
Column Sizing 

m hmter Current Vapr&kquid Conhct 
m Cross Flow Trays 

- Cheap 
- RU=& 
- Tolerant 

m Other Types of Tmys 
m Packhg 



Cross Flow Trays 
Features 

I BubbLing Area 
- Shear vapor/liquid into small drops 

and bubbles 
- Upward vapor velocity must be befow velocity 

.that causes massive entrainment 

1 Downcomer 
- Separates entrained vapor fmm liquid 
- Directs liquid Bow between trays 

Cross Flow Trays 
Fe-res 

Tray Spacing 
- increased spacing && downeo~azer separation 
- Increased spacing reduces entmhment 

Liquid is continuous phase and vapor is 
disbursed phase 





r KochJGlitsch - Flexitray@, Ballast@, Triton@, 
ESi-Fraca, Maxfrad, Superfrac@, 
Nye Trays@, Wtra-fra& 

- Roat Valvem, Snap-inxM, V-GridTM, 
Vortex TrayTM, CaXming SectionTM, 
EiP, ConSepTM, Swirl Tubem 

Mixing Devices (Hardware) 

- B.ttbbfe cap 
- lRecta@r 
- R0-d 



I Mechanical. Problems - Trays 
- Valves , 

- C~rrwion 
- Rust 
- Weepingtrdumping at inlet 

Mjiixing Devices (Hardware) 
(c0lpl:~nzced") 

- Saddles 
- mchxred 



m Major Differences - Trays and Packing 
- Trays have downcomers 

' - Continuous phase is reversed 
- 'Srayed columo has larger liquid inventory 
- Packed cofurnns require distribution intern& 

Mechanicat Problems - Packing 
- Ineffective &str iben  
- Vapor 
- Liquid 

- Migration of paclcing 
- i%pp~& grid 
- Holddown grid 

- Ccblring 

Mechanical Devices (Hardware) 
(cont.iJzued) 



CoIumut Economics 

r COX- plus trays cost 5 to 17% of tobf 
installation (9c +-&or.cbV 

r Not wise to design $00 cXose to maximum 

m Sxqgg&& contingency 
- I%@% refi& 
- 80% flood 



Some Tray Layout Definitions 

A - Chord Height 
B - Chord Length or Weir lag& 
C -now Path Length 
D - Dowcomer Widrh 

One Pass Tray 

down each downcom 

O d d m d e ~ ~ I l i l y s a r e i ~ c a l t n t t a r e ~  1Wfsomeachather 



Two Pass Tray 
All tae liquid goes 

down &is dowacomcr 

down d o m w  down each downcoma 

Ifomcorn# Area 

Ik,wncomw Arm 

Three Pass Tray 
zt, ofthe: Equid, gees 
down rbis dotvncom 

of the Eqrrid gbes down 
eactt side domwmer 

Odd and wen trays are identical but are ro~ted lsOO from each other 



Four Pass Tray 

Sizing - Tray Layouts 

1. Center downcomef area = cEiam&r x width 

2. Xntemediate downcorner on 3 pass tray 

Weir length = 0.9426 x diameter 
Downconaer area = 0.9426 x diameter x width 





Major Tray Design Considerations 
Process Items 

Jet Flood, Entrainment 

= Turndown 
r ~ ~ r e D r o p  
r r)owncumer B a b p  

Hardware Selection 

hctiomtion Rwarcf.r Xnstiturte 
Movie on Tray Pdncipfes 

= Tray Height Gaage 
r Valve 'Emmnics 
8 Fiow Regime 

Tray Weep and h m p  Points 





Downcomer Sizing 

Downcomer Flux Rate. gpnzffi2 
85% Flood 

r Vapor En&&& in Liquid 
- Tray spacing 
- Vapor and Hquid densities 

Downcomer Veloeity Limit 



Downcorner Backup 

m Exit Loss 
r Liquid Head an Tray 

m Tray fiesure Drop 
- Dry pressure drop 
- Head O R ~ ~ Y  

Downcomer B m h p  Limit 

a Low Vapor Density 
- -50% tray spacing 



m 24" Xf Not More Than 60 Trays 
r 18" E M~ore Than 60 Trays 
?r 30" or 36"If Governing Pump Around 
m Additional Considerations 

- Downemer backup 
- Jek flood for giwen diameter 
- cotumnmratio 

8 Capa&y conrekitio~xs are based upon 24 inch 

r Capacity is comeeted by a tray spacing factor 
@'SF) if other &an 24 kch spacing is wed 

m Typical factors are: 

Vapr Deesity Vapor Density 



m Weir rate of 9 to 3fOB gprnlft desirable 
m Fewer passes desirable 
r 142' minimurn flaw path length 

i 
I Number Recommended 

ofpasses Minimum Diameter 1 

Downcomer Clearaace 

r '&'he larger of 
- 1.5inches 
- Height to yield exit veIociQ of 15 ft/s 



Set to provide downcomer seal 

$8 NurmaI weir freight is 0.25 to 0 5  inches more 
than downcomer cleasar~ce 

Namber of Vdves or Sieve Holes 

= Vapor velocigy pmvents wee* 

Vapor velwity contributes to downcomr 
backup and entrainment 



Foaming Derating Factor 

.I Systems that are known to foam are normally 
derated by a fador 

r This n ~ d l y  applies to both downcomer 
and bubbling areas 

8 Foaming syskms 
- Anxhes 
- Carbonates 

r For p, > 1.8 Eb/ft3, derate capacity by system 
factof = 1.21 1 f pv)@32 

High Vapor Density Dera$ing Factor 



Downcomer Wictth 

M Sidedwncomer 5 inch minimum 

r Center downcomer 8 inch minimum 

r Intermediate downcomer 8 kch d a u m  

Changing Diameter May Be Cost 
Effective If 

r f)izmeter &Rerenee is 20 % or mfe of 
column diameker 



Tray Sizing Procedure 

1. Estimke preliminary dime& and number 
of passes 

2. Make trial iayouE of fray 

3. Rate tray 

4. Repeat Steps 1-3 wna1 done 

Tray Sizizzg ProcerEure 
(co&*nzced) 

m Nex% Diameter Gaess 

2 Percent Flood fst T k l  
Percent Flood Desired 

Where d l  = freviotcs diameter tried 

d2 = Next dianz&t~ to try 



I 

Diameter, fir = 
Basis, BPD 

BmeZ Factor 

Service 1 Barrel Factor / Basis 1 

r Heat Factor 

Preliminary Diameter Esz2mate 

Where Q = reboiler dvty in Btulh 
d = column boWm diameter in feet 



Kerosine Stripper 
(fioch Method) 

/ Vapor Rate V (cfs) 1 624 1 

/ Liqoid Rate L i (gpm) 1 763 
I i 1 Liquid Density / dl 1 (lb/ft3) / 419 1 

System Factor (Xoch Page 6) 

m The system is noa-foaming; therefare, the 
system factor is f .rD 

m The -vapor density is less Ehan 1.8; &erefore 
the sysrfen faegor is 1.0 

m Design rating procedure 
- T r a y  space factor 
- Use 24" tray spacing 

(therefore, the tray space factorf with 
a vapr density less tftan 1.5 fb/ft3, is I), 



Preliminary Sizing (Koeh Page 7) 

B Get the Vapor Rate 

ACFS = 62.2 (from loa&qs) 

. rn KXcdate Ule Square Root Factor 

Pretiminaq Sizing (Koch Page 7) 

I Cafedate the Corrected VIoad and Liquid Rate 

C~mected Vapor b a d  Factor = 

Correded Liquid Rate = 



Preliminary Sizing (Koch Page 7) 

r Plot on Chart A (Koch Page 13) 

Estimated Diameter = 5.2 ff ( ~ o u h ~ e   low) 

- Try 5 ft - 6 in diam-r with 2 passes and 24 
inch tray spacing 

Preliminary Sizing Barrel Fiactor 

m Kerosine Product - 14950 bpsd 

r Stripper Barrel F_actor - 450 



Detailed Sizing 

r Vapor Rate = 62.2 cfs (use non-corrected values) 
- Liqnid rate = 763 qpm 

r Size the Downcorners 
- We must correct the Koch correlation to a basis of 

75 percent dood 

(a) lb&imm downcomer area 

Kwh Equagun X 

(b) Doesn't apply here since d,-d, = 41.75 1WftJ; 
therefore, no need to use Char$ B. 



Detailed Sizing 
(continued) 

Find side downcorner ehord height using 
Kwh Chart D 
- Remember &at it's a 2-pass tray, so side 

clowncomer area equals (49512) = 2.475 ft" 
rn From UOP Charts: 

Detailed Sizing 
(eonti~ued) 

- KO& doesn't indicate how .to &&ke the center 
dfowncoraer width, so we% do 8 this way. 

Center L2C W&i& = 
DC Area 

T r q  Lhkrneter 

Center DC Wia%h = - - 



Detailed Sizing 
(eorztiPLued) 

m Bubbling Area 

A& =At -Adr -A& -Ae 

A, = Tower Cross Sectional Area 

A, = d12/4 = (zx5.5)2/4 = 23.76 pZ 

A& = Downcomer Area at Top = 4.95 f t 2  

(2 side downconrers each with 2.475 ft2) 

Detailed Sizing 
(com*~~ued) 

r BubbEmg Area 

A& = Duwncomr Area at Bottom 

(center downcomer bottom seal area is 435 ft3) 

A, 5 Edge Loss = 0 (became column > 3 $ - 6 in) 

Therefore, A& = 23.76 - 4.95 - 4.95 - O = 23.86 $t2 



Detailed Sizing 
(continued) 

m Find side downcomer chord fen,@ (weir 
fength) using Koch Chart E or UUP table 

Ll'f) = 0.7352 

L = @. 7352 x5.5) = 4.043 ft 

Note Shut total Z, = (4.@43)623 = 8.086 ft 

Detailed Sizing 
(euntinued) 

I Calmfated Tray Capacity 

r Koch Equation 3 



pet Tray Capacity = 

Detailed Sizing 
f c0~~: t inue~  

8 Downcomer Capacity (Koeh Page 9) 

Koch Equation 4 

(Nu% the modification of Koch Equation 4 to 
be c~nsistent with 75 percent of flood) 





Pressure Drop 

Convert Vapor Rate to Air Equivalent 

rr Use If. valves per ft2 (Koch Page TO) 
m Cafedate cfm fair equivalent) per vdve 

m From Koch Chart G, using ''AYY type valves 
(typirnx) 

Dry Tray AP = 2.0 in H 2 0  

Pressare Drop 
(continued) 





Pressure Drop 
(continued) 

8 Totaf Tray AP = Dry Tray AP + Liquid AP 

i Total Tray aP = 2.0 + I.41 

Togat Tray AP = 3.41 in H 2 0  

8 Convert fo nain4Hg 

Total Tray dP = (3.41 x2.865) = 6.4 mmHg 



Downcomer Backup 

hdE = char liquid downcorner backup 

hWRt = wet tray pressure drop ( ~ m  H - L)  

he = dry tray pressure drop (Chrnt G) 

kd =head loss under downcorner (Chad F )  

Downcomer Backtcp 
{continued) 

E C W F  

Downcorner Clearance = 1.75 inches 

h;, = 1.2 inches liquid 



Downcomer Backup 
(co pltinued) 

Flow Path Length 

r Note: Koch does not check for a sufficient 
flow path length. In this empie ,  the flow 
path Xen* is: 

(1215.5)- (2110.8)- 11.1 

r This is sufficient 





" ---I 
INTRODUCTION 

The diameter of a fractionating column is set by the fractionating trays, which will fit within it. 

A tray is basically made up of two pirrrs, downcomers (includiag downcomer seal area) and 

bubbling area. 

The downcomer must be large enou* to disengage vapor from liquid and transport: the Iiquid to 

the tray below. Downcomer seal area is &e area below a downcomer not available as bubbling 

area. 

The bubbling area must be sufficienay large to keep the vapor velocity below the point where a 

massive mount of liquid is entxained to the deck above. 

It is interesting to note that, as far back as the I93OYs, Souders and Brown tackled column sizing 

when they wrote a force batmce on a drop of unknown size. They reasoned that when the drag 

) exerted by upward flowing vapor on the average liquid droplet is equal to or greaer than the 

force of *wvity on that drop, massive entrainment occurs and flooding is the resvh Equating the 

upward and downward forces, and combining the drag coefficimt, accejtemion of gravity and the 

unknown drop size into one empirical constant, results in an equation of the fobwing form: 

where: c is an empirical constant 

V is vapor rate, f&s 

A, is bubbling area, f8 
6 is vapor density, 1b/ft3 

dl is Iiquid density, 2blft3 



The group on the right side of the equation is still used in most tower sizing methods. Glitsch 

calls the tenn on tfFe ri&t "V load while Koch calls it '"SF'. 

What it comes down to is that dl trays produce a highly agitated froth, which is, for the most 

pat. independent of d e  type of contacting device. Therefore, tower bubbling area and 

downcomer area should not depend on the type or manufacturer of the tray actually installed. 

The three major manufakers of proprietary valve trays are Kwh. Glitsch, and Nutter, whose 

trays are trade named, respectively, "We~itray"~ "Ballast Tray", and "Float Valve Tray". 

Overseas licensors, while not using the name of the patent company, do use the tradename of the 

deck: thus, B-S-L in Fmce manafactmers ''Ballast Trays" under their own name. These 

licensors have quite a bit of fxeedom so that a "Ballast Tray" laid out by 35-2 will be very 

similar, but not necessarily identical, to a "Ballast Tray" laid out by Glitsch in Dallas. Other 

manufacturers of valve trays include Wyatt in the United States, Wydronyl and Mass Transfer 

Ltd. in England, and Metawa in I-Iolland. These firms have made a limited penetration into the 

market dominated by the big three. We wijtf concentrate on the proprietary sizing methods of the 
- 

two largest tray producers, Koch and Glitsch. 



/ -  --'I 
COST PERSPECTIVE 

In order to maintain a proper perspective regarcfing relative costs, the following tables show a 

cost breakdown of various common fractionator installations. Note the relatively small 

percentage of the column itself. 

i 

4 

The above tabulation shows n o d  columns running about 10 percent of the total installation. 

Even a superfractionator such as the propane column has a column cost only 17 percent of the 

totaI installation. This is somewhat misleading because, while some other igerns do scale directly 

with column size (such as foundation work and insulation which are covered in "other material'' 

and field labor plus "sub-cont.ra&"), it is obvious that, with all else being q u d ,  six inches more 

or Iess on diameter or a few extra trays are insignificant in the totaf cbst. 'This is something 
I 

,) which both the designer and purchaser must bear in mind. 



A copy of "Fractionating Column Economics?' by E. A. Jones and M. E. Melborn (ChedcaI 

Eng'g Progress (CEP), m y ,  1982) has $so been provided for your reference. 

All column sizing methods have the same three stages: preliminary diameter estimate, trial 

layout, and rating. The Kwh and Glitsch methods we will be using offer charts to estimate the 

fvst guess at a column's hameter. Following are some additional methods UOP has developed 

through the years. 

- SMar  Column Comparison 

Because we frequently use almost identicd reflux-ZO-feed ratios for columns performing the 

same separation. it stands to reason that the cross-sectional area should be proportional to feed 

rate - hence the "barrel factor" equals feed sate (in 'bblslday) divided by the diameter (in feet) 

squared. A table of barrel factors for some common fractionam follows: 

General Factor 

One general factor relates column size to heat input. Although this varies with pressure, a 

reasonable average is @ = 350,000 (where Q equals reboiler duty in Btdh and d equals 

diameter in feet). Another general factor is (R + = 250 (where R and F are reflux and feed 

in bblsfday). L 



*- -') 
Next Diameter Guess 

Because column sizing is a trial-and-enor solution, the preliminary diameter estimate is not , 

always the last. 

If the calculated percent of flood is different from the target, the next diameter may be estimated 

by remembering that percent flood is inversely proportional to tower area. Thus: 

Percerzz Flood 1st Trial 
d j  = df 

75 pct (or other desired value) 

TRAY SPACING 

Tray spacing is selected on the basis of both process and rnechanicaX limitations, although the 

majority of columns are normally found to be at %inch tray spacing. 

) Tne main process limitations for tray spacing are jet Boomng and downcomer flooding. Jet 

flooding can be defined as the point at which liquid fro& on a tray extends to the tray above. For 

systems which are vapor baded, the percent jet flood is inversely projpr,rtional to tray spacing at 

constant diameter. Downcorner flooding occurs when the length of the downcomer is 

insufficient to disengage the frothy vapor-liquid mixture that enters. From pressure drop, we can 

calculate an equivalent clear liqttid backup. To account for the froth, rnos people agree that the 

calculated clear liquid backup should not exceed 50 percent of the tray spacing. Ray spacing is 

often varied to accomplish the foIlowing (process constraints must always be satisfied): 
i 

4 

Decrease costs by reducing height on columns with more than 40 to 50 trays. 

* Avoid swaggng a column by changing the tray spacing for various colum sections. 

Minimize coIumn lergthldiameter ratio; any  COX^^ with a lenwdlmeter ratio over 14 may 
1 

warrant special structural considerations. 



The mechanicai limitations which affect tray spacing occur when column diameter forces the 

,major suppofi beams to increase in depth and obstruct tray flow. Trouble with support beam 

depth can normally be avoided by increasing tray spacing. The following guidelines relate tray 

spacing to diameter and number of flow passes. This reIationship is for informative purposes 

and is not a requirement. 

For cases exceeding the above guidelines, there are alternate s t n t c t d  techniques which can be 

utilized (e.g. open truss-type trzy supports). Other mechanical limitations are sometimes 

encountered when drstributors or drawoff weIIs obsmct tray Bow. 

IVUMBER OF PASSES 

Figures W-2 though W-5 depict trays with 1-4 flow passes. In general, it is best -it. use the 

fewest number of passes that can adequately do the job wi&out increasing the c o l m  diameter. 

This is qualitatively co&med by the Fractionation Research Institute eficiency measurements. 

Flow path lengths should be a & ~ m m  of 15 inches (for mechanical reasons, 16 inches is the 

smallest standard intmal manway that can be installed). The following table gives minimum 

sizes versus number of passes. 



'."\ 
The above table does not mean that three passes should be used in a ten-foot tower if two are 

,) adequate. It merely says that three passes should not normally be used in a tower less than 8'-6" 

in diameter, and three passes cannot possibly be used in a tower less than 7'-6"- One guideline is 

that: 

where: L = total liquid, gprn 

N = number of passes 

W = avemge flow pa& width, inches 

In the above, it is obviously impossible to hold to the minimum in a large, single pass tower. 

Aftemately, much higher rates can and have been used successfu1f y. The guideline should only 

be used as a starting point in setting a tower design. 

Regarding cost, although more passes must mean higher prices, the differential is gess tfim the 

accuracy of an estimate. 

SWAGING OF TOWERS 

There are two lcinds of swages: (1) the downward swage above the feed point because of low 

loadings in the upper sections and, (2) the downward swage in the coXm bortom to minimize 

the time at high tempemwe for &ermaily sensitive materials. The,foHowing discussion is 

entirely concerned with the above feed swage, which is where controversy arises. 

The only ar3aument for swaging above the feed is that of rhe cost. The, main arb-ents against 

swa$ng of the top section break down into two categories: ( 1) tangible red probabilities, and (2) 

general operating philosophy. These points are as follows. 



Real Probabilities 

The amount of money saved by swaging the top portion of a tower is generally such a small 

portion of the total installed cost that the saving is negligible. 

A change in operating conditions or yield pattern of the unit producing the column feed could 

make the swaged section a future bottleneck (the advent of riser cracking has made swaged 

naphtha sections the bottleneck on some FCC Main Cofumns). 
I 

Int;ang3.de Arguments 

* Xf feed coxxiposition changes in the future. the feed cannot be relocated upward. 

It is much more difficult to switch the tower to another service in the fixture. (The traditional 

gas con revamp is to convert the primary absorber to sponge absorber. the stripper to primary 

absorber. and the debutanizer into the szripper while building a new debutanizer. This is only 

possible if the debutanizer is not swaged). 

ER genera$, we should worry primarily about tangible items unless management instructs 

otherwise. As the aqgpments above boil down to capital now versus flexibility later, some 

minimum guidelines are in order. One mle is that a dimezer change of 3r6" is rqaked in order 

to justify a change in diameter. Armthey rule (for columns less than lQ7-0"" in &meter) is that a 

swage is justieed if the ratio of top section to boaom section mas is less than 0.6. Ahve 1W" 

&meter, rfie 126" d e  applies. 

One additional type of swage not mentioned above is when the bottom portion of the column 

blow the last tray is swaged outward to accomodate a stabbed in reboiler or to act as a surge 

drum. This is frequently more econonnicd than an external reboiler (in the first case) or an 

addtion& surge drum. 





Figure VIX-2 

I One Pass Tray 

All t h ~  liquid goes 1 F<9 
down a b h  downcomer 

This Tray 

Downcomer 
Seal Area 

or Bubbling 

Downcomer Area 

Odd and even brays are identical but are rotated 180" from each other 

TS-ROW2 



Figure VII-3 

Two Pass Tray 

All the liquid goes 
down this downcomer 

tl-e liquid goes 
each downcomer 

Downcom~ 
Seal Area 

Downcomr Area 

Downcomer Area 

Odd and even trays are mt &e same 



Figure VII-4 

Three Pass Tray 

2/3 the liquid goes 
down this downcomer 

Dowacomer Downcorner Area 

Odd and even txays are idenriicd but are mated 180" from each ather 

EDS-ROW404 



Figure VIX-5 

Four Pass Tray 

1/2 of the flow goes down each center and 
intermediate dmncomer 

Downcomer Seal Area 

Downcomer 
Area 

Odd and even trays are not the same 

/ '14 of the squid 
g m  down each 
side dowmmfx 

Dow ncomfx 
Area 



KLOCH FLEXITRAY RATING SHEET 

LOAD1 NGS 
Vapor, f b/h 
Vapor Density, lbfcf 
Liquid, Ib/h 
Liquid Density, Xb/cf 
Tray Spacing, inches 

TRAY DIMENSIONS 
ID 

i 

El sdc 
L sdc 
A sdc 
H[ cdc 
L cdc 
A cdc 
H idc 
L idc 
A idc 

CALCULATED LOADINGS 
CFS 
Density Factor 

VLX)AD 
GPM 

RATING SmET 
ID, f't 
A, sf 
Passes 

ABW, SF 
VmdA3m 
LWE~R, ft 
GPWLWEIR 

% TRAY CAP 
TS = f8in 
TS = 24 in 
TS = 30 in 

% DNC CAP 

ONE PASS TWO PASS FOUR PASS 

1 1 CFS x Density Factor 



Evan A. Jones and Marvin E. IMef1bom 

UOP Process Division 
UOP Xnc. 

Xles Pfaines, fllinois 

i 

1 
For presentation at the 

FaU Annual Meeting of the 
American Institute of Chemical Engineers 

New Orfears, Louisiana 
November 8- f 2,1982 



FRACTXONATING COLUMN ECONOMICS 

1 by 

Evan A. Jones and Marvin E. Mellbom 

UOP Process Division 
UOP Inc. 

Des Plaines, Illinois 

t 
Many industrial users 'and designers of fractionating systems make decisions on the sizing of new 

columns without a good appreciation of the incremental costs associated with the columns as a 

part of the whole fractionating system. In addition, other factors such as the operating pressure, 

number of trays, tray spacing and whether vacuum. design should be included are also rather 

vague. This paper will attempt to shed some light on costs related to these systems and also will 

try and show some of the reasons why the fractionating column proper should not be designed 

too tightly. 

Fractionation is, undoubtedly, one of Chemical Engineering's most useful and costly unit ( 
operations. The art of fractionation has bPRn practiced for centuries, but most of the red 

advancements in it have been made in the last 50 years with our increasing knowledge of 

vaporAiquid equilibrium and in the contacting devices used for accomplishing it. The greatest 

progress in reduction of fractionating column sizes and costs was made in the early 1950's with 

the introduction of vdvetype trays and the organization of Fractionation Research, Inca (F;ZU) 

shost1y thereafter. The valve tray vendors and mU[ have done an exceI1ent job in research 

leading to development of reliable fractionator sizing methods. Next, in the late fifties, 

computers carne into use for calculating the fractionator loadings to a greater precision than had 

been done previously by hand methods. The result has been that design loadings were lowered 

for many services as well as accurately defining the column ultimate capacity in most instances. 

The combination of better sizing methods and lowered calculated loadings has reduced the 

specified column areas for many services by as much as 40 percent or more under what they 

were only about 20 years ago. 

The resulting reduction in fractionating colunn capital cost was indeed welcome, but it has not t . 
been without some penalty since it has resuited in units which ase much more difficult to revamp 



for increased capacity. Today, the direction that some designers are now taking is to design for 

hisher percentages of flood in order to reduce the column cbameters even further. It is this trend 

toward myopic economics to which we would like to &rect attention and, hopefully, bring it into 

proper focus. 

Desi gn Background 

Before looking at the cost factors, it seems appropriate to discuss some of the process steps that 

are involved in leading up to the comprehensive design of a fractionating column, and to show 

some of the uncertainties and gray areas involved in the procedures. The process desim of a 

fractionating column involves the following steps:: 

I. Calculations of reflux, number of trays, and feed fay number 

2.  Heat and weight balance calcdations 

3. Calculation of tray loadings 

4. Determination of fluid properties 

5. Column diameter and tray spacing catculations 

Calculation of the column reflux and theoretical and actual stages is reiatively straightforward 

for most systems. For some systems, however, determining the tray efficiency can be rather 

arduous and is subject to even further uncertainties due to the tray design itself. Occasiona3iIy, 

some tray efficiencies have been substantially below those of others in the same service, and 

have to be attributable to the tray confi,wation. Determination of the proper feed tray is usually 

predictable if the feed composition remains fairly constant, and the tray efficiencies above and 

below the feed are known. 
i 

1 

The o v d l  heat and weight balance for the column is probably the most straightforvvafd of the 

steps and is usually quite accurate. 

Calculation of the tray loadings is done by an internal heat and weight balance and is usually 

quite accurate. However, for some cases, at the bottom of the fractionator, the loadings may be 

I subject to a number of uncertainties due to a dependence on the tray egciencies, tfie type of 

reboiler, and a rigorous heat balance. 



Determination of the fluid properties is difficult for some systems, particularly in those with 

foaming tendencies. Proper identification is critical, however. because foam can derate a system 

and increase the required column area by as much as 100 percent. Other properties such as 

surface tension and vapor density may contribute additional derating factors and are not always 

clear cut. 

Finally, the calculation of the column diameter and tray spacing is done by one or more of a 

number of methods pvbfidhed by the various fractionator tray vendors in their design manuals or 

by the methods of Fractionation Research, Xnc. The main difficulty here is that for some services 

there are differences in the diameters calculated by the various methods, giving at least a 10 

percent difference in tower areas. S o w  methods are more consewative for high pressure 

systems and others for low pressure sysxems. The decision on what percenage of flood to use in 

column design is not difficult &er looking at the relative costs of the fractionating tower pius 

trays to the total fractionating system, including the condensers, seboilers, piping, instruments, 

insufation, etc., as will be discussed later. At UOP our nonnal design factor is 75 percent of 

flood on most fractionating systems and our base case, in the study described latex in &is papex, 

is for this percent of jet flood. Our main reason for using 75 percent has been to provide for 

dynamic changes in the system caused by variations in the feed composition as well as the feed 

and reflux ram.  Another reason is to provide some small m q n  for additional capacity in the 

column, since it is the most difficult p m  of the system to enlarge, if it is ever required. 

With the uncertainties of the sizing methods used and the actual Ioadjngs &d properties of some 

of the systems still in mind, incremental tower costs can be examined to see whether they are 

significant enough to be worthy of all the efforts to reduce them to an absolute minimum. In 

order to obtain the best numbers avaifable, the UOP Process Division Estimating Department 

developed the data presented here based on first quarter 1981, '13.5. Gulf Coast costs. Where 

totA costs are given, they are erected costs, including contractor's engineering charges and fees. 

No offsite or site preparations are included. Six fractionator designs ranging from 5 ft-O inches 

diameter to 29 ft-0 inches diameter were estimated with the number of trays varying from 30 to 

150, design pressures &om 50 to 150 pounds per square inch, gauge, and trays spacings from 10 

to 24 inches. The bdk of the materials of construction was assumed to be carbon steel. 



Results of the Study 
' ) The total fractionation system cost is given in Figure 1 for a 30-tray column of various diameters 

at 50,100 and 150 pounds per square inch, gauge design pressures. Note the small differences in 

total cost between the 50 and 150 pound lines, which aze about 8 percent for a 15 foot diameter 

column and 13 percent for 29 feet. 

The percent of the total cost contributed by the fractionator and trays is shown in Figure 2 for the 

three pressure levels used in Figure 1. Note that the fraction of the tot& cost of the fractionator 

and trays at 12 feet ciliameter is only about 8 percent, and is between 12 and 18 percent at 29 feet. 

Obviously, the only cost difference in the three pressure mges used is in the coluznn iself, since 

the trays would be the same for all the pressures at a gven diameter. 

The total fractionation system cost for a 100 pound per square inch, gauge design pressure for 

various diameters with 30, 90 md 150 $rays is given in Figure 3. Note that for the smaUer 

diameters, the cost difference between 30 and 150 trays is about 58 percent, while at 29 fwt the 

1 difference is about 77 percent. 

Figure 4 shows the percent of the total cost contributed by the fractionator and trays for the 

system given in Fi,ow:e 3, at the three tray levels given. The percent cost conujbuted by the 

fractionator and trays is less &an 20 percent fur 150 trays for a &meter of 10 fe t ,  and between 

15 and 35 percent for 29 feef depending on the number of trays involved. 

The difference in cost, in percent of the tot& system, between 24 inch tray spacing aszd spacings 

down to 10 inch for a 12 foot diameter, 80 tray fractionating column designed for a pressure of 
d 

I 100 pounds per square inch, gauge is shown in Figure 5. figure 6 shows the percent of jet flood 
? 

corresponding to the various tray spacings at constant tray loadings. Note that the small 
I 

difference in total cost between 18 and 12 inch tray spacing is only 3.1 percent, while the jet 

flood is increased from 53 to 100 percent, co~~esponding to a reduction? in capacity of about 20 

percent. 

1 

j Figure 7 shows the percent change in the fractionating system cost for a change of 10 percent in 

the jet flood of a tray. This chart is the most significant in terms of coIumn economics since it 



shows that, for a change from 75 to 85 percent of jet flood, there is only about a 2.3 percent 

savings in the total systep cost for a 12 foot diameter. 80 tray column and about 4.5 percent for a 
f 

29 foot diameter, 100 tray column. This smdif cost savings would reduce the operating capacity 

of both column sizes by over 13 percent, which is a high price to pay in decreased operating 

flexibility and future caphcity. The large difference in capacity reduction versus the small capital 

reduction is due entirely to the fact that the fractionator and trays are normally not a large 

percentage of the cost of the overall fractionation system. 

I 

Another item that is fkequently neglected in a vain attempt to reduce costs is the matter of 

vacuum design of fractionation systems. 0u studies have indicated that the costs are practically 

insignificant in terns of the overall cost, even for field fabricated systems.. The 12 foot diameter 

fractionator used in our study wi-th 90 trap and desiged fox an internal pressure of 100 pounds 

per square inch, gauge, would cost about 3.6 percent more fox the fractionator alone and only 

about 0.5 percent more for the entire system to be designed for full1 vacuum. 

Conclusion 

The total costs associated with a fractionating sysEem axe not significantly affected by desiping 

for a hi& percent of flood; however, the capacity and operating flexibility are severely restricted. 

The costs are somewhat more dependent on the number of trays in the fractionator and to a much 

Iesser extax on mys spacings, although the latter effect is even less when the diameter is 

adjusted for a constant percent of flood. When designing any fractionating system, the primary 

consideration should be the process requiremen& and the operating Rexibiliry of the system. 

Fume capacity should also be given. some considemtion, since the column is, without a doubt, 

the most difficult item to replace when expanding a unit. 
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KOCH FLEXITRAY, 
DESIGN AND RATING PROCEDURE 

INTRODUCTION 
The FLEXITRAY@ is a valve type tray having liftable valves, approximately 2 

inches in diameter, which operate like check valves. These valves have a 
limited lift and are spaced on 3 to 6 inch centers. The capacity of the FLEXITRAY 
exceeds that of a well designed sieve tray and maintains almost constant tray 
efficiency over a wide operating range. 

There are basically two variations of the valve assembly, type "T" and type 
"A." The "T" assembly has a movable valve contained by a four-legged hold - 
down cage attached firmly to the tray deck. The "A" assembly is a movable 
round valve with integral guide legs and lift stops. 

The FLEXITRAY is available with several valve designs for specific purposes 
as shown below. 

Valve 
TY pe Tray Description 

"A'" 

"A " 
O 

" T  

"T " 

0 

"S" 

With type "A" valve assembly and standard hole in tray floor. 

With type " A  valve assembly and a special shaped contoured 
hole in the tray floor for lower dry tray pressure drop than the 
standard hole. 

With type "T" valve assembly and a standard hole in tray floor. 
This type valve has been used successfully for many years in the 
dirtiest of services including slurries. It is also the preferred choice 
for corrosive services. 

With type " T  valve assembly and a special shaped contoured 
hole in the tray floor for lower dry tray pressure drop than the 
standard hole. 

With valve punched up in tray deck, yet still attached, making it a 
stationary assembly. 



TYPE "To" 

TYPE "A," 

TYPE "T" 

TYPE "A" 

TYPE "S" 



INTRODUCTION (cont.) 

All types, excluding type "S," have equal capacity and a wide operating range. 
Usually two heights of valves are used on type "A" and "T" trays. The 

different valve weights alternate in rows parallel to the outlet weir and insure 
vapor distribution at lower vapor rates. The lighter valves open during the first 
20-30% of tray capacity and the heavier valves open from 30-70% capacity. 
At higher rates, all valves are fully open. Because there is no measurable 
hydraulic gradient, a uniform vapor flow exists over the entire tray. 

The many advantages of the FLEXITRAY compared to other trays are: 

1. The FLEXITRAY has a high capacity for a given tower size. The FLEXITRAY 
exhibits lower entrainment than sieve trays because of the horizontal flow of 
vapor from the valves. 

2. The FLEXITRAY has higher efficiency over a wider operating range. The 
horizontal vapor flow from the valves, distributed around the 360" valve 
perimeter at deck level, promotes maximum mixing with the liquid. 
Greater efficiency permits reduction of the reflux ratio for a given tower 
diameter or allows a smaller tower diameter for a given feed rate. 

3. The FLEXITRAY is less sensitive to "out-of-levelness" than other tray types. 
Froth on the tray extends down to the deck in contrast to the geysers of froth on 
a sieve tray. This reduces the hydraulic imbalance. 

4. The FLEXITRAY permits longer run lengths in fouling services because the 
horizontal radial vapor flow at the tray floor eliminates "dead spots" where solids 
may settle, polymer growth can start or decomposition (cooking) can occur. 
The type "T" valve tray is especially suited to these situations. 

5. The FLEXITRAY has been in commercial use since 1952 in tens of thousands 
of installations. They have replaced bubble cap trays as a standard of 
performance and are accepted today as the proven performer in all liquid-vapor 
contacting applications. 



KOCH FLEXITRAY, : 

TYPICAL 4'-0" SINGLE FLOW TYPE "A" 



DESIGN DISCUSSION 
Capacity Limitations 

The capacify limitations of a tray may be caused by either flooding or blow- 
ing. 

Flooding occurs when the downcomers fail to carry away the required 
amount of liquid,and the excess liquid fills the trays; resulting in loss of bottoms 
product, low tray efficiency, sharply increased pressure drop, insensitivity to 
control, etc. With a properly proportioned tray, flooding will be initiated by jetting, 
i.e., the top of the vapor-liquid contacting mass of large droplets will reach the 
tray above; resulting in massive entrainment which will in turn cause high 
pressure drop, bgh liquid recycling and flooding. If the downcomer is too small 
or tray pressure drop is too high, the tray will flood prematurely by downcomer 
backup, even though the height of the contacting mass would otherwise be low 
and entrainment negligible. 

Blowing is the opposite of flooding in that the liquid is blown into a fine 
spray leaving the tray essentially dry. The resulting lack of contacting severely 
reduces tray efficiency. Blowing occurs only at a very high vapor- to- liquid ratio. 
The vapor velocity vector exiting the FLEXITRAY is directed horizontally rather 
than vertically as with sieve trays. Therefore, chances of "blowing" are greatly 
reduced when using the FLEXITRAY. "Picket fence" weirs are recommended to 
maintain a minimum weir loading of 5 GPMIft. 

Weir Height 
A 3 weir height is normally used in pressure columns with 24" tray 

spacing. Little difference has been found in tray efficiency with weir heights 
varying from 1 '/z" to 3"; however, a minimum weir height of 2 is recommended 

( 
for all services except vacuum towers, where a 1" minimum weir height is rec- 
ommended. 

If more weir length is needed than is provided by the weir of a segmental 
downcomer, consider a swept-back weir. 

The downcomer clearance is usually l/2" less than the height of the outlet 
weir, although trays with unusually high liquid rates have been designed where 
the clearance is greater than the height of the weir. At low design liquid rates, 
3/4" to 1" clearance should be used to reduce column start-up time. 

Tray Spacing 
The choice of tray spacing is a function of desired tower length-to-diameter 

ratio, maintenance access and process load considerations. When a drawoff 
sump is required, special consideration should be given to the vapor-liquid 
disengaging space between the floor of the sump and the downcomer of the 
tray below. When the depth of a full chord sump exceeds 20 percent of the tray 
space, the tray capacity must be derated by reducing the effective tray space or 
additional tray spacing must be provided. The preferred tray spacing is 
generally specified by the customer. Tray spacing of 24" is considered normal 
and is standard for Charts A and C, discussed later in the design procedure. 

Internal piping should be avoided where possible. If internal piping must be 
used, it should be arranged to avoid obstructing froth flow across the tray and 
maintenance access between the trays. 



SYSTEM FACTORS 
Systems with foaming tendencies are taken into account by using a factor to 

derate the capacity of a given tray design. A list of the more common foaming sys- 
tems and their recommended factor is below. 
SYSTEM FACTOR 
Absorbers (over 0°F) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . , . . , . . . . . . . .. . . . . . . , .85 
Absorbers (below 0°F) . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . .80 
Amine Contactor . ..... . . . ... ... ..... ...... ... . .. .. . . . .-. . . . . . . . . . . . . . . . . . . . . . . .80 
Vacuum Towers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-85 
Amine Stills (Amine Regenerator) ..................................................... .85 
H2S Stripper ..................................................................................... .85 
Furfural Fractionator ..................................................................... .85 
Top Section of Absorbing Type Demethanizer/Deethanizer .................. .85 
Glycol Contactors ............................................................................ .50 
Glycol Stills and Glycol Contactors in Glycol Synthesis Gas ................. .65 
C02 Absorber ...................................................................................... .80 
C02 Regenerator ............................................................... ............ .85 
Caustic Wash ....... . .. ... .... .. ........... . .... . ..,. . . . . . . . . . . . . . . . . . . . . . . , . . , . . . . . . . .65 
Caustic Regenerator, Foul Water, Sour Water Stripper ......................... .60 
Alcohol Synthesis Absorber ...................................... ............................ .35 
Hot Carbonate Contactor ....................................................................... .85 
Hot Carbonate Regenerator .................................... ........... ............... .90 
Oil Reclaimer . .. . .. ......... ... ........... ....... ... . . . . ....... . . . . . . . . ......... , . . . .70 

;I The capacity of a given tray design used in high pressure fractionation service 
with a vapor density of 1.8 Ib. per cu. ft. and higher should be derated by a system 
factor calculated by the following formula: - 

system factor = 
1.21 

(d )o 32 
v 

DESIGN RATING PROCEDURE 
A quick approximation procedure for determining the diameter of a column 

equipped with the FLEXITRAY, followed by a detailed sizing procedure,is 
outlined in the following sections. This rating procedure has been in general use 
for more than 20 years and has proven to be extremely accurate in tens of 
thousands of installations. , 

1 

A. Tray Space Factors 
Tray space factors to be used with Charts A and C are as follows: 

Tray Spacing Vapor Density Less Vapor Density Greater 
Inches than 1.5 Ibs./ft3. than 1.5 1bs./ft3. 
12 0.65 0.65 
15 0.75 0.75 
18 0.84 0.84 
2 1 0.92 0.92 
24 1 .OO 1 1.00 
27 1.073 1.06 
30 1 .I42 1.12 
36 1.22 1.15 



B. preliminary' Sizing 
Chart A provides a quick approximation only of column diameter and should 

be verified by a detailed design before the column diameter is finalized. 
The steps for using Chart A are as follows: 
1. ~ e t e h i n e  the vapor rate in actual cubic feet-per-second (ACFS), the liquid 

rate in gallons-per-minute (GPM), the vapor and liquid densities in 
Ends-ppr-cubic foot, all at actual tower operating conditions of temper- 
ature and pressure. Then decide on the tray spacing to be used. 

2. Calculate the square root factor, 
I 

Where: d = vapor density. lbs../ft3. 
v 

d = liquid density, Ibs./ft3. 
I 

3. Calculate the vapor loading factor, 
d 

4. Correct the vapor loading factor and liquid rate by dividing by the tray 
space factor and system factor found on page 6. 

ACFS d - d  
Corrected vapor - 

J I dv v 
- 

load factor (Tray space factor) (System factor) 

Corrected liquid - - GPM 
rate (Tray space factor) (System factor) 

5. Plot the corrected vapor loading factor and corrected liquid rate 
on Chart A. 

6. Read the minimum diameter from Chart A, noting that in many cases 
the minimum diameter will depend on the number of liquid flow passes 
per tray. 

After preliminary diameter, number of liquid passes and tray spacing have 
been established, a detailed tray design is made and then checked against the 
capacity correlation. 



C. Detailed Sizing 
1. Establish vapor and liquid rates as in Steps 1, 2 & 3 of Preliminary 

Sizing. 
2. Size the downcomers. The following sizing method is based on an 

assumed design loading equivalent to 85% of calculated capacity. If 
some other design loading is used, the downcomer area should be 
adjusted accordingly. For most hydrocarbon columns using 24" tray 
spacing, sizing of the effective area at the top of the downcomer is based 
on a hot liquid rate of 175 GPM/ft2. This is equivalent to a residence time of 
5.13 seconds with a downcomer of constant size from top to bottom. 
(a) To calculate the minimum downcomer area, use the following 

formula: 

GPM 24 (-if3) (Ts) (dF) Downcomer area, ft2 

SF is svstem factor if required, from page 6. TS is tray spacina in 
inches.~xtra~olation for tray spacing greater than 30" is not recommended. 
(b) Whenhe value of dl - d is less than 30 1bs.Icu. ft., determine the 

v 
design GPM/ft2 from Chart B which compensates for the difficulties 
of settling froth as the density difference decreases. 

GPM ) r4)- Downcomer area, ft2 
(GPMm, from Cht. B W - 

Use the larger vaiue-calculated from eq. (1) or (2) for the minimum 
downcomer area. 

3. Charts D and D.l are provided for rapid determination of segmented 
downcomer areas. Choose a chord that will provide at least the minimum 
downcomer area previously determined. 

4. For a one-pass tray design the bubbling area is determined by the following 
formula: 

Ab 
= bubbling area 

At = tower cross-sectional area 

Adt 
= downcomer area at top 

Adb = downcomer area at bottom 

A = edae loss for 3' - 6" diameter and smaller* 
e w 

A = 
(FPL) (SRW) 

e 66 
Where: FPL = flow path length, inches 

SRW =support ring width, inches 
*Do not use the edge loss term for tower diameters gi-eater than 3' - 6". 

5. By using Charts E and E.l, determine the weir length corresponding to the 
chord height chosen in paragraph 3 above. 



6. Calculated Tray Capacity --determine the percent of calculated tray 
capacity :by using Chart C or the following formula: 
Percent calculated tray capacity = - 

100 
(TSF) (SF) (0.51 ) Ps.1 (net) 

+ (0.001327) GLPM 1 
W 

TSF r tray space factor 
S'F = system factor 

c sf (net) = ( a c t u ~ b ~ ~ ~  ) )J d dv - d  
I v 

Ab 
= bubbling area, sq. ft. 

L = weir length, ft, 
W 

100 C 
sf net' 

Percent calculated tray capacity = (0.46) (TSk) )(SF) 

7. Downcomer Capacity - -check the percent downcomer capacity by using 
the following formula: 

Percent downcomer capacity 

*or Chart B value as discussed on page 8. 

If Chart B value used, SF = 1. A = downcomer area, ft2 
d 

SF = system factor 
TS = tray spacing, inches 

8. Compare eq.3 and eq.4 calculated values. If the percent calculated 
tray capacity from eq.3 is less than 85%, the downcomer area should 
be increased and steps 3 - 7 repeated until the values for eq.3 and 
eq.4 are very close. This constitutes a balanced design. If the values 
for eq.3 and eq.4 are much lower than 85%, a smaller column diameter 
should be tried. Columns should be designed so that calculated tray 
capacity does not exceed 85%. 



9. If sloped downcomers are used, the area at the bottom should not 
be less than 50% of the area at the top. 

10. Set weir height. For pressure fractionators, the usual weir height is 
3 at 24" and larger tray spacing, 2%" at 18" spacing,and 2" at 1 2  
spacing. For vacuum fractionators, the usual weir height is I"  to 1 l/2". 

1 1. Set downcomer clearance. With the downcomer clearance set at '/2" 
less than the weir height, check the pressure drop under the 
downcomer using Chart F. If the pressure drop exceeds 1.5 inches of 
hot liquid, the downcomer clearance should be increased. Ordinarily, 
the weir height is also raised to retain the l/2" seal. However, where 
liquid rates will always be high, a zero seal is permissible. When the 
liquid rate is extremely low, a 3/4" to 1" clearance is preferred. 

0. Pressure Drop 
1. Convert the vapor rate to CFM air equivalent 

CFM (air equivalent) = 60 ACFS 
0.0735 

2. Estimate the number of valves on the tray by multiplying the bubbling 
area by the approximate valves per-square-foot from the table below. 

APPROXIMATE VALVES 
TOWER DlAMEf El3 PER- SQUARE-'FOOT 

21-6" to 41-0" 10 
4'-6"to 7'4" 11.5 

8'-0" to 1 1 ' - 6  12.5 
12'-0" and larger 13.5 

3. Calculate CFM (air equivalent) per valve = CFMINo. valves. 
4. Read dry tray pressure drop from Chart G using the appropriate curve 

for the type of valve chosen. 
5. Read the effective depth of liquid from Charts H through L for the 

appropriate weir height. 4 i 

6. Convert the effective liquid depth to inches of water pressure drop. 

liquid pressure drop = effective liquid depth - 
(6Z!4) 

7. Add the dry tray pressure drop to the liquid pressure drop to give total 
tray pressure drop in inches of water. Convert inches bf water 
pressure drop to mmHg by multiplying by 1.865. 



EXAMPLE PROBLEM NO. 1: HYDROCARBON FRACf IONATOR 
GIVEN: Vapor Rate = 21150 1bs.lhr. 

vaporDensity = 1.7Ibs.lcu.ft. 
Liquid Rate = 143855 Ibs.lhr. 
Liquid Density = 42.7 Ibs.lcu. ft. 
Tray Spacing = 24" 

DETERMINE: Safety Factor = 1.0 because non-foaming and dv < 1.8 (pa 6) 

CALCULATE: Vapor ACFS = 21 500 = 34.56 
* (3600) (1 .7) 

I 

'vapor Load = 34.56JT 42.7 - 1.7 = 7.037 (para. B.3.) 

GPM = 143855 = 420 
*(8.021) (42.7) 

From Cht. A, Trial Diameter 6'-0" I.D., S.F. (para B.) 

420 = 2.4sq. ft. Min. DNC area = - (para C.2.) 
175 

From Cht. D, 10" chord height = 2.4 sq. ft. (para C.3) 
Bubbling area = 28.27 - 2(2.4) (para C.4) 

= 23.47 sq. ft. 
From Cht. E, Weir Length = 4.17 ft. 

% Tray Capacity = 0.51 [w 23.47 + 0.001327(420)] 4.1 7 = 85% (para C.6.) 

(y:) (g) = 85% % DNC Capacity = - (para C.7.) 

CFM (air) = (60) (para D.1.) 
0.0735 

Estimated No. Valves = 23.47 (11.5) = 270 
CFM (air) 

valve 
9973 - 36.94 

- 270 

(para D.2.) 

(para D.3.) 

420 GPMlft. of weir = - = 100.72 
4.1 7 

For 24" TS, use 3" weir height (para C.lO.) 
Using Type A valves: (pa 1.) 
Dry Pressure Drop, Cht. G = 2.25" water (para D.4.) 

Liq. Pressure Drop, Cht. L = 2.8 (para D.6.) 

Total Pressure DropRray = 2.25 + 1.92 = 4.17" water (para D.7.) 
= 7.78 mmHg 

*conversion factor 
DNC = Downcomer 



EXAMPLE PROBLEM NO. 2: HYDROGEN FRACTIONATOR 
GIVEN: Vapor Rate = 497079 1bs.lhr. 

Vapor Density = 1.7 Ibs.lcu. ft. 
Liquid Rate = 513770 1bs.lhr. 
Liquid Density = 42.7 Ibs.lcu. ft. 
Tray Spacing = 24" 

DETERMINE: Safety Factor = 1.0 because non-foaming and dv < 1.8 ( ~ g .  6) 

497079 = 81.22 CALCULATE: Vapor ACFS = *(3600) 
,7) 

Vapor Load = 81 .22d42.:.7 .7 = 16.539 

GPM = 51 3770 = 1500 
*(8.021) (42.7) 

From Cht. A, Trial Diameter 10'-0" I.D., D.F. 

1500 = 8.57 sq. ft. Min. DNC area = - 
175 

From Cht. D, 12.5" chord height = 4.35 sq. ft. 
Total side DNC area = 2(4.35) = 8.7 sq. ft. 
Select center DNC width - 10.5" 

10 5 Center DNC area = - (10.0) = 8.75 Sq. ft. 
12 

Bubbling area = Tower Area - Total side DNC area 
- Center DNC area at bottom 

= 78.54 - 8.7 - 8.75 
= 61.09 

From Cht. E, Side DNC weir length = 6.1 ft. 
Lw = 2(6.1) = 12.2 ft. 

(para. B.3.) 

(para B.) 

(para C.2.) 

(para C.3) 

loo 16'539 + 0.001327 (g)] = 85% (para C.6.) % Tray Capacity = - 
0.51 [- 

% DNC Capacity = (1i.y) - (s) = 84% (para C.7.) 

(para D.1.) 

Estimated No. Valves = 61.09 (12.5) = 764 (para D.2.) 
CFM (air) 23437 - 30.68 (para D.3.) 

valve - 764 

For 24" TS, use 3" weir height 1 (para C.lO.) 
Using Type A valves: (PS- 1.) 
Dry Pressure Drop, Cht. G = 2.8" water (para D.4.) 

Liq. Pressure Drop, Cht. L = 2.6 - = 1.'78 (z:) (para D.6.) 
J 7 

Total Pressure Droprrray = 2.8 + 1.78 = 4.58" water (para D.7.) 
= 8.54 mmHg 

*conversion factor 
DNC = Downcomer 



Chart A 
KOCH FLEXITWAY TOWER SIZING 

GPM (Tray space factor) (System factor) / 



Chart B 

DOWNCOMER SIZING 
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Chart D.1 

CHORD HEIGHT / DOWNCOMER AREA DATA 
1 
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CHORD HEIGHT / CHORD LENGTH DATA 
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Chart F 

DOWNCOMER HYDRAULIC CHART 

PRESSUREDROP 
THROUGH DOWNCOMER CLEARANCE 





LIQUID DEPTH, INCHES CLEAR LIQUID 



Chart I 



EFFECTIVE DEPTH OF LIQUID 
2" WEIR HEIGHT 

Chart d 



BASIS AIRWATER SYSTEM 

Valve 



EFFECTIVE DEPTH OF LIQUID 
3" WEIR HEIGHT 

Chart L 



ARRANGEMENT OF TWAYS AND NOZZLES 
The maximum capacity of a trayed column can only be obtained with the 

proper arrangememt of the nozzles with respect to the trays. 
SEAL PANS: Figure 1 shows recommended seal pan dimensions. Seal 

pans are required to seal the bottom tray and are also used when a transition is 
required between two sections with a different number of passes. 

WBOlLER NOZZLES: Thermosyphon reboiler return nozzles should be 
arranged as shown in Figure 2 so that the mixed phase from the reboiler enters 
parallel to the seal pan. The recommended spacing below the tray is a 
minimum distance to allow disengagement space. 

FEED NOZZLES: The recommended procedure for feeding between two 
trays is shown in Figure 3. Note that the nozzle is located outside the 
downcomer. Internal piping is not necessary. A similar procedure should be 
followed for two, three and four pass trays. 

SEGMENTAL DRAWOFFS: Recommended sump dimensions are shown 
in Figure 4. When large diameter drawoff nozzles are required, the tray space 
between the drawoff tray and the tray below may need to be increased so that 

( .  

the distance between the bottom of the sump and the tray below is at least 80 
percent of the normal tray spacing. 

CENTER DRAWOFFS: Recommended sump dimensions are shown in 
Figure 5. The minimum width at the bottom of the center downcomer and the 
width of the sump is usually made equal to the nozzle diameter plus 2 inches. 

NON-OVERFLOWING TRAPS: Recommended dimensions are shown in 
Figure 6. This procedure is recommended, for example, for a total drawoff to 
the reboiler. The drawoff should never be attempted from the downcomer by 
raising the seal pan weir. 

OVERFLOWING TRAPS: A partial liquid drawoff can be made below a 
seal pan as shown in Figure 7. This procedure is also useful in making a 
transition to the tray below having a different number of passes. The drawoff 
should never be attempted from the seal pan alone. 



SEAL PANS 

'A' = ( NOfWLLY TRAY SPACE + 6: 
FOR STEAM STRIPPERS NOMINAL 
TRAY SPACE IS SATISFACTORY 

FIG. 1 

FEED NOZZLES 

8 = 6' MVE TRAY FOR LIQUID FEED 
TO 1/2 TRAY SPACE FOR 

MIXED FEU). 

FIG. 3 

THERMOSYPHON REBOILER 
VAPOR RETURN 

DOWNCOMER FROM Y 
rny.mm:q t , 

FIG. 4 



NON-OVERFLOWING TRAPS 

FIG. 6 

1-1/2D MIN - - in-, 
l 2 - J  MIN 

OVERFLOWING TRAPS 

D+2' 
MIN. D WEIR 

C .  

FIG. 5 

FIG. 7 



SPECIFICATIONS FOR 
VALVE TYPE TRAYS 

Deflection at Operating Conditions Downcomer Bar Thickness 
'/a inch for 10'0 (diameter) and smaller. 
0.001 (dia) for greater than 10'0" diameter. l/4" minimum for alloy. 

Basis: 12 Ibs./sq. ft. live load & 64 Ibs./sq. ft. on seal pot area. 1/4'' CS. pius all0wance 

Comments: valve type trays, with their greater minimum 
submergences, are less sensitive to deflection Bolting 
and out-of-level installation. 

3/a" dia. C.S. or alloy. (Larger if necessary for long major beams.) 

Tolerance - Out -of - Level, Downcomer Clearance and 
Weir Heights - '/a inch 

Comments: The above tolerances should be minimized on long 
weirs and particularly those with low liquid 
traffic. There is good evidence that a series 
of multipass trays out of level in the same direction 
will suffer serious efficiency losses. 

Structural Design for Erection and Maintenance 

250 Ibs. concentrated load on any member. 

Basis: Allowable stress at atmospheric temperature. 

) Comments: Such loading specifications vary from 
200 to 300 pounds. 

Comments: Some users specify alloy bolting at tray manways 
on carbon steel trays. A few specify alloy bolting 
for all bolting on carbon steel trays. 

Adjustable Weirs 

Not required. 

Comments: Adjustability should not be specified for valve 
type trays on any but long weirs with low liquid 
loads. The hazards of maladjustment overcome 
their ~otential benefits. 

Tray Manways 

Top and bottom removable. 
Maximum weight 65 Ibs. 
Minimum clearance 12" x 16". 
Vertically aligned where possible. 

Min. Thickness of Tray Parts 

(Trays, Downcomers & General Const.) 

Non Ferrous and Alloy .................................................. 14 ga. 

Carbon Steel .............................................................. 10 ga. 

Support Ring Dimensions 

Tower Diameter Carbon Steel Alloy 
5'0" and Smaller 1 l/2I0 x l/qA 1 l/2" x l/4" 
5 ' 6  thru 7 ' 6  2" x l/qn 2 x l/4" 
8'0" thru 10'0 21/zn x l/4" 2lfl x l/4" 
10'6 thru 1 1  '6" 2%" x %" 2l/2" x l/4" 
12'0" thru 15'0 3 x % "  3" 

15'6 thru 20'0" 3'/2" X ?h" 3%" x l/4"* 

Leakage Tests 

Not required for valve type tray deck areas. 

Comments: The valve type tray, unlike the bubble cap tray, 
has no net positive head of liquid on the tray 
and, therefore, during operation, cannot leak 
to the tray below. For this reason, no gaskets 
are required and tray leakage tests are meaning- 
less and unnecessary. Gasket elimination has 
contributed greatly toward reducing instaflation 
and maintenance costs. 

*Notes. Use gussets under concentrated load points. 
Tower diameters larger than 20'0" to have special 
consideration. 



FLEXITRAY RAPING SHEET 
The Koch Engineering Co., Inc. 

Wichita, Kansas 

Date 
Sheet of 
BY 

rower 
Section 

CFS = Ibs./hr. Vapor 
3600 x d , I b~ . / f t . ~  

v 

J-= ,/: d - d  
v 

dapor Load = C F S ~  

;PM = 
Ibs.lhr. Liq. x 7.48 
dl, I b ~ . l f t . ~  x 60 

;FM - 
air - 

60 (ACFS) -,/T- 
0.0735 

CAPACITY 
CALCULATIONS 
(As % Calculated Flood) 

5 P Calculations 

CFM . /Valve 
air 

ZPMIft. Weir 

Weir Height 

Type Valve 

~ r ~ n  P = in. water 

dl ~ i q . a ~  = in. liq. x a 
Totalltray, inches water 

Totalltray, mmHg. 
31 

- - 
3600 x 

JT= 
CFS J- = 

x 8.021 - 

X - - 

I 

- - 

- - 

X- = 
62.4 

- - 
3600 x 

,/-I= 
CFS J-= 

- - 
x 8.021 

X - - 

- - 

- - 

x- = 
62.4 

- - 
3600 x 

JT= 
CFS -,/-'= 

- 
x 8.021 - 

X - - 

- - 

- - 

4 

x- = 
62.4 

{\, 
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We have made every effort to assure accuracy for the data published in this manual . 
However. it would be necessary to review your specific requirements before a guarantee 
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COLUMN SIZING SOLUTIONS 

Use Koch Method - 75% Flood 

STABILIZER - TOP SECTION 

Known Data 

Vapor Rate 

Summer 
Operation 

Vapor Density 

Liquid Rate 

From inspection of the data, both operations look nearly the same. We will design for the winter 

operation and check the summer operation. 

Winter 
Operation 

ft3/s 

Liquid Density 

' ./ ) PRELIMINARY ESTIMATE 

1b/ft3 

gPm 

No barrel factor is available (barrel factor applies to the bottom section). 

16.56 

Tray spacing is 24" 
1b/ft3 

Calculate Square Root Factor: 

12.19 

1.673 

366.0 

Factor =$ dv =,/ 2.702 
= 0.318 

dl - d, 29.39 - 2.702 

2.702 

486.0 

31.1 

Calculate Vlond: 

29.39 

Vload = ACFS dv = (12.19X0.318)= 3.876 

TSF = Tray Space Factor = 1.0 (24 inch tray spacing) 

SF = System Factor = 1.0 (Non-foaming) 

IPDl2004 UOP CS-S I 



--, Vapor Density Derating: 

1 
System Factor = 

1.21 - - 1.21 
= 0.88 

(dv )O." (2.702)O.~~ 

Corrected Vload = Vload 3.876 
(TSF )(SF) = (1 10.88) 

= 4.405 

Corrected Liquid Rate = gPm - 486 = 552 gpm 
(TSF )(SF ) - (1 10. 88) , 

From Koch Chart A: 

, - 

1 Preliminary Diameter: 
- - 

Therefore, try a Zpass tray with a 5'-0" diameter. 



"1 SIZE DOWNCOMERS 

Use non-corrected loads. 

(v,,,, = 3.876; Liquid Rate = 486 gpm) 

Equation 1: 

However, 

From Koch Chart B: 

Vdc = Max. Downcomer Velocity = 162 - = 143 gpm/fr [:) 
Koch Equation 2: 

Use the larger of the two values. 



L 

Side Downcomers 

2 (y = 1.79 j? Each 

From UOP Charts: 

Center Downcomer 

L, = Weir Length = 5.0 j?; ( ~ r a ~  ~ i a m e t e r )  

r 

Downcomer Width = (3.58 j?') 

(5 8)  
= 0.716 j? = 8.6 in 

Ab = Bubbling Area = A, - Ad, - Adb - A, 

A, = Edge Loss = 0; For Diameter > 3'6" 
1 

Ab = 19.63 - 3.58 - 3.58 = 12.47 ft2 



- --l 
RATING 

pct Tray Capacity = Csf + (0.001 3 2 7 ) ~ j  
(TSF )(SF 10. 506) Lw 

pct Tray Capacity = (loo) ~311+(0.001012) (486) ] = 90.3 pct; (TOO ~ i ~ h )  
(1 10.88 10.506) (3.54 12) 

TRIAL 2 ESTIMATE 

Try 5'-6" 

TRIAL 2 LAYOUT 

Side Downcomer 

From UOP Charts: 



Center Downcomer: 

Downcomer Width = 
3.58 fr 

= 0.651 ft = 7.8 in 
5.5 ft 

Use 8 inches (minimum) for center downcomer: 

TRIAL 2 RATING 

- vload - 3-876 0.235 
Csf (net) - - - - = 

Ab 16.51 

pct Tray Capacity = O") [0 235 + (0. 0013.2 7 )  (486) ] L7'3;l P ~ t ( ~ c c e p l a b l e )  
(I 10.88 x0.506) (3.6812) 

pct Downcomer Capacity = ( ~ ~ X ~ ~ o - ~ 8 X $ )  - - - ~ 7 5 - 1  PC1 

I 
Close enough to be baIanced. 

,' 



.) 
PRESSURE DROP 

Convert vapor rate to air equivalent: 

2.702 
CFM = (60xCFSd- 0.0735 = (60~12.19d- 0.0735 = 4435 

Number of Valves = ( ~ a l v e s / ~ ~  146 = (13X16.51) = 214.6 (use 215) 

4435 
CFM /valve = - = 20.6 

215 

From Koch Chart G (using "A" type valves): 

Dry TrayAP = 1.09 in H 2 0  

. '> 
Assume weir height = 2 in (typical): 

gPm - 486 
gpm'ff = Avg. Weir Length - (3.68) + (5.5) 

= 52.9 

From Koch Chart J: 

(52.9 gpmlfr . 20.6 ~ ~ ~ l v a l v e )  
I 

LiquidAP = 2.0 in Liquid 

LiquidAP = 2. (z;) - = 0.94in H 2 0  

Total Tray Pressure Drop = (1.09) + (0.94) = 2.03 in H 2 0 (3.8 r n m ~ g )  



. .. DOWNCOMER BACKUP 1) 
Look at tray with side downcomers 

Downcomer Clearance = 1.5 inches 

From Chart F: 

CHECK SUMMER OPERATION 

3 95 vload - 
Csf (net) = - - 0.239 

Ab 16.51 



pct Tray Capacity = O0) [o. 239 + (0.001 32 7 )  
(1 xlx0.506) 

(366) ] = 60.3 pcf ( ~ c c e ~ t a b l e )  
(3.68 12) 

pct Downcomer Capacity = 

PRESSURE DROP 

From Koch Chart G: 

Dry TrayAP = 1.1 in H 2 0 

gPm - 366 
gpm/P = Avg. Weir Length - (3.68) + (5.5) 

= 39.9 

From Koch Chart J: 

Liquiddp = 1.75 in Liquid 

Total Tray Pressure Drop = (1. I ) +  (0.87) = 1.97 in H 2  0 (3.7 r n r n ~ ~ )  
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-") 
DOWNCOMER BACKUP 

1 Look at tray with side downcomers 

Downcomer Clearance = 1.5 inches 

hvd = (0.00042)(50.8/1.5)Z = 0.48 inches liquid 

The final solution was a 5'-6" diameter column with 2-pass trays. In the beginning of the 

problem, Koch Chart A gave us two initial options - 5'-6" (1-pass) and 5'-0" (2-pass). The 2-pass 

tray we selected became 5'-6" anyway. We should now examine a diameter of 5'-6", using 1-pass 

trays to find the optimal design. 

Side Downcomer 

From UOP Charts: 

IPDl2004 UOP CS-SIO 



H = (0.2081X5.5)(12)= 13.7 in 

LID = 0.8120 

L = (0.8120X5.5) = 4.47 j? 

Ab Bubbling Area = A, - Ad, - Adb - Ae 

pct Tray Capacity = (loo) [O.233 + ( 0 . 0 0 1 3 2 7 ) 0 ]  = 84.7 pcr 
(1 10.88 10.506) (4.47) 

The percent of flood is much higher than the 2-pass tray (73.1 percent). In this case, a 2-pass tray 

is the optimal design. 

IPDl2004 w CS-S 1 1 




