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TWO- PHASE DI STRI BUTOR SYSTEM FOR DOWNFLOW REACTORS The present invention
relates to a gas-liquid distribution system for downfl ow reactors which

haveione or fiex&d beds of solids. The distributor system (Eltll‘fb‘?s" -
present i nvem&(;%gdlsgﬁparticul arly useful for effecting 5 m xedﬁfo ase 07574

reactions between a liquid and a vapor over a solid catalyst. Fixed-bed
reactors typically contai.n one or nore beds of solid particul ate catal yst

over which a gas, aTWONREASE, DISTRIBUTOR,SYSEEM FAR W REACROR®r d

flow  Optimal 10 . reactor performance is achi eved when all catalyst is
fully contacted by the process fJuidt_::%f5 It js_common in fixed-bed reactors
to employ multiple SO19 RFHRAL d}%‘ﬁé Q/e"r'?ir%*é?sl"yt? h? ROttt TEHR vessel
with injectiondifstgadbutridn @ystdmetfwme daartl @ai readtdesiswhich hawve cohedor

i njection may | eqi | et r ogg@ h

process fl ui ds?‘%ﬁﬁ%ﬁi &%ﬁeﬁﬁ%%} i oﬁge, %ﬁlg{%‘?ﬁ?%ds e %ﬁd?ﬂg}rl%nt
feed stream [Ereasenthddyvenkion rsipaxtignlantniysetul | forseftectbng to

stage someghat pfiiideiiisd Qddtford stwddl i &) Plyuid® $ndl0h SvaSSECbver ! &
all cases it |§§€§‘r,lt|cq‘%to establish good fluid distribution at the top of
each catal yst i@ Rr design for fixed-bed reactors typically has

t wo f)bj ectives. The Fixei-bed crnmif ﬁmelgq:iﬁan}gecrm}eaixﬁmm %tsmbi-a beds
i nvol ves naxi m zi ng .t 0 o] ' the distyibutor
i Sper sos the (RPN SRR d Rt O RYer, wlbey (s 2 {10014
coverage, whi clor equasssl iquitd miscturaimasssEs finial dbwpeasddfIowm Rpbinal
poi nt be ual &gﬂ: -F 3 L Vil |  t e '
nore di ffligul t ziH‘oar achi te‘{/%flr)ecal}g&ee iig 340&?"L c,omm%ngg%a%at%]éf% :F%gﬁ%%fy
practical |y posamiacted sk he piacass | etd (g of the distributor.

Fabri cation -.It is common in fixed-bed reactors to employ multiple
solids beds disposed vertically throughout the vessel with
injection of gas or liquid between each pair of beds.

15 Interbed injection may be needed to 'replenish depleted
redctants, to quench the process fluids following

exothermic reactions, or to introduce a different feed
stream.; If the beds contain different catalysts, it is
péSsible_to.stage somewhat different reaction zones within
20 a single vessel. 1In all cases it is critical to establish
good fluid distribution at the top of each catalyst bed.

_ Distributor design for fixed~bed reactors typically
has two objectives. The first is completeness of coverage,
which.usuaily involves maximizing the number of points from

25 which the distributor disperses the fluid onto the

! catalet. The second is uniformity of coverage, which

| requires that the amounts of fluid dispersed from each
point be equal across the reactor. Of the two, uniformity
of coverage is more difficult to achieve because in

30 ;commercial_reactors it is not practically possible to
assure perfect levelling of the distributor. Fabrication
and installation inaccuracies typically result in variation
of 3.18 mm (1/8") to 12.7 mm (1/2") in distributor
elevation across the diameter of a commercial vessel, and
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and installation inaccuracies typically result in variation of 3.18 mm
(1/8") to 12.7 nn1(1/2") I n distributor elevation across the dianeter of a

comer, se and variations as large as 19.1 %%% ave been
neasuﬁgéagﬁégi i f perfect leveling could be achieved at S g@h, it *
woul d likely deteriorate during operation as the reactor internals are
subj-ect to thermal expansion and significant 5 static load. Typically

di stri-butor design invol ves accepting a baseline variation in | evel ness and

devising a sxsten1to be as insensitive to these variations as possible. The
consequ¥atdatipngoas flryge aissdoi.Bumior(3i/4")i haye heen measuxestors can be

severe. EvgﬁoifnbEE'Qe@'tSTléer!tlh%ncohﬁ%t YeS alciidved FeEHL butledtle area of
each distrib | eads t%FbeIa ed cont act) ng of reactants, and al so

util.o
Do gl ShowatlaoRiRBLY. getar iaraten uing: GRAZALIMN A%, Fhe FARGEOT
dlstrlbﬂhtennamsoaSetbabneactub Ehexrmallo dnsﬂtn Bnd - digyr it ivenit

eralyLe; @r adhgnt So Rz bl dgg@gbg%w Qo JHSAYLT ency of

ting tants fur I'npact of either type
of mal daecepbingoa bgsahlappxaeaatﬁogs1Mn1@aﬁdm$§ﬁ and Wevwisingl @l so a

possi bl gykpemhUte ba asetinaéagaehvap%l ithedld ¥ayiationd mgrddition, chronic
naldlstrlbutlon can.lead to plugging of part of the SO|IdS bed, excessive

pressurB88&Bleand premature shutdown. Many different types of distribution
means are knwna c$h§equ5ﬁbeato@np&oﬁotnuuaedhsEHﬂbuﬁﬂdhtﬂﬁﬂfikdﬂ£WC6d or

2o BRASERREERES oEh!BR sPBFRRL ERER, IR -Hi ol "l o1 01>
is 1ocal dispersion in the area of each distribution point, ‘
leads to delayed contacting of reactants, and also to
regions of unutilized solids. Poor macro-distribution,
that is distribution across the reactor as a whole, leads

15 to lateral temperature gradients, pdssible phase '
separation, and deficiency of 11m1t1ng reactants further
down the bed. The overall impact of either type of
maldistribution is an apparent loss in catalyst activity,
and also a possible failure to meet product specifidatiqns.

20 In addition, chronic maldistribution can lead to plugging
of part of the solids bed, excess;ve pressure drop, and
premature shutdown. ' '

Many different types of distribution means are known.
_ The simplest ones comprise little more than a pierced or

25 slotted plate. Others have various forms of orifices,
weirs, slots, or more complicated devices for promotlng the
desired uniformity of gas/llquld flow.

U.S. Patent No. 2,898,292 teaches a distribution means
consisting of a plurality of vertical open pipes with |

30 notches in the upper rim for liquid overflow. Gas and
liquid are introduced onto theé catalyst bed at velocities
not exceeding 9.2 m/sec (30 feet per second) to avoid '
disturbing the surface of the solids.

U.S. Patent No. 3,146,189 discloses a distributor tray

35 in which ligquid passes onto the solids bed through short
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degired uniformty of gas/liquid flow U S. Patent No. 2,898, 292 teaches a
di stribution nmeans consisting of a plurality of vertical open pipes wth 30
notches in the u liquid overflow Gas and liquid_are

Bg,ér rimfor
i ntroduced oWOBMPcatal yst bed at velocities not exceeding FFUPIEB 30

feet per second) to avoid disturbing the surface of the solids. U S. Patent
No. 3,146,189 discloses a distributor tray 35 I n which |iquid passes onto
the solids bed through short WO 95/ 35159 pi pes, while gas passes through
| arger and | onger pipes which extend downward into the solids bed. This
type of distr plipiasr, whiilef eaisopaissesitheshbyyia samgsac tamh sl dreysarigripdés act s

t t t
moxtsﬁfgr gn?o t e cat %anldl %Ja%gqgh@%% s%?%?g&:OVI J{GS a ?& a?l CIUI d
di stri but or céﬁ§t§tlbh‘§°6‘f is jafegior [forg miged-phass Srerchions hearuse o

that liquid f|1QWaH&"50%h ras! n;hlauuars e qai&ﬁﬁdﬂsrdﬁrﬁé& dHzyel on the
tray i ncr ases :

fl I had
Shows. thas & haTFRSREERPG, SePh 8% A B RHEe SR L TR el ght
according to: [errpp.s. Patent No. 3,353,924 prdiidekb a gas-lidweid Q =

vol unme flowr i UI 0 | af ,

and Cis a coﬁg‘?g%?iﬁ#% §§ngg| Isa?u%g’é’m ré%]t% beﬁ %‘%Pé{l ?%ﬁ%r&

dependence ontheqsndesesghthnﬁkdsqpnd Flow ithrawgh, &he Zhistridusionr ve to

variations injheygha@sSas h1qadd el N the tray increases. a simple
10 fluid mechanical analysis of such a device shows that the

flow through the pipes varies with the liquid helght
accordlng to:

Q = ¢ x h'?, S (n
15 where Q = volume flow rate through pipes,
: : h = height of ligquid above bottom of slot, and

C is a constant.

This behavior is undesirable because the 1.5-power
dependence on liquid height makes the distributor very

20 sensitive to variations in levelness. In addition, this
device uses separate, larger chimneys for gas flow which
restricts the number of liquid irrigation points on the
tray. _ .

U.S. Patent No. 3,524,731 teaches a type of pipe

25 distributor using inverted trianqgular notches rather than

straight-sided slots. This approach results in the flow

equation: .
Q@ =2c¢xh, | (II)
where Q = volume flow rate through pipes,
30 ' h = height of liquid above bottom of notch, and

C is a constant.’

Although improved over the 1l.5-power dependence of the
preceding patent, this device still shows a strong
influence of unlevelness. The exact power on liquid height
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devi ce uses separate, |larger chimeys for gas flow which restricts the
nunber of liquid irrigation points on the tray. U S. Patent No. 3,524,731
teaches_a type of pipe 25 distributor using inverted trian uIar ot ches
rat her T f?%Jght sided slots. This approach results

equation: Q=C x h, (Il1) where Q = volune flowrate through plpes, 30 .

h = hei ght of quuid above bottom of notch, and Cis a constant. Although

i nproved over the 1.5-power dependence of the preceding patent, this device
still shows a strong influence of unlevel ness. The exact power on liquid
hei ght (mh)dam;ﬁﬂjyrortheweratam ebfaktitudelcte cbdsscwivilthhobf thige

triangul g e IEGRET . g t&@tﬁa@ﬁdtﬂéomqalgoreml yst hrough
t he plpes ﬁUI rates I|qU|d'aIso passes overfl ow through

separ at e "Ry Pirasy \Aly high g%%q¥+%mFatEﬁr}h§u§Gch |
operati orutda,e praaim ny Idmﬂcfvb ashdughl Ghepdreate penindyshfacehalngys are

quit dlfferent 59 ro pLpe distributor with
no sPots *§FS0 Le%s"'g:‘o ?}'ﬁ/ 5“1‘?61’3}9 %u?lﬁe é/élg%?l LR%f Fgg?ﬁvggtype of
pi pe di stqu;wd)rflbmdumugh dzhejmm amaytmhecmlupueyiswnw giitef avor the .

| owest pigy ?» fArdnte tray alnost to the exclusion of the others. The use of
any type of slot or notch at the top of the: pipe to meter liquid overflow

i s an i nprovefert- ARt Mo t&8 3y Thb RFPHIGRS 13 Pipe distributor

with no slots or notches of any type. This is the least

10 éffective_type of pipe dist:ibutor because on an unlevel
tray the liquid flow will favor the lowest pipe on the tray ‘
almost to the exclusion of the others. The use of any type

~

of slot or notch at the top of the pipe to meter liquid
overflow is an improvement over a completely smooth pipe

15 rim. ' _ o _

_ U.S. Patent No. 4,126,539 discloses a gas-liquid
distributor system having pipe distributors with
rectangular notches in the upper rim as well as circular
holes between the rim and the tray deck. This patent

20 contemplates that the rectangular notches (weirs) at the
top of the pipes define the liquid level on the tray with
the circular holes insuring that there is a flow through
the pipes of the-tray-if the 1iquid level drops below the -
notches. Thus, this patent contemplates that the

25  distributor system functions at the weirs in a manner
similar to the system of U.S. Patent No. 3,353,924
discussed above. '

A distributor of the type disclosed U.S. Patent No.

4,126,539 can be operated with a liquid height below the .

30 rectangular notches in the upper rim of the pipes and abgvé
the circular holes. Such operation woﬁld be a vast
improvement over the above discussed prior art because the
bulk of the liquid flow would pass through the holes as a
jet which is sheared by the gas pa551ng vertically

35 downward. The shearing actlon would break up the llquld
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U.S. Patent No. 4,126,539 discloses a gas-liquid distributor system having
pi pe distributors with rectangul ar notches in the upper rimas well as
ciycular holes between the rimand the tray deck. This patent '

cont enpl at esWHEBP e rect angul ar notches (weirs) at the top d’ﬁf‘f?@yﬁ'{sﬁ‘és
define the liquid level on the tray with the circular hol es i nsuring that -
there is a flow through the pipes of the tray if the liquid |evel drops
bel ow the notches.” Thus, this patent contenplates that the 25 distributor
system functions at the weirs in a manner simlar to the systemof U S

Pat ent No. 3, m sould sheyehy dnrprove gistiiguidcantacke hefereli the osed
U.S. Patent o’ Geatth Wk RN g’%e&h Q¥ the@ énfg“é%ovegﬁ e DRADYEiGE 30

rectangul ar . notc es in the upper r|n1o e plpes and e clrcul ar

hol es. Such op&t¥essh MaRid fdor AR SRRL A Rek_Bd
prior art becaumen@h@ﬂyﬂéssﬁatdﬁzI|qU|d f|OM/MDU|d pass through t he hol es
as a jet which is sheared by the gas passing vertically 35 downward. The
shearing action would break up the liquid and woul d thereby inprove
gas-liqui@ contact bef ok =t I ¥ |hit’ds reach the (@I yst bed. In this case,

the relati.on bet we%égeqld d U&W%{d Y d %OJ@{ ‘H(ijl rcul ar. hol es

can be expressed as height 1d bove the dedEiE & =
volune flow rate through plpesh ed g)el I qui d above the centerline

of hole(s); and Cis a C@ws_tsalalt constant.

10 Of the art discussed here, such use of the distributor'of
U.S. ‘Patent No. 4,126,539 would provide a minimization of
sensitivity of liquid flow to variations in level, with the
rectangular notches being used for abnbrmally'high_liquid
rates when the full flow cannot be conveyed through the

15 holes. A disadvantage of such use of this distributor
would arise at low 11qu1d flow rates which cause the liquid
level on the tray to fall between the top and bottom of the
holes. Under these conditions the above flow equation IITI
no lenger holds, and a 1.5 power dependence on liquid

20 height makes the distributor strongly sensitive to
variations in levelness similar to that discussed above
with respect to the slotted pipes of U.S. Patent No.
3,353,924. A low liquid level could be minimized by sizing
the circular holes smaller, but hole diameters less than

25 about 6.35 mm (1/4") would be 1mpract1ca1 due to the
_possiblllty of plugging. Thus for a given reactor there is
a minimum ligquid rate for whlch downpipes with holes are
effective, below which good distribution cannot be
guaranteed. :

30 It is known to design gas-liquid distributors with
vertical dowhpipes having'hdlee drilled in the sides to
'control_liquid level on the tray. However, such pipes are
fabricated with the same number, size, and location of

——S——



10 O the art discussed here, such use of the distributor of U S. Patent

No. 4,126,539 would provide a mnimzation of sensitivity of

liquid flowto

variatiqons in lLevel, with the rectangul ar notches being used for abnormally
high 1i JUP3PUEs when the full flow cannot be conveyed t RESHGHARE 15

hol es. A di sadvantage of such use of this distributor would arise at low -
liquid flowrates which cause the liquid level on the tray to fall between
the top and bottom of the holes. Under these conditions the above fl ow
equation Il no longer holds, and a 1.5 power dependence on liquid 20

hei ght nehkeleshendeachi bandr tbusosyffercati very tlow ddiaiibraties | evel ness

Patent notT 3 5EREoBEU REFELRKS

&Etﬁoiﬁapﬁﬁbvhﬁ the slotted pipes of U S
' I

EU|d | evel coau be m ninmzed by sizing the

circul ar hol esAsEarngh gpgripgnidqdistrdbutisns for, fined-badut 6. 35 mm

(1/4") wopbgcbsrsnpagcheenl stuaiba hha paproled Wpod AIruGHN0 yeaks for a

given reagtor there,is a minimumliquid rate for i ch downpi.pes, Wi th hol es
oo &t octtvs BELEY, SRR LS ORPEEVE, AP GRS 0 TR EREIRPD 30
It is knoofi teadbtangs pascbmmerdidilsreabtbrss wempesattural downpi pes ‘

e fa w th

1 dtanta eirdidlst WIenpestas 0 pes.
vcver | SEEAfrifiein IR SkCPRGRLE PrRgossed! dinsTAlI,PRITAE i on

However, 'suc

of hol gEeateEafhuidnflevuinsanecPagt & Fheoked yersusaeawthedin t he poor
per f or manggp 1@t ffedBa¥E. dPbpNBUENAERS oiFtaH Gedetllsl RbKivly fier thieafded

reactors has been studied and i pprove on for ,many years, 5 it is stil
Comidh ¢ SORSERvaY cPeLARE OF ARRUVERE: BuoMoRy inewerislene o
reactants. Fresh (not discolored) catalyst is sometimes ‘

15

20

25

30

35

found when fixed-bed units are serviqed after two to three
years in operation, indicating flow bypassing. These

'findings.indicate that at least some aspects of fluid flow
' in gas-liquid distributors has not been well understood.

Yet in the petroleum refining and other industries, public
demand and government regulations_have dictatéd the removal
c¢f certain compoﬁnds from chemical products, necessitating
more severe operation and greater need for optimal and
reliable reactor performénce. Effgctive'distribution in
reactors is critical to meetihg this demahd.

The present inVention avoids the'problems of
conventional distributor trays by eliminating the extreme
sensitivity to level variations at low flow rates.
Insensitivity is achiéved by_providing, on the same tray,
at least two different:types of downpipe with different
numbers of holes for gas-liqﬁid flow such that at very low
rates only some of the'pipes pass liquid. By strategic
sizing of the holes on different sets of pipes,“uniformity
of ligquid dispersion is retained both locally and across
the reactor even when only some pipes are active.

The gas-liquid distributor of the present invention
provides increased 1liquid turndown capability over

coenventional pipe distributors while maintaining good gas-
liquid'micro- and macro-distribution. Turndown refers to
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of reactants in commercial reactors. Tenperature maldistribution in
exotherm c processes generally indicates greater fluid flowin one part of
the bed versus another. Rapid pressure drop buildup often reveals coking in
the bed 10 VRS by regions of stagnant flow or insuf fici VTR0 ALs.
Fresh (not discolored) catalyst is sonetines found when fixed-bed units are
serviced after two to three years in operation, indicating flow bypassing.

. These findings indicate that at | east sonme aspects of fluid flow 15 in
gas-liquid distributors has not been well .understood. Yet in the petroleum
refini ng and apdrationiat riess pbdhi thécdesiomdcapacityenf thegulrsaickoes.

have dictatedd hdeHRIM! "RrkddimiOBRO WA i HORY i»?\a%a' cBhidiifhates

necessitati Ng nNore Severe oper ation_and great er need gptimal an

reliabl e rea® &Y% O@PatatS 503 rredesF: ofi $he permgd sﬂ-@&'ct’-'&?‘?u ¥hich

critical to m@t igtibuhi queleandl. pﬂd?@e@é egpsét i ineahbbhesvahdt, thasareifl Qs
of COﬂVGtIO% ;ld.IStl’IbutOI’ tray A/ m natin tre se siti to

| evel iati Y 1S5 9w Pt ?’ﬁs%ﬂgg?f:wgy ]ugu. fHEP85D ea
provi di ng, ordlleassaner (prgssare| druep. tmﬂdiﬁertamndqmeasfansmpspd \Wwiot h

di fferent n”@ﬁﬁx{g%rg at®! £5r 1 ?Et g's]t' WY ihe,| W65 UERatn Ei‘& Vfr%e QIer 3ges
only some of DI pes pass St rdt egi ¢ Si ZI €s on
di fferent setcokdmdi pe'Ehe th?’é?ﬁT—t 9-“3@“‘11@!’1 Il'-'ecft!ﬁ-'ldisdlJ?I'pefll shéghﬁg p¥exaged

both | ocal |y 13RfidrT agvellheoncagher &ymm;enlw: Mt RN GHE | ve
The gas I|qU|d dIStrIb tor of th rLese nve rOV|des I.0Gr eas
liquid 10 yr SdGRE Q?J&&B’ %ogéﬁu& ﬁ?ﬁ‘ t%if)%’"d‘rs's11’1"'15531!’5795 \kﬁgl e
mai nt ai ni ng gocnb:gmtﬂ&qall trayd havdmy iadlehtdacablyll stizeduthalres dnr adawn
refers to downpipes. This higher liquid level leads to more uniform
flow dispersion onto the catalyst bed. '
In accordance with the present invention there is
15 provided a distributor system for uniformly directing vapor
and liquid across the surface of a fixed bed of solids in a
downflow reactor comprising a distributor tray, and a
plurality of vertical, open-ended.downpipes extending through
the tray. A first afray of the downpipes has a plurality of
20 vertically spaced elevations of holes.above the level of the
tray. A second array of the downpipes has at least one
elevation of holes at substantially the same height above the
level of the tray as one of the upper elevations of holes in
the first array of pipes. But, the second array has no
25 elevation of holes corresponding to the lowermost elevation
of holes, and poésibly other lower elevations of holes, in
the first array of pipes. The absence of the lowermost holés
in the second array of pipes causes the liquid flow rate
through the distributor tray at a given liquid height to be
30 reduced when that liquid height falls below the elevation of
| the holes second from the bottom in the first array. This
‘maximizes the 1liquid height above the lowermost holes,
preserving good distribution even when the distributor is
subject to variations in level from one point te another.
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operation at less than the design capacity of the reactor. As used herein,
"turndown" or-"liquid turndown" contenplates a rate equal to 50% or |ess of
the normal design rate, which nay occur due to a process upset in another
unit, |o¥99BSKHI5  utility stream or to avoid an operat iFFUI9PTS74uch as
heat rel ease or pressure drop. Liquid turndown is also used to conpensate
for catal yst aging, for exanple as a result of coking. The present
invention results in a higher average liquid | evel on the distributor tray
at conditions of 10 significantly reduced Iiquid throughput than is
possi bl e wi t h @ncaccertiancal mﬂtn/duspeqpthﬁaépé¢tyositnd haieatdonag! |

downpi pes h ghery 1 I f : spersion
onto the Egg Firglt a5k ﬁ%ﬁggor?aé% e ?? ‘%rli)%{%resen ?%%ﬁ%ggng#hgﬁg is 15
provi ded ardYstwlQnt@mlgystbﬁ1¢Uermﬁpf9fnpytaﬁte&aqngdvapvayapgtteqnsd '
across thergur i:ﬁEEfors% array kad d&n&p&icﬁﬁs Ié\faw@vmﬂ;ei\arfﬁshortnus

conprising a distributaor tra | f. vert cal en-en
doaﬁﬁ?pengQYéﬁ&PﬁgQﬂwkﬁEﬁF¥ﬁ9b§F§9t9§g5Yr§éﬁ§i 4h€185§ﬁﬁpﬁégnhas a
plhur al i tyaefzee thee rigazaidry ae;)ﬁunderl evatdieioneaf Mrﬁsbatmvﬁilrﬂﬁd e¥el ]91‘
the tra se [ S ne e evatlon o]
hol es a%/ gﬁBSFaﬁﬁgag? {’ﬁé g’aﬂé (ﬁél M&ébos'a‘é’t é\)‘eﬁ% 8F% e tfrg 5? one
of the uppesseléuqundms @hEhomagﬁernﬂﬂafenhndzmeu@ odf pi pbe. prBSEntthe
second. ar i ayeligioROcRRtentha¥aL Ahat! dipd CovdonORding bda!ie14 OHE! oS!

el evation o possi b ﬁ ot he evatlons of holes, in

firskOar rﬂ? deagityLrom Tﬁ'é"‘éfosﬁ Be t& abrut o%%rrﬁgt Yhe overage ‘!B@Bnd

array of ﬁbﬁnsm pass! ighuid) owraat Schméougftmme dspé&tbtaprthéay at
redu when falls ‘

| id, h hat
below 1 e BVelsiehs bné ad nitees  BusR Be, SRl b ERLR A ALV FRTROD [ oy

Thi s - conic outlet spray. When suitably sized, the outlet flow
pattern from the downpipes is an at least substantially
15 uniform conical spray of liquid- droplets dispersed in gas

- forming a conic angle of 10 to' 40 degrees.

As used herein "elevation of holes" means.a horizontal
plane intersecting the identified first or second array of
downpipes with each downplpe in the identified array having

20 cne or more holes in that plane. :

The number of downplpes in the first and second arrays
may be equal or different. 1In addition, the first and second
arrays may be laid out on any convenient pitch (e.g. square,

' . triangular or other), but the preferred arrangement is one in
25 which each array is itself a uniform repeating pattern. -For
example, if a sguare pitch is considered with the locations
corresponding to the black and white squares of a chessboard,
the first array might be all white squares and the second
- array all black squares. Thus, dne out of every two pipes
30 would lack at least the lower elevation of holes. Again for
example, the first array might be all white squares plus
every alternate black square,  and the second array the
remaining black squares. In this case, one out of every four
pipes would lack some holes. The effectiveness of coverage
35 deteriorates once the fraction of pipes in the second array
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maxi ni zes t he l'iquid height above the |owernost holes, preserving good
di stribution even when the distributor is subject to variations in |evel

from one poi ot her . I n accordance with a specific a

i nventi on, ﬂé’%ﬂfé and second array of downpi pes are ar rangi’g&@ﬁgﬁi’éya ay
to optimze the overlap of outlet liquid spray patterns fromthe first
array at conditions of lowliquid flow, thus 5 provi di ng at | east

substantially equal liquid distribution across the reactor as under
condi tions when both arrays of pi.pes are passing liquid. Wen only the

first array oPxsesds % ofi dlial totat pimeerredn ctwdeiber hindi hthe
present i nvenbhﬁ&n@@&bﬂ@b&t ﬁghhat thbﬁd@ﬂheaé&hﬁfast hﬁeheéhw krabeidf ofat

| east from aboyt 80% ¢ o of _.the covera rrays pass
i d To BiREBve thi ot @eOAnd noaFRa¥n | SALLA nobRURHp, AROTRC 153
si zed to obt anecardineldyi, ngheopreferreat aspanyemeﬁhsnhavet hbtweenzeﬂe bhe
outlet flow p tgr f t d pi bges _i n a

uni f.orm c%nl c§% spraygggil I%w %Wgr oogfefgg%gg pélgég %‘r%' S form H‘gd %§ﬁ¥é
angl e of 10 t8tatedegiifferentiredther giumber coft |dmwrm1m edn rMdwnsfirst
horizontal pl a%ayntl.e,r Feohl Bos! ke sdlNids gk fided1 %ﬁﬁpgésa%ﬁa 8he of

downpi pes with each downpipe in the identified array havi ng cone or

nore hol es i nSEN&R ﬁ%ﬁﬁ?geﬂﬁ?ﬁnﬁﬁeF‘GFH&ﬁMﬁﬁ?REP1+FQﬂ§ Pﬂwﬁ Bréanguday
arrays may bepggunl wherdi eheheplipe lOF auha tdetiond hﬁ-fay sis apglcgee@ndtathays

ey Do 0 OubaBla"BE SORMRRLRR' gRELARalEy %o R HEDRs hELPRILERES! B
uni f.orm repeat i ng matusralsoF@Dntemnﬂahedfthntunhaeﬂqwmpipes nay shaeecas
with the locakéQ”Qs two elevations of holes in the first array and one in
the second array, the latter corresponding in elevation to
the top elevation of holes in the first array. Moreover, the
15 first array may have more than two elevations of holes, with
~ the second array having at least one fewer elevation of holes
than the first array. The essential feature which extends
ligquid turndown capacity is that the bottom elevation of
holes be present only on pipes in the first array. Further,

20 each elevation may have one or more holes arranged in any
manner around the circumference of the pipes because, as will
be discussed hereinafter, the total area of the holes at a
given elevation, rather than the specific arrangement of the

' holes, determines the flow behavior.

25 The table below gives possible embodlments of the
invention in terms of which elevations of holes are present
in the first and second arrays. The table may be readily
extended to include five or more elevations of holes. In all
cases elevation of holes number 1 is at the bottom.
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corresponding to the black and white squares of a chessboard, the first
array mght be all white squares and the second array all black squares.
Thus, one out of every two pipes 30 would lack at |east the | ower

el evat | JWOGP3HSPes. Again for exanple, the first array nmP§EUSBROTRI4 white
squares plus every alternate black square, and the second array the '
remai ni ng bl ack squares. In this case, one out of every four pipes would

| ack sone hol es. The effectiveness of coverage 35 deteriorates once the

fraction of pipes in the second array exceeds 50% of the total pipes.

On the ot her hand, the enhancenent ofTABEEI d turndown declines when the
fraction of pipes i stth- oL cond array falls el ow about 15%

Accordi ngly, the pr ~angenent s have bet of two and

one out of seven -pipes -ilnétzge second array. Stated diffefently, the number
of dognpipes in the firgtxdmray is fromb50%to 86% of ‘tie total downpipes.
The one of seven arranggnent is readily acconplished opa triangular pitch
where each pipe of theisegand array is located at thex 14,4 center of a
hexagon defined by sixipiepaes4of the first array. It i3 so contenplated-
that the downpi pes maylhayas,ds few as two el evations &,4qoles in the first
arrayoand one in the sag@p@,#rray, the latter correspording in elevation to
the top el evation of hdl,@s3i,4 the first array. Mreoverd the 15 first
array may have nore than2twBoe4el evati ons of holes, with3he second array
having at | east one fewer elevatjon of holes than the first array. The

essential feat &r PrsfienresamRrAinent dofuthgomrasgnici igventiont wpHddbot t om
el evati ongapefial 8% RBePraMRits @ YL iuid RAK idhd NPatér shtdEipytegUELRET, %f

eac hlse- | evgt Ig%.r\]rerﬂayrgggteorg ngeg_‘r’iggr.e rlxegegglr:'ggge%hl 4 gaxoé/atest liquid

turndown will occur when the elevation(s) of holes in the

second array correspond to the uppermost: elevation(s) of

"holes in the fir.st ‘array. For example, for the four-holes

case, this would occur when the second array has elevations

20 3 and 4 or elevation 4 only, as opposed to elevations 2 and

4, elevation 2 only, or elevation 3 only. However, one of

" the latter cases may be ~preferred for secondary

considerations, such as better balancing of flow through the

first and second arrays at normal liquid rates, particularly

25 if the duration of low-liquid-flow operatioxi is expected to

be limited. | B

The distribution system of the present invention is

particularly useful in new or revamped hydroprocessing units

in which hydrogen is reacted with hydrocarbons to produce

30 fuel or lube products. These units typically run for several

months to several years on a single catalyst fill, and as

e

catalyst activity diminishes from start-of-run to end-of-run
both temperature and hydrogen circulation rate are increased
to maintain reaction rates. Both higher temperature and
35 higher hydrogen rate lead to a progressively greater fraction
of vapor in the reactor as the run proceeds, which gradually
reduces the liquid rate through the distributor(s). It is
not uncommon for the hottest beds of hydroprocessing reactors

 —-10--



manner around the circunference of the pipes because, as will be di scussed
hereinafter, the total area of the holes at a given elevation, rather than
the speC|f|c arrangenent of the holes, determ nes the flow behavior. 25
The tabl e b&QWHiPes possible enbodi ments of the i nventi orPGHUSIEOAT4 of
whi ch el evations of holes are present in the first and second arrays. The
table may be readily extended to include five or nore el evati ons of hol es.

In all cases elevation of holes nunber 1 is at the bottom TABLE Fir st
Array - Second Array 1,2 2
1,2,3 to approach 100% v2p6r5near the end of the dpérating cycle.
3 1, 2,3 %?S_.
1234 The present 1nventlgn 1% Sﬁ%ej:tly applicable to such I.
1,2,3,4 and avoids the prior arg prgb),ems of poorer dlstrlbutlorg as
1,2,3,4 liquid 1evel en the t¥ay Hé%.fr%rars%l' SRR WRIntefi iy MaSStin
I nvention mnuld depend

. 3, f rsan es of wa%lg{% anda?q(i gate antici patednfor
a gPven Y8R rt”é%rVP‘Eé Yst,8yeReta Rd ¢ of i §hed SYGiRddhe _
wi || occur wigitrdiserel£l at e )t e m&mberekbﬁeﬁerpndamanyecorrespond to
the four-holes caddt Sl SoRsiRe=c £00 wiehe: Rev kit Moot Hin SE MRS rorh,
20 - 3 and 4 partiavaefoa £ixed bed vepoted shoullew;atamremuoament of a
distributor system in accordance with the present invention:;
10 Fig. -2 is a cross-sectional view of the distributor
system taken along line II-II of Fig. 1; and
Fig. 3 is a detailed view of two dlstrlbutor downplpes
used in the embodiment of Fig. 1.
 In a typlcal fixed-bed hydroprocessing reactor such as
15 that shown in Fig. 1, a preheated o0il stream 10 is mixed with
a hydrogen-containing gas 12 and fed to the top of a downflow
reactor 14 through an inlet pipe 15. At the feed inlet
temperature, which may be on the order of 288° to 316°C (550
to 600°F) at start-of-cycle, the feed/hydrogen mixture is
20 usually a two-phase  stream. The vapor phase typically
contains hydrogen' and light gases such as methane and ethane
which are recycled with it, plus the lightest hydrocarbons
vaporized from the oil feed 10. The exact vapor-to-liquid
ratio in the mixed-phase stream entering the reactor 14
25 depends on the operating temperature arid pressure, the amount
of hydrogen-containing gas introduced, and the type and
boiling range of the hydrocarbon feed. As all of these
factors can and do change during the operating cycle, ‘the |
inlet vapor fraction varies -significantly with time on
30 strean. The end-of-'-éycle temperature for a typical
hydroprocessing reactor may be about 56 to 111°C (100 to
200°F) above the start-of-cycle temperature. ' '
The two-phase stream entering through the inlet pipe 15
~ strikes a target plate 13 supported by vertical elements 16,
35 and disperses radially onto a flash pan 17, at times called
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4, elevation 2 only, or elevation 3 only. However, one of the | atter
cases may be preferred for secondary considerations, such as better
. bal ancing of flow through the first and second arrays at normal || qui d
rates, ﬁ89?¥¥%f %rly 25 if the duration of |owliquid- fIBﬁﬂ@EﬁWﬁFTbn i s
expected to be limted. The distribution systemof the present invention is
particularly useful in new or revanped hydroprocessing units in which
hydrogen is reacted with hydrocarbons-to produce 30 fuel or |ube :
products. These units typically run for several nonths to several years on
a singl e xarebghtcht! Idishrilatant avhereadthei vapaor nMphaslecsiisemyages
Start- of £ e flrd Wl HREPERSLUL P ERMY S OED O LA T2t ©
are |ncreased eactlon ra era ure and 35

hi gher hy&h®geneqring ed!P‘!‘%}“H-ubr R esthe/c|Seend ea@eam ac?fh’é#l ofWweklsbr- i n

the reactsthéswide éamsar@ée.edﬁp theclglaspdpahl )17r edugrs fisH ighn iy ate

thro gh the distr butor I S _not ungﬁ%gqs g hhe hot.t est b ds of

hydr prod #@ é@?b?s rFB“aﬁBFbéﬂH*i %35 theaperine Y the

operati ng:bgmahtyrhef predsnkoi,n\aat ikeneathli tiket cgntppl byalta arénj.:'su:a:h units

and avol 0151 £130r %‘ﬁeﬂé‘ﬁk HB U9 ééﬁ“érfé‘ ﬁf Jt‘r“"e' on
ecre t'he ca

t he tray ases, t HUs i al ni ng nmaxi mum use even
t owar ds ténd ertheof nelaé:’carcl uamentpncmpeﬂeal vapetanfiowe a,mum; é;m emel y

val uabl e.pd i ddtee e t1iS . £ Tdsh pant 2R i Iapa}eﬁéféapmﬁl 3¢ dPRemortion
of a flxed bed react or shomnn% an enh o i ment of a Slstrlbutor systemin
v

accdPdandetafh PIRelhr BEENENERy Endigitlan £ Low ofpi4quidis Fhe "flash
Cross-segiamnst yoeghetuthdigistibultolrorl7s weEentiléecotheengolrimae dr -dd  of ‘

Fig. 1;%:mu.i:t:ed entirely depending on the application. The liquid
portion of the feed mixture flows downward through a number
~eof downcomer pipes 30 arranged about the perimeter of ‘the
15 flash pan 17 and leading to a distributor tray 18. A
fraction of the vapor also passés;through'the downcomer pipes
30 along with the liguid while the remainder flows over the
wall 28 and around the perimeter of the flash pan 17. 1In
this way both phases are conducted in a quiescent manner to
20 the distributor tray 18 without producing excessive foaming
or ripplin_g' of the liquid surface on the tray. 18. The
downcomer pipes 30 also provide support for flash pan 17 as
they rest on distributor tray 18. The lower portion of the
downcomer pipes 30 have vertical notches 31 for passage of.

25 the gas-liquid mixture onto the distributor tray 18.

The distributor tray 18 has .a - large  number of
vapor/liquid downpipes 36 arranged thereon; When there is no
flash pan (rough-cut distributor) 17, each downpipe 36 may

_ have a cap spaced above the upper rim to absorb the momentum
30 of the incoming liquid flow. Preferably the locations of the
downpipes 36 form a uniform grid, but some pipe locations may
depart from the grid to avoid support beams or other internal
members. The downpipes 36 are vertically diSposedstubes with

open ends which extend above and below the tray 18 by one or

35° more tube diameters. The lowest holes on any downpipe 36 are

—]2e=—



Fié. 3is a detailed view of two distributor downpi pes used in the
enbodi nent of Fig 1. In a typical fixed-bed hydroprocessing reactor such

as;15 that n Fig. -1, a preheated oil stream 10 is m WA
hydrogen con %ﬁgﬁﬁgas 12 and'fed to the top of a domanOM/réggvgﬁbq?%'

t hrough an |nIet pipe 15. At the feed inlet tenperature, which nmay be on -
the order of 288 to 316[err] (550 to 600[err]) .at start-of-cycle, the

f eed/ hydrogen m xture is 20 usual ly a two-phase stream The wvapor phase

typically contains hydrogen and |ight gases such as nethane and ethane
whi ch are recpyi&abint 6.35 13 U Ahelndiyhteatseverat anbbhinetesei féachesin’

the oil feed Q¢ the ééﬁﬁErVGEOEhé %élél}“ébd@ ithd Rdp@uFpaRe B'faﬁﬁesi:faﬁm
entering the rea t or end t he operatin % gperg%ure and
pressure, thel% pr@fv c-’rﬁ'ng°’§a% t??ﬁ'r%‘a 1R matRET fenyeyed
and boi ling rdanagehef 11&;&1&yphaserfmmfmbmg Ahrddghpfthehexrayf a8t onsocthe
and do change s t tin cl [

ST oni 11 cont Dy SREGHSD Hetf REERT: | (nls end Ifrblofibe BROCH Wiibindy | 58
for a typi cahSWQSO[tho@gslmlrafctmiﬁ aB@eioorllm[lertrayl@e to
200[err]) aboyg E.Qeg%h%&‘aﬂ PR 2 P KR T f&%é%&%@téﬁrﬁéﬂé 2pd

entering through thé 1nlet _pipe 15 strikes a targ plate 13 supported

y
verti cal eIenEﬁF? PGef353b1¥h§QN%ﬁi%19§;?Qﬁh%ﬂ#%ﬁcﬁﬂcﬁ%@f¢%§ﬁpﬁﬁﬂslqs ke
times called entdredydbubserdied! rmbttw stading uaqtﬁmr phase di sengages

roment U0 of 1 no IpEageiSpRokRE B SYbish ity Somhed LR KeVhtar ' IERHRE
fl ash pan 17. ofThaefritasiaterrialy 40 ttanmalmaah.nq@:hé tllevedorofirehe upabalpatat
the perineter By 3o enhance initial distribution of the process fluids
' over the catalyst bed 43. -
The pipes 36 conduct substantlally all of both the vapor
15 and liquid flow. Some trays feature a few drain holes in the
deck which allow a small amount of liquid to pass directly
through  the tray, but the flow through the drain holes is
generally negligible compared to that through the downpipes.
Drain holes are provided to allow the tray. to drain
20 completely of liquid during a shutdown, which is otherwise
not possible because the lowest hole on any pipe is somewhat
above the deck. ,
The diameter of a commercial hydroprocessing reactor is
typically between 1.8 and 5.5 m (6 and 18 feet). As shown in
25 Figure 2, the distributor tray 18 is most often formed of a
plurality of variously shaped sections 24 assembled within
the reactor 14 and suppofted by flanged beams 25 bolted to
Support lugs 26 spaced around the inner perimeter of the
reactor 14. The tray 18 is fabricated and transported as
30 sections 24, each of which are small enough along one
dimension to pass through a manway 45 at the upper end of the
reactor 14. The downpipes pipes 36 generally are pre-
installed and welded in each section during fabrication.
Once in the vessel the sections 24 are bolted and gasketed to
35 the beams 25. Less frequently, the distributor tray 18
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plurality of rods 20, and beneath the center by a vertical elenent 22.

There is no attachnment between the flash pan 17 and the reactor wall

i npede va or _flow around the perineter of the flash pan 17, but a vertlcal
9¥3§15910 flash pan 17 prevents a sinilar flow RFIPSHOTHS The

n or rough-cut distributor 17 may take other forns or be onitted

wal | 28W
flash pa

entirely

‘to

depending on the application. The liquid portion of the feed
m xture flows downward through a nunber of downconer pipes 30 arranged

about the perineter of the 15 flash pan .17 and leading to a distributor
tray 18. con%fsﬁ&tbﬁnaoSﬁngiawﬁmﬁidlsdrpaiamsplammgheldedddmn@manepipes

30 al ong
around t

he met er

alftd *h;f *&é'&f‘%&iﬁg E‘ic E{%?” *é"”@eé’é‘&% %.Ee g Is A an

hases are

d

conducte@%ﬁ?%%hﬂﬁ%%cEﬁ?YnﬁﬂﬁE@nﬁfgﬁ)th?h@°§§§hﬁhiﬁ&n°fr&?a¥§thWbut

prodUCI ngsea)é:ﬁéal \t%sﬁ:QﬁJB’déﬂaebeéspahdnﬂaﬂﬁtéhénééqwliﬂhiﬂrﬁl?@&'é%ibﬂdle tray

%“él%ﬁﬁ%ﬁhgavﬁa@' 5o Y SREAfe  nEnBoRBsRoPeR g S0

have ver tarchltheottampet3 plate ok e odngtructéd ghereonui d ni xture ont o]

quid sl es S5 A Parod Ther Gin. VG s, 0382 10 THIBHIE
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rest on

t he di st
vapor/li

(r ough- cu?tmhﬂdsltmqftiut ar ) fimst caawayovRBi OB iRES h3ade bnelpdepa@terbove -

t he uppery1ddPrdteieRiat idie o e RigHar) gnQi i i g ipd BT liw.
Preferabl the | ocati ons of t he ﬂ%mg$§ 3? 48 forn1a Enlforn1 r|d but sone
d°fe*av

plpé | ocd
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downpipe 34 in the second array has one hole 41 at
essentially the same elevation as the top hole 39 .in the
downpipes 33 of the first array.

The top holes 39 in the downpipes 33 of the first array
and the holes 41 in the downpipes 34 of the second array are
preferably not the same size. Although the present invention
will still provide liquid turndown and distribution superior
to conventional pipe distributor trays if the top holes in
both arrays are the same size, this préferred embodiment
includes sizing the holes according to a specific formula
discussed hereinafter.

Thus, during periods when the 11qu1d height on the tray
18 falls below the top elevation of holes, the absence of the
lower hole in the second array of downpipes 34 causes the
liquid height on the tray 18 to be higher at a given liquid
flow rate than would be obtained if all the downpipes on the

‘tray 18 had identical holes. '

. An aspect of the present invention is the discovery that

. the outlet streams from the downpipes 36 diverge into conical

35

sprays because the streams lose momentum to the comparatively
stagnant gas between the'dist:ibutor tray 18 and the inerts
layer 40 located above the catalyst bed 42. The extent of

——l4=-
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suitably 6.35 nm (1/4 inch) to several mllinmeters (inches) (at the center
of the hole) above the top surface of the tray 18 to prevent scale, sludge,
orsother solid matter conveyed in the liquid phase from passing through the
tray 18 ont o™MO¥/159 <ol ds bed bel ow. Thus, the presence of WS pes
36 ensures that a pool of l'iquid is maintai ned on the tray 18. It is
generally preferred that at | east the bottom hole and nore preferably
several of the holes in the downpipes 36 be entirely subnmerged in the
standing liquid. 10 The solids bed is typically topped with several

i nches of inerdiveaxtgmnce dépendsuion atlvet Adguddelarsd ghs Eliow ysatesd tthe

; L s f t i
23, The pi pes RIS B eHEribe ondl cOGFRanEsihE of | Bhe AR He 7o En
liquid flow tStmiecalk apdtchesur she f eandeain pakLet | rsnmsjeapmam alomew
a smal | amuntaftHd:FIUb# | baraasngl IR apg N opeh khd & ndasdnt thie 1filkpivg

t hrough the drain hol es ener.a eg I bl e comp d to t hat throu
t he downpPpes. %W%olags % Wi Bgd {%galqéwdt%egﬁ ay?? o ift ainifa Iiy
conpl etely of ddnqmoixxhard leyen whendthe, sebond asrayhef \pigsen@4 poxshbhave

ecause, e LY, AL S Y08 Beurt MM R B pellage o

di aneter of a Co g reéa I's { twee
and 5.5 m (6 ma.x&lﬂae@t Jﬂaa%mo%%utpz%‘s% ¢f gthe govenegedpbttpnpedowhﬁnay

18 is nost of /N fdumsipds 23! wral bh‘és&fngvalrz.'cﬁﬁﬁYai-ﬁlﬁpéﬁlnséﬁbkeaéh%oo%

assenbl ed within the reactor. 14 and supported flanged beans™ 25 bolted to
support RBgs BPVEFRI&+ around the inner perineter of the reactor 14. The

tray 18 is fabricatmd jiangreferapde! €HatstRE downpipessi@or bxath thle ek
are smal | “enougly along PNG ANEEIALEE 838501 K 8t RELP Y4 2n?knk "€ op

upper end of t
rim to conduct liquid during periods of abnormally high flow.

High flow may occur due to an interval of higher than design
15 feed rate, an unplanned surge of incoming liquid, or, much
more rarely, a general rise in the liquid level on the tray
due to plugging of most of the dowhpipe holes. The notches
result in less sensitivity of liquid flow to liquid height
when the tray is imperfectly levelled than would occur if the
20 rims were unnotched. The notches may be rectangular, '
triangular, semicircular, or of various other shapes, and are
distinct and unconnected to any of the holes in the
downpipes. _ o o
The present invention contemplates that the downpipes 36
25 in the first and second arrays may be of different diameter
| or that each array may contain pipes of various diameters.
It is also within the scope of the present invention that the
holes in the pipes of either array may be of any shape
whatsoever, including circular, elliptical, square,
30 rectangular, triangular, or other form.. Similarly the number
and layout of holes at each elevation may be one or more
arranged in any manner around the circumference of the
downpipes. In the equations which follow only the total area
of the holes at a given elevation is pertinent. The total
35 area, once determined, may be realized at that elevation by
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reactor 14. The downpi pes pipes 36 generally are pre- installed and -

wel ded in each section during fabrication. Once in the vessel the sections
24 are bolted and gasketed to 35 the beans 25. Less fre uentl¥ t he <
di stri bBOS36I88y 18 consists of a single solid circul M| ded in .
pl ace during the original fabrication of the vessel 14. A soli d di stributor
tray elimnates the possibility of |eaks, but severely restricts access and
mai nt enance within the reactor. 5 Once the distributor tray .18 is'in

pl ace, the flash pan 17 and the target plate 13 are constructed thereon.
Fig. 3 deiyainlumb@rpaifr hofl esowipiamys shape andn arirangement throughf ithet arr ay
of dOWanit& %’f Rehydes every alternate location on a square grid, and
each dovvnpl pg the first array has two hol es 39,40 vertlcally

spaced above e ﬁoamm%uﬁ eithern theyfd resmerh isegone, axmay wWhd chi pe

: nt e{l or roﬁt%@.@@ﬁ:@:calb&aihdi%mblliév%mh dg‘iﬂf %wsso ithGlsu f@the)éi Puter nﬁt e
ocation on a s re gr il.e ea 0 | second .ar,ray has

one Pol e™PF zﬁss%?q‘lae]ss%‘?ﬁlﬁl 9}vFﬂe%§&'ﬁeV)%Fet&%t§ a{: hglﬁﬁ apgle 19 i n

t he downihee andfilar tdtmn‘dmtearfmm flhe hobetofidredflynabbeedandyiores 33

of the f rsLay t 4 t S:34 d array

are pref%ratol‘@ir%t %s%gae Sl ze %\I?ﬁe Qﬁtgﬁﬁmﬁrbﬁezgeng F%&gnpg 828:% w | |

still pradedeatigni @nakendefin Cdndodi 3807 blj'{h%lh g@uﬁ?ﬁﬁorﬂt@ cthe efoPonal

pi pe di S?»’r’e‘%‘é‘r‘&'b %Yﬁe hollhapvove 1e ehduldPalilk Metisening -t Raasanmg size,

this preferred enbodi nent includes sizing. the haol es ordin toaspeC|f|c-
fort®l a &Fscl:%%edaﬁ‘é‘r e?Pdfter. P§39r3551vg?ﬂﬂu§1‘¥ﬂﬁxf ng &fi oﬂg°
liquid haiightributiedeakr @yenly as possible around the perimeter of the ‘

of the pipe. When only two elevations of holes are present,
the holes of the second elevation .are most preferably
angularly spaced 90° or 270° relative to those of the first
15 elevation when viewed from the. top.
~Although Fig. 1 shows the present invention applied at
the top bed of a fixed-bed reactor, the invention is
identically applicable between any two beds of a multi-bed
reactbr, regardless of whether or not gas or liquid is added
20 or withdrawn between the beds. Typically the fraction of
- liquid and vapor in the process fluid changes from the top to
the bottom of the reactor. If the change is large it may be
preferred to use downpipes and holes of different dimensions
on the various trays throughout a multi-bed unit. This
. 25 preference must be weighed against the greater cost of
nonidentical trays, and the additional care required to
install the correct trays in each position.
In contemplating a distributor for.gas—liqﬁid downflow,
_ more than one operating mode 1is +typically considered
- 30 resulting in a set of cases each specified by a total gas
rate and a total liquid rate. The fluid rates must be
determined . at process conditions using applicable
- thermodynamics at the prevailing temperature and pressure,
and the following fluid prqperties determined: gas density,
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15 falls below the top el evation of holes, the absence df the lower hole in
the second array of downpi pes 34 causes the liquid height on the tray 18

t g be hi gher, jven liquid flow rate than woul d be obtain the
downpi pes oﬁ”&hﬂﬁgg& tray 18 had identical holes. An aspect g&“@ﬁ%ﬂt esent
I nvention is.-the discovery that the outlet streanms fromthe downpi pes 36
diverge into conical sprays because the streans | ose nonentumto the
conparatively stagnant gas between the distributor tray 18 and the inerts
35 | ayer 40 | ocated above the catal yst bed 42. The extent of

di ver gence def@fd¥issOSHEY,| ddicnigh demsd thl .o iatich visrosityd pndpbignid,
and t he di nengyerscel tkheidawnpi pes 36. On typlcal pitches the coni cal

outl et sprays apprgoach one anot her parti overla For this reason
The Tiqura s b BRe sareat chisheter e Shrdi HEy s iadrarinng 4ot

conproni sed eghanvbEaid hdisecibutbon afje af. @EveElablevspalicd)auadoikyassensdl e

of “the: ccber age BR nREh Srernd PubSdE FRcchd By Geslof pridtta. abdedn
approach 100%mn0 thisvetiapeter jan pramaammtmatcom do\ﬁnpdp\mptaeef bsth -
the first andaaeseﬂﬂnaarsysaé&aéﬁ§ é’%ﬂ!h G hlﬁh@LCh?ér%akﬂmﬁﬂec&@&rég@

to conduct |iquid during period abnornal | ow. Hi

occur due to Shej nPabGh fgHGat e, hesegh ?5 spadd (ase, Pﬁﬁcﬁhﬁ?gﬁﬂed
surge of i nCOﬁbBSlbﬂ.al}I thatr isntRé aawﬁptpéel arealqeaeéal asi Skosé tbeeach

I R e N
‘tray is inperoOestity meweMieﬁlthanzmﬁGEd)ocouseMbndiacentlmeters (inches)
| ~ depending on the importance of maximizing coverage. The
allowable pitch is typically restricted by the position of
tréy support beams and ofher internal members. Once the
15 number of downpipes is known, the gas and liquid rates per
downpipe are calculated, considering at this point that all

the downpipes are alike.

The next dimension to be determined is the diameter of
the downpipes. TPoo large“a diameter limits the number of
20 pipes on the distributor tray. Too small a diameter results
in excessive pressure drop across the distributor tray.
Between these extremes is typically a range of diameters
ranging from a few centimeters (inches) to less than 1.3 cm
. (about 1/2"). A convénient pipe size is chosen for first-
25 pass calculations with the possibility of subsequently fine-
tuning the diameter. Multiple diameters may also be used on

the same tray. ' ' '
The downpipes in the first array, that is those having
all the holes, are designed first, using the design case with
30 the highest liquid flow rate. The following equations'are
' 'presented for a downpipe hav1ng holes at two elevations, but
the formulas are readily extended to pipes having three or
more elevations of holes. As noted above, the total hole
area at a given elevafion is caiculated, and this total area
35 may be realized by any number of holes through the downpipe
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20 ri ms were unnot ched. The notches may be rectangul ar, triangul ar,
semcircular, or of various other shapes, and are distinct and unconnected

to any ol es in the downpi pes. The present inventi | at es

t hat t'h&aﬁ%&%ﬂ&pes 36 25 in the first and second arraysgﬁﬁ@gﬁﬁgﬁ
different dianeter or that each array may contain pipes of various '
dianeters. It is also wwthin the scope of the present invention that the
holes in the pipes of either array may be of any shape whatsoever,

i ncl udi ng circul ar, elliptical, square, 30 rectangular, tr| angul ar,
or other Wakk atsithatr ByevA igBrber THHE, Iéﬁou\ﬁseﬂ bereint “hekegsklation

may be ongefhsNBhE Bt ABZEIhbledN nMANRIwrH iYL Gt e Fivennéréeaceonf the
downpi pes. In the equations which follow only the total area of the holes

at a given elevation is pertinent. The total 35 area, once determ ned,
may be real i zedtatanyhasipgkeatelevabion any emuddeionf redladingf higuidape

and arrarny {% Egrffggm%&hﬁlggv?gtge \A/all For downpi pes of either the
econ

first or arra WO or nore elevations of holes, it is
pr eférred but 5 ho’E Bstefi(Rab X/ 4 glReps il 8@ be sonewh@EVdi spl aced
in the angul ar. coordinate frogmthe holes directly above.and/or belowit.

For exanpl e, Vhe%’ﬂehb'ot%bﬁ}‘hélBeiLQhEOﬁEPHSr £apt suritace: ofn tIdY-e of [err]
or 180[er‘e$vahen viBwEd e 1{'heftcﬂi’ %r@FBFSEI Phave neePr G& Shoul d
lie bet Yerr] d_17 0 1 Pro res |veI hi gher hol es

na1s
shoyl d be distribut n? ogf 855@ tt rof the of
theli[?l pe. Wen onIy Vg %v at (_3'_ ;;r%f t he
second el evati on ar 1pe, respectlvely, and ‘

f and g are. funct:.ons readily obtained by a
pressure balance at the downpipe holes.

15 The physical constralnt which defines the f and g
functlons is equallty of pressure between the 11qu1d and the
gas at two locations: the top surface of the standlng liquid,
and the point in the interior of the pipe where the phases
return to pressure equlllbrlum. _

20 In de51gn1ng a two-elevation pipe such as the two-hole
downplpe 33, equatlon (IV) is written once for the top hole
39 and once for the bottom hole 40, that is with different
values of H and possibly different values of A, creating two
equations in the four unknowns comprising: hpe, O sors Nsorrous

25 and Qp sorrome The other two equations needed to close the
systen are: | |

Neop = Bgopron (v)
Q ror + Quoporron = & _ (VI)
Equatlon (V) requires that the liquid helght governlng the
30 top and bottom holes be the same, and equation (VI) requlres;
that the sum of the liquid flows through the top and bottom
holes equal the total 11qu1d flow per downplpe. De51gn of
the first array plpes consists of choosxng values for the
areas (A) and 1ocat10ns (H) of the top 39 and bottom 40 holes
35 for highest expected liquid flow rate through the tray,
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ar:gul arly spaced 90[err] or 270[err] relative to those of the first 15
el evati on when viewed fromthe top. Although Fig. 1 shows the present

i npvention a L the top bed of a fixed-bed reactor, on
I v ! Wé bg%g hﬁ%lggsiégoﬁy‘;

is identica | cabl e between any. two beds of a rrultl-bed

regardl ess of whether or not gas or liquid is added 20 or w t hdrawn
between the beds. Typically the fraction of liquid and vapor in the
process fluid changes fromthe top to the bottom of the reactor. If the
change is large it may be preferred to use downpi pes and hol es of different
- di nensi ons orse}eingreguatienss (IN) eudiVoutang nii I - B¥d tydad -andrergors to

preference m&été)ﬁum obgé adauiat hieignd e?{)eroxcosﬁeOEraym el idBudting .,
and the addit,jon care requ red to jnstall the corregct trays |n. each,
position. In ?b?‘nt eﬁ’ﬁ?gs ‘fl}tﬂ?ﬁtlﬁﬂs H'Eﬁﬁcjd ﬁ’tﬁ“@hﬁan
one oper at i ng(hpdis |sam)qﬂaaa:ldry mnaltderpzleaétemrbneatlegel ralaovsetthé s es
each Spelfl d]‘b%(atotal gas rate and a total liquid rate. The fluid
e

rat es rrust be rm ned at rocess condi tions using -applicable
t her nodynani cs at The heleaj inngheedeunpipes 34 of ethar second array are

follow ng fl L&PE&H rébﬁlﬁétééﬁéﬁfén @i@)d%%' the aredday LEOHHe ’hole
| i qui d densi t %FI d Vi,scosSity, | i surface tension. The yessel

di aneter is f %P&%P&ﬁd&%t& ﬁ’é st F‘?Qﬁ FRBPJAMPYRE| Bﬁt-}bﬂ“{-‘é )
avail abl e spme)tlwdsaﬁea:iiqﬁ&d 5:e:.gtm: bh K nees\ntaé the-nuneeao@hphbe tyay

o ot elBy necs, SAdseRATieh e MR  FReRIRIR R s\ Bhal. VHERD IS
is typically lniuimt dsipyied |flow paget Wheh| 11 downp:.pes would be expected
- to pass liquid. This is also a trial-and-error calculation
because the area (A) appears in a complex manner in two terms

of equation (IV). ' '

15 Following the hole sizing for the case of highest
contelﬁplated liquid flow to the distributor tray, the system
is evaluated for the case of lowest expected liquid flow rate
to determine what fraction of the downpipes should be in the

~ second array, and thus lack bottom holes. This evaluation is

20 accomplished by applying equation (IV) to a pipe of the first
array to determine what liquid flow rate per downpipe would
result in the liquid height being comfortably above the
bottom hole, but below the top hole. The result will be some
value Q" greater than the actual flow rate per downpipe Q..

25 The ratio of the actual Q, to the target QS is the fraction
of pipes which must be first array members. The remaining
pipes are designated as the second array. This step usually
requires several repetitions since the fraction of pipes in
the second array preferably must correspond to a uniform grid

30 spacing. It is often necessary to make small adjustments to
the holes sizes during this step. Also, it is sometimes
preferred to inStead try fixed fractions of second array
pipes corresponding to convenient grid spacings and check for
acceptable liquid level.
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possi ble, that is the downpi pes are |ocated as close to each 10 other as'
fabrication will permt. Comon pitches vary from0.3 to 0.6 m (1 to 2
feet) al centlneters (i nches) depending on the i -

maxi m %’g’?% erag The all owable pitch is typically %%9%@?%’3 by the !
position of tray support beans and ot her internal nenbers. Once the. 15
nunber of downpi pes is known, the gas and |iquid rates per downpipe are

cal cul ated, considering at this point that all the downpipes are alike. The

next dlnen3|on to be deternmined is the diameter of the downpipes. Too
| arge a di amSnge the mumber efridownpipes imieash arnave i fixediand t ray.

Too smldheahéuenaieésreﬁalkﬁom em@saf@t ﬁélﬂéi:. PR L ToRP itled. |
di stribuytar tra Bet ween thege ext | ) _a range of di ameters
rangi ng P& Zust: R B ée(Fﬂ {-Fé éégs e /2"y, A
conveni emtrqglqdmgs lcaacuslacﬁmm dwe liased oﬂ5thepassumptd.uhathams qust h the
pos |b|u %O q t t t I I L ters
' éaI s6 “pe ufggg%g%% #ﬁg JinIm*)Qges éig'lj‘"?le ov#&%%?ﬁ% he’MJttl.l s%rc(r%aﬁmt hat
' | S thos@rm\w narel lequal howbschargeuesagwd is r ot uacayrate.desiThe case

h 30
m fe n 3 ggrttfi%ﬂarﬁ I?\%Stof | Chd dghs ombat e.s a%éﬂﬂé&w By Eﬁua?*%%‘%?m e

for | pe .having hol es twqQ el evations, bu

are rea8xep éﬁF@ﬁGe& firstsa §§Vn8ftHPEEP&PeﬁDW€r§P§V§PFbP§3§Fuﬁﬁ|es As

nﬁt ed aa@l@ atlitoskothk bebenarsfmray @fgimpﬂbﬁ%at lm?anh Salcﬂﬁi @#bﬁi eﬁf ﬁnd '
t hj total area 35 ma al,i,z y nunber. 0 es through the )
downpi pé YWNRARES aPTh a%?’er\’/itl Cf)'Th?lgg R Re %qps "RGEEES) " neans
one or mambehome$eswqf(ﬁﬁmnnqntear%f@ﬁméhaelethrbugh not 1dent1cal ‘
because the different numbers of liquid jets in the two types

.of pipe result in somewhat different degreeés of shear. When
only the first array downpipes are passing liquid, the gas
15 flow will slightly favor the second array of pipes because
the effective flow area in the second array of pipes is
larger due to the absence of liquid therein. The following
pressure drop equatlon (VII) prov1des an analy51s ‘of gas

flow.
20 Ap = ¢ (A, Q0sParks) + V(Ap,Q5/QusPsrPrrbar iy, Oy) (VII)
where Ap = pressure drop across the full length of
the downpipe,
A, = cross-sectional area for flow in the -
" downpipe,
25 Qg and Q; = liquid and gas volume row rates per
downpipe, respectively,
p. and p; = liquid and-gas densities, B
: respectively,
M4, and p; = gas and liquid v1sc051t1es, B
30 . respectively,

= liquid surface ten51on, _ T

= pressure losses in the length of the
downpipe between the upper rim and the

- top hole, and : - :

35 '} pressure losses in the two-phase section

of the downplpe between the top hole and

the lower rlm of the downpipe.

In equation VII, ¢ is a function descrlblng pressure
losses in the length of the downpipe between the upper rim
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A any single elevation _an equation relating liquid height to liquid fl ow

rate is: [err] where h = liquid height above top surface of tray, H =

hegi ght of h above top surface of tray, A = total area of the

hol e(s) at 3{’5 ?C’%?{;é%.on [err] and [err] = |i RFHUSHOTH4s
densities, respectlvely, [err] and [err] = 1liquid and gas volunme flow rates
per downpi pe, respectively, and f and g are functions readily obtained by a
pressure bal ance at the downpi pe holes. 15 The physical constraint

whi ch defines the f and g functions is equality of pressure between the
liquid and t engathet teb hoieyi whicht ie specificade dhe mumbeanding type
liquid, and t nsth n fm £ D p e ;Rh

to pressure e%ﬁlﬁegrililejg lh tne t‘ﬁ{déy %{émSI eTlQé guitwvxgig?e@atllgo%s%ﬂ&éﬁlﬁ
as the two-h %s%m-'bﬁ‘%epgﬁss\éﬁﬁa%?’ﬁﬁeﬁl W}‘ @%Wﬂ‘&ha&?céﬁlqméﬂ%%l e

39 anglI ongef ;ﬂietﬁepbihbﬂ.emdifd et bblitbm end tdE Othé eﬂﬁﬂhpipé?e&hﬁktﬁ jand
possibly different.va creating,two,_equati our knowns
conpri si r'?g ec]: 5%(: Snd %r?’]um'i’eﬁie %}ﬁ‘e?t%aﬂ'e@fgl Bﬁéa égﬁeé“ﬁ)" Yse
t he system ar&rov.@mi rihe pipe circumferern(cd ofjthiei boles) reasi fhowttmteade '

liquid hei ght Y eL B Eﬂh Gpel is t%@té?ﬂhﬁg{it ?.UI d(%lf e%lxpéhtggsiﬁﬂecaggd

equati on (VI) e ulres t "the su throu he top
botton1hoIesWﬁﬁk&nghEQFéFaPnlKHEF&'Hﬂﬁ&rﬁﬁrd%mﬁ$F§E‘arBé¥l@ﬁwﬁphﬂﬁaﬁﬂ4st

array pipes Comee Stér o mx&ﬂ%mﬁﬁ éhe 1@6198&1& Ahg’r}fé?sd W Uasd H)
of the 4,9 391;1%]0' b ttom Qhonlrf 1 be substangggii Bucie‘% ualc falrorvgn
rate t hfdugh Yaaye 2 Yy e 4
 pipe, but for other design cases, and in particular for the
low-flow case, the values of Q, will differ significantly.
The values of Q; to be used are those used in equétion (IV)
for liquid height, which are equal for the first and second
15 arrays during the initial calculation. Using equation (VII)
the pressure drop across the first array and second array of
downpipes are computed. When the pressure drops are equal,
the design is consistent and complete.
However, after the first-pass calculation the pressure .
20 drops cannot be equal because the gas rates were assumed
equal even for the.low-flow case when the second array of
downpipes is inactive. Thus an outer loop of iteration must
be undertaken in which the gas flow rate to the first array
of downpipes is guessed, the gas flow rate to the second
25 array of downpipes is obtained as the difference between the
quessed first array gas flow and the total gas flow, and all
of the foregoing calculations repeated until the degree of
gas partitioning is arrived at which reconciles the liquid
height and pressure drop equations for all design cases.
30 This procedure is not practical for hand calculation and is
preferably executed by a digital computer. A suitable
- numerical technique for solving these equations is a Newton-
Raphson method. It should be noted that the equations (I)
though (VII) are nondimensional, i.e. any consistent set of

35 units can be used.
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sol ving equations (1V), (V) and (M) by trial-and-error to determ ne the
l'iquid height (h) on the tray, and adjusting the hole areas (A) and '

| ocati ons until the liquid height (h) is satisfactory or at a

pr edet erWP?8@5¥8vel above the top 5 hole. The holes in th®FHMIPTEE 34 of
t he second array are sized by solving equation (1V) for the area (A) of the
hol e 44 in each pipe needed to pass the sane anmount of liquid [err] at the
sanme |iquid height (h) as the two-hole downpi pe 33. 10 The calculation is
again specific to the case with the highest liquid flow rate when all
downpi pes woul Subecessfudt econpletion| ofuithe THesign gsecedure abcandserror.
cal cul ati gRe e@?%ﬁg&i}% 2898nktbraPPAALS. ugcat%ﬁai eXnEs&%ne%fu@st\A@ nlger M8

~of equation e Sl zin or the case of
hi ghest céRFakiPREed AN%PEREY ofetailfe ak saeted: ebowaﬂv{mea s}damidi s

eval uat edhk@ghthaase the! Bweebmem@siaudn Oof dnblew rfyre 4r1 dgesighne
what fraction_of t e_down Eg}@uecon arra agd thus | ack
bot t ofr noPase=Ti pbd coRPYarH fifies Sevationd S35 FRRY 88848Ton

(1Vv) to acpspe ofst hposlsn.btlearray The deﬁtmdamthht tequidemhéntsr alferper ' '
d t

bot t om hof SL18zAR. ehe Raixifunl Herorig e W RERFLAE! TR IBNC t%ﬁ -
greater tEBatt kheabetikpm h@ihﬁﬁa?g EEP §4%Rbi pETR¥r bR, spbmergprd nata lof the
act ual [eFé]seEOahaeth%'thhe[ Adunpipdd of raed | St KPRy MBI BrAHgeabe

first.-arra nbers. e re ni n i pes are designa as t he second
arr a3° ThPé thept ’E%Ylaﬁ"‘? )P’?%“gﬁ* %zﬂmﬁ-ﬁ?&? ‘ﬁ’cﬁ% & P4Pe%e Ofr 5REi on of

pi pes in rsbeon_dcam‘ayr aze pnatéisel.y nust correspond to a uniformagrid '
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30 spacing. It is often necessary to nmake small adjustnents to the hol es
sizes during this step. Also, it is sonetinmes preferred to instead try
fixed fractions of second array pipes corresponding to convenient grid

'spaC|ngs anWaMB8I9 or acceptable |iquid Ievel. Once t he REANSISBTST4
downpi pes in. each array is fixed and the hole sizes are known, the—
first-pass design is conpleted. - Adjustnents nust be made- to the first

' pass desi gn because the foregoing cal cul ations aren“ﬂﬂiﬂ muimt“mtunpt i on
that gas 5 rates through the downpipes of the f second
array are qug@g;g@nggggggL___y I S not accurate. |t|on|ng of the

.gas flow is determ ned t he, res ur acros f|rst arr.a

downpi pes. ver sus tite pPoSuerBrREs, SleEsibutel 5353'&& PG iEPeko Rl T pROT

When bot h seaadoﬂlqumﬁ dQHNWﬁN@Eﬁ aceogasshegstﬂwmajoﬁruafnxsdubed difops

across menbeg g?g] 3t are simlar, through not identical because’
ers

t he dlfferent nu %%r i d Jets in the two types of pipe result in
sonmewhat different degﬁeé§ BRI only the first array downpi pes

are passsng liquid, the gmuﬁntsﬂ owewi Yerelicaht | yopanoentka saswngipesay
of pi pes becag%e %he e%%gptlet%ﬁf area i-n the second array of pipes. is
| ar ger due t EXEREAHTe o%e F&erein. The foll ow ng pressure drop
equation (VI1) provi dea dfirstalamay -of tdes downpipés having a[plufality

(VIT) where gg 3eR4q33 11y %’rp%g:ﬁ Selﬁréé‘foxf dlds dr%ﬂéé‘ QéowetﬂQ"“ﬂBbe of

[err] = cross section ow I n the.
the tray; and

10 a second array of the downpipes having an elevation
of holes at substantially the same height above the level of
the tray as at least one of the elevations of hoies in the
first array, and having no elevation of holes corresponding
to the lowermost elevation of holes in the first array;

15 whereby the’ liquid flow rate through the
distributor tray at a given liquid height is reduced when the
liquid height falls below the elevation of the lowermost
holes in the second array, thereby maximizing the 1liquid
level above the lowermost elevation of holes in the first

20 array. '

' 2. The system of claim 1 wherein the first and second
arrays of downpipes are sized and arranged on the tray to
provide at least substantially equal 1iquid coverage of the
surface of the fixed bed of solids when the liquid height on

5 the tray falls below the lowermost elevation of holes in said
second array as is achieved when the liquid height is above
the lowermost elevation of holes in the second array.
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25 [err] and err] Irqurd and gas volune flow rates per
downpi pe, respectively, [err] and--gas densities, -
respect iy rr] and [err] vrscosrtre

respect ,‘%@!9 51%9; rl] =1liquid m’mm I, [er r] pr e?gfﬁggﬁmgg’s"es in

the I ength of the downpipe betmeen I m and the top hole, and-35
pressure | osses in the two-phase sectron of the downpi pe between the o
top-hole and the lower rimof the downpi pe. - In equation VII, [err]
is a function describing pressure_|lgsses in the | ength of the_ downpipe

bet ween the upper ?hﬁrsysgﬁa Pheclagp HoMbengdiniFhe Gigest fard 12eepRd nunber

Snd tyEe Frdps CBES ddWliﬂl@éﬂDFHti;]eFISIirBeIhﬁrfdJrEﬁt-ﬂigé&r?i\ ithefl tl‘xfay?tt@nl
escribin sure J osses i.n the ection wesn ol e
and the DRSS AL HSTRE RrHATabiY (fal chhe SRR EIVEEY S i dlider
eIevationilsmmhbutacnvéupototvaulataons uMehmquadﬂhemgﬁtﬁdfutheﬁtrmg

1 o%, Cndh U & SE WA PRk, P15 Sy Dle Shaib g gn

case I ng equ once array_downpjpe and once for
a second-@kewstiennpf pholesr lvhéahﬂgmﬂﬂl arraysasiiis acghiengdicshen [err]

will be Srt!bétﬂ&di?d Ine iRfHtali f Qbcoted abbde BhBClohEimbst eieeatﬂsﬁlafl
cases, qﬁﬁin part cular for the | owflow case, the values of Q w

differ ¢5 i Fhe SRECND) BEE2¥t [err] to be used are those used in
equation (1V) 4or Thqusyshemgbf clhaimh lamwheawial Hhe ddwnpiped amdtisecond

first array have two vertically spaced elevations of holes,
and the downpipes in the second'array_have one elevation.of_ ‘
- holes at the same centerline elevation as the top elevation
5 of holes in the downpipes'in the first array.

5. The system oflclaim'4 wherein there is a single hole
in each downpipe at ‘each of the two vertically .spaced
elevations in the first array and at the one elevation in the
second array. .

6. The system of claim 5 wherein the bottom hole in
each downpipe in the first array is circumferentially
displaced from the top hole by from 10° to 170° or from 190°
to 350° when viewed from the top. '

7. The system of claim 1 wherein the downpipes in the
first array have at least three vertically spaced elevations
of holes. ._ | -

8. The system of claim 7 wherein the downpipes in the
first arrayVhave three vertically spaced elevations of holes,
and wherein downpipes in the second array have one elevation .
of holes at ‘the same centerline elevation as the top

5 elevation of holes in the first array.

9. The system of claim 7 wherein the downpipes in the
first array have three vertically spacéd elevations of holes,
and the downpipes in the second array have two elevations of
holes at the same respective centerline elevations as the top

5 two elevations of holes in the downpipes in the first array.

~—24--



15 arrays during the initial calculation. Using equation (VIl) the
pressure drop across the firs array of downpipes are
cojmput ed. ressure drops are he design is co

conpl et e. m%v%}raglsgfter theqﬂ“‘“ﬂ “E“l! ation the pr ess%ggﬁ%gmmz’pops
cannot be equal because the umed equal even for the

| ow-fl ow case when the second array of downpi pes is inactive. Thus an outer
| oop of iteration nust be undertaken in which the gas flowrate to the

first array of domnplpes i s guessed, the gas flow rate to the second 25
array of downpi peslPs obFR® ns¥skem: IR FIaimedcahaneidenthechglessein f thet

array gas f|0&bﬂﬂﬁ1§€§ b@tﬁhegﬁirétoﬁhdaéécéh& atraPs aﬁéeQQkQE such that
cal cul ati ons rggeg g E t he degree ggas parti rr|v at

whi ch reconci ® P’PE ¥d 9% ght h‘ﬁ‘ﬂl‘g () ?Fpopagﬁﬁﬁ FGn |a 1
desi gn cases. deﬂnplﬁessopruhedddstrabnmbrpmmay(wﬂeﬁ(théu&mhmﬂdCMéﬂghbnland
is preferably Srfb S t [ i

t echni queéf oraﬁzs éluir:llggtzﬁél%e eq%(%ltél?ﬁ'or?’s;é*lpiéwéi%vl\}(ol%ss%gl hs ons%épﬁa Sﬁ#?y of
shoul d be not@ewnRipPeshe equations (1) though (VI1) are nondi nensional,

i.e. any consistenyjset me 38ystéiii b¥ Cémaﬁﬁ: mseﬁtereuﬁuaqssabubscqrﬁﬂ%éon
of the desrgngarocedure cur.s en .down nmeters and | ogations,

hol e sizes HNPLRSE| ey derst q8rd; I%e%l%n‘ﬁotaé?aéfﬁ)vé‘r@ vEigefi giid
hei ght above abeobdahe& wheuathenfallbwhng quiul hedghdn eguatdanns, and

above higher el evations, of oIe sign c ossi bl e.
The fungarrent al requiTene t$ ?{éfpa)e%‘-l I Zi g : §FE§‘m benerl‘or ts of the
present igwvention are that {fgrBohtam hghey Bhbﬁ% bbbte %baéu*i%a%ébf&’ ged

in all tray
r
: H = height of hole center above top surface
of tray,
. A = total area of the hole(s) at an
10 elevation,
p, and p; = liquid and gas densities,
_ respectively,
Q. and Q, = liquid and gas volume flow
_ rates per downpipe, respectively, and
15 Ff and g = functions readily obtained by a
' pressure balance at the downpipe holes;
and

the liquid height equation being written once for the

- first array of'downpipes and once for the second array of

20 downpipes, subject to the constraints that the liquid height

(h) governing each hole be'the same, and that the sum of the

11qu1d flows through all holes equal the total 11qu1d flow
through the tray. _

12. The system ‘of claim 11 wherein the number of
downpipes in the first array is determined by applying the
liquid height equation to a downpipe of the first array to
calculate the liquid flow rate per pipe leading to a liquid

5 level acceptably spaced above the bottom elevation of holes,

' taking the ratio of the actual liquid flow rate per pipe to
the calculated value, and designating the result as the
fraction of downpipes assigned to the first array.



cases and that the downpipes of the first array be arranged 10 on the
tray to provide maxi mal coverage when the pi pes of the second array are
I nactive, VWHAT IS CLAIMED TSI T, A two-plrase distributor systemfor -

directi WO%28bY and liquid d the surface FTUSHMIEY bed of
solids conmprising: a distri bmﬂm mmmlﬁﬂnm a plurality of .
vertical, open-ended downpi pesc ext emdl 13g rough the tray; a first array
of the dovvnpl pes having a plurality of vertically spaced el evations of

hol es above the | evel of the tray; and 10 a second array of

t he downpi pes Iawvi ngThe «ywsten oofof chaims ht whelretiant thel ynutises aref hei ght

above th I | es in
the fi rs?ldﬁ:ﬁ'féganghﬁ:e{% ?gh%} gﬁtre]{/agal%'tosn%nﬁ ﬁoteésqq;(?(e;rs;%\e%tgofrz ttJ".Q%

| oner noslosnpiRgson of hales in the first array; 15 : wher eby
the liquid filpw mee syateﬂgfbf t8Pa Sl i PePE1AT BheAl fﬁerVQﬁ—ﬂdqu' d

hei ght is reduced q eight fall s be w f he el evation ,of the

| ower nost‘qmréssQ%V%](ﬁg ggcshﬁ %93 ZF%G ARUNPipesy iy e
above thd:l-iemﬂams:h:sarelagvandothef séobad anrayeafe ratraiged aon aysc_ﬂ;ar‘ﬂfle :
system of . glai gyl h ay:

s?/zed and rgf‘raa%]&edy%‘géﬁ‘fgn%r E‘t:cjllt“'l:éép)? oVl d‘? ?ﬁdegisl'%’ s%%g%an?gl“zyl y equal

| i quPd cmam.ofrqme%w% At it echesalpakd. of solids when the |iquid
hei ght on 5 151e ity shaltem o @ValiRke 11 QERYEIH tHeSWkindipds fH &hd N _Sa' d

‘first array comprise 75% of the total downpipes and are

arranged on a square _grid at the 1ocations corresponding to '
the white squares and the alternate black squares of a

5 c.heseboard, and wherein the downpipes of the second array
comprise 25% of the total downpipes and are arranged on the
- square grid at the locations corresponding to the remaining
black squares of the chessboard.

16. The system of claim 11 whereJ.n the partitioning of
gas flow between the downpipes of the first array and the
second array is determined by solving simultaneously the
liquid height eguation and the following pressure drop

5 equation: ' |

Ap = ¢ (A;, Qevpef”'c) + III(AP.QGIQL.IPIGIPLI”GIM'LIGL).I

where Ap = pressure drop across the full
length of the downpipe,
A, = cross-sectional area for flow
10 ' in the downpipe,
Q. and Q; = liquid and gas volume flow rates
per downpipe, respectively,
p, and p; = liquid and gas densit:.es,

_ respectively,
15 i, and u; = gas and liquid viscosities,
respectively,
o, = llqu:.d surface tens:Lon,
¢ = pressure losses in the length of the
downpipe between the. -upper rim and the top
20 hole, and
¥y = pressure losses in the two-phase section

of the. downplpe between the top hole and
the lower rim of the downpipe.



second array as is achieved when the liquid height is above the | owernost
el'evation of holes in the second array. systemof claim1l .
wherein the first and second arfays of downpi re sized and arranged on
the tray to PP&AYL at | east sub ““‘“I““HE “rnsensitivi t YPCHPSIS/0G8h4d

di stribution due to variations uz\“‘“ the tray 5 when the
liquid height on said tray falls be&l dw t'he "l ower nost el evation of holes in
said second array as is achieved when the liquid height is |ocated above
the | owernost el evation of holes in the second array. 4. The system of
claim 1 wherein thd7dowfipesystenheofiiglstimar i ayhlexednt ithe/eholeal lin sgreced
el evations of g,ﬁ,ﬁﬁegnﬂréh@lgwg}pg éi‘li?ﬁléﬁiond array have one

~el evation of es at the sane center ine elevation as the top elevation 5
-of holes in the dotfipi pde E¥Hen | pEt capiny 1 svheypin thedewnpipes are
~Wher ei nI It her esized FoxglErdweldindg eatheckovﬂm@epatgemb ﬁia\m&;tlwa least
vertically s irs a nd at one .el gvatiqn in
t he second ar%&%'&%jé}?sy&%ﬁ% I%?'E‘d“gé:g\h§? thoefbgf'g&?ndh el:f:'ﬁa ach
downpi pe i n dispefsedtin aq!alayfcmlngrcuqﬁnlenanalléyoal 3pl foedof deg’rehs top ‘
hol e by from 10[erig, tOTﬁZO tEEnO ﬁ@iﬂxﬁ] 6 OwneLEBh’ nh v ?}ﬁ%

st array

the top. 7. The system of ereint edownl pes I n the
have at | eastsiﬁ%@%rﬁﬂa&ﬁq ;ogpagealéneqaeto}sa%‘r mfegallar overd appsingm

of claim7 wheseidal hepriydRittehd BurFace b¥t tRel 2Yx8aVBed 6L &oEIdd G.fn!éry

zggcgﬁesgte:/g;él?ns lcifquh eiévefd wher | n ggwpré)aelslsr nbtege se&ggd l%rwre%osa}cve

5 elevation of holes on the downpipes of the second array.
20. A down-flow hydroprpcessing reactor comprising at

least one fixed bed of catalyst, means for supplying a
préheated oil stream mixed with a hydrogen-containing gas to
the upper part of the reactor to form a wvapor and liquid

5 mixture, and the two-phase distributor system of any one of
the precedlng claims.
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of holes at the same centerline el evation as the top 5 elevati-on of holes
inthe first array. 9. The systemof claim7 wherein the downpipes in the

fi;rst array%g@ég{ee vertically spaced el evati ons of hol es, ' p ds Eﬁ@‘
dovvnpl pes in cond array have two el evations of hol es at ‘Eﬂg
respective centerline elevations as the top 5 two el evations of holes in

the downpipes in the first array. ' 10. The systemof claim 1 wherein the
.holes in the downpi pes of the first and second arrays are sized such that
substantially equal liquid flows are achieved through all downpipes on the

distributor tray when the liquid height is 5 above the | owernost

el evation of holes in the second array of downpipes. 11. The system of
claiml1l wherein the holes in the do of gthe first and second arrays
are sized in accordance with the fomgvf% uid height equation: [err] 5

where h = liquid height above top surface of tray, H = height of hole
center above top surface of tray, A = total areg of |Ohe hole(s) at an 10
el'evation, [err] and [err] liquid and}8as dengities, respectively, [err]
and [err] = 1liquid and gas volune f|Oer tes pef downpipe, respectively,
and 15 f and g = readily obtained by a

pressure bal ance at the downpi pe holes
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and the liquid height equation being witten once for the first array of
-downpi pes and once for the second array of 20 downpi pes, subject to the
constraints ﬁkﬁ*PE l'iquid height (h) governing each hole be the sanme, and
that the sum of € liquid flows through all holes equal the PETAISISYIEA d
flow through the tray. 12.  The system of claim 11 wherein the nunber of
downpipes in the first array is determ ned by applying the |liquid height
.equation to a downpipe of the first gf]gibtgacalculate the liquid flow rate
per pipe leading to a liquid 5 | evel efrably spaced above the bottom

el evation of holes, taking the ratio of the actual liquid flow rate per
pipe to the cal cul ated val ue, . mtiRe-the result as the fraction of
downpi pes assigned to the first=dy Y i The. systemof claim1l

wherein the nunber of dowgf ' i S¥PE om 50% t o 86% of
the total downpi pes. H f ' P | he first array
conpri ses 50% of the he first array

corresponding to t/
chessboard. 15. T,
spoNdi to the white square
&°8 3

squares of a 5 c%ﬁ%usbrard, nd wherein the 3ownp
conpri se 25% g el aldownpi pes and are arranged Oé

clam er
wnpi pes and
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'édUare grid at the locations corresponding -to the remaining bl 8

PN

gauar es

~of the chessboard. 16. The system of claim 11 wherein the par‘ﬂ%ﬁ' I ng of
gas flow bet wvePCfhe dovvnpl PORLDORTELIESTUAL PROPERTY OBGANEPATION he SeCONgaW ray i s

determ ned by solvin i mul t aneousl or'f'lqwd hei ght e uatlon and the
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(57) Abstract

and liquid across the surface of a fixed bed (42) of solids

(33) has a plurality of vertically spaced elevations of holes

the elevation of holes (39) second from the bottom in the
array (33).

A distributor system (18, 36) for unifonnly directing vapor

ina

downflow reactor (14). A first array of open-ended downpipes

(39,

40) above the level of a distributor tray (18). A second array
of the downpipes (34) has at least one elevation of holes (41)
but no elevation of holes as the same height as the lowermost
elevations of holes (40) in the first array (33). The absence of
holes causes the liquid flow rate through the distributor tray (18)
at a given height to be reduced when that liquid height falls below

first
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sized for providing outlet flow patterns having at
| iquid droplets dispersed in gas formng a
19. The system of claim20 wherein the

uni formy conica

sprays of

conic angle of 10 to 40 degrees.

downpi pes are sized and spaced for providing at
coni cal sprays at the surface of the fixed bed of solids when the liquid
el evati on of holes on the

|l evel on the tray falls bel ow the | owernost 5

downpi pes of the second array. 20. A down-flow hydroprocessing reactor
| east one fixéd bed of catalyst,
stream m xed with a hydrogen-containing gas to the upper part
and the two-phase

conpri sing at.
pr eheat ed oi l
of the reactor to forma vapor and liquid 5

m Xt ur e,

di stributor system of any one of the preceding clains.

| east substantially

| east partially overlapping”

means for supplying a
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