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Pressure Vessel Design 

Pressure vessel design is a two-step ~rocess 

d Process engineer es;tabfhhes process 

= Pressme vessel designer applies code and 
fabrication requirements 

Pressure Vessel Design 
(corztinaed) 

m An eqaipmexxt specSea420n is  u d y  used to 
transmit the process reqaixlements 
- Design pressnre and tempemtare 
- Dianr&r and fenb* 
- Mate& of constnxthn 
- N d e  size and loeation 
- DetaiIsof intern& 



Code Requirements 

Rules faund in the codes represent hundreds 
ef man-years of experience 

ff rrsed wisely, the code requicrenzmts can: 
- C o m d c a k  design requirements 
- UtiHze know-how and technaloglv 
- Keep eqxipmmt msts low 
- Reduce hsur&ce costs 

- Reduce Wee of kg& eentanergemen& 

Code Requirements 
(eo~ih'~tced) 

ASMlE Code - Section 1 

m Governs the design of vessels used for 
genemLing steam 

r When s t e m  is generated by process ffuid (no 
fime), user may waive Section 1 



ASME Code - Section VIXI. Division 1 

unfired pressme vessels 

m Does not appiy h t a d 1  vessels made of pipe 
and atmospheric vessels for water and 
injection chemicals 

Code Requirements 
(cuntinaed) 

AS8WE Code - Section %%I* Division 2 
r For high pressure vessels 
r Safety factor kss than Division 1,3 vs, 4 
r Specid requirements for material and 

fabrication quality controI 

Son-Code Vessels 
r Code construction not required for 

atmospheric vessels hmdbg water and 
injection chemicals 



Related Codes 

a M I  Sbndard 620 - Low Ipsessure Storage Tanks 
1 API W d a r d  6% - Welded Tanks Up to 0.5 psi 

r ANSI B16.5 - F1anges, Valves, and 1Fi:ttiqs 
r 'IEm - Heat Excf?angess 
r Z o d  Codes and Standards - Xf Mare Stringent 

Process Design Requirements 
Pressure 

a. Normal Operati~g 
- Pressme at, which equipment operates at 

design or specified cox1ilLitions 

a M&um.Operating 
- Highest operating pressure foreseen for 

specific equipment 



Process Design Requirements 
Pressure (cmtirzued) 

8 Design Pressure 
- M e m  operating pressure plus a certain 

- N o m l  margins are: 

! (Oper P) + 108 ? 

Process Design Reqtcirements 
f)ressw=e (co&*p~ued) 

r VacumD&gn 
- If ne@tssmy, ve& are designed for boa  

internal d external pressure 
- Equipment that operates under v a m m  or 

are subject to vacuum during pus& or on 
1 0 s  of reboiler heat m y  need to be specified 

, for vacum design 
- Vacmua due to operator error normally not 

considered 



Process Design Requirements 
Pressure (cuntintted) 

a Effect of Pressure Drop on Design 
- ASmE considers design pressure at the top of 

the vessel 

- Design conditions at the bottom should 

Liquidhead 
* Upflow or doWaflow pressure drop 

Hydsostatic test co@aions 

Process Design Reqrcirements 
Temperatwe 

N o d  U p e d g  
- Temperawe at whi& equipmen$ operates at 

design or specific condition 
a Design Temperahre 

- N o d  opefating temperature plas a nxargip , 

or, if cryogenic application, could be minus a 



Process Design Requirements 
Tewlperature (copztinaed) 

r Minimum k i g n  Mebf Temperature (MDMT) 
- Lowest value of: - Normal operating temperature ;minus 2S°F 

Auf.o-refrigeration temperature 
r Fractiomtors 

- For Tra&onabm with large delta Ts, the top *to 
both= 6esign is gradmted 

Process Ilesign Requirements 
T~rnpe~&re (cona'y1ued) 

r Cold Waf1 k i p  
- EntemiHy ~~ vesselts aUow the onfside 

dxefl design T to be considerably 'lower &an 

me+?~em*g T < FCC ePbl" 

r Cooler Failure 
- Fdure of coolers upstream of equipment 

c a d  require a greater increment than 50°F ( ~ 8 ' ~  



Process Design Requirements 
Temperature (continued) 

r Heat Exchanger Shells 
- Design temperatwe of exchangers is based 

upon the higher of the intet or outlet 
temperature 

a Range Ratiags 
- In settie design tempemtare, the effect of 

flange ratingshorzld be considered tx, 
minimize costs 

&ocess Design &quitements 
Comoskn Allowance (CA) 

r Normal CA for carbon steel vessels is JJ8 inch 
Nomd CA for alloy is 1/16 inch ( I - 5 B F S  -) 

m When clad-g or weld overlay is  used to 
protect the base metal, the CA of the base can 
be nil I 

r When a corrosive aqueous phase is present, a 
layer of cement or Monel is used to protect 
the base metal 





Examples of Uses 

r Smooths liquid flow variations resulting from 
large dbfance pumped (eg. from tank farm) 
or the type of pump (reciprocating, etc.) 

m AIZows operator reacttion time in the event of 
loss of liquid feed to &e unit 

r Protects pump suctions from loss of liquid 
f d  by dlowhg time for .pump sf3utdown 
(e.g- separator liquid pumps) 
Absorbs temporary incremes or "slugs" of 

Resideme Time 

Major f ads  affecting me and size of the 
vessel is residence time of the Xiquid phase 

a Factors which determine residence E3ime are: 
- Experience with the same services 

- Difficulty of phase separation 
- Effects of toss of fevef or high level on 

downstream. equipment 
- SetWg of IWO liquid phases 
- Properties caxsktg f- or emulsions 
- Sourdd&nation of liqdd p b ~ ?  
- Presence of suspended solids 





Residence Time 
Two Liqrcid Phases 

r pH -p, > 14 Ib/fg3 5 Min 
pH -p, < 7 1b/ft3 30  MI[^ 

m Viscosity of Iighter phase > f. Cp 30 Wn 

Phase Separation Examples 

Wet Overhead Receiver 



Separation Methods 

I--27 

Momentum 

Gravity Settling 

Coalescing 

Separation using a conrbinatiom af these methods is 
common. 

Momentum Separation 

5 Dexfse1: fluid changes direction more slowly 
than less dense f h d  

= Often used for initial, or '%ulk7' separation 



Gravity Separation 

r For separation to occur, the fluids must be 
immiscible and of different densities 

a The doser the fluid demities, the more 
dBcdt the separation 

r No separation meLh,-od is ceimpX&e - the 
degree of desired separation must be defined 

m herwed size of, 
droplets aids separation 

I Proeess accelerated by 
eoaleschg medium. 



Gravity Settling Laws 
Particle Moving in a Fluid 

m For Vessel Design 
- Calcdate droplet terminal vdocity 
- Size vessel to keep velocity of continuous 

phase less than pafticIe t e rm id  velocity to 
allow separation 

- Size the vessel to permit &e particle to escape 
from Cbe continuous phase before the 
continuoas phase (or the particle phase) is 
wiEhdrawn from the vesseI 

Gravity Settling Laws 
Particle Settling ifi a Fluid 

F, = Bxxoyarrt Force 
F, = Gravitational Force 
F = Resultant Force 
a = ParWe Acceleration 
u = Particle Velocity 

F=Fg-Fd-Fb =fna=m-- 



Gravity Settling Laws 
Particle Moving in a Fluid 

m At Steady State 

and u = u, = t e d d  velocity 

So%,=Fd+Fb 

Grayity Settling Laws 
Partide Moving in a Haid 



Gravity Settling Laws 
ParticEe Moving in a Fluid 

m = Mass of Particle 
g = Gravitational Acceleration 

I IJ, = Gravitation Coastant 
p = Density of Continuous Fluid 
p, = Density of Partick 
A, = Projected Area of Particle 
D, = Diameter of Particle 
C, = Drag Coefficient (based upon velocity 

relative $0 conZin't~ous phase) 
p = ~iscosidy of Continuous Fluid 
u, = TesdnalVdoci%y 

Gravity Sealing Laws 
Particle Moving in a F'I~cid 



Gravity Settling Laws 
Particle Movirtg in a Ftuid 

m Limitations 
- Spherics1 particle 
- S-Wfiujd 
- No inhaction with other partides 
- No waXfefFecb 

The terminal velocity for a particle can now 
be calculated if c, a n  be quantified 

Drag Coefficient Plot 



Newton 3 Equation 

500 < NRe < 200,000 

m Then: CD = 0.44 

Vapor Phase Separafion 
Newton's Eqzatiopz 

N In range of Newton's Emtion, NR, > 500 Eqvjd 
droplets f a h g  in vapor will deferm 

P =  P v  



Mesh Bhnkets 

m Higher terminal veliocities are achieved by using 
coalescing devices 

m For: 

B Then: 

B And: 

Stokes' Eqzt&*on 

Where: N, = 



Stoke's Equatt-on AppEicatteons 

Separating vapor bubbles f r m  liquid phase 

m ' Separating heavy Liquid drops from lighter 

I Then: 

latemediate Equation 

m And: 



Close Fluid Densities 

The cIoser the fluid densities are, &e mre  difficult they 
are to separate. As an empIe,  find &e terminal velocity 
for separatjng water from two fluids - one gas, one liquid. 
Apply Stokes equation. 

1 CASEA j CASEB 1 

Selection of the Dispersed 
Particle Size to be Separated 

r Consider effect upon downstream equipmen& 
effhent quality, overall econoxnics 

= Consider difficdty and cost of separating 
srn&(er) particles 

E Dispersed particIe-s vary in size but 
follow a bell, or m d  curve - use of an 
"'average" size works well 

u Optima1 partide size is difficult to determine 





Use fur Design 

Verticalvessel 
- ikhximura. downward velocity = 0.075 fps or 

H HorizonWVkssef. 
- Upward gas bubble velocity = 0,075 fps or 

- S t t b g  wakr droplet velocity = 0.035 fps or 

Vessel Configuration: Separators 

Process Conditions Vessel Confipu~a.tion 

High Vapor Rage 
Low Liquid Rate Ve&caf Vessel 
O&e Liquid Phase 

Low Vapor Rate 
High Liquid Rate Horimntal Vessel 
One Liquid Phase (Vertical vessel may 

be considered) I 



Vessel ConJiguration: Separators 

Process Conditions Vessel Configuration 

Horizontal Vessel 
Two Liquid Phases 

Vapor Phase Present 
Two Liquid Phases Horizontal with Boo* 
Low Heavy Liquid + 

Vessel Coafigurafionr Separators 

Process Conditions Vessel C & d o n  

Vapor Phase Present 
TWO Liquid Phases Horizontal with 
Low Light tiquid Baffled Outlet 

Vapor Phase Present 
Two Liquid Phases Horizontal with 2 

Baffled Outlets 







Types of Vessels 
Liqd//Liqug Separct;t;tor 

Heavy Liquid Oirt 
Example: Caustic Settles 

Note: Use side &kt and horizontai M u t o r  if fiquid 
volume fbws are approxfmately equal, 

Types of Vessels 
Vupor/LQt~Z/&d Sqaxutor 

Equivalent Light a d  Heavy Liqzcid Raes 

Vortex Breakers 



Horizontal Separator Sizing Example 

- Design a reactor products separator for a 
1 naphtha hydrotreating process unit 
- The relevant portion of the heat and material 

balance is reproduced below; then complete 
the vessel sketch 

Horizontal Vessel Sizing Example 

Tabulate data and dcufate volxmetric flows 



Heavy Liqatid 
(Water) Out 

Horizontal Vessel Siiing Example 

w S e k t  Wa 

m Determine Liquid Residence Time 

m Determine Normal Liquid Level 

m Cafculate Diameter to Satisfy Residence Time 



Horizontal Vessel Sizing Example 

8 Calculate diameter fur each phase separation 
- Liquid from vapor 

- Liquid from liquid 
m If a liquid coalescing Manlcet is wed, calculate 

dianeter for 3 f.t/m liquid vdocity 

m Round up $0 :onearest mulItiplIe of 6" or 3 t Q O m  

Lipid Coalescing Blanket 

m Coalescing trfankets are often used to 
accelerate &e sepmion of &TO liquid phases; 
Xrecizuuse of the often elwe densities, gravity 
separation only may result in a large vessel 
When removing wa&r, blankets are always 

I Liquid velocities over 3 feet per minute m y  
re-entrain droplets from the blanket 



I I-*V~por Out 

r Cddate the diameter based on ddence  time , 
- Select UD = 3 (the most mmon, economical 

vahze) 
- For seftling water phase from Iight hydrwrbon 

phase, use I@ minute residence time 
I - Set n o d  liquid level @U, at centerfine 





Check Vapor/Liquid Separation 

U, for droplethapor separation is 3 ftfs 

Check VaporfLiquid Separation 
fcoaIrjnued) 

, r HosizontaI gas velocity is: 

Uh = QfCSA 





Check for Water/Hydrocarbon 
Separation (continued) 

Distance needed for droplet to separate in 
three feet (112 3)) 

Horizontal Vessel Sizing Example 
Drop Leg (Boot) Sizing Steps 

m Determine residence time 

u Calculate diameter based an phase separation 

Cdcdate diameter based on process velocity 

(UOP standard len* = 3.5 feet) 



Horizontal Vessel Sizing Example 

= Select governing (largest) diameter 

= ff D, greater than haif vessel diameter, then set 
X), = 1/2 vesse1 diameter and recalculate bL 



Horizontal Vessel Sizing Example 
Vessel LDPop k g  (Boot) 

Size the drop leg for 10 minute residence time 
for the water phase 

r Size drop leg for separation of dispersed 
hydrocarbon Iiquid phase from; a continuous 
water phase 

m Calculate gEte drop teg diameter based upon . 
the 10 mirtuge residence time and a drop feg 
length of 3.5 feet 

DDL = 156 ft = 18.7 inches 



Use Stokes? Law to deternine the terminal 
velocity of the dispersed liquid droplet 

(322~0.00041)2 (6155 - 46.34) 

I The vdodty of the conthous heavy Hquid 
phase (water) is the vdametric flow rate divided 
by tEre cross-section& area of the drop leg 



Horizontal Vessel Sizing Example 
Vessel Drop Leg (Boot) 

Round to the next larger standard pipe size, 20 
inch outside diameter 

Drop leg diameter is Iess than haK of the 6 foot 
vessel diameter 
- Length 4 the drop f eg is 3 fee& 6 inches 
- Since the drop leg is less than 30 inches outside 

diameter and the vesset is i&rnaZIy Emd, the 
drop Ieg will be Banged to the vesel 



Vertical Separator Sizing 
Without Disentraining Device 

m Ca$eubte Diameter Based on Phase Separation 
in Vapor Phase 

m Calculate Diameter Based on Phase Separation 
in Liquid Phase 

r Select Governing (Largest) Diameter 

Ve&*caLZ Separator Sizing 
m7il"hout L)isentrairzt'rzg &vice 

(continued) 

m Dete-e the Liquid Depth 
- The distance betweea HIL and Lz, is 

determined from the required residence time 
(snrge volume) 

- Provide 6" fm v d  TI, to kt 
- Set hL-and center of float (COF) on the Ievd 

glass - at the Nu 



Vertical Separator Sizing 
Withoat Disentrainiag Device 

(coatinued) 

m Betennine $he Required Tangent tength 
- Betennine the distance from the HLL to the inlet 

nozzle -- use 1' 6" (minimum) 
- For cfiticd services, where moisture carryover is 

a major concern, provide 2 minutes of surge 
volume, with a. 1' 6" mi*am 

- Determine the distance from the inlet nozzle to 
the top TL -- use 3? 0" (minimum) 

- Add fiqdd depth + HLL to idet + idlet to TL + 
idet nozzle size to determine the overatl TZ 

- ff TL is too long, consider a hrger vessel diameter 

Vapor/Liquid 
Separator 



Process Data Summary 

Vapor / 0.125 1b/ft3 1 695 Ib/h 1 1.54 ft3/s 

Diameter Based on Residence Time 

r Size for 310 minute residence time 

R Normal liquid level = 8 feet 

r Vo1 = 0.35 ft3/s x 60 s/m x 10 m = 210 ft3 



Dktmeter Based on Residence Time 
(continued) 

m Inlet nozzle ID = 12 inch 
rn L = Max LL + clearance to feed nozzle + distance 

above feed nozzle 
w L=(I\iLLiV&LL)+%no~leflD+15ft+% 

nozzle ID + 3.0 ft 
rn L = (8 + YB + %(f) i 1.5 i %(I) + 3.0 = 18.5 ft 
r Round to 18 feet 

Diameter Based on Gas Velocity 

UmX = 3.0 T t f ~  





UOP Manways and Auxiliary Nozzles 

m Manways (18" min ID) 
- Vertical Vessefs - f rovide on top head 

Flange top head if vessel diameter s30" 

- Horbntal Vessels 
Provide on the side at or below the 
centerbe; place above the centerline if 
vessel is h e d  
FIange vessel head if diameter l 30"  

* Locate near one end 

UOP Manways and A~lxiliury Nozzles 
(co&*naed) 

8 Ventilation 
- Required for safety on horizontal vessels > 10' 

&mekr  
- Lscate on top, at the end opposite the manway 
- lJ4himmdzes 

I 10' diameter . 4" nozzle 
> 15' diameter 6" nozzle 
> 252 diameter 8" n o d e  



m Vents and Drains 
- Generally required on the vessel or on piping 

t near the vessel 
- Locate to completely vent and drain the vessel 

- Minimlumsizes 

< IS' diameter 2" nozzle 
ISy - 2Q2 diameter 3" nozzle 
> 20' diameter 4" nozzle 

Vurfex Breakers 

m Provide vortex breakers on liquid ou4kOF to 
eliminate possible vapor emlraime~t 
(especay objectionable eon a pump suction) 

r When hvo liquid phases me present, raise the 
light phase vortex breaker to prevent possible 
inflow of heavy phase liquid 
- For water, it is t y p i d y  raised 6 inches 



Inlet Distributors 

a Xdet distributors change the liquid direction to 
provide momenturn separaaon 

r Horizontal Vessels 
- Subcooled liquids use an open ended pipe from the 

top or bottoln of the vessel; distributor exit located 
to always remain beneath liquid 

- Bubble point liquids (cg. small amount of vapor) 
use a vertical slotted pgpe the same size as the inlet 

- Two Eqdds of approxhateiy equal vo£ame - ulse a 
horizontal slotted inlet pipe near the normal Iiiquid 
interface (Le. the vessel centerline); pipe is the same 
she  as the inlet 

IPg-2WD.97 

- - - - - 
\ 

- _ 

m Z3EorhonM Vesseis (continued) 
- Mixed Phases - nse a vertical slotted inlet 

one pipe size hrger than the inlet pipe 
Stot area is 2 to 3 times the &ribator 
We8 
If there are two approximately equal 
liquid phases, locate the Met near the 
center of the vessel and use two slots 
facing the shell 



Inlet Distributors 

m Horizontal Vessels (continued) 
- Unfess otherwise noted: 

Slots begin 6" from the inlet nozzle 
Slots end at the end of the distributor 
Distriiutor ends 6" from the vessel bottom 

* Slot area is twice the distributor area 
* Use one sfot 
* Use interrni4%ent ratber than very narrow (< 

3B6" f S m ) )  slots 
* Slog to face the nearest head (to maximize vesseI 

gravity separation Img& and residence time and 
provide additionat rmamenhum separation) 

&let Dis~*butors 
(continued) 

,Vertical vessels use a tee style Mbutor,  
except oa small vessels with flanged heads 



Newton's Law 



The design and analysis of modem pressure vessels is a complex task requiring the pressure vessel 

designer to have a broad and in-depth understanding of various speciafized fiefds such as applied 

mechanics, strength of mstTexi&s, fatigue, fracture mechanics, plasticity, creep, mess rupture, 

metaBurgy> heat transfer and computational methods. The pressure vessel desimes must also 

maintain an up-to-date working knowledge of the various codes and fabrication processes as they 

rekite to vessel materials and constm&on. He must also provide coordination between process md 

project engineers and the vessel fabricator in order to properly communicate the requirements of the 

vessel process design. 

This presentation will provide an overview of the various facets of pressure vessel design in order to 

provide process and project engineers with additional background to commicate with the pressme 

vessel designer. The design code referred to herein is the ASME (Aanerican Society of Mechanical 

En&neers) Boiler and Pressure Vessef Code which UOP utilizes as a minimum requiremen%. 

';) 
However3 it should be recognized that other com%ry and local codes may ultimately govern in 

&sign where &eir requirements are more strh;pent. 

CODE R E Q m m m S  

AIl vesseXs used for the purpose of generating steam with a process fluid or within a process 

heater wi31 be designed according to the ASME Code, Section I, Boiler Code (latest edition). 
i 

I 
some insbnces where steam is genefated by a process stream without the use of direct fire, the 

vessels m y  also be designed according to Section VID of the ASME Code, but it is not 

Section VEI[X, Division 1 

All pnxess vessels should be designed according to the ASME Code, Section Vm, Unfixed 

,i Pressure Vessel Code (latest edition) andlor the codes which govern in the particular country in 



which the unit is to be installed. This does not apply to small vessels made of pipe and 
/ 

\ 

atmospheric vessels handling water and injection chemicals. 

Section Vm, Division 2 

In cases of vessels o&rating at pressures above 1000 psig and less than 9WQF, consideration 

should be given to designing to the AS,W Code, Section VIII, Dvision 2. This division of the 

code is similar to the A S W  Code, Section El, Nuclear Code and pennits using a higher design 

stress fevef &an ~edtion m. However3 there are special requirements on the design, 

fabrication and marerial testing which can o&et much bf the savings due to the higher 

allowable stresses permitted by Division 2. 

Non-Code Vessels 

Many amospheric vessels handling water and injection chemicals nee$ .not be code vessels. There 

is a nomind savings due to not having to be fabricated in a code shop and not requiring a code 

Otfier Refated Codes 

* API Smdard 620, Large Low Pressure Storage Tanks 

Pressm 0-5 to 15 psig 

AP1[ SmM 650, WeEded Storage T& 

Pxessms up to 0.5 psig 

e ANSI 316.5, Steel Pipe Ranges, Ranged Valves and f ttings 
- - - - 

e ~ , H & E X C - ~ ~ S -  

- 
Foreign Codes and Standards . - - -- -- - - ---- 

The requirements of foreign codes and standards vary considembly, but usually any savings or 

additional costs due to the calcufated wall thicknesses are compensated for by variations in quatity 

arid fabrication control requirements. 



'.-') 
DEXGN CONDITIONS AND REQrnREMENTS 

Design Conditions 

The operating tenapemt~res~ pressures, Rowing quantities, and densities determined by the process 

design engineer is the basic criteria used in setting &e vessel design conditions. Additionally, 

climatic conditions relating to wind and mhquake must also be &en into consideration. With &is 

infomation, the following guidelines can be utilized in setting vessel design requirements. 

- Nonnal Design - The design pressure should, normally, be a minimum of 25 psi or 10% 

above %he maximm operatirig presswe, whichever is greater. Minimum design pressme is 

nonndly SO psi% 

- Very Laxge Vessels - h cases of very Iarge vesseIs operating at low pressures, the 25 psi 

incremeng is sometimes used for design above operating pressure rather than the minimum 

of 50 psig. 

- High l"ressure - At opxating pressures above 1OOO psig, the design conditions are taken as a 

minimum of 100 pi or 5% abve operating pressure, whichever is greater. A pilot operated 

relief valve is mquixed for &is lower design margin to be used, however, so as $0 ob&iin 

bubble tightness at 95% of set presswe. 

- Vacuum. - Vessels operating under any condition of vacuum should be designed for full 

vacuum. 
i 

1 

- Possible Vacuum - Vessels not operating under a vacuum, hut subject to a vacuum condition 

due to failure of a control or heat some, should be designed for NX vacuum or provided 

with a vacuum breaking device. Designing for vacuum usually oniy requires the addition of 

stiffening rings to the shelf for most vessels designed for a reasonable internal pressure, 

although some vessels may also require an increase in wall thickneqs. 



- Liquid Filled Vessels - Vessels operating liquid full, where a sudden drainage or other 
I 
\ 

circumstance such as flow stoppage and subsequent cooling could produce a vacuum 

condition, should be designed for vacuum. 

- Hydrostatic Test - h some instances, the design presswe at the bottom of the vessel may be 

dictated by the static head of liquid required for hyckostatic testing of the vessel. 

- Normal Design - design temperature should be about S O T  above the normal operating 

temperature or 250"F minimum. Consideration should be given to failure of coolers ahead 

of vessels, which COW q u i r e  a greater increment than 50°F. 

- HI& Temperature - Reactors operating at high temperatures and high pressuses, where the 

ailowable stress drops rapidly with each temperature increment, are u s d f y  designed for the 

maximum expected operating temperatare at end of run. Tkis practice is wuatly conserva- 

tive if the reactions are mdoth-c. Consideration should be given to the accuracy of the 

temperature-sensing element so as not to exceed &e desim temperature without sensing it, 
i 

- Flange Rating Consideration - 3[n setting, the design tmperittm of vessels, t"he e f fec t :  on 

flange rating should always be taken into accomt so as not to increase corn mduiy. Pressure 

and temperature limitations are as indimxed in ANSI B f 6.5 (latest edixion). 

- Cold Wall Design - When tempem- are we131 above Xevels which can be reasonably 

designed for and, in sonre in&mces, to reduce alloy and thickness requirements in high 

pressure vessels, internally insulated (cold wall) vessels are used where the outside shell is 

designed for a temperature lower than the operating temperature. 

- Wnirnurn Design Metal Temperature - The ASME Code requires &at the Minimum Design 

Metal Temperature (ML)m) be specifled. The IVQX4.T will be the lowest of the normal 

operating temperature minus 25°F (14°C), the lowest 24-hour m a  ambient temperature, or ~ 
the resdt of an auto-refrigemtion calculation based upon the process fluid. (,~.. 



i * CorrOSiOll At10wanee 

- Nomal Corrosion Allowance - The normat corrosion allowance on carbon steel vessels in 

non-corrosive service is fl8 inch. 

- Cladding - Vessels in severely corrosive service are usually alloy clad or have "weld- 

overlay" for protection* Where &adding or weld-overlay is used to protect against 

conosion, no corrosion allowace is added to the base metal. 

- Cement Lining - Whexe corrosive aqueous phases are handled at low tempemes, the 

metal is sometimes protected with a layer of "acid proof c e m t "  or monel. ThP; monel 

Ening is easier to inspect than the metal behind %he cernenf: li~ng. 

* NinimmWaljlThicXm~ 

- 0.25'Yor carbon steel vessels with 1/16'' comsion &owance. 

- 0.3125" for carbon steel vessels with lI8" corrosion dlowmce. 

j - 0,1375" for stainless steel vessels with 2/16"' corrosion allowance. 

- Wall rhicfaxess must be great enough to assure s t n r c t d  stability. 

Se&g Basic ZXmensioxfs 

The size and shape of mst process vessels is detemined by &e process design engineer. By 

training and experience* he is the logical person to make such decisions. The dimter and height of 

a distillation tower are basically set by the distillaion design calculation. The volume of 

aaxmufator drum, reactors, and seMing vessels axe similarly dictated by process calculations. 

Anyone who has made such calculations, however, rsealies that &ere is considerable leeway in the 
I 

final choice of dimensions. For example, an accumulator drugl m s t  have a certain volume, but a 

great number of length-to-di'meter ratios can be employed to give that volume. Other factors being 

equal, it is necessary to choose the most economical ratio. A length to diameter ratio of 3: f or 4: 1 is 

usuaUy most economical. Other factors, such as plant layout, appearance &d foundation conditions 

must also be considered. Above all, the process design engineer must set vessel dimensions so 

standard components can be employed throughout. The use of standard heads, for example, will 
\ 

) avoid extra charges for special patterns. 



If possible, the process design engineer should consult with the vessel designer during the early 
I 

stages of vessej planning so that the most econoxrikal design can be realized. Engineers concerned 

with the detailed mechanical design and fabrication of a vessel are not in a position to change basic 

dimensions, since these dimensions are required for the process. Therefore, it is imperative that the 

basic dimensions be set ih%elligendy by the process design en@neer so that they will W5ll borh 

process requirements and the requirements of economlcd design. 

Residence Time i 

The detednation of a residence time for the liquid phase should consider the following factors: 

* A secommendation based on experience with the process 

The effects of loss of level or over filling on upsrseam or downstream equipment 

The di%culty in separating phases. muid properties, emulsifying or foaming tendencies, 

upstream mixing, surface active agents and suspended solids can afTect phase separation in 

varying degrees. 

Common residence times used lfor sizing vessels are as follows: 

For a horizontal vessel with a vapor phase and one Xiquid phase, 5 minutes based on &e liquid 

phase rate, 34 full, is usually adequate. 

* For a horizontal vessel with a vapor phase and two liquid phases, 10 minutes based on the total 

liquid rate, 95 full, is usually suitable .fsa most conditions. When the difference in densities of 

the liquid phases is low (7 lb/f? or less) and/or the Lighter liquid viscosity is hi@ (1 centipoise 

or m e ) ,  30. minutes or more may be necessary. When the difference in densities of the liquid 

phases is high (14 ib/ff or more), 5 minutes may be adequate. Experience with the system is 

especially important in liquiMiquid separations. 



For fiquid surge rime Erom high to low level, 2-4 minutes is normally adequate for most 

conditions. For vertical separators upstream of compressors or other critical equipment, a 

minimum of two minutes surge time is provided between the bottom of the inlet nozzie and the 

maxlimum controlled h e l .  For horizontal vessels, considefaron should be given to the location 

of the nonnd Iiquid level. If the vapor rate is small arid the liquid rate is large, it may be 

advantageous to set the n o d  liquid level above the vessel centerline to maximize h e  liquid 

residence time. If the vapor rage is large and &e liquid rate is small, it may 'be advantageous to 

set the normal liqtrid level below the vessel centerline to minimize the vapor velocity. 

* For drop legs with a level controlled outlet, 5-10 minutes is a suitable range for the drop leg 

capacity. 

* For drop legs w&h a manually controlled outlet, 600 minutes of drop leg capacity is adequate for 

one draining during an eight-hour shift. 

) PhaseSepara6ion 

Designing for phase sepxaion assumes that a &oplet W n g  under the inf3umce of gravity will 

accelerate until the frictional drag force balances xhe gravitational force. The droplet then faWs at a 

constant velocity, which is defined as the terminaf or free settling velocity. ?%is relationship is 

shown in Fi,aure FX-1. The cwve has been divided into t i ~ e e  sections where fhe drag coe%&ent 

can be considered a linear relatiomhip relative to Reynolds number. There ase three laws for 

determining the &mind velocity, which is the basis of the critaia recommended for sizing vessels 

for phase sqb~%~tion. These laws have limits based on the particle Reynolds numb1 as follows: 



The terms in these equations are as follows: 

p = density of the continuous phase 

pp = density of the droplet 

Dp = diameter of the &pfet 

,u = viscosity of the conrt:nuous phase 

Figure fx-l 

Drug Coe@T&nt vs. Rqnold's Number 

Design conditions for m e i v a ,  separators, and drums fall into the categories of the Stokes' and 

Intermediate Laws. Stokes' Zaw is used for disenqaining vapor from the Iiquid phase a d  gravity 

settiing the dispersed liquid phase from the continuous Iiquid phase; the Intermediate Law is used 

for gravity settfing liquid from the vapor phase. The droplet size or dxanzeter used in these laws is 

often difficult to determine. In selecting the droplet &meter, the effect of endnment on 

downstream equipmt, effluent quality, and overall economics should be considered. 



..? The foiIowing droplet diameters are used in these guidelines in lieu of more definitive sizes: 

* 175 microns for gravity settling liquid from the vapor p h w  

175 microns for &senmining vapor from the liquid phase 

* 125 microns for gravity settling the dispersed liquid phase from the continuous liquid phase 

In range of Wewton*~ quation, NRe > 500> Eiq~d droplets falling in vapor will defom and Co wig 

not be 0.44. Ze is reasonable to set CD = 1 as the curve indicates for cylinders and discs. p~ is 

substituted for pp and p/ for p and a typicd droplet diameter of 175 microns is selected, then the 

terminal velocity becomes: 

Mesh blankets are frequengly used to enhance coalescing of the liquid drops so that sepafation can '! 
I be achieved a tugher vapor velocities. The foHowing relationship applies when mesh blankets are 



GUIDELIMES FOR SIZING VERTICAL VESSELS 

SurgelStorage Vessels 

Choose a desirable fengthldiameter (UD) ratio. Usually 3: 1 is a good choice. 

Determine the liquid residence time required and percent liquid hljt at normal liquid level. 

/ * Calculate the liquid holdup volume required to satisfy the liquid residence time. This is the 

volumetric liquid flow rate, @,, multiplied by the liquid residence time. T. 

* Calculate the volume of the vessel, Vv. This is simply the liquid volume, VL. divided by the 

percent liquid full, I;, 

* Since the volume of the vessel equals the volume of a cylinder$ set the vessel volume, VV, equal 

to the vojme of a cylinder. 

* Substitute for L the D dexermined by the Lla ratio and solve for the vessel &meter, I). For a 

UD mtio of 3, the equation is as foltows: 

* Round off diameters and tangent len@s to the next larger standard increment. Standard head 

sizes usually are available in 6 inch or 100 millimeter inaements. (. 



Phase Separation Vessels witbout Demktbg Blarrket 

The method used sizes the vessel diameter so that the vapor velocity is equal to or less than the 

terminal velocity of a liquid droplet falling through the continuous vapor phase. Tgte liquid velocity 

must also be quaf to or less &an the terminal velocity of a babble rising through the continuom 

liquid phase. Refer to Figure X-2 for a sketch of the system and a definition of &mns. Subscripts 

DL and CV refer to the dispersed liquid and continuous vapor phases. 

* Calculate the tenninal velocity of the liquid droplet, VDL, using the Intermediate equation. 

* The vapor velocity risks in the vessel, Vm, is equal to the vapor voImetxic Row rate, QGV, 

divided by the vessel cross-sectional area, and the cross-sectional area is the area of a circle with 

* Substitute for Vm and solve for L). 

* Similarly, the terminal velocity of the bubble rising through the continuous liquid phase can be 

calculated using Stokes' equation. 
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The liquid velocity fiowing downward in the vessel, VCL, is equal to the liquid volumetric Aow 
I 

rate, QLt divided by the vessel cross-sectional area, and the cross-sectional area is that of a circle 

with diameter D. 

* Substitute for VDv and iolve for D. 

* Based on the largest cdcuEated vessel diameter &on Equations 1. and 2 above, determine 

whether an ellipsoidal or a flanged flat top head is suitable. Vessels smdfEer than 30 inches in 

diameter should have a Ranged Bat top head. Vessels with a dimam of 30 inches can have 

either type of top head. VesseZs larger than 30 inches in diameter should have ellipsoidal heads. ( .  

* 1 D e e n e  the liquid level m g e  for the vessel based o-n residence time considerations. 

* Calcdate the vessel tmgen% length based on the type of top head, the liquid level range, and any 

necessary surge tinre above the maximm contr.ofled level by using the equations in the sketches 

in FiCm K-2. 

Romd off &meters and tangat lengths # tothe next larger standard increment. Standard head 

sizes usually are available in 6 inch or 100 miIlimeters increments. 



Figure XX-2 
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GWDELZNES FOR SIZXNG HO~OhVTAL VESSEZS 

VesseI Shell 

Phase separation in a horizontal vessel should account fur the fact that the forces acting on the 

droplet to be separated are nut acting in the same plane. The traditional dra$gnvityJbuoyant faces 

are acting in a vertical direction, but the continuous fluid movement and its drag forces are acting in 

a horizontal direction. Our xrrethod takes into consideration the direction of these forces, as well as 

the vessejf geometry in detemrirxhg the vessel size. i 

I 

Focus on the separation of a liquid droplet fkom a continuous vapor phase. Refer to Fib- M-3 for 

a sketch of the system and a definition of tern .  The dropXet must fall through the verticaf distance 

of the vapor space to the continuous liquid phase before the horizontal forks of the vapor cany the 

droplet out of the vessel. To assure that the sepamtion is maintained at all operating conditions, we 

will investigate the separation when the liquid level is at its highest. The highest liquid level will be 
i no more than 0.25 diameter above the centerfine. 



* Select the tangent Xen,othldiameter (UD) ratio. 
i 

* Determine the liquid residence time required and percent liquid full at normal liquid level. The 

normal liquid level is usually at tte centerline, but exceptions can be considered. 

Determine the normal liquid level for vessels not liquid full. A standard level control range 

should be seIected so that &e level at maximum range of level controller does not exceed 0.75D. 
I 

* Calculate the vessel diameter to satisfy the residence time. 

* Determine the terminal velocity, V' of the droplet using &e htemediate equation. 

* The maximum distance the droplet mast fall is the height of the vapor space from the top of the (>. 
&tun to the maximum liquid level. Let: chis distance by XD, where X is the vapor space height 

expressed as a fraction of D. 'I*he time, T, to &op through the vapor space is: 

* The velocity of the vapor through the vessel, VW, is fEke volmetrjc flow me of the vapor, em, 
divided by the flow area, where the Row area is expressed as a fraction, 2, of the vessel csoss- 

sectional area, 0.785D2. 



Figure 1x13 
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EDS-RMT3Q.1 

* The time for the vapor to pass t h @  the vessel is the distance beween the inlet and outlet 

1 nozzles divided by vapor vejocity. We can express this dista-nee as a factor, (Y), times the 

diameter, (D), where Y is (L%D)-f if we assume that the inlet and outlet nozzles are each a 

&=urn 0.5D from the vessel tangeat. Now, if the time for the droplet to fdi is set equal to 

the .time for the vapor to pass through the vessel, we have: 

Substitute for VDL, Vm, and Y and solve for D. I i 

If X is 0.25, shen Z is 0.20, and if we selected an UD of 3, then Y is 2. The equation then 

,) simplifies to: 



i 

Using a similar analysis, the vessej diameter can be caEcuXared for separation of a vapor bubble 

from the continuous liquid phase. For this, Stokes' quation must be used in place on the 

Xntermediate equation. r 

* If EiquidlJiqgd separation is required, the calcuIation of the vessef diameter proceeds as in the 

paragraph above using the properties of the two liquid phases in Stokes' equation. 

0 If a vertical coalescing mesh blanker is to be installed in the vessel, calculate the diameter 

necessary for a maximum liquid velocity of 3 ft/m The clearance between the mesh blanket 

and the drop leg should be approximately one-half of the vessef diameter. 

* Size the vessel on the basis of the largest of the preceding calculated diameters. 

Round off diameters and tangat le~gths to &e next larger staxldard increment. 

Vrx;seI Drop Leg 

* Determine the residence time. 

Calculate the drop leg diameter for phase separation by using Stokes'quation. 

* Based on the recommended maximum drop leg velocity, calculate the drop leg diameter by 

using that xnzxirnm velocity. 

* Calculate the drop leg diameter based on the residence time md a drop leg len,& of 3.5 feet 

(1070 miliimeters). 
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If the largest of the preceding calculated drop leg diameters is less than one-half of the vessel 

diameter, round this diameter up to the next larger pipe diameter. If the f argest of the preceding 

calculated drop leg diameters is equal to or larger &an one-half of the vessel diameter, round 

one-half of the vessel diameter down to &e next lower whole even inch increment. Use that 

value as the drop leg diameter, atBd increase the drop leg length beyond 3.5 feet to saxjsfy the 

residence time requirement and round the len@ to &e next largest 3-inch increment, If the 

drop les len,@ becomes larger than 6 feet, a smaller residence time or a different vessel 

configmation, such as a baffled separator, should be considefed. 

* Drop leg diameters should be specified as OD (outside diameter) in order to aUow standard pipe 

ma&xial to be used. The m u m  drop kg outside diameter is X4 inches. ?"he minimurn drop 

leg len,$h is 3.5 feet. 



HORIZONTAL VESSEL EXAMPLE 

The following data is to ;be used 'to size a horizontal Product Separator in a naphtha hydrotreating ii 

process. 

Tabulate data and cdlcuXate volumetric flows. 

CaIculaze &e diameter based on residence time. 

Select UD = 3 
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. ,l 
For settling water phase from Eght hydrocarbon phase, use a 10-minute residence time. Set normal 

liquid level at centerline. 

If vessel is % MI, then full vessel volume is: 

VV is a cylinder with LdiD = 3 

D = 5.7 feet 

Calculse the diameter based on liquid ftom vapor separation. 

For n m a i  Iiqaid level at centerline, maximum level is 0.25D from top of (vessel (X = 0.25 and Z = 

0.20), and UL> = 3 (thus Y = 2), use the equation from page Z-16. 





- *') 
The horizontal velocity of the liquid phase is the volumetric Row of Equjd divided by the flow area. 

whex: ijZt is the tiquid flow rate, gpm 

Z i s  %he fi.actisn of aoss-sectional area cokesponding to X 

0.785$ is the total cross-sectional area 

Xf Y = LJD - 2, ahen the t h e  for tht: liquid .to flow .fforn the inlet to the outIet is: 

) In the worst case. the 6me for the bubble to iise XD is equal to the time for the Gquid to flow YD, 

and: 

Substitute: 



Solve for D: 

For X = 0.25, &en Z = 0.20 

I 

For LD = 3, then Y = 2 

And: 

D = 1.75 feet 

This does not govern 

Cdcdate the diameter based on Iiquidlliq&d separation. 

The method uses Stokes' Law to c&cdate the terminal velocity of the heavy liquid droplet and is 

very similar to the vapor from Xiquid case. 

Use subscripts HL and LL for heavy liquid and tight Iiquid. 



--l 
From Stakes' Equation: 

and: 

Substitute and solve for D 



The governing diameter, 5.7 feet, was that determined based on the liquid residence time. Round , 

to: i 
1 

D = 6 feet 

L = 3133 = I 8  feet 

Vessel BOD Lee 03ootj 

Size the drop leg for I07&ute residence b e  for the water phase. 

Size drop leg fur separation of dispersed hydrocarbon liquid phase fkom a continuous water phase. 

Use Stokes' Law to determine the terminal v6locity of the dispersed liquid droplet. 

The velucity of the con~nuous heavy phase (water) is the volumetric flow rare divided by the cross- 

sectional area of the drop Eeg. 

Now set the velocity of the continuous water phase, VCm, equal to the terminal velocity of the 

hydroc&a droplet, VDU, and solve for the diameter of the drop leg, DDL. 



DpL = 12.4 inches 

Calculate the drop leg diameter based upon $he 10 minute residence time and a drop leg Ien+gth of 

3.5 feet. 

(*)(lO~n( nzin 7.48 '' gal ) =  3.51t~f,~ 4 

Select the largest cdcuiattxf drop leg diameter, 18,7 inches, and round to the next larger szmda~d 

pipe size, 20 inch oueide diameter, 

Lenn& of the drop leg is 3 feet, 6 inches. 

I 
Since the drop leg is less than 30 inches outside diameter and the vessel i s  internally lined the drop 

leg will be flanged to the vesse1. 



VESSEL FABRXCATXON 

Vessel Shelf 

Pressure vessels for process plants a .  usually of cylindrical shape. Bending rollers consisting of 

three stacked rolls, one on top and two below, are used to fom the cylinder. The length and 

sturdiness of the rollers will determine or Limit the width of plates to be rolled. The top roller 

imposes the bending forces on the plate and the distance between the top and tx>nom rollers control 

the diameter of the cyfindkr. The rolling may be done cold on thin plates of smaller size. Prior to 

rolling, the ends of the plates are shaped to the desired radius in a press using a radius-forming die. 

By this proc&e, perfectly round vessels can be made. After rolling the edges of the plate are 

prepared fox- welding. 

Plates for the fabrication of vessels are usually ordered by thickness. Plates made by a sheared-plate 

miU are of better qudlity and are available in a greater number of sizes. They can be obtained in a 

wide variety of clzicbesses, the most common being from 3/16 inches to 1 inch in increments of 

1/16 inch, 1 inch to 12 inch in incmmts of Xi8 inch, and 12 inch to 4 inches in increments of 3 

inch. kn3aths up to 800 inches are p2:ocEuced in the thinner plates. The maxirntun width available is 

about 195 inches, but extra charges on width m y  start at 100 inches. Therefore, it m y  prove 

economical to use more than one plate in certain instances for vessel sizes requiring plates over 100 

inches wicle. A coxnpaTison bemeen piate width extras and the additional costs of fabrication with 

mdtiple plates must be made. 

Vessel Heads 

Ideally, a spherical-sha@ pressure vessel is the most desirab3e since it w i t h s W  higher pressures 

for a given metal thickness. Spherical vessels are used in the storage of volatile liquids and ,oases, 

bat they are not suitable for the comction of the ,trsuaI process vessels. The cylindrical-shaped 

vessel is the next best design and is used most extensiveiy. The heads for such vessels may be flat, 

ellipsoidal, elliptical dished, dished, henisphesicaf or conical. Hat heads can be employed 

economically only on small vessels (3 feet or less in diameter) or on vessels operating at low 

pressures. Rat heads may be welded to the vessel or installed as blind flanges on smaller vessels, 

Heads otfier than flat heads are manufactwed by pressing or spinning large flat plates to the desired i A 



shape. Sizes from twelve inches to twenty-two feet in diameter can be manufactured by spinning. 

Pressing is more senexally confined to smaller heads and is only economical when there is a 

demand for a large number. 

Ofien the pxocess requirements dictate the style head to be used. A conical head, for instance, 

would be used for the bottom head of a settling drum. If no certain style is dictated, however, the 

choice between hemispherical, standard dished, and ellipsoidal heads is a question of economics. 

As the tkickness required to withstand a given pressure increases in the order hemispherical, 

eliipsoidai, and dished, the cost of forming decreases in the same order. Although it is difficult to 

~ e n d i z e ,  it m y  be said that in the range of low to moderate pressures, the s~andard dished head is 

used. At higher pressures (above 100 psig), it proves to be more econorrzical to employ the 

ellipsoidal (elliptical dished) head with 2:1 .ratio of major to minor axis. A wide assortment of 

standard heads is manufactured and it: is always desirable to use these whenever possible. The use 

of a non-standard head quires the manufactme of additional dies needed in the forming process 

and thus entails additional expense. 

MI. prucess vessds require nozzles for fluids, vapors or solids to enter and leave the vessel and for 

instrument connections, drains, vents, handholes, md manholes. These nozzles may consis of pipe 

couplings, forged steel nozzles, built-up nozzles, intewly reinforced nozz3es or other suhb1e 

m g m e n t s  in accordance with the code requkemens. Although the code pennits the use of both 

fusion-welded and threaded nozzles, the use of Ulreaded nozzles is generally avoided. 

Cutting of holes into the she11 of the vessel for the insmation of nozzles weakens the vessel; 
i 

therefore, reinforcement around the nozzle is required. Detailed mles f&r such reinforcemenr are 

given in the code. Forged steel welding necks of lengths sufficient to protnrde beyond vessel 

insulation are mass-produced by several mmufac~ers. The len,@s of such nozzles have been 

standardized and it is cwomary in designing vessels to adhere to these stdndard lengths whether the 

nozzle be purchased or fabricated from pip. So-called welding-type nozzIes with integral 

reinforcing necks m ~so~available. These nozzles do not require the additional reinforcement 

) necessary for welding neck nozzles 



COP recommends a minimum nozzle size of 1 -inch on pressure vessels. This ensures mechanical 
i 

strength and reduces the chance of plugging of the nozzle. There are other minimum size 

requirements for certain services such as vents, drains, steamout, level, temperature, and manways, 

which will be discussed later. 

Nozzles Iarger than half Ehe vessel diameter require additional investigation and possibly additional 

reinforcement and are not commonly recommended by UOP. 
I 

According to the ASME Section VIlf Pressme Vessel Code, all nozzles on vessel heads must be 

located inside a circle of diameter 0.8 times the inside diameter of xhe vessel. On vesy small 

- hctionatoss, it is sometimes necessary to insm the vapor outlet on %he side rather than on &e head 

to satisfy this requkement. Consult a flange ;able for the outside diameter of flanges. 

To avoid interFerence with the vessel weld line, 2-inch nozzles md s d l e r  are normally located 

with a minimurn of 6 inches from the tangent line to the centerfine of the nozzle. Nozzles greater 

than 2 inches should be located a minimum distance of tbe nozzle diameter plus 5 inches from the 

tangent line to dlow for the reinforcing pad. 
i 

GenesaZly, for tangential nozzles on horizontal vessels, the -maximum permissibje distance from the 

centerline of the vessel to the nozzle is 0.45 times the vessel diameter for diameters greater &m 12 

fmt. For more infomation and a tabEe of maximun permissible s%istancres versus vessel dime&n> 

refer to Figure LX-4. 



-'> To simplify fabrication, a minimum "'3" dimension of 6 inches is recommended when processing 

conditions will permit. 

UOP practice is to specify manway sizes as inside diameter and to provide a minirnm manway size 

of 18-inch inside diameter, including Zining, if applicable. Lrger size manways shoufd be used if 

required to accommodate intmals. Oxl unlined horizontal vessels, the manway should nonndly be 

located on the side of the vessel at or Mow the horizontaf center fine. If the bottom half of the 

horizontal vessel is lined, the manway will be located on the upper side or the top of the vessel. 

Horizonxal vessels with a diameter of 2 feet-6 inches or less can have a fit11 flanged head. 

Vertical driers, treaters, e&., usuafly combine the tup mmway with the process piping and also use 

it for loading solids or packing. The size should be a minimum of 18 inches inside diameter and 

may be larger to permit infilflation of intmals. A mmway is provided on some driers or clay 

towers on the side near the bottom of the vesse1 to unload solids directly into a mek. 

Figure XX-4 

Dm& L i m ~ * o m f o r  
Tangential No& on Horizoptifal Vesselj. 



For safe entry reasons, horizontal vessels 10 feet and ,pater in tangent len,@h should be provided ( 
with a blanked off ventiXa@on nozzle on top of the vessel near the end opposite the manway. 

A steamout comectio~ should be provided on each vessel which is steamed out as part of the 

nonnal startup or shutdown o p t i o n .  ExmpXes of vessefs which should not be provided a 

steamout comec&on are reactors in hydrogen-rich gas circujts, vessels containing caustic, and 

vessels containing rna~eriskfs such as mobc.srlar sieves which could be damased by water. The 

steamout connection will be located near rhe botrom head on vertical vessels and on the head 

furthest f20m the ventilhon nozzle on horizon&% vessels. 

The UOP recomeadations for mk imm sizes of vents, steamouts, and dra-ins fo1lows. 

For vertical vessels, the atmospheric venr: n o d e  and vdve are located on the vessel, or on the 

piping near the vessel, at the highest point rrnd are used for venting to atmus@en:, for steamout, 

purging, and hydroststdc testing. 

For horizontal vessels, the atmospheric vent valve is located on the vessel with a vent valve to 

atmosphere. 

When a steamout connection is specified, the vent nozzle i s  located on the vessel with a Vent vdve 

to atmosphere. 



The vent valve to atmosphere is not required when there is no steamout connection or when a vessel 

is purged and evacuated during the stsuhxp. 

A depressuring connection to the pressure reIief header is always required. 

The drain is located on the vessel or piping near the vessel at the lowest point for draining 

hydrosratic test water to the sewer or hydrocarbon to a closed &la or pumpout system. 

The design and pressure rating of the flanges on flanged nozzles are governed by the folIowing 

codes: 

Chemical Plant and Petro1esxm Refinery Piping Code (ANSI B3f .3) 

Steel Pipe Ranges and Ranged Fittings (ANSI B16.5 - Latest edition &at has been approved by 

* ASME Boiler aid Pressure V e d  Code, Section VPII, Division 1 

The nominal pressure ratings for flanges are Class 150,300,400,600,900, 1500 and 2500. Ike 

pressure temperature ratings of these classes are tabulated in ANSI 3316.5. The ratings m for .the 

m a x i m  allowable non-shock pressures at the temperatures indicated. Interpolation betwen 

temperatures is acceptable. Markings on flanges usually consist of the manufacturer's name, 

material, nominal pressure class rating, temperature, size and ring joint groove nmbes, if 

appropriate. Flange facings include raised face, male md female, tongue and Fuove, ring joint and 
I 

lap joints. The raised face flange is the most commonly used. 

Vesseli fnternak 

Usually, vessel internals, such as mys and mesh blankets, are not m&ufactwd by the vessel 

fabricator. The design and fabxication of these items requires a specialized technical know-how. 

However, support rings and bars for mys and mesh blankets wilX commonfy be welded to the shell 

/ by the vessel fabricator. Other vessel, intemafs such as baffles, distributors and vortex breakers m y  



be fabricaxed and instailed by the vessel fabricator. It is desirable for all vessel intemals to be , ,+ 

\ 

designed so that they may be removed through the manways on the vessel. 

Coalescing blankets are used to coalesce fine droplets of the dispened phase from the continuous 

phase in a shorter perid of time than could be accomplished in an empty vessel. If salts or 

corsosion proclucts exist, coalescing blankets may plug. 

Demisting blankets a~e uked to remove entrained liquid in vapor streams where such liquid could 

cause damage to downstream equipment such as compressors or result in loss of product to the fuel 

system, etc. K excessive entrainment of liquid in the vapor outlet stream could be economically 

significant or detrimental to equipment, safety, or operation, the vessel is sized to allow "gravity 

serding of hquid from the vapor phase in ahdition to providing a paaid mesh blanket For less 

mitical situations, a fall dimension diemisting blanket which meets the vapor velocity criteria can be 

used. 

Distributors are used to ensure that the introduction of streams into vessels does not disturb the 

liquid present or interfere with the separation desired. Some of the factors to consider are: 

* For subcooled total Iiquid inIets such as cold feed surge drums or overhead systems with the 

final condenser at grade, the liqid inlet distributor should =main sealed under the m i ~ m m  

liquid level 

* For bubble point liquid inlets whexe the possibility of s d  quantities of vapor may exist, such 

as a bubbk point system, law pressure systm, or overhead condensing systems with an 

equalizing line to the condenser rundown Xine, the inlet will be through the top of the vessel with 

an intemd closed end: sfotted pipe distsibutor. The inlet nozzle and internal distributor pipe will 

be the same size as the fine size to the vessel. The closed end will terminate 6 inches above the 

bottom of tbe vessel. The slotted area is appmximately twice the cross-sectional flow area of 

&e &stxibutor pipe and is provided by one slot, oriented on the vessel centerline, facing the 

nearest head of tfie vessel. The slotted section of the distributor starts, approximately 6 inches 

from the top of the vessel and extends the length of distributor to rhe closed area For small ( 



diameter distributor pipes, intermittent larger slots should be considered in preference to very 

narrow slots. 

* For total liquid systems with two i&scible liquids present in sufficient quantities to establish 

an interface IeveI or near the centerfine of the vessel, the inlet will be on the side of the vessel 

with an internal distributor perpendicular to the major axis of the vessel. The inlet nozzle and 

the internal distributor will be the same size as the line size to the vessel. The horizontal pipe 

will be located at the normal elevation of the interface between the two liquids and will be 

cIosed at the end opposite the idet and slotted on the side opposite the vessel outlet. The length 

of the horimntal pipe should 'be great enough to permit a slot area approximately twice the 

cross-sectional Bow area of We distributor inlet pipe.. 

Plpe lines carrying mixed phase streams are quite often sized for higher velocities than total 

liquid lines. If these higher velocities were taxied into the vessel, the resultkg t&uImce 

would interfere with the disengaging function of the vessel. Therefore, both the inlet n o d e  ancf 

the irdet distributor will be expanded one pipe size greater than the line size to xhe vessel in 

order to reduce the inlet. velocity. 

The inlet is located at the top of the vessel and will have a closed end, slotted intemd distributor 

pipe terminating 6 inches above the bottom of the vesseJ. The slotted area is between two atld 

three times the cross-sectional flow area of the distributor pipe. The slotted section of the 

distributor starts qproxirn~ely 6 inches from the top of rfie vessel and exknds the length of the 

distributor to the closed end. The slotted area for all vessels, except hose with a vapor phase 

and baffles for separate ends for light and heavy liquid phases, is provided by one slot facing the 

nearest head of the vessel. For vessels with a vapor phase and baffles for separate ends for light 

and heavy liquid phases, the slotted area is pro*ded by two slots arranged perpendicular to the 

major axis of the vessel. 

Vertical receivers or separators should use a tee-type disrributor located close to the vessel wdt. 



* Vortex breakers fV3s) are used in any vessel outlet nozzle from which a pump is taking suction 

or if gas entrainment would present a problem in downstream equipment to which an outlet is 

feeding. The standard VI3 is made of two plates fonning a cross extending down into the nozzIe 

and overlapping the nozzle above the outlet. An extended pipe vortex breaker 6 inches long is 

provided if there is a &op leg on the vessel. 

* For pump suction nozzles on the side of a vessel, or for very large nozzles, a grating is installed 

as a VB when the odtiet is close to a iiquid-vapor interface. A VEI is not required fur a 

fractionator my drawoff nozzle. 

In addition to nozzles, manhoks and hchofes that must be installed in the average process vessel, 

certain other exterior attachments are usually required These include insulation support angles or 

rings, platfom and ladder support lugs and brackets, davits md supports, and skkrts or lugs for rhe 

support of the vessel. These items are suppIied by the vessel fabricator and welded to the vessel 

she13 before shipment. The item ae usudly fabricated from stnactura3 p d e  sted. i 

vessel Supports 

Most vertical vessels are supported by a skirt. The bottom nozzles must project through the skirt to 

avoid flanges inside the SW reducing the hazards associated with baks. Generafly, straight skirts 

are specified based on economics. There are exceptions for supports and good engineering 

judgement should be used. For d 1  vessels less than 3 feet-6 inches in diameter md the support 

]enrn from the base of the support to the bottom tangent fine is 5 feet4 inches or less, then support 

legs rrre provided. 

Lugs are used for equipment support: when good ventilation of the vessel surface is required, or a 

small diameter does not allow a skirt or legs to be provided. 

Tabletop suppoa is used where access to the botxom of a vessel is required. It is the most expensive 

type of support and is generally avoided. The vessel can be supported on the table top with lugs or a 

short straight or fiared skirt.. t,x 
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1 Most horizontal vessels are supported on. saddles, wNch sit on concrete supports. Saddes are 

normally 6-10 inches wide and are located at a distance from the vessel tangent Xines no greater than 

0.25 times the vessel diameter. 

Insulation rings are used to support block insulation on the walls of vessels. Insulation is called for 

whenever heat loss or heat gain would affect the process. When insulation is required, she vessel 

project specification should indicate a requirement for insulation clips and rings. lnsufation is 

required for persomei protection. 

Weather shjelding i s  sometimes specified to miminimize chennal stress and differential thermal 

expansion of uninsutated nozzles and fimges. 

Davits are a type of crane instafled on fractiomors and vesse3s to facilitate the raising of intemals 

and for handling manway covers. 

) Platfoms are installed at all manways and wherever required to reach equipment, such as conmls, 
_ I' 

mo= than about 8 feet above grade. The vessel project specificadon indicates &at iaddter and 

pIatfonn clips are to be provided as required by the contractor. 

W & h g  

There exists a wide variety of welding processes and techxuques, but the basic types at7e arc, gas and 

resistance. These three types c o w  90% of all welding done today. 

* W e l d i n g P r o e ~  
i 

Shielded arc welding is perhaps the most common method used in vesL1 fabrication. An arc is 

produced between a metal electrode and the base metal. The heat created causes mlfing of the 

electrode and pcxtions of the base metdl near the arc. The weld is formed by the h i o n  of the 

metal h m  the electrode and the base metal. The welding rods (eleckodes) are coated with a 

flux which, when heated, produces an inert gas blanket around the arc and deposi~s a protective 

coating of slag over the weld to prevent oxidation. Arc wetding can be m u d l  or automatic. 

For large longitudinal and circumferential seams, automatic welding machines prove 



partjculxly advantageous. For circumferentid seams, the cylinder is moved and the torch / 
remains stationary. fie opposite procedure is followed for IongtudinaX seams. 

TIG welding is chiefly used for welding light gages of stainless steel from less than -025 inch to 

118 inch thick. ~eavief sections may also be TIG welded, where the highest quality weld metal 

is required. A nonconsumable tungsten electrode is used. lnert gas is fed around the arc to 

protect the hot metal. Filler metal, when required, i s  added sepmeefy with a rod of continuous 

wire. I 

Spray-arc MIG welding is often used for high-deposition-rate welding of stainless steel from 

Eess than 3/16 inch a d  thicker. A continuoas electrode wire, which melts and form filler metal 

for the joint, is used. The metal from thd melting elecnode is transferred in hne droplets across 

the arc to the work. A protective shield of inezt gcis or gas mixme is used. 

ShorGng-arc MIC; welding is usually used for welding light gage stainless fkom less than 11 16 

inch to abou ll8 inch thick, arrd for out-of-position weldng. Shorting-arc is similar to spray-arc 

welding except &at lower cunents and smaller diameter efectrode wires a e  used. Moten metal 
(< 

is not transferred acrass the arc as in spray-arc, bat is deposited in large size drops as the molten 

efectrode tip makes contact with xhe weld pudae and the arc shorts out. This atonratidly 

occurs as much as 100 b e s  or more per second, 

Submerged-arc welding is most fkquently used for welding stainless heavier than about 2 inch 

thick, but lighter gages to less than .078 inch can &O be welded. A c o n ~ u o w  wire electrode is 

used as in MIG welding, but the win: is w d l y  of larger diameter. Xnszeitd of gas, a pu1 ; r r  

Rux is used for shielding. 

Acetylene gas welding is common, especially for welding thin plates and s d l  a~hmen t s .  In 

addition, acetylene welding is a necessity in any vessel fabrication shop for m y  utility 

purposes. A few of its uses are: flame hardening of small parts, cutting, and tack-welding 

sections prior to automatic arc welding. Gas welding is &so used in brazing which is the joining 

(. 



of metals with a nonfenous filler without melting the base metal. The filler material melts at 

8OOT+ and bonding is completed by capillary action. 

Type of E1eetfode 

The eiectrode may melt (consumable) during welding and become part of the weld or remain 

intact (nonconsumable), depending on the welding process. Consumable electrodes are the type 

mOSE comedy used in the welding of steel and stajnfess steel and usualIy are sk~6la.1- in 

composition to the base metal, lndividudl coated electrodes or a continuous fen,& of wire are 

used depending on the welding process. The type of coating or electrode flux, and the size and 

composition of the electrode, will. infiuence the weld penetration, the melt rate anb the size of 

the finished weM bead. Nonconsumable electrodes made of tungsten can withstand the high arc 

heat without melting and are used in one mjorprocess (TIC;) for welding stainless steel. 

Good welds are made by competent welders. Tests to quali@ or certify welders are given in 

"i various vessel codes. The most cornonly used is Section IX of the ASME Boiler and Pressure 

Vessel Code titied "'Welding & Btazing Qudi%ca%ions". 

Welding of vessel seams generally requires the application of several layers of weld ma&xial, It 

is necessary that great care be exercised in making such "multi-pass" welds, The surface of 

each weld pass m s t  be rhoroughly cleaned and e x m h d  before proceeding with the nexa pass 

to insure good penetradbn and Morn fhm G I W : ~ ,  slag inclusion, and other wekeniag 

defects. A faulty weld can be clisgt&xd by a satisfactory final weld pass. 

1 
Postweld Heat Treatment 

Residua! stresses are psoduced arwnd the welded seams of vessels.. Such stresses weaken the 

vessel at these points, particularly in thicker vessels (above 13 inches thick). Xn these instances, and 

in all cases where maximum safety is required? the vessel is postweld heatitreat& to eliminate such 

residual stresses. P W  term is commonly interchanged with stress relieving. 



Stress relieving is an annealing or heat treating process, which relieves residual stresses. The 
( 

operation varies, depenGng on rhe material of construction. For instance, carbon steels are heated 

to approximately i lWF and then cooled slowly. Austeniaic stainless steels, if required, are heated 

to around 2000T and then cooled rapidly in order to prevent carbide precipitation characteristic of 

these metats in the m g e  of 800-1600°F. Precipitation of the carbides in stainless steel destroys the 

corrosion resistance. Infomation of PWHT procedures can be found in the ASME Code, Section 

VIE, UWA-32 for stainless steel, and UCS-56 for carbon see1 and low alloy steels. 
+ 1 

A well-equipped vessel fabrication shop has large gas heated furnaces capable of receiving almost 

my size vessel that can be shipped in one piece. Large vessels that ms t  be welded in the field can 

be stress-relieved around the welds using gas fired portable h a c e s .  Several low temperature 

stress-relieving processes are also used. These employ special oxyacetylene torches, which apply 

heat zo the area ax the welds, foliowed by a water spray. Because of the wide differences in physical 

properties of metals, it is imperative &at the proper stress-relieving procedure be ourlined by a 

competent welding engineer. 

When the greagest confidence in the soundness of the constnrction of a vessel is desired. 

radiographing (X-raying) of all welds is done in order to detect defects. Because of the greater 

knowledge of weld quality, the code germits a lower safety factox in the fonn of a higher joint 

efficiency. Xt is pasticulady advisable to radiograph the large longitudinail and circdemntial 

seams of d - i v r ~ n t  vesseis. Joint efficiencies can be found in the ASME Code, UW-12. flare 

thickness requiring X-ray is noted in UVV-11 and UCS-57. Other inspection approaches include 

ultrasonic, magriaflux (magnetic pastick) and dye penetrant check. 

Shop and Field Fabrieaatidn 

Because of the superior equipment and working conditions in a fabsicator's shop, field fabrication 

should be kept to a mhimum. Large diameter vessels (20 to 40 feet), however, must be field 

fabricated. Rolied sections (arcs) of the shell 7 to 8 feet wide are shipped to the job-site. When 

piaming my vessel over 10 feet diameter by 35 feet long, nilroad agents should be consulted. 

Sizes above this, which can be shipped, depend largely on the railroad facilities sewing the area. i .-. 



-- Vessel Xnspeckion 

The vessel codes require inspection by some public inspector, such as stare, municipal, or insurance 

company inspectors, before the vessel can be certified as complying with the codes. Prior to this 

inspection, the purchasex shodd have inspected the vessel during dl phases of i ts fabrication. This 

includes inspection of the plates and beads as they arrive at the fabricator's shop, study of mill test 

reports, and the fuRowing of d l  operations including the h a 1  hydrostatic test of the completed 

vessel. Mill test repom give the physical and chemical properties of xhe particular steel that was 

used by the steel miXX in manufac~ng the plates being used fur the vessel. 

PRESSURE VESSEL DESIGN 

fhe ASME Code, Seetion Vm, Division 1, k c 1 e  UG27, and Apndix 1, M a  1 - 1 &ou,* 1 - 

4, provide instructions and equations for the design of pressure vessels under internal pressure. The 

requirements of these articles must be satisfied in the final design of a pressure vessel. However, for 

the limited purpose of determining an approximate wdf ~ckness  for planning and cost estimating 

) purposes, the following basic equations are often useful. 

The rninimw thickness or maximum allowable internal working pressure of a cyXindn:d shell may 

be dcufated by means of the following equations. Tf3e symbols bebw aze used ia the equations. 

t = minimum. required thickness of shell, iiz. 

P = internal design pressure, psi (or maximum allowable working pressure) 

R = inside radius of the shell, in. 
I R, = outside &us of the shell, in. 

S = maximum allowable stress value, psi 

E = joint efficiency 

These equations are limited to thicknesses not exceeding one-half of the inside radius or pressures 

not exceeding 0.385 SE 



Based on inside radius: 

* Based on outside radius: 

ElXipsoidd Heads 

Within the limitaxions indicated above for cy1indn:caI shells, the following equations may be used to 

dculate the minimum thickness or maximm allowable i n t d  working pressure of a formed 

ellipsoidal head. The symbols below are used in the equations. 

t = minimum required thickness of head after forming, in. 

P = internal design pressure, psi (or nuximum aIlowable working pressure) 

D = inside diameter of the head skirz; or inside lenagb of the major axis of an ellipsoidal had  

Do = outside diaxrretm of the head skirt; or outside lea,@ of the major axis of an ellipsoidal 

head 

S = maximum allowable working stressf psi 

E = joint efficiency ' 

h = one-Wf of tfie length of the minor axis of the ellipsoidal head, or the inside depth of the 

ellipsoidal head measured Erom the agent  fine (head-bend line), in. 

K = a factor in the formulas for ellipsoidal heads depending on the head proportion D/Zh 

1)/2h = ratio of the major to the minor axis of ellipsoidal heads, which e g d s  the inside diameter 

of the skia of the head divided by twice the inside height of the head 

* Based on inside diameter: t = 
PRK 2SEt 
SE-P IYD+52t 



' -1 Based on outside diameter: 

ElEfpsoidaX head factox 

Note that K = X for a 2:l ellipsoidal b a d  

Stress V d w  

Stress values used in &e equations above are as indicated in the AS+W Code, Section Vm, 

Division I. The values are usuaZ1y one-fouzth of the tensile strength, resulting in a factor of safety 

of 4. Designs based upon Division 2 quiremerits use k&er stress dues ,  resulting in a factor of 

'I_ 

safety of 3. At temperatures in the creep range, stress vaIues are based on creep rates. 

5 > 1 
Joint Efficiencies 

Table W-12 in the ASmE Code, Section ViT[, Division 1, provides maximum allowable joint 

efficiencies for welds under various depes  of radiographic examidon. Some commonly used 

joint efficiencies are as follows: 

* Double-welded butt joints 

- Fully radiographed - 100% 

- Spotra$iogmphed - 85% 

- No radiographing - 70% 

* Single-weEd& butt joints with backing strip 

- Fullyradiographed - 90% 

- No radiographing - 65% 
) 
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