45
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In Equation 1Ah is called the “velocity head.” This
expression has a wide range of utility not appreciated by
many. It is used “as is” for

. Sizing the holes in a sparger »a13ly

2. Calculating leakage through a small hole
3. Sizing a restriction orifice

4. Calculating the flow with a pitot tube

With a coefficient it 1s used for

. Orifice calculations
2. Relating fitting losses, etc.

For a sparger consisting of a large pipe having small
holes drilled along its length Equation | applies directly.
This is because the hole diameter and the length of fluid
travel passing through the hole are similar dimensions.
An orifice on the other hand needs a coefficient in
Equation | because hole diameter is a much larger dimen-
sion than length of travel (say % in. for many orifices).

69 g dana; oAliS dael 46
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Example: heat exchanger tube pressure

loss(water)
W=10 kg/s
L=3.2m
Id=.75in
Ib=453.6 gr
Piping Pressure Drop ( 9
A handy relationship for wrbulent flow in commercial p = Density, Ib/ft’
steel pipes is: d = Internal pipe diameter, in.
- . This relationship holds for a Reynolds number range
APr =Wy / 20.000dp of 2.100 to 10°. For smooth tubes (assumed for heat
exchanger tubeside pressurc drop calculations), a con-
where: stant of 23,000 should be used instead of 20,000.
APy = Frictional pressure loss, psi/I00 equivalent fi of Source
pipe
W = Flow rate, Ib/hr Branan, Carl R. “Estimating Pressure Drop,” Chemical
u = Viscosity, cp Engineering, August 28, 1978,
$ 91542 daaarpdiiS dagd 47

www.me-en.com (SolSo sawaipo) Gl 9 ol g Ol Csyinl oSl



Table 1

Equivalent Length of Valves and Fittings in Feet

www.me-en.com
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Sizing Cooling Water Piping in New Plants Maximum
Allowable Flow, Velocity and Pressure Drop

N LATERALS
Pipe Size | Flow Vel
in. | GPM
3 | 100 4.4
4 200 5.05
i 500 5.56
8 800 B.77
10 1.500 6.10
12 | 2400 681
14 3.100 7.20
16 4500 7.9
18 | 6,000 8.1
20
24
30

CMANS

WP Flow Vel AP
ft/sec. 1100 GPM ftfsec, /100

4,47
4,20
3.19
248
2.1
2.10
210
2.09
1.99

70 3.04 23
140 353 222
380 422 1.92
650 417 1.36

1,100 448 1.19
1,800 511 1.23
2,200 513 1.14
3,300 5.90 1.16
4,500 6.23 1147
6,000 6.67 117
11.000 7.82 1.19
19,000 8.67 1.11

www.mblastsavior.mihanblog.com

Sizing Piping for Miscellaneous Fluids

Dry Gas
Wet Gas

e

High Prassure Steam
Low Prassura Steam

Air

Vapor Lines General

Light Volatile Liquic Near Bubble
Pt. Pump Suction

Pump Discharge, Tower Reflux

Hot Qil Headers

100 f/sec

60 ft/sec

150 fi/sec

100 fifsec

100 ft/sec

Max. velocity 0.3 mach
0.5 psif100 ft

0.5 ft head total
suction line

3-5 psi/100 ft

1.5 psif00 ft 49
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Suggested Fluid Velocities in Pipe and Tubing

{Liguids, Gases, and Vapors at Low Pressures to 50psig and 50°F-100°F)

The velocities are suggestive only and are 1o ba used to approxi-
mate line size as a starting point for pressure drop calculations.

The final line size should be such as to give an economical balance
between pressure drop and reasonable velocity.

Suggested Trial Suggested Trial

Fluid Velocity Pipe Material Fluid Velocity Pipe Material

Acetylene (Observe Sodium Hydroxide

pressure limitations) | 4000 fpm Steel 0-30 Percent 6 fps Steel

Air, 010 30 psig 4000 fpm Steel 30-50 Percent ofps and

Ammonia 50-73 Parcant 4 Nickel
Liquid 61ps Stool Sodium Chioride Sol'n.

Gas 6000 fpm Steel No Solids Sfps Steal

Benzene Gips Steel With Solids {6 Min.-

Broming 15 Max ) Monal or nickal ) ), 0 a8 LS 5 IS ) 50
Liquid 4fps Glass 7.51ps Gl agie Ko)a
Gas 2000 fpm Glasa Perchigrathylens Gips Steel

Caleium Chioride 4ips Stesl Steam

Carbon Tetrachloride | 6 fps Steel 0-30 psi Saturatec® | 4000-6000fpm | Steel

GChioring (Dry) 30-150 pai Satu-

Liquid Sips Stoel, Sch. 80 rated or supar-
Gas 2000-5000 fpm Steel, Sch. 80 hoated* 6000<10000 fpm

Chioraform 160 psi up
Ligquid Gips Gopper & Steel Superheated 650015000 fpm
Gas 2000 fpm Copper & Steal *Short lines 16,000

Ethylene Gas 5000 fpm Steel (max.)

Ethylene Dibromide 41ps Glass Sulfuric Acid

Ethylene Dichloride Gips Stoal B8-83 Perceni d fps 8. 5.-316, Lead

Ethylena Glycol Gfps Steel 93-100 Percant 1 fps Cast lron & Steel,

Hydrogen 4000 fpm Steel §ch. B0

Hydrochloric Acid Sulfur Dioxide 4000 fpm Steel
Liquid 5 fps Rubber Lined Styrene 8 fps Steal
Gas 4000 fpm R. L., Saran, Trichlorethylene 6 fps Steel

Havag Vinyl Chiorice 6 ips Steal

Methyl Chioride Vinylidene Chioride 6 fps Steel
Liquid Gips Stesl Water
Gas 4000 fpm Steel Average service 3-8 (avg. B} 1ps Steal

Natural Gas 6000 fpm Steal Boller fead 412 fps Steel

Oils, ubrieating 6 fps Steel Pumgp suction kines 1-5ipe Sleal

Oxygen 1800 fpm Max. |  Steel (300 psigMax) |  Maximum economi-

{ambiant tomp.) 4000 fpm Type 304 55 cal {usual) 7-10 fps Steal
{Low temp.) Sea and brackish R. L, concrete,

Propylene Glycol Sips Steel water, lined pipe 548 m K| asphai-line, saran-

Concrete 5-121ps] (Min) | lined, transite 50

Nete: A L. = Aubber-ined slee!
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Typical Design Vapor Velocities* (ft./sec.)

Line Sizes

Fluid <" -2 2147
Saturated Vapor

0 to 50 psig 30-115 50-125 60145
Gas or Superheated Vapor

0to 10 psig 50-140 80-190 110250

1110 100 psig 40-115 76-165 95-225

101 to 900 psig 30-85 60-150 85-165

————— e L - e

*Values listed are guides, and final line sizes and flow velocities must
be defermined by appropriate calculations fo suit circumstances.
Vacuum lines are nol included in the table, but usually lolerate higher
velocities. High vacuum conditions require careful pressure drop
evaluation.

69 g dana; oAliS dael
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Typical Design* Velocities for Process System

Applications

Service Velocity, ft./sec.
Average liquid process 4-6.5
Pump suction (except boiling) 1-5
Pump suction (bailing) 0.5-3
Boiler feed water (disch., pressure) 4-8
Drain lines 1.5-4
Liquid to reboiler (no pump) 2-7
Vapor-iiquid mixture out reboiler 15-30
Vapor to condenser 15-80
Gravity separator flows 0.5-1.5

“To be used as guide, pressure drop and system environment govem
final sglaction of pipe size.

For heavy and viscous flulds, velocities should be reduced lo about %
values shown.

Fluids not to contain suspended solid particles.

51
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Suggested Steam Pipe Velocities in Pipe Connecting to

Steam Turbines
Service—Steam ' Typical range, ft./sec.
Inlet to turbine 100-150
Exhaust, non-condensing 175-200
Exhaust, condensing 400-500
Sources

1. Branan, C. R., The Process Engineer's Pocket Hand-
book, Vol. 1, Gulf Publishing Co., 1976,

2. Ludwig, E. E., Applied Process Design for Chemical
and Petrochemical Plants, 2nd Ed., Gulf Publishing
Co,

3. Perry, R. H,, Chemical Engineer's Handbook, 3rd Ed.,
p. 1642, McGraw-Hill Book Co.

6 g danarodliS dges 52
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Pipe optimum diameter

 Power=Volumetric flow-rate*pressure drop

Conversion between fluid head loss in feet and pres-
sure drop in psi, any fluid:

Pressure l.l:'np, puund!-.e' sq in., AP = h;p/144 (2-7)
For water, AP = hy /.31, psi (2-8)
6 g danarodliS dggl 53
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PIPE DIAMETER IN FEET, D
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Example

Density of a Nonideal Gas from Its Equation of State
The Redlich-Kwong equation of carbon dioxide is

(P + 63.72(10%/VT VA)(V = 29.664) = 82.05T

with P in atm, Vin mL/g mol and T in K. The density will be found
at P=20 and T =400. Rearrange the equation to

V =29.664 + (82.05)(400)/(20 + 63.72(10%/ V400 V3).

Substitute the ideal gas volume on the right, V = 1641, then find V
on the left; substitute that value on the right, and continue. The
successive values of V are

V =1641, 1579, 1572.1, 1571.3,1571.2, - - mL/gmol
and converge at 1571.2. Therefore, the density is

p=1/V=1/1571.2, or 0.6365gmol/L or 28.00¢/L.

$ 334 Sanar 0 ALIS dygs
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Representative forms of horizontal two-phase flow
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Condition 1.
A single pipe line which consists of two or more dif-

ferent diameter lines.

Let Leg = equivalent length
Ly, La . . . L, = length of each diameter

D;. D,, ... D, = internal diameter of each separate
line corresponding to L, L, ...

L,

Dg = equivalent internal diameter
A530 18539 48539
L.= L,[&]J +L3[ﬂ] ... L_[DE]
D1 D! Dn

dm Example. A single pipe line, 100 miles in length con-
sists of 10 miles 10%-in. OD; 40 miles 12%-in. OD and

50 miles of 22-in. OD lines.
Find equivalent length (Lg) in terms of 22-in. OD pipe.

a4 8339 4 B339
L =50+4 ——21'5} +lﬂ[——zlj]
12.25 10.25
=504+ 614 + 364

= 1,028 miles equivalent length of 22-in. OD

6 g danarodliS dges 58
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Nominal Pipe Size  0.D. Inches " LD. Inches
Inches Schedule 40 B0 40 80

i 1.050 1050 0824 0,749

1 1315 1315 1049 0957

14 1.900 1000 1610 1.500

2.375 2375 2067  1.939
3500 3500 3.068 2,900
4500 4500 4026 3.8%6

e —— —
e

Tk o PO

T —_

Scedule § (ilid W - HLI

American Standards Association piping pressure class-
es are

~ Schedule No. of Pipe

ASﬁPrcssuré Class

< 250 1bs./sq. in. 40
300-600 Ll
900 120
L300 160
2500 (%4 in.~61n.) XX (double exira strong)
9500 {8 in. and larger) 160
6 g danarodliS dges 59
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CROSSES

LATERALS COUPLINGS CAPS

Figure 2-4B. Forged steel socket weld fittings, WOG (water, oil or gas service). Note: the working pressures are always well above actual plant
operating levels and are heavy to allow for welding. Pressure classes 3000 psi and 6000 psi, sizes ' in. through 4 in. nominal, Do not weld on
malleable iron or cast iron fittings. (By permission, Ladish Co,, Inc.)

6 g danarodliS dges 60
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COUPLING REDUCING

HALF
COUPLING

e
fﬁéﬁi' =7 !
== o ——t R
‘.’zﬁ- ﬁ—_:f, _t
SOUARE HEAD HEX HEAD ROUND HEAD HEX HEAD
PLUG PLUG

FLUSH
PLUG

BUSHING BUSHING

Figure 2-4A. Forged steel threaded pipe fittings, WOG (water, oil or gas service). Note: the working pressures are always well above actual plant
operating levels. Pressure classes 3000 psi and 6000 psi, sizes % in. through 4 in. nominal, By permission, Ladish Co., Inc.
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PIPELINE and

9° ELBOWS L ° ECaNTRIC
Long Radius t REDUCERS - “ﬂFﬂN:MHSKI
P2 Pages 63 -70 Pages 100 - 115
90° ELBOWS il
Long Tangent — pe SLIP-ON FLANGES
One End U Pages 71-75 & Pages 101 - 115
Page 16
90° REDUCING ELBOWS LAP JOINT
Loag Rodivs STUB ENDS . LAP JOINT FLANGES
Pages 18 - 21 Pages 76 - 77 & Pages 102-115
LATERALS
=
::u !:;0:;& S Straight and & THREADED FLANGES
Poge22 S Reducing Outlet Pages 102 - 115
= (= Page 78
g .
=
:::,:l:::s = % BLIND FLANGES
muza-;s é Pages 102 115
0
@®
£ SOCKET TYPE
45° ELBOWS S -
SLEEVES a@ 5.~ WELDING FLANGES
Long Radivs Do > 102 - 105
‘ Pages 26 - 30 % Page 80 e 108 - 109

112-113
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Pages 31 -35 Page 80 Pages 102 - 115

180° RETURNS £ FULL ENCIRCLEMENT £ sl FLANGES
A Short Rodivs <, SADDLES PHIHICE TLANG
37.39 TO: Page 81 % Pages 116 - 123
i D G
e LC
TEES g {‘ g LARGE DIAMETER
Straight and = 1) WELDING RINGS 5 | FLANGES
Reducing Outlet > \4( Pones82.83 @ L\ Pages 130 - 142
Pages40-57 2 } o 7 \"'
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ROSSES 2 £
Straight and Reducing HINGED CLOSURES % EXPANDER FLANGES
Ovtlet % Pages 84 - 87 Page 143
Pages 58 - 62
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REDUCERS

: T-B0LT VENTURI
CLOSURES [1:_ EXPANDER FLANGES
Pages 63 - 70 Pages 88 - 89 Page 144
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Woelding neck flanges are distinguished from other types by their long tapered hub and gen-
tle transition of thickness in the region of the butt weld joining them to the pipe. Thus this type
of flange Is preferred for every severe service condition, whether this results from high pres-
sure or from sub-zero or elevated temperature, and whether loading conditions are substan-
tially constant or fluctuate between wide limits.

Slip-on flanges continue to be preferred to welding neck flanges by many users on account
of their initially lower cost, the reduced accuracy required in cutting the pipe to length, and the
somewhat greater ease of alignment of the assembly; however, their final installed cost is
probably not much, if any, less than that of welding neck flanges. Their calculated strength
under Internal pressure is of the order of two-thirds that of welding neck flanges, and their life
under fatigue is about one-third that of the latter.

(§ 91 54 a0l gl 64
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Lap Joint flanges are primarily employed with lap joint stubs, the combined initial cost of the
two items being approximately one-third higher than that of comparable welding neck flanges.
Their pressure-holding ability is little, if any, better than that of slip-on flanges and the fatigue
life of the assembly is only one-tenth that of welding neck flanges. The chief use of lap joint
flanges in carbon or low alloy steel piping systems is in services necessitating frequent dis-
mantling for inspection and cleaning and where the ability to swivel flanges and to align bolt
holes materially simplifies the erection of large diameter or unusually stiff piping. Their use at
points where severe bending stress occurs should be avoided.

Threaded flanges made of steel, are confined to special applications. Their chief merit lies in
the fact that they can be assembled without welding; this explains their use in extremely high
pressure services, particularly at or near atmospheric temperature, where alloy steel is essen-
tial for strength and where the necessary post-weld heat treatment is impractical. Threaded
flanges are unsuited for conditions involving temperature or bending stresses of any magni-
tude, particularly under cyclic conditions, where leakage through the threads may occur in rel-
atively few cycles of healing or stress; seal welding is sometimes employed to overcome this,
but cannot be considered as entirely satisfactory.

31 g danaoallS dgel 65
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Socket welding flanges were initially developed for use on small-size high pressure piping.
Their initlal cost is about 10% greater than that of slip-on flanges; when provided with an inter-
nal weld as lllustrated, their static strength is equal to, but their fatigue strength 50% greater

than double-welded slip-on flanges. Smooth, pocketless bore conditions can readily be
attained (by grinding the intemal weid) without having to bevel the flange face and, after weld-
ing, to reface the flange as would be required with slip-on flanges. :

Fioura 2-8_ (rontinuad on naxt nanal

6 g danarodliS dges 66
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Orifice flanges are widely used in conjunction with orifice meters for measuning the rate of
flow of liquids and gases. They are basically the same as standard welding neck, slip-on and
screwed flanges except for the provision of radial, tapped holes in the flange ring for meter
connections and additional bolts to act as jack screws to facilitate separating the flanges for
inspection or replacement of the orifice plate.

Blind flanges are used to blank off the ends of piping, valves and pressure vessel openings.
From the standpoint of internal pressure and bolt loading, blind flanges, particularly in the larg-
er sizes, are the most highly stressed of all American Standard flange types; however, since
the maximum stresses in a biind flange are bending stresses at the center, they can safely be
permitted to be higher than in other types of flanges.
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Weldolat” an economical bult-wald branch eor
nection, is designed 1o minimize stress concen-
trations and provide integral reinlarcement.

£ P OYLai! £l

Sweepolet

Sweepolet® is a contoured. integrally reinlorced
butt-weld branch connection with a low slress
intensification faclor for low stresses and lorg
fatigue life. The attachmen! weld is easily ox
amined by radiography, ultrasound and other
standard non-destruclive techniques

i Insert Weldolet

————r

Insert Weldole!™ is another contourad butl-weld
branch connection used in less cnlical applica
tions. Like the Sweepolet, the atlachment welds
are easily examined by radiography, ultrasound
and other standard non-destructive technigues.

¢ g |

www.me-en.com

69

(SolSo sawaipo) Gl 9 ol g Ol Csyinl oSl



£ P OYLai! £l

 www.mblastsavior.parsiblog.com  Sockolet

Sockolet® utilizes the basic Weldolet design
configuration and incorporates a soChel-weld
outlet.

Coupolet

Coupolet® fittings are designed for use in fire
protection sprinkler systems and other [ow
pressure piping applications,

6 g danarodliS dges 70
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Gurdd L ' Thredolet

Thredolet® utilizes the basic Weldolal configura:
tion, provides a threaded oullel branch connec-
tion,

£ P OYLai! £l

’ggp@{.mblastsavibr.mihanbloq.com Brazolet
L},_ ] Brazolet' s designed for use with KLM and IPS

] brass or copper piping or copper tubing
—k
A hy, o L\

Latrolet

Latrolal® used for 45° lateral conneclions, 18
available butt-weld to meet your specific rein
forcement requirements, and 30008 or 80008
classes for socket weld and threaded
applications.

TLI87 R i 71
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& D VLT £l g
" Elbolet

e Elbolet® is used on 30°* Long Radius Elbows
{can be manulactured for Sho Radius Elbows)
for thermowell and instrumentation conneclions.
Available butt'weid to meet your specilic rein
forcement requirements, and J000# and B0004#
classes for sockel weld and threaded
applications.

Nipolet

Nipolet® is a one piece fitting for valve take-offs,
drains and venis. Available with male socket-weid

M—- or male threaded outlets.

6 g danarodliS dges 72

www.me-en.com (S50 owaigo) Gl 9 odl 9 Wl (il oL



GENERAL INFORMATION/EQUIPMENT DESIGN

Orifices, also called onfice plates, constrict fluid flow using a flat metal
dizc with a circular hole m the center, such as the one to the left. This

constrction causes a pressure drop across the plate. Pressure taps on
hoth sides of the onfice measure the differential

The bottom left picture shows an onfice plate
installed between flances i a pipe.

Cafferent flow condibons are accommmodated
by changing the location of the orifice i the

(Pictmes courteey of Bedger plate and the way the edze iz hored.

Teter, Fuc., Tulsa, O

www.mblastsavior.mihanblog.com

(Coartesy of EOBOLD hemnternts .,
Pittetnmgh, P4
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Concentric onifices are the most common. Eccentric and segmental onfices are uszed
to prevent entraned hquids or gases from bulding up at the plate. The hole 13 placed at
the hottom of the plate for gas flows (to allow passage of heawier hogwd particles) and at
the top of the plate for hquid flows (to allow passage of highter oas particles).

Concentric Eccentric Segmental
Click to Continne

www.mblastsavior.blogfa.com

USAGE EXAMPLES

Most gas, water, steamn, and air applications are sasily metered hy
otifice plates.

Oirifices such as the one above left, made of bronze, and below left,
tnade of bronze and cast won, can be used to meter lube oil cooling
water systems, and compressed air flow

The two orifice meters helow are made of stanless steel and are
specially designed to handle corrostve matenals, such as strong acids
and hases.

¢ g danna; oAl dgg
(Pictmes conmrtesy of KEOEOLD Ruemomerds B, Pitcborzh, PA)
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A plant decides to add a nitrogen blanket (at 3 psig) to
a storage tank holding up to 25,000 gallons of a hydro- E I I l I
carbon mixture having kerosene-like properties and X a' e
pumps this material into a process reactor operating at 30
psig. (See Figure 2-19) Pipe Sizing Using Resistance Coefficients, K

The flow rate needs to be 20 gpm. Connections of
pipe and valve are flanged, with the 6°<90° elbows added
in the line.

30 psig
N; pad
- 200 ft
5 psig 70°F ] |‘ o~ - Normal operating level
Sharp entrance, flanged i o
Pressure gauge f?
Check valve
6-00° ells
 Globe valve  in system,
Sharp exit heck valve welded
& 0 ) Gate valve
| Gate vave
I. 151t >
Storage tank Centrifugal pump Reactor
6 g danarodliS dges 75
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Pump suction velocity = 2 ft/sec (Selected low in accordance

$ 334 Sanar 0 ALIS dygs

www.me-en.com

with good pump suction practice,

Typical Design® Velocities for Process System

Applications
Service Velocity, ft./sce.
_J'wm'age ligquid process d-6.5
Pump suction {excepl boiling) 1-3
Pump suetion, boiling 0.5-3
Boiler feed water (disch,, pressure) #-8
Dirain lines Li-4
Liquid 1o reboiler {no pump) 2-7
Vapor-liquid mixture out reboiler 13- 30
Vapor to condenser 15- 80
Gravily separator flows 05-1.5

* T be used a3 puide, pressure drop and system environment govern
final selection of pipe siee,
For heavy and viscous fluids, velocities should be reduced to about
Ly values shown,
Fluids not to contain suspended solid particles.

(SolSo sawaipo) Gl 9 ol g Ol Csyinl oSl
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Suggested Fluid Velocities in Pipe and Tubing: Liquids, Gases, and Vapors at low/moderate pressure to 50 psig and

== a2

e &%

50° 1o 100°F

The velocities are suggestive only and are to be used to approxi-
mate line size as a starting poirt for pressure drop caleulations,

The final line size should be such as to give an economical balance
Letween pressure drop and reasonable velocity

Suggested Trial Suggested Trial |
Fluid elocity Pipe Material Fluid Velocity | Pipe Material
Acetylene (Obyerve | Sodium Hydroxide
pressure limitations) 4000 [pm - Steel 030 le 6 fps  Stee
Air, 0 ro 30 psig 4000 fpm | Steel 050 Percent 5fps  and
Ammonia 5073 Percent ! ] | Nickel
Liquid 6 fps | Steel Sodium Chloride Sol'n.
Gas 6000 fpm | Stee! | ™ No Solids 5 fps | Stee
Benzene 6 fps | Steel With Solide ;6 Min~— ;
Bromine | 15 Max) Monel or nickel
Liguid 4 fps | Ghss ' 7.5 Ips
Gas ; | 2000 fpm | Glass Perchlorethylene 6 fps | Steel
Caleium Chloride 4 fps | Steed Steam
Carbon Tetrachlorice | B ips | Steel 0-30 pai Saturated® | 4000—6000 fpm | Steel
Chlorine (Dry) 30- 150 pai Satu-
Liquid 5 fps | Steel, Sch. 80 rated or super:
. Craes | 2000—35000 [pm | Steel, Sch, 80 heated® A000- 10000 fpm
Chioroform ' 180 psi up
Liquid 6 fps | Copper & Steel superheated E00-15000 Tpm
Gas 2000 [pm | Copper & Steel *Short lines 16,000 fpm
Ethylene Gas 6000 fpm | Steel {max.}
Ethylene Dibromide 4 [ps | Glass Sulfurie Acid
Ethylene Dichloride 6 fps | Steel 8800 Percent 4 tps | 5. 5.—316, Lead
Et’mtlene Glyeol 0 ips | Sieel 93=100 Percent 4 [ps | Cast Iron & Steel,
Hydrogen 4000 fpm | Steel Seh. 80
Hydrochloric Acid Sulfur Disxide . 4000 fpr | Stes
iquid O [ps | Rubber Lined Siyrene i 6 (ps | Steel
4000 [pm | K. L., Saran, Trichlorethylene B [ps | Seeel
Gas ' Haveg Vinyl Chloride fi fps | Seeel
Methyl Chloride . Vinylidene Chloride B fps | Steel
Liquid 6 1;]:-» Steel | Water |
Gias A0 (pm | Steel Averape service | 3-8 {avg. B) fps | Steel
Natural Gas | BO00 [pm | Steel iler feed 4=12 [pe | Steel
{ils, ubricating | B [ps | Steel suction fines 1=5 fps | Steel
(wzen | 1800 fpm Max. | Steel (300 psig Max.) Maximum econam
ambient temp.) 4000 fpm | Type 304 5 cal (wsual 7-10 fps | Steel
{Low temp.) Sea and brackish K. L., concrete,
Propylene Glyeol 5 (ps | Steel water, lined pipe 58 (pa] 3 asphalt-line, saran-
_ Concrete 5=12 Ipa (Min.}| lined, transite
i

Note: . L = Rubberhined siecl
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7



$ 334 Sanar 0 ALIS dygs

www.me-en.com

Sizes and thicknesses listed herein are covered by

the following Standards:—

k)

American National Standard Institute B36.10

All data is computed from the nominal dimensions
listed and the effect of tolerances is not taken into

aceount. Values are
following formulas:

s compuled by application of the

2) American National Standard Institute B36.19 o1+ @
. . ¥ 4 o
3)  American Petroleum Institute Standard APT 5L Radius of Gyration: R =- 4
4)  American Petroleum Institute Standard APISLX Moment of lnertia: [ = R* A
5) New United States Legal Standard for Steel Section Modulos:  Z- -
Plate Gauges. 050
ANSI  American National Standards Institute
[ [ |
Nominal | ! | Trans- | Area | Moment Radius
| 1 verse of of Section | of Gyra
) Ovtside Inside R Wt of | Sq. F" Sq._FL Ares | Metal | Ineria | Modulus  tion
Pipe Diam. Wall | pigm.  Weight| Water | Outside | Inside in? ind | ind in.d in.
Size Desig- | Thick- |—— per | per FI. | Surface | Surface - !
D nation | ness d Feot | of Pipe | per Fi. | per F1. a A I Z | R
105 | 049 | 307 JAB6 | 0320 | 106 : 0804 | 0740 | 0548 1 00090 | 00440 1270
Ve A05 | S | 088 | 269 | 244 | 0244 | 104 | 0705 | 0568 | .0720 | 00106 | 00530 | 0215
X-5tg. | 095 J 213 A4 0157 | 106 | 0563 | 0364 | 0925 | 00122 | 00600 | 1146
. 105 | 065 | 410 | 330 | 0570 ‘ 41 | 1073 | 0320 | L0970 | 00280 | 01030 | 1695
Ve | .540 5d, | .08B d6d | 424 | 0451 J41 0955 1041 | 1250 | 00331 | 01230 1428
| I-Srg.' 19 .02 S35 0 0310 041 | 0794 0 07146 | L1574 | 00378 ¢ 01395 | 1347
- T ‘ -
| 105 | 065 | .545 | 423 | 1010 | JFT L1427 I 2333 | 1245 | 00590 | 01740 | L2160
% ‘ A75 ) 5d o8 | 493 | S67 | 0827 0 77 | 1295 | 1910 1470 | 00730 | 02140 | 2090
| X-Stg. | 124 423 L3 | 060 AF7 106 11405 | 2173 | 00862 02554 1991
i 105 | .083 ‘ 470 ‘ 671 ] 1550 | 220 | 0764 | 3568 |.1974 | 00430 | 03410 | 2692
| Std, | 109 622 50 | 1316 220 637 | 3040 i.'E.SDJ Q1710 0 04070 | L2613
| 840 MR N B I I | R | R -
! ' X-5tg. b 147 | 544 | 1087 [ 1013 220 ) 1433 ,23¢U—|_.32‘00 02010 | 04780 | 2305
| 160 | 138 | 464 1310 | 0740 | 220 | 1220 | 1706 | 3836 | 02213 | 0526% | .2402
| KA-Stg.| 294 252 I 1714 | 0216 | 220 | 0640 | ,0499 5043 | 02424 | 05772 | 2192
105 | .0B3 B84 | 857 | 2680 | 275 | 2314 | 4138 | 2522 | 02970 | .05660 | 3430
Sid, | 13 A24 | 1,130 | 2301 275 | 2168 | 5330 3326 | 03704 | OFO0S5 | 3337
3 S R i -
x‘ 1.050 K-51g, | 154 T4 | 1.473 | 875 i ! %48 | 4330 [.4335 | 04479 08331 3214
160 | 219 | 412 | 1.940 | 1280 | 275 807 | 2961 | 5498 | 05270 ) 10038 | L3041
l %X-51g.| 308 A4 | 2440 | 0633 | 275 0 0137 | 1479 | 7180 ¢ 05792 | 11030 | 2840
L s ot 4 -
| | !
. 105 | 109 | 1.097 | 1.404 | 4090 | 344 | 2672 i.ma 4129 | 07560 | 1150 | 4282
| Sid, 3311049 1.6?3_i_.3-?44} | 344 2740 | 8640 | 4939 08734 1328 A205
' '1:”5 K-5hg. | 179 B 200 I A2 Jdad 2530 [ 7190 | L4388 | 10340 606 A0ES
! 160 [.250 | 815 [2.850 | 2241 | 344 | 2134 |.5217 | 8364 | 12516 | 1903 | .3848
| KAStg.| 358 S99 | 3859 | 1221 44 | 1570 | .2B18 (10760 | (14050 2136 | 3813
T
105 0% 1.442 | 1,804 | F080 l 434 4775 | 1.633 | 53314 Ja0s 1934 G499
Std. | 140 ‘1.330 2372 | 4471 434 13620 11,495 | 6685 | L1947 | 2346 | 5397
1 | L | f ! - MRS S SN S S E——
1% [1.660 A9 1,278 | 29946 | 5553 | A34 !_.3356 1,283 | 8815 | 2418 2913 | 527
| 250 1.140 | 3784 | 4575 434 3029 L1087 [1,1070 | 2833 3421 3063
I 82 | 454 | 5214 | 2732 | 434 2330 16305 115340 | 3411 4110 | AT1b
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Momimal Tegss:  Area  Moment Radigs
vene | of of | Sechon (ofGyrs
pipa | G e | e ol (Sg BB | ay el | nertie | Medelus | lian
] ] (] 1
g T N orll LT el et betare [furais S L
D fnction |neis | | Fest st Pips pee i lpes i | a A 1 I R
0% |0 | Lekd |2083 |eeds | 497 | .ae0d |2300 | 403 | 2ied | 2599 | 4ddd
G, |48 | 0610 (307 | G630 | 497 | a3 |20a | 600 | Jo9% | 3282 | .33
We 11900 1, o 1200 | 1500 |3ayr |7 | a7 |7 |17 [1oen | 3912 | anie | g2
&x | 281 L3137 | amal | 6042 AT 2509 | 1408 | 1.430 4328 | 3DBD AB0%
N.-Sag. | 400 | 1100 a0l | AT avr 0 850 |1.885 S&TR SRFT | 489
105 009 | L0157 | X&) | 135} A ST | 2484 75 ! S0GY A3 | B034
Sd (054 | 2047 |1833 | 0433 | 827 | a0 | 2385 | 1075 | 857 | 5808 | FETI
K5 |2V8 | L9 (3037 | LIV | AN | BOT4 | 1993|1477 | 679 | 7900 | 784
2 2378 —— T
350 | 1E75 3473 |09 | 833 | 490 | 2760 | 0489 | 9355 | BOdS | TS8S
160 |3ad | 146 (450 | 970 | 823 | 4a32 |23a0 |2iw | 10s2 | wren | 726s
Gy | 436 | 1303 9039 | Ta% | 433 | 0939 | L7F (2434 | 0310 | 11040 | T0I7
fos |20 | 2435 | 393 |2380 | 71 | .aeoo [a4%0 |roos | sere | ebra | evss
S | 200 | 2esw | 370 (2073 | 781 | Aasd 470 [1704 | 1330 | 1084 | §eRe
2% |2.475 76 | 1333 | 7ae |18 | 71 | s0es [ 4200 1.:aq1|.¢:4 1399 | 5241
180|375 | 2025 | el | 1,538 b A8 |3 MT | 2WaS 1383 1438 B8
Ba-5ng. | 552 LF7D | V1A% | 1047 753 AT | Ddbd [ 4078 | 2ETY 1.9%7 Bdd?
165 JH | 130 4.3] 142 Lal] FEE] 3l | 1972 143 1.041 119
A | 135 (3380 | 457 [ 380 | @08 | 841 |0200 |1399 [ 1900 | 1088 | 1093
AP |56 [ 2088 | 556 | 348 | g8 | w3 |7wed [1e3e | 2w | amd | e
APl [.1BB [ 2025 | 845 [ 234 [ we | e |reo |vese | 2roo | 15as | 1a7s
3 (3500 | s |18 (2008 | 7S7 | 230 | 408 | w0z (a3 [zEe | a0 | Lrm | g
aPl | 250 | 3000 | med |20 | mie | 7B |7ibd |2383 | aaee | ie3s | 1is2
A |28 [291m | was [ 2ed [ e | zer |eren |2eaz | ame | 2uez | via
N5ig | 300 | 2500 1023 | w86 | #ie | Fe1 |abos |3616 | aes | 23as | 1136
1640 AJE | 2424 (1432 24 Rl A7 407 |4 S04 1882 1094
[EX-Srg. | 400 | 2,300 | [8.58 1,80 Fs A0 Al | Laad 1% 1424 .0dT
105 J20 | 3780 497 | 46 Laar PH ARl [F 1] FRET 1377 1372
am |.023 [azso | 508 [ 4Fe [ noa7 | wEr (0084 | 137 | e | a0 | 1O
AP |1se | aes | a1 | 483 | noar | see (rose | ree | 2ams | 1red | 140
A |ee | 326 | 770 | asb | 0047 | w50 (vewr | 137 | ais0 | 1oes | 1350
A% (4000} s, [z2e [2zam | w00 | aze | 0oar | wre | waw | zen | ares | 23w | 1397
AP | 750 | 3500 [vap2 | a7 ey | wie | ea3 | 3ea | s3e | 2800 | 1330
ap | 281 | maze [viar [ amr (e | moo | wae | oz | ars | 2eme [ 109
woag | 318 | 23se (1231 | 3@s | 00ar | &6 | wee | 164 | aee | Liao | 1307
Poosg, | B3e | 2778 |728s | 233 {omar | 7 | sma | a2 | sman | asna | 1200
ws |90 | azsn | e Ling |iazs | e | 3 | azen | 1380
APl |.135 [ 4350 | B4 L e | m | oanr | oveae | 1
ARl |1se |anes | 738 1ot |1a77 | 203 | s03 | 2238 | 137
ar |es | enze | nse 1087 (1309 | 257 | S#s | 2400 | iS55
AP 219 | 2042 | YOOI 1841 | 1394 184 &rr 1847 1514
S B b T ] 1033 | 1273 A 7.1 1314 1510
4 lasoo| n |20 | as0s 1ras ey 1257 | 234 | 7ae | 260 | rsos
. an | 3m | 39 e tean [1ni7 | 273 | w3 | avod | naes
am |z | 357 |1a0e LE13 | 1080 | 400 | #0d | 4030 | LdEE
rtg |37 | 3m2s [1am 1oz [11s0 | 4ab | val | 4@ | LT
120 (438 | Jé2a | VR00 S | 1083 LR 11,48 7 lddd
ee | 500 | 1500 2138 S | wA2 | 638 | V27T | 4T | La2i
we |3m | 208 2en |4 : gon | wan | as3 | 1azr | seoo | vae
foesg [aza | 3152 2se [23e | a7e | #26 | 7 | 00 | 1a | e79d | 1374
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{ Continued). Properties of Pipe

il Tronie | Asa | Momand | Eodius
v af af Sactien | of Gyrad
| i Inuids Whoof | Sq P | S P | gen | Matal | Imeria | Modaus| tian
Fies | piam. Wall | o, (Welght | Water |Owisids | Insids | 53 | a1 | jns imt | i,
HEL) i Davig- | Thick= par | par B, | Suetoos |Surfoce m—
motios | ness | Foad | af Pips | par P | per B L3 A I I R
105 | 034 [ soes | 777 | esa | rase [1aee 220z | 2ze | maz | anoee | 1ed
AP | Es | 5351 | wod | m3R | ndB | 1375 | 2184 | 2a5 | w0 | 1487 | 1803
APl | BB | 5087 | 10080 | ®is | 1456 | 1358 | 7107 | 307 | (L4 | i | w02
AP | 209 | 5125 [ 0281 | age | 1ase | 1ae | 2063 | des | ana | aze | 1Em
Sid. | 258 | 5047 | le82 | Bas | L4% [ 1321 2080 | £30 | 1514 | 5451 | LE7E
s |53 AU 300 | 50OV | 1%gs | BAZ | L4de | 130e [tead | Lpé | 1830 | 5R4T | 1ETO
) AR | 07 | 4930 | 1750 | B3 | 14se 1293 [1eas | 515 | 1781 | sani | 1Beo
AR | | 4875 1909 | BOR | vase [ 1378 |raa7 | Sed | 13 | 493 Lhaw
%Stg 375 | 4813 | 2078 | 787 | 1ass | 0360 [ 1809 | 611 [ 2047 | a3 | laae
120 | San | 4541 | 2700 | ?.I}l“ 145 I-I.Iﬂ‘ﬁ 1435 | 705 15T4 25N | LT
TEQ | 435 | 4270 | 33P0 | 622 | 1486 | 1029 | DahE | RF0 1 3000 10800 | 1740
AKShg, | JFE0 | 4043 | NS | 542 1454 | 1088 | 1297 1034 3343 12080 | 1,723
12Go | 0d | A4i? | ras | a0 | orra | resn [3zae | wia | naz | oaar | oam
105 | 124 | 4357 | 2% 1270 | rrm | nesn [207s | a3 | tea | odad | 2ae
BGa | 164 | &297 | 1131 | 1350 | 1734 | a9 [ 2104 | 233 iram | 523 | 228
AP | URE | &34% D IRRD [ 1307 | LFM | LA3R | BOF0D | 3D | 1971 595 | i1
SGo |04 | 63T | 1334 {1335 | 170 | 1433 |3ess | asn | oanae | aan | 3
AR | % | eaE7 | 1502 | 1a0s | e | vadn [A0a0 | 441 | z2es | aBd | 237
AR R0 | AN2E | 1702 | 1280 | VP34 ) va0e (2950 | 5001 | 2555 0 T 136
AM | arr [ aorn [ rees |vzss | o | osen | zess | A54 0 #o0 | Ras | 235
Sad. | 280 | A.045 | 1057 [ 1250 ) 0734 | 1887 | 2850 | S48 A4 850 134
& | 4425 7% R R B el B ol Wit Scitieballl Il el
&Fl | 312 | 001 | 2105 | 1228 | WP | 1571 | 2628 | a7 | 3081 | %33 | 223
L I - e 1 T e £ I P27 I O I - 114 Py
apl | a7s | shs |3sa0 | n7s [ e | vsio |g7an | 7oz | aame | iosa | zan
AeGig | 432 | SRl | 20T |1.ﬂ'[ L7 | a0 2607 | Bao | soaw | 1232 | maw
- SO0 | 5425 A2Te | 1085 1M | 1.47S | 2aRS | R4 | A5aAD 13,78 14
120 ) 2 | 5307 | M0 | 1030 | LTI | 1470 [ 23FF 1074 | 4910 1507 | 1§
! P40 | 71e | soer las3e | mos | 173e | 1ase [pas [1zas | sese | tren | L1
! wnsag | Bad | 4897 13306 | B4 | 073 | 1780 | 1883 1544 | 4633 | 2007 | 208
: 12Ge | 004 | BA17 | 0a7 | 240 | 226 | 2304 | 854 | 278
10Ga, | 134 0 BAET [ 12,04 | 238 136 | L0180 | 548 35T
105 | 148 | 8379 | 1340 258 | D134 | JI8D | 545 il
BGo. | 164 | 8297 | 1483 | 204 | 236 | 2072 | 341 | 43
AR | 18E | maaw [1éso | 2z | 23s |z | sas | S0
GG, | 094 R2a7 | 1748 230 | 224 | mise | 233 | S04
&P | 203 | &9 | 180 | 230 | 238 | 2152 | sab | 538 | 477 | vios | zes
AP | 219 | 8187 (1984 | 129 | 136 | 2048 | 527 | 5B0 | 513 | 1190 | 297
3Ga | 33% | B.147 (2042 | 206 | 226 | 2033 [ 521 | 830 | 554 | 1284 | 298
Fi .Zﬂl]'-1 12 | 3240 | XS T | 22T [ 51a 450 7 j lﬁ-&ﬂ_T 194
| L e e I O e | AE | 81 T4 831 14,40 | 295
8 i B.675 AR 02 | Boal (RPN T3e ) 2095 | 503 B s 1637 | LW
i S, | 321 | 7R (2045 | 21 | 236 | 2070 |00 | Bao | raa [ vem | oo
| AR ddd | F27 | 2040 | 204 L | 2aFh | 435 [T Tan 17.41 293
AR | s | rars [amio | ;0 | 30 | zasr | 487 | v | Ean | amar | 2w
&0 | 406 | THID | 3570 | 208 | 204 | 2045 | 4709|1048 | BEE | 20.58 | 2
ARl | 430 | 7740 |3B.33 | 204 | 226 | 24029 |472 |y | sar | 2 | 2w
i K-S | 300 7435|4335 | 158 | 224 | 2006 (428 (1278 | w87 | 2450 | 288 |
W0 | 504 | 7437|3050 | 8B | 23 | war | 433 [less | 114 | 204 | 285
. A25 | FaFs | Shd0 | &S 24 |13 | 43T JIETI 124,5 19.33 A4
Ve | pie | 7oer |s0me | 17a | 2as | ser | ans [17Ed | azs | 3z | 2
| Let | #12 | 7000 | 6780 | 167 | 226 | 1833 | 385 1991 | 1338 | 3s45 | 278
[ wrseg | 875 | e87s (7242 | e | 228 | 100 | 370 (230 | rezo | aTse | 17%
| 180 | 08 | 6213 | 7470 | 158 | 26 | 17E4 | 384 2097 | las9 | dhad | 378
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P | | [ Y v y— [
| ' T Saction ol Gyred
Ohuida Il-ll-| el BB BB s | Metel | inetis | Madei e
Fips | Wl | Welght | Wiates :MI lnslde | . ¥ ! | .
o BT PRl po pai L Geetuon | Dustuy ————— = T
- b T d | Fast ol Figa p . pn 0 & A | I z L
| 11Ga | d0a | 1083|1003 | 270 | 200 | 37 WR3 | dan| 493 | 908 | 278
, 10Ga | 13410482 1531 | 304 | DN | 274 WD | 447 | 830 | 1171 | 375
| $Gs | 04410422 1036 | W0 2N | AN MSD | S48 | Ted | 3| A
1 - - " - P —t— o — - -t B
| 105 | 068 | 10430) 1NAS | A9 | BM | 2P1 | BA3 | 450 | TAR | 1439 | AT
| AR B 1097|303 | AT F I 1] | M s L“' [TX] 1418 it
! &Ga | 0% 10347 210 | A | 2N r [ T% ] 43 Wy ([71] a7
{ - - p— . T Foe 1 b
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“Cutside

-ﬂnnﬂnul Thicle=|
Pipe Diam- | ness |
Size eter
h1¢hu;____|_ Inches Inches
Vi (.405 | 0,068
Y 0.540 | 0.088
_ % 0.675 | 0.091
) 0.840 | 0.109
34 1.050 ' 0.113
Co 1 1.315 | 0.133
' 1 l,rﬁ_._ _ l_._l_:'bl;l_u 0. ;40
_ 114 1.900 | 0.145
@ @ 2.375 | 0.154
S 1% 1.875 | 0,203
g 3| ss | o
al 3y, 4.000 | 0.226
Bl 4 4.500 | 0.237
315 5.563 | 0.258
__ 0 | 6.625 | 0.280 |
8 8.625 | 0.322
| 10 10.75 0.J65
| 12 12.75 | 0.406
I__l!____’.|4‘U_____Q'4JH_
16 16.0 0.500
s 18.0 | 0.562
200 2000 0.593
M 4.0 0.687

69 g dana; oAliS dael

www.me-en.com

o — o —— e

il

[k

0.269
0.364
0.493
0.622
0.824
1.049
1.380
1.610
1.067
1.469
3.068
J.548
4.026
5.047
f.065

7,981

10.02
11.938
13.124

15.000
16.876
18.814
22.626

Commercial W-r_nl_gh-t- Steel Pipe Data
(Based on ANSI B36.10 wall thicknesses)

Inside
Diameter

f1
e
0.0224

0.0303
0.0411

0.0518

0.0687
0.0874
0.1150

0.1342
0.1722
0.2057
0.2557

0.2957|

0.3355
0.4200
0.5054

0.6651
0.8350
0.9965
1.0937
1.250

{.4063
1.5078
1.8855

da | d?
0.0724 0.0195
0.1325 0.0482
0.2430 0.1198
0.3869 0.2406
0.679 0.5595
1,100 1.154
1.904 1.628
1.592 4.173
4.271 8.831
6.0 15.05]
9.413 18.878

12.59 44.661
16.21 65.256
15.47 128.56
36.78 123.10
63.70 508.36
100.4 1006.0
142.5 1701.3
172.24 | 1260.5
125.0 3375.0
184 .8 4806.J
354.0 6659.5
511.9  |1158].

| 40577

it

0.005242
0.01756
0.05905 |
0.1497
0.4610
1.210

3.625

6.718
18.1250
| 37.161
| 88.605

158.51

261.76

648.71

1352.8

10080,
20306.
19666,
50625.
81111.
125320,
162040.

L e

Inside Diameter Functions
iIn Inches)

' Transve-rse

Internal Area

e
o5 -
| 5q. In J_SH_EE_

0.00141 | 0.057|0.00040
0.00639 | 0.104|0.00072

_o.aom | o.tot)0.00133
0.09310 0,304 0.00211

0.3799 0.53310.00371

1.270 0.854!0.00600

. 5.005 1 1.495 0.01040

10.82 2.03610.01414

37.72 3.355(0.02330

91.75 4.78%0.03322

AR 7.39310.05130
562.2 | 9,886 0,06870
1058. 12.73010.08840
3175, 20,006 | 0.1390

8106, | 28.8910.2006
32380. | 50.027(0.3474
101000, | 78.855 0.5475
242470, 111,93 10.7773

| 389340, [135.28 10.9394
759375, 176.72 | 1.2072
1368820, 1223.68 | 1.5533
1357144, 1178.00 | 1.9305
5929784, 1 402,07 | 2.7921
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Density, Liquid p

Density liquid, p= (62,3 Ib/eu. [ water) (8p. Gr. liguid),

pounds feu, It

Estimated flow velocity for assumed 2 in. Sch. 40 pipe (See

Appendix A-16)

(20 gpm ) (8.331b / gal) (0.81 SpGr)

(62.3x0.81) (3.355m " ) (60 sec/min ) /144
=191 ft/sec

; g1342
Velocity head ¥ = SV — 6 03664 f of fluid
2  2(32.2)

50.6 Qp

Revnolds number =
du

50.6 (20){0.81 X 62.3)
(2.061(1.125 cp)

R, = 22,086 (wrbulent)
g/ D = (.00088, Figure 2-11

$ 3 3 dada: 041 dyg
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PIPE DIAMETER IN FEET, D
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Figurs 23, Moody o “requiar Fanning friction factors for any kind and size of pipe. Note: the friction factor read from this chart is four imas the value of the f factor read
from Puavry's Hanalbook, 88 Ed. [5]. Reprinied by permssion, Pipe Friction Manual, 1054 by The Hydraulic instiute. Also see Enginesring Dafafook, 151 EA The Hydrsule
inslitute, 1879 (2], Data am L. . Moady, “Friotion Facion for Pipe Flow® by ABME (1}
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From Figure 2-3 (friction factor), ft = 0.0205

fLv?

£ — 2-2
"oD(2g) e

. 0020 (15)(1.91)¢

2067 in 3829
12 '

hy = 0.10] fi of kerosene fluid, pipe friction, for 15 fi

Lass through pump suction fittings:

a. Square edged inlet (tank w pipe), K = 0.5, Figure 2-
12A

b. Gate valve langed, open, in suction line, from Table
22 withp=1,K=81;

K = 8 (0.0205) = 0.164

hy= F.\r'f!p, = (0.5 + 0.064) (1.90)%/2 (32.2) = 0.0853 fi
el

Total suction pipe side [riction fss:

Ehy = 0,101 + 0.0853 = 0.1863 ft kerosene

Note: when used for pump system halance, this Zhy
must be used as a negative number (~0.1863) because it is
a pressure loss associaled with the Muid flowing. For pipe
fine sizing, the pressure head on the tank of 5 psig and any
elevation difference between tank outlet nozzle and pump
¢ J‘Jﬁ suction centerline do not enter into the caleulations.

www.me-en.com

Prump Discharge Line Sizing (onky)

The pump discharge can flow at a higher velocity than
the suction line, due in part w NPSH conditions on the
suction side of any pump (which are not considered
directly in these pipe sizing calculations).

From Table 24, select 6 fi/sec as design velocity for
estimating pipe size.

For 20 gpm, crosssection area for flow required:

A= 2
7.48 gal /eu fu (60 sec/min ) (6 fi,/sec)

= 0,00742 sq) fi
= (0,007427)(144) = 1.009 sq in,

From Appendix A-16, Standard Schedule 40 pipe
For Lin, pipe, A = 0,8640 sq in. (oo small}
1in, pipe, A = 1,495 sq in. (too large)
Try Lin, pipe, D = 1,38 in.

(Note: Usually do not select this size. Could go o 1%
in. Velocity would be even slower. )

Actual velocity would be: (| %in. pipe)
v =20 (144) /1 (60} [7.48) (1.495)] = 4.29 fi/sec

This is acceptable, Practical usage range is 3 ft/sec o
9 ft/sec, although 1in. pipe is not the best size for
some plants.

Reynolds number, R, = 50.60p/djt (2-49)
= BLG (20)(0.8] X 62.3)/1.58 (1.123)
= 42 854 {murbuleni)

For 14" £/D = 00014, Figure 211,

87
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BELL - MOUTH
INLET OR REDUCER

3
!riigss ’II__'1 B
SQUARE EDGED INLET S - Bt
K=05 = FLANGED n‘r"-r
® 45° ELL. 1 et
D
I
INWARD FEDJECTING PIPE — L
o —— = 1u
RETURM 1 -
@ BEND .
d 4
FLANGED == =
NOTE: K DECREASES WITH RETURN
INCREASING WALL THICKNESS OF BEND 1
PIPE AND ROUNDING OF EDGES p 1
K|
1 6 10
11 -
1 LINE
- FLOW ]{
: K of
a FE]
§ 1 4| SCREWED D
TEE T]
Y BRANCH "T
FLOW ,l ol
O 2
REGULAR _ai LINE -
FLANGED , i
:I ELL. ,:-LH‘. ] FLDW .
K K.k =
2 F FHESCH
g i I [] 'q 1
LONG . I
RADIUS ~ « 'S
80° ELL. il 8 is
1L BRANCH
g TITH FLOW |
D 10

'L
h =K — FEET OF FLUID
2
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BASKET 15
STRAINER 1 N

K& -

| (="

K o8|
COUPLINGS o I
AND UNIONS %3 % 1%

SWING  SCREWED
VALVE 3

-

"REDUCING BUSHING
AND COUPLING

USED AS REDUCER K = 0.05 - 2.0
SEE ALSO IHB-7
USED AS INCREASER LOSS IS UP
TO 40% MORE THAN THAT CAUSED
BY A SUDDEN ENLARGEMENT

ANGLE 2
VALVE

SUDDEN ENLARGEMENT

he= % FEET OF FLUID

SEE ALSO EQUATION (5}
IFA; = = 80 THAT V, = 0

h=Y" FEET OF FLUID
23
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GATE VALYES
Wadge Dise, Double Dise, or Plug Type

ra

h o adl -
M | | . -y '] 1 W L
-ty -‘r‘,-.
H:f-r0-0.......... L K-8 @

Bcrand #245"....... K3 = Formula 5
B<uand#>a5 % 180", . . Ky = Formula &

SWING CHECK VALVES

) B

L. 8-

-

@ x-iofr Kasofe

Minimum pipe velocity  Minimum plpe velocity
(fps) for full disc life {fps) for full disc life

-]'i"f\:'-'_ -d\’T’_

GLOBE AND ANGLE VALVES

If: Bt Kisisofr I B=1.. Ki=sshr

All globe and angle valves,
whether reduced seat or throttled,

I: B<i.. Ky=Formula 7

” ﬂ-l...K.-m_j'}
Bei.. . Ky=Fomula;
Minimum pipe velocity {1rgl_f¢r full disc life
] , \f'l.-'r

If: Bar.. . Ky=g5fr
Bei.. . Ky=Formula 7

Minirmum pipe velocity (fps) for full disc life
“lo@VV

TILTING DISC CHECK VALVES
d % d ——

T
Sizes 110 B".. K= 4afr 120 fr
Sipesrotong.. K- | 10k o fr
Sizes b to 48", K. | mofr bofe |

Minimum pipe veloity = =
(fps) for full disc it = | B VV | o ¥V

(SolSo sawaipo) il 9 ol g Ol Csyinl ol

90



$ 334 Sanar 0 ALIS dygs

www.me-en.com

STOP-CHECK VALVES
{Globs and Angls Types)

Bai.. Kio=g00ff ﬂ-|..-'<:-'m_fr
Bei. . Ky=Formulay A<i.. Ky=Fomulaz

Minimum pipe velocity Minimum pipe velocity

for full dise life for full dise life
=45 Vv =75 v

[ If:
g=1.. Ki=350fr Bel.. Ki=ioof
Gei. KynFormulay @<i.. Ky=Formula 7

Minimum pipe velocity (fps) for full disc lift
B VYV

Y T
a
S —— —
o, q,

AL o

If:
Bap.. Ky=gifr B K.-P
Bei.. By-Formulay B<r1.. -ormmula 7

Minimum pipe velocity (fps) for full dise lift
= 4o @ \""-\«T

FOOT VALVES WITH STRAINER
Poppat Disc Hinged Disc

b

Kegzafr K=r1fr

Minimum pipe velocity Minimum pipe velocity
(Tps) for full disc lift  (fps) for full disc life
=15V v =35 -\,/?.-'

BALL VALVES

-

[f: A1, f=c...... ey
Berand@eg® . . Ky = Formuli §
,ﬂqrnndhﬁ’rma' Ky = Formula &

BUTTERFLY VALVES

nici

10 B, K 4 fs
5155 1010 14" =11 /7
Slzes 16 1o 14" K-l'ifr
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PLUG VALVES AMD COCKS

STAMDARD ELBOWS

Straight-Way 3Way %0* 45
S '—‘
. |
Kewh @ K=ibfp
Ii: =i, Ba=i, If: 8 =1,
K-ify K-pf K-wf STANDARD TEES
If: B<r...Ks=Formula b
MITRE BENDS | |
] h -
ik Flow thru run. . ... K=o
::: Flow thru branch. .. . K = 6o fr
156 |
1k | _
40k
& &
PFIPE ENTRAMCE
90" ELBOWS
Inward Flush
wd | K fed| Projacting
T |3& |10 |30k e u r
2 (12612 2an ﬁ_ 000" | 05
A FEY LEE L feliv] 0.28
a [1anfelar ood | o
Ll | T | @
[ 010 | oof
015 hup | 004
The resistance coefficient, Kp. for pipe bends other "Sharpadged
than oo® may be determined as follows: Keot L“u'léfg
K,.:n-ﬂ(u:jrf,aw.jﬂ)-ﬂ
n = rasmber of 90° bench -
K = rentarce corffient for one 90° bend (per table)
MPE EXIT
Projecting ]
CLOSE PATTERN RETURN BENDS : m*“‘i ".ﬂ
Kato Kelo K=io
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From Figure 2-3, read, f = 0.0219 = |
then, pipe only friction loss:

hy = (FL/D) (v'/2g) (2.2)

D = pipe, LD, inft = 1.38/12 = 0.1150 fi

(8+ 6+ 200) (4.29)*
0.1150  (2)32.2)
hy = 11.64 ft of kerosene llowing {pipe only)

h, = 0.0219

Loss through discharge fittings, valves, connections,
using K factors using Table 2-2:
2 check valves, swing, threaded, 100 fr = 100 (0.0219)
=219=438
(for 2)

31 g danaoallS dgel

www.me-en.com

1 globe valve (open), B=1: K = 840 £} = 340 (0.0219)
= 7.446

6 90° elbows, r/d = 1.88/1.38 = 1.36

K = 30 f; = 30 (0.0219) = 0.657

For 6: 6 X 0.657 = 3.94

| sharp edged entrance (sudden enlargement) = 1.0
1 gate valve, open, B = 1.0, K = 8 f: K = 8 (0.0219)
=0.175

93
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K=[4.38 + 7.45* + 3.9 + 0.175* + 1.0] = 16,941

#*Threaded, from Table 2-2.
For fittings:

2
then, h = Kv?/2g = M = 4.84 ft kerosene

2(32.2)

Total friction loss for discharge side pump due fo fric-
tion:

h=11.64 4+ 484 = 16,48 [t [luid kerosene
h; = Ap = 16.48/[(2.31)/(0.81)] = 5.77 psi

69 g dana; oAliS dael 94
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PUMP & Compressor
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valve

Block(shut-off) (ball,plug,gate,butterfly) e
oy Sl ys 245 D9 —
OL o yae plp 53 Cwglae Blus 5L Sl yo—
la,bw s 38 <l Leses Butterfly —

(globe) Control -
tes S B 5L Sl Il 1 0L o J 28 s —
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Ball Valve

Full Bore -
PSV O.ilg:j‘Yl{ —
pig receiver ¢V piglaucher ..t —
Vent-Drain —
38 )l gla b —
@‘G‘ﬁdbjbjwa‘gw;j‘)@ij.‘);dlij,_owy —
@\2,’\,{,){ Utility —

Reduce Bore -

dal- Sly3 09 OL > ©
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Hondwheel -—@’%ﬁ@ Hondwheel W
' ~Follower

Stem —— Follower Stem —:-1
or glond

Pocking nut —— Packing nu!
Packing X Packing
O°
“Bonne! 5O Bonne!
2
5 f o S Bonnet ring nut
et fﬂfg i —-Neck Neck
78 o > sk N pisk nut
ofe.
h > Seol Seat
Body i xIRB & Boady—
(a) (b)
Ao ol

YL Gl aad e
& Y ) Ss S Utility
(a) Gate valve, for the majority of applications. (b) Globe valve, when tight shutoff is needed.
3 ) dada;odliS Al 106
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(d) | ‘ (a) (f)

(d) A pressure relief valve, in which the plug is raised on overpressure. (e) A
control valve with a single port. (f) A double-port, reverse-acting control valve.

9 )ge daaa; oS dggd 107
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(h) Relation between fractional opening and fractional flow of three modes of valve openings.
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DESCRIPTION &, S
—
-

1 HANDWHEEL NUT f( N
3 NAME PLATE | ‘-«@
T HANDWHEEL R
& YOKE SLEEVE 1 =2l
5 GLAND NUTS ILE = ———®
& GLAND FLANGE r =
7 GLAND STUDS
8 PACKING GLAND l
9 PACKING
10 B/ NUTS
11 BONNET
12 RING JOINT
15 STEM
14 DISC

15 SEAT RING
16 EOOY

Disc type Ball type Parabolic type Meedie type

www.me-en.com

- TS .

1 HANDWHEEL NUT
2 NAME PLATE
¥ HAMDWHEEL
& YOKE SLEEVE
§ GLAND NUTS
6 CLAMND FLANGE
7 GLAMND 5TUDS
B PACKING CLAND
8 B/B NUTS
10 PACKING
11 BONNET
12 GASKET
15 5TEM
14 WEDGE
15 SEAT RINGS
16 EODY

Standard wedoge Flexible wedge Split wedge
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Check valve
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=

L K R
LR

A

L1
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Control Valve

e Globe
o Butterfly(LswmS sas)s 5 38 )
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Distilliation Columns
Towers

[Fractionators
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Sources

|. Branan, C. R., Development of Short-cut Equipment
Design Methods, ASEE Annual Conference Proceed-
ings, Computer Aided Engineering, American Society
for Engineering Education, 1983.

2. Licberman, N. P., Process Design For Reliable Oper-
ations, 2nd Ed., Gulf Publishing Co., 1989.
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Condenser Lean gas Product

Accumulatar

f‘"_ﬁ“m |

Reflux Distiliate
S
o)
Q
— (@)]
s
-;.‘.‘ff# rEllzt:!iﬁ,ring section g
J' @
=
f=1 S Stripper
)
f e 2
i+1 ] Feed 3
—] <
- == o)
,_:;"""1,:-:"',“ Slripping secfion S
N % Rebailer
Reboiler vapor ﬁ
. Intercocler
Reboiler Bich ol
' -
Bottoms product Figure 13.2, Absorber—stripper assembly,
& | Figure 13.1. Distillation column assembly. 114
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Relative Volatility

For quick estimates, a relative volatility can be esti-
mated as follows:

The equilibrium vaporization constant K is defined for
a compound by

Kf’—'ﬁ

where

Y, = Mole fraction of component i in the vapor phase
X, = Mole fraction of component i in the liquid phase

To calculate a distillation, the relative volatility o is
needed, it is defined as

where 1 and ) represent two components to be separated.
Raoult’s Law for ideal systems is

p.=PX
where

p; = Partial pressure of i
P, = Vapor pressure of pure component i

www.me-en.com

By definition

I1 = Total pressure of the system

80
PX, =11Y,
and

PY

— S — K,
n XI

Therefore for systems obeying Raoult’s Law

="
i}
|

Source

Branan, C. R., The Process Engineer’s Pocket Handbook,
Vol. 1, Gulf Publishing Co., 1976.
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Minimum Reflux Multicomponent

The Underwood Method will provide a quick estimate
of minimum reflux requirements. It is a good method to
use when distillate and bottoms compositions are speci-
fied. Although the Underwood Method will be detailed
here, other good methods exist such as the Brown-Martin’
and Colburn® methods. These and other methods are dis-
cussed and compared in Van Winkle's book.” A method
to use for column analysis when distillate and bottoms
compositions are not specified is discussed by Smith."

The Underwood Method involves finding a value for a
constant, 0. that satisfies the equation

i Xiedl; Zl-fn X +X2r-(11 B
| U.i—ﬁ G¢|—9 Ct:—ﬁ

The value of 8 will lie between the relative volatilities
of the light and heavy key components, which must be
adjacent.

After finding 6, the minimum reflux ratio 1s determined
from

www.me-en.com
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- [:t-.Xm
Ri+l=
Z‘ut-ﬂ

Nomenclature

o; = Relative volatility of component 1 verses the heavy
key component
8 = Underwood minimum reflux constant
Xir = Mol fraction of component i in the feed
Xip = Mol fraction of component 1 in the distillate
q = Thermal condition of the feed
Bubble point liquid ¢ =1.0

Dew point vapor =0
General feed q =(Ls—Lg)F
where:

Ls = Liquid molar rate in the
stripping section

Lg = Liquid molar rate in the
rectification section
F = Feed molar rate
R, = Minimum reflux ratio

69 g dana; oAliS dael
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Minimum Stages

The Fenske Method gives a quick estimate for the
minimum theoretical stages at total reflux.

Nm +! i 1n|_{x\l.!: :XT-IT{)D(XHK ! X]_K }.B]
(ot ux ).ﬂ.vc

Nomenclature
B = subscript for bottoms

D = subscript for distillate
HK = subscript for heavy key

¢ g2 danarolliS daes

www.me-en.com

LK = subscript for light key
N, = minimum theoretical stages at total reflux
Xax = mol fraction of heavy key component
Xix = mol fraction of the light key component
0y xmx = relative volatlity of component vs the heavy key
componcnt

Source

Fenske, M., Ind. Eng. Chem. 24, 482. (1932).

118
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Actual Reflux and Actual Theoretical Stages

The recommended’ method to use to determine the ac-
tual theoretical stages at an actual reflux ratio is the
Erbar/Maddox’ relationship. In the graph, N is the theoret-
ical stages and R is the actual reflux ratio L/D, where L/D
is the molar ratio of reflux to distillate. N, is the minimum
theoretical stages and R, is the minimum reflux ratio.

The actual reflux ratio that one picks should be opti-
mized [rom economics data. For a ballpark estimate use

I.1-1.2 R,, for a refrigerated system, and 1.2-1.35 R, for
a hot system.

3 g danadAliS dags 119
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The author has curve-fit the Erbar/Maddox curves
since readability for the graph is limited, For simplicity,
let:

x=N,/N
y=RR(R+1)
7=RJR,+ 1)

Fory = A + Bx + Cx* + Dx’ + Ex' + Fx', the follow-
ing table is presented:

Z A B C D E F

0 .00035 .16287 -.23193 5.08032 -8.50815 4.48718
g 09881 32725 -2.57575 10.20104 -12.82050 5.76923
£ 19970 14236 -.58646 2.60561 -3.12499 1.76282
3 .29984 00383 -.23913 1.49008 -243880 1.79486
4 40026 12494 -49585 2.15836 -3.27068 2.08333
5 50049 -03058 81585 -2.61655 3.61305 -1.28205
6 60063 -00792 60063 -2.06912 3.39816 -1.52243
4 .70023 -01109 45388 -1.25263 1.94348 -B3334
B .B0013 -01248 76154 -2.72399  3.85707 -1.68269
9 .B9947 .00420 38713 -1.14962 140297 -.54487
1.0 1.0 -0~ -0- -0- -0- -0-

69 g dana; oAliS dael
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Figure 1. Plates-reflux correlation of Erbar and Madd
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t Cias out

Ehell —
Sieve tigy —— — > Liquid in
Downspout —_|
Sigve
Tray
Cartridge
X Suppant
Lk Sidesiream Bods
Froth ———x T withdrawal
= Weir Downcomer
Intermedizie -
feed T
Up
Seal
= (sas inl o
Liquid
Saal
L
—= Liguid out
{a) (b)
¢ d\,)e-.‘ JAA.A O« Figure 13.31. Assembled sieve tray towers. (a) Flowsketch of a sieve tray tower (Treybal, 1980). (b} Cartridge type 121

sieve tray tower in small diameters ( Pfandler Co.).
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Figure 8-63. Bubble cap tray schematic--dynamic operation.
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Typical Downcomer Clamped
fo Downcomer Bor.

Weir ond Seal Plote,

Typical Bubble Cap, Set-on Riser
und@hu-inﬁ Frna Assembly.

Access Manhole Including Davit
and Cover Plafe.

Typical Platform and Lodder.

Accumulator Troy Complete with
Center Stack and Droweff Box.

Drawoff Nozzle.

Tray Support Ring.

Perforated Shower Tray.

Chonnel Truss.

Disc Tray.
Donut Tray,
Trapezoidal Truss.

Inspection Hatch in Tower Skirt.

Tower Base Ring.

(SolSo sawaipo) Gl 9 ol g Ol Csyinl oSl



www.mblastsavior.blogfa.com

Liguid flow

Perforations (0.64 cm)

Slot opening

(d)
{c)

(a) Some kinds of bu.b.blecaPS (b) Two kinds of valves for trays.
(c) Vapbpéiréetingsiet dada Linde sieve tray (d) Vapor flow through a bubblecap. 123
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f Tray above
Downcome! —1/ Nz /www.mblastsavior.mihanblog.com

~ Possible splash batfle —_p

ENTRAINMENT
FOAM .
e A0 5 '.

/ LiQuip
RACKUF N

_T_ DOWHCOMER | __.-'-' .l . ; ~
_l_ i Vapor {i;,:] — weir i "Hlﬂmélc?vm%ﬂ,
' A 0
i
Downcomer apron ="
T TI"I"' below ;ﬂl-l'ld

(e)

(e) Sieve tray phenomena and pressure relations; h, is the head in the downcomer, h, is the equivalent head of clear
liquid on the tray, hf is the visible height of froth on the tray, and h,is the pressure drop across the tray
125

() ?ﬂ%lwqu%or and liquid on a bubblecap tray.

(SslSo owaipo) il 9 ol 9 Ol il oSl

www.me-en.com


http://www.mblastsavior.mihanblog.com

{a} {b) {c) (d) (el

{f) (g {h} (j}

Packing é!y!

a) Raschig ring; (b) partition or Lessing ring; (c) double spiral ring; (d) metal pall ring;
(e)plastic pall ring; (f) ceramic Berl saddle (g) ceramic intalox saddle
(h) plastic intalox saddle (i) metal intalox saddle (j) Tellerette

3 3¢ dana;odliS dAugs 126
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Packing glqf
(k) plastic tripak (I) metal tripak (m) wood grid; (n) section through expanded metal packing;

(0) sgg@gmg_&f‘eg(_ggmi%g metal packings placed alternatively at right angles (p) GEI\/h_27
structured packing
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Figure 9-8C. Intalox® saddles (ceramic), dumped. Used by permis-
sion of Norton Chemical Process Products Corp. Figure 9-8E. Pall rings (metal), dumped.
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Packing glqf

_ _ . Figure 9-6M. Metal VSP™ high capacity packing. Used by permission
Figure 9-6K. Nutter Ring™ (metal random packing]. Used by per-  of Vereinigte Filllkérper-Fabriken GmBH & Co. Ransbach Baumbach,
mission of Nutter Engineering, Harsco Corp., Bull. NR-2. Germany.

3 g danadAliS dags 129
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Packing glqf
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Figure 9-6N(a). Koch Metal HcKp™ random packing. Used by per-
mission of Koch Engineering Co., Inc., Bull. KRP-2.

Figure 9-6P. Metal Chempak® packing. Used by permission of
Chem-Pro Equipment Corp., licensed from Dr. Max Leva.

3 g danadAliS dags 130
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Figure 2. Multibeam packing support plate. (Courtesy of Norton Chemical Process Products Corporation.)
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Figure 3. Bed limiter, Model 823. (Courtesy of Norton Chemical Process Products Corporation.)
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Figure 4. Orifice deck liquid distributor. (Courtesy of Norton Chemical Process Products Corporation.)

&b oGS

& 342 2a2RTE pioire 5. Orfice pan liquid distributor. (Courtesy of Norton Chemical Process Products Corporation) 132
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Figure 6. Orifice trough distributor with side-wall orifice, Model 137, (Couniesy of Norton Chemical Process Products

Corporation.)
6 g danarodliS dges 133
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Figure 7, Weir trough liquid distributor. (Courtesy of Norlon Chemical Process Products Corporation.)
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5_1 1

Figure B. Onfice ladder liguid distributor. {Courtesy of Norfon Chemical Process Products Corporation.)
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u ®

www.mblastsavior.mihanblog.com

&b OGS

135

Figure 9, Spray nozzle liquid distributor. (Courtesy of Norion Chemical Process Products Corporation. )
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Figure 10. Orifice deckAiguid redistributor, (Courtesy of Norton Chemical Process Products Corporation. )
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Figure 11. Liquid collector plate. (Courtesy of Norton Chemical Process Products Corporation.)
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Figure 8-76. Type A-1 Ballast® Tray. Used by permission, Glitsch,  Figure 8-77. Type V-1 Ballast® Tray. Used by permission, Glitsch, Inc.
Inc.
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(a) Example packed column with a variety of internals T
(b) Packing support and redistributor assembly.
(c) Trough-type liquid distributor.

(d) Perforated pipe distributor.
(e)Rosette redistributor for small towers.

(f) Hold-down plate, particularly for low density
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Rules of thumb for chemical engineers Carl Branan
Applied process design ernest ludwig
Chemical process equipment Stanley walas
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