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United States Patent Ofce - - 2,772,081 

Paiented Nov.27,1956 

2.772,081 
VAPOR-LIQU?y CONTACTING APPARATUS 

Henry J. Hibshman,Plainfield,and James J. Trexel, 
Roseie,N,J.,assignors to Esso Research aad Ea 
giaeering Company,a corporation of DeiaWare 

Appication Mareh 6,1951,Seriai No.214,076 
1 Claim.(Cl?261?114) 

The present invention is concerned with an improved 
apparatus for operating a countercurrent-vapor-liquid 
treating zone. The invention is more particüiarly con 
cerned with an improved fractionation Zone and is es 
pecialy directed to apparatus for contacting upfiowing 
vapor and downfiowing liquid utilizing contacting trayS 
or their equiyalent. ?n accordance with the present 
invention,the capacity of a tray and the entire treating 
Zone is markedly increased by providing apparatus for 
eficiently and readiy contacting the countercurrent floy 
ing phases. In accordance With the present invention,a 
directional vapor stream is produced on the respective 
trays Which facilitates the passage of the downflowing 
liquid across the tray,thus redücing liquid holdup on 
the tray. 

It is Wel Known in the art to carry out many chemical 
reactions and Separations wherein vapor and liquid are 
contacted in a countercürrent manner,Such as in a hy 
drocarbonfractionation Zone. Nornaly the iquid passes 
from One Zone to a loyer Zone by means of doyncomers 
or theirequivalent while the yapors paSS upwardiy from 
zone to Zone through chimieysia the tray,around vari 
ous types of bell caps into the liquid phase disposed on 
the top of the tray. The liquid phase pasSes from Zone 
to Zone over weirs on the respective trays into down 
comers and passes onto the tray in the Zone beloy. The 
height of the liquid phase on the tray is determined by 
the height of the weir The downcomer from the zone 
above must of neceSSity extend beloy the top of the 
liquidphase Gn the tray. 

In iquid-gas contacting operations of this character, 
the capacity of the tray to a large extent is determined 
by the degree to Which the downfowing liquid can be 
moved across the tray. 

ASide from limitations of auxiliary equipment Such 
as fürnaces,feed pumps,and condensers,the capacity 
of a fractionation toyer may be limited by any of Several 
factors. Basicaly,these are limitations to passage of 
liquid down and vapor up the tower in Such a manner 
thateficient contactingis achieved. 
The requirement of eficient contacting means that 

the limitation may be one of too rapid or free passage 
ofone or more of the phases through the toyer,as wel 
as restrictions to fiow of the phases. Tray dumping, 
liqüid running down through bubble cap chimneys,is 
an example of too free fow of1iquid. Downcomerfiling 
with backup ofliquid on the tray is the opposite type of 
limitation,reSuiting in poor eficiency because of eX 
cessive entrainment and ultimately in towerfooding. A 
similar high-entrainment efect is produced by excessive 
vapor rates. In a typical bubble cap tower,each of these 
limitations predominates over a diferent vapor rate 
Tange.? - 

One-operating disadvantage comprises excessive liquid 
holdup Which,in the absence of a downcomer limita 
tion and obstructions on the tray,is determined by the 
inear velocity at Which iquid is able to pass across the 
tray. Fora given liquid velocity across the tray the 

2 
1iquid holdup is directly proportional to the volume of 
1iquid flowing across the tray in a unit of time,Since 
the liquid on the tray is "aerated" by the vapor,the 
volume occupied by the liquid is proportional to the 

5 velocity of vapor in the tower and the amount of liquid 
holdup on the tray. At normal tray Spacings a tower 
will ultimately be limited in capacity by the liquid flow 
approaching the tray above,reSulting in excessive en 
trainment Accordingly,higher capacitiescan be reached 

10 if the liquid holdup is reduced,Reduced holdup can 
be accomplished by the present invention Which directs 
the Vapor Stream through the trays in Such a manner 
as to push liquid across the tray at a faster rate. 

?n accordance with the present invention liquid holdup 
15 on the reSpective trays is prevented by providing con 

current fiow of vapor and liquid across the tray. In 
other words,a directionalflow cf vapors is provided in 
order to increase the velocity of the liquid fowingacross 
the trays,thus preventing iquid holdup. 

20 The present invention may be readily understood by 
reference to the draWings ilustrating embodiments of 
the Same. Figure 1 ilustrates a typical bubble cap tray 
fractionation Zone. Figure 2illustrates a typical bubble 
cap chimney and bubble cap,while Figure 3 is a top 

25 view of the Same. Figure 4ilustrates a typical "lean-to 
device° while Figure 5 is a top View of the Same. Fig 
ure 6 illustrates a portion of a tray wherein conven 
tional bubble caps are partialy blanked of,whie Fig 
ure 7 illustrates a "Venetian blind type° of directional 

30 device. 
Referring specifically to Figure 1,the numeral ?0 

designates a bubble cap tray column,contacting vessei. 
The veSSel 19 is conventionally provided with a Series of 
vertically Spaced,transyerse,perforated plate elements 

35 ??,forming a vertical Series of Superimposed,contact 
chambers or Zones. These chambers or Zones are in 
communication one Wifh another by way of the passage 
WayS ?2 formed by the plate perforations,and down 
comers i3 disposed at alternate sides of the vessei from 

40 plate to plate. The doyncomers extend from the sur 
face of one plate downyardly into verticaly Spaced re 
1ation to the Surface of the plate hext below. As shown 
in Figure 1,the passageways ?2 through the plate are 
each provided with bubble cap elements ?4. In addition, 

* each plate 11isprovided wif a weirmember15,atthe 
entrance to the downcomer ?3,extending upwardly from 
the plate surface to a level above the lower end of 
the downcomer from the plate next above. The vessel 
is also provided with a feed line 16. An outlet from 

59 the vessel forgaseous materials is provided as by con 
duit ?7. At the lower end of the vesSel is an outlet ?9 
for heavier materials. In operation,it is to be under 
Stood that any number of trays may be utilized,In 
accordance With the preSent invention,for the purpose 

* of description,it is assumed that a vaporous feed is 
introduced at an intermediate point offractionatingzone 
?6 by means of ine ié. Temperatures and pressures 
are adjusted so that vapors fow upwardy in zone 10 
through the chimneys i2 and around bubble caps 14into 

* a liqid maintained on the top of the plate,he height 
of which is determined by weir 15. The liquid phase 
on the plate comprises disSolyed or condensed constit 
uents of the Vaporous feed introduced by means of line 
16. Vapors fow through the liquid phase on the top 

65 ofeach plate from the zone below through the chimneys 
and around the bell caps into the liquid disposed on 
the top of the plate,the height of which is determined 
by Weirs. 

Referring Specifically to Figure 2,illustrating a con 
70 ventional bubble cap,the vapors fow upwardly through 

chimney 21 on plate 20,around the upper lip 23 of 
the chimney and down around the skirt24 of bel cap 



3.772.081 
- 3 

22ftg the liqid phase maintained on the top ofplate 
20 Figure3 isa top view ofthe convefo?al bübble 
cap. ? - 

Figure4ilustrates abubble Cap or equivalent means 
for securing fhe directionaffow ofvapors as they fow 
upwardlyfrom one plate to anofher,These vapors flow 
upwardly fhrough a hole 31 in plate 30 into a lean-to 
bafe 32. The bafe resenibies a lean-to with vertical 
side,open in front and faces fhe downcomer Figure 
5 is a fop view of the lean-to bafie of the presentin 
vention? - 

_Figure 6shows two conventional bubble caps,half of 
which are blanked of with the openinginthe direction 
offhe downcomer. Vaporsiowüwardlythrough chim 
neys 4 inplate40,around fhe haif-openskirt of bubble 
caps 42-and 43 info the liquid phase maintained on 
top.of pläte4@.,Thus,the liquid and upfowing vapors 
fow concurrentiy,transversely across plate 40 in the 
difection ofthe downcomer44. 

Figré.7.iustrates a "Venetian bind type" of tray. 
Vagofsfiow üpwardly through holes 5i,52 and-53 in 
plafe 50 Thesé vapors then pass directionaly in con 

curved to cover one half of the? circumference of a 
staidard bübble cap Tfe bafeis Gfsüch a size fiat, 
it covers the entire Slot aréa and extends down to the 
tray foor With these bafies instaled on the upstream? 

10 

20 

current fiow with the iquid flowing transversely across 
the plateinthe direction ofdowncomer54, 
Another advantage of the present invention is con 

nected with reduced trayinletliquid heads In a normal 
bibble cap tray there is a tendency for iquid to build, 
up to a higher level at the inlet side of the tray than 
anywhere else on thetray. - 
use of lean-to type bafies in place of bubble caps pro 
duces the opposite efect fn this case,the inlet head 
is lower than anywhere else on the tray The bafies 
consist of sheet metal lean-tos with vertical sides with 
the open end facing fhe downcomer. 
duce the inlet head and prevent tower fooding due to 
prematufe downcomerfiling,itisonly necessary to have 
the frst row or two of bubble caps and chimneys re 
placed with these lean-to type bafies. The rest of the 
traymay have Venetian bindtype bafies. - 

Studies in a three tray vertical half Section of a ten 
foot diameter distillation tower have Shown that tower 
capacities may be increased as much as41% bytheuse 
of lean-to type bafes in place of conventional bubble 
caps and chimneys.?The bafies employed consisted of 
sheet metal lean-tos with vertical sides attached to the 
tray by conventional bubble cap tie-down bolts with the 
open end facing the downcomer This design produced 
a directional vapor stream Which facilitated the passage 
of the liquid across thetray,thus reducingliquid holdup 
on the tray. It has also been found thatit may be bene 
ficial to completely blank of the holes left by removal 
of bubble capsimmediatelyadjacent to the downcomer? 
In thiscase,the action of the directional air stream pro 
duced by the lean-to bafies in conjunction with the 
curved side of the toweracts as a centrifugai device to 
throw out and deaerate liquid from the vapor stream. 
The design of the lean-to bafiesis not critical. Hemi 

spherical bafies open on one side towards the down 
comer, square or rectangular box-type bafles open to 
wards the downcomer; elbow-type bafes and similar 
devices may be used,A simple and efective arrange 
ment may be fabricated by punching plate trays to pro 
vide the required openings,1eaving faps of metal adja 
ceft eachopeningincined to direct vaporsto the down 
conef. . -> 
The bafles may be equipped with slots on their open 

ends and they may have holes or clearance with the 
tray foor on the sides ofher than that facing the down-- 
comer. However,they must produce a directionalvapor 
stream leavingthe trayin the direction ofthe downcomer. 

Studies in a three-tray vertical half section of a ten 
foot diameter bubble cap tower have shown that ca 
pacity may beincreased as much as21% when usingdi 
reetional bafies on standard bubble caps. The bafes 
used consist of a rectangular piece of sheet metal, 

It has been found that the 

in order to re 

25 

side of al the bubble cap onastandard ffy-sixbubble 
Cap half-section tray,the capacity in it Was increased 
21% when using an enlafged dówncomer-Althoügh the 
bafiesüsedin this yerk covered oné-?alfofthe bü5bie 
cap circumference,other lengths of bafies may be used… 
The bafesizesshoú be determined bytha?gying?e? 
greatest directionalefect to thevaporand liquid onthe 
tray while efecting the leasf increase in tray pressure 
drop. The bafe may be aftached t6 the bübble cap 
either by means of appropriate circumferential clamps, 
tack-weldingorappropriafé cipswficfiefgagethe bubble 
cap slots as the bafle is slipped over the bubble cap. 

It is a frequent occurrence that production is limited 
in refinery operations by distillation tower capacity. The 
limitation is often in the distiation toweritselfascon-: 
trasted to auxiary equipmeht such as furnaces,heat, 
exchangers and pumps. When feed stock is avaiable, 
thereisavery attractiveincentiveinincreased production 
of high proft incremental product through increased ? 
tower capacity,- -- - - - 

Studies in a three-tray vertical half section of a ten 
foot diameter distilation tower have showathatincrease. 
in capacity results from removal of conventional bubble 

80 

caps and chimneys and substitution of Venetian-bind 
bafes on the tray. The bafles consist of rectangular 
strips of sheet metal approximately 10 inches wide. 
These are positionedabove the holesinthe trayexposed 
by remoyal of the bubble caps and chimneysso that the 
bafies run across the tower perpendicuiarly to the di 
rection of liquid flow across the tray. The bafles are 

35 

-40 

45 

arranged like an alnost closed Venetian bind so that 
suficient velocityand pressure drop are obtainedso that 
essentialy no liquid fows down through the bafies,and, 
tray dumpingis ayoided. The distance between the over- - 
1apping portion of the bafies is from about one half to 
one inch. The bafes may be curved or bent and may 
contain slotted, corrugated,or grooved edges and sur 
faces. - * _= ? ?? 

Whatis claimedis: - - - - J 

Apparatus particulady adapted for fractionation com 
prising a Vertical tower containing a plurality of hori 
Zontally disposed verticaly spaced plates extending sub 
stantialy across the toyer,intersecting vertically posi 

50 

tioned conduits extending through each of Said plates 
terminating above and below each plate,in which the? 
Said plates are proyided with a large number ofperfora 
tions distributed over a substantial portion of theirarea, 
and lean-to means associated with each of said perfora 
tions, said lean-to means being fixed to said plate and 

60 

65 

70 

inclined upwardly towards the Said conduit associated 
With and extending downwardly from each plate, said 
1ean-to means being further characterized by havingside 
closure members joined to said lean-to means and ex 
tending downwardy to the said plate adjacent to the 
perforation provided in the plate,Said lean-to means 
being stil further characterized in that the lean-to mem 
ber covers a substantially greater area than the area of 
the correspondingperforation. 
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