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Surge  drum  adapted  for  damping  of  sinusoidal  variations  in  the  feed  concentration. 

©  The  present  invention  is  directed  toward  the 
dampening  of  concentration  variations  in  fluid 
streams,  especially  concentration  variations  that  are 
substantially  sinusoidal,  by  subjecting  such  streams 
to  a  plurality  of  backmixing  steps  whereby  such 
concentration  variations  are  reduced. 

In  one  embodiment  of  the  present  invention, 
there  is  provided  a  surge  drum  (10)  that  is  divided 
into  a  predetermined  number  of  mixing  stages 

{^(14,15,16,17),  each  of  which  is  provided  with  means 
^(18,19,  20,21)  to  create  a  fluid  jet  stream  at  substan- 
t i a l l y   the  inlet  of  the  mixing  stage  and  baffle  means 
p)  (21  ,22,23,24)  positioned  with  respect  to  the  respec- 
t—tive  inlet  jet  (12,18,19,20)  for  reversing  the  flow  of 

^   the  jet. 
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SURGE  DRUM  ADAPTED  FOR  DAMPING  OF  SINUSOIDAL  VARIATIONS  IN  THE  FEED  CONCENTRATION 

the  adsorber  during  the  adsorption  cycles,  the  hy- 
drogen  that  had  been  previously  adsorbed  during 
the  desorption  cycle  gets  entrained  with  the  iso- 
and  cyclic  hydrocarbons,  which  causes  sinusoidal 

s  variations  in  the  product  concentration.  Due  to 
these  cyclic  concentration  variations,  the  molecular 
weight  and  enthalpy  of  the  stream  of  iso-and  cyclic 
hydrocarbons  changes  considerably,  which  results 
in  drastic  swings  in  the  heat  duty  requirements  of  a 

w  downstream  heat  exchanger.  In  addition,  furnaces 
used  to  heat  adsorber  feed  are  oversized  and  high- 
er  heat  input  is  needed  to  overcome  reduced  heat 
recovery.  This  of  course,  necessitates  significant 
capital  equipment  and  utility  costs.  Therefore,  there 

rs  remains  a  need  for  providing  means  for  inhibiting 
cyclic  concentration  variations  in  gas  and  liquid 
streams  by  providing  homogeneous  fluid  streams 
for  reliable  downstream  processing  operations. 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  improvements 
in  mixing  fluid  compositions  such  as  gas  and  liquid 
streams.  More  particularly,  the  present  invention 
relates  to  dampening  of  the  concentration  vari- 
ations  in  fluid  streams  obtained  from 
adsorption/desorption  processes. 

BACKGROUND  OF  THE  INVENTION 

The  need  to  adequately  mix  fluids  in  various 
industrial  processes  is  well  known.  Indeed,  nu- 
merous  reactors  have  been  designed  to  uniformly 
distribute  liquid  and  gaseous  reactants  in  a  reactor 
vessel.  U.S.  Patent  1,491,049,  for  example,  dis- 
closes  a  mixer  for  liquids  which  has  a  number  of 
horizontally  disposed  plates  in  the  vessel  for  divid- 
ing  and  recombining  the  fluid  streams  in  the  reac- 
tor  to  promote  mixing. 

U.S.  Patent  4,233,269  discloses  a  fluid  flow 
distributor  for  mixing  and  distributing  gases  and 
liquids  over  the  cross-section  of  a  reactor  vessel 
having  an  upward  fluid  flow  path. 

U.S.  Patent  4,313,680  discloses  a  reactor  for 
mixing  fluid  components  in  which  the  reactor  con- 
tains  flow  deflecting  elements  to  divide  and  direct  a 
body  of  fluid  flow  at  an  angle  of  approximately 
ninety  degrees  from  the  central  axis  of  the  reaction 
chamber. 

From  the  foregoing  examples,  it  is  readily  ap- 
parent  that  thought  has  been  given  to  provide 
means  for  achieving  adequate  mixing  of  fluid 
streams  in  reactor  vessels.  Consideration  has  not 
been  given,  however,  to  the  mixing  of  product 
streams  emanating  from  these  process  vessels. 

In  commercial  processes,  the  product  streams 
emanating  from  these  reactor  vessels  must  be 
treated  downstream  in  heat  exchangers,  separators, 
and  similar  process  equipment.  For  example,  in  the 
isomerization  of  normal  hydrocarbons,  the  product 
emanating  from  the  isomerization  reactor  contains 
a  mixture  of  iso-,  cyclic  and  unconverted  normal 
hydrocarbons.  This  stream  is  passed  through  an 
adsorber  to  adsorb  unconverted  normal  hydrocar- 
bons.  The  adsorbed  normal  hydrocarbons  are  then 
desorbed  during  a  desorption  cycle  using  hydro- 
gen  gas.  The  normal  hydrocarbons  that  are  desor- 
bed  during  the  desorption  cycle  are  then  recycled 
back  to  the  isomerization  reactor.  Some  of  the 
hydrogen  which  is  used  during  the  desorption  cy- 
cle  is  adsorbed  by  the  adsorbent  bed.  Conse- 
quently,  when  the  mixture  of  iso-,  cyclic  and  un- 
converted  normal  hydrocarbons  are  sent  through 

20 
SUMMARY  OF  THE  INVENTION 

It  has  now  been  discovered,  and  this  repre- 
sents  an  object  of  the  present  invention,  that  fluid 

25  streams  having  sinusoidal  variations  in  concentra- 
tion  can  have  such  variations  dampened  by  means 
of  a  surge  drum  having  a  plurality  of  backmixing 
stages,  thereby  minimizing  the  disadvantages  as- 
sociated  with  concentration  variations  in  the  fluid 

30  stream.  Thus,  in  its  simplest  sense,  the  present 
invention  is  directed  toward  the  dampening  of  con- 
centration  variations  in  fluid  streams,  especially 
concentration  variations  that  are  substantially 
sinusoidal,  by  subjecting  such  streams  to  a  plural- 

35  ity  of  backmixing  steps  whereby  such  concentra- 
tion  variations  are  reduced. 

In  one  embodiment  of  the  present  invention, 
there  is  provided  a  surge  drum  that  is  divided  into 
a  predetermined  number  of  mixing  stages,  each  of 

40  which  is  provided  with  means  to  create  a  fluid  jet 
stream  at  substantially  the  inlet  of  the  mixing  stage 
and  baffle  means  positioned  with  respect  to  the 
inlet  jet  for  reversing  the  flow  of  the  jet. 

Another  embodiment  of  the  present  invention  is 
45  directed  toward  improvement  in  processes  involv- 

ing  adsorption  and  desorption  of  fluids  wherein  an 
effluent  fluid  stream  is  obtained  for  subsequent 
processing  that  has  concentration  variations.  In  this 
embodiment  the  effluent  stream,  prior  to  subse- 

50  quent  processing,  is  subjected  to  backmixing  in  a 
surge  drum  whereby  concentration  variations  are 
reduced. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
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20  each  have  a  central  opening,  the  diameter  of 
which  is  substantially  equal  to  the  diameter  of  inlet 
pipe  12.  Thus,  inlet  pipe  12  and  plates  18,  19  and 
20  serve  to  create  a  jet  of  fluid  stream  entering  into 

5  their  associated  mixing  stage.  In  other  words,  inlet 
pipe  12  serves  to  provide  a  jet  stream  of  fluid  for 
introduction  into  stage  14  and  the  opening  in  hori- 
zontal  plate  18  provides  a  means  for  creating  a  jet 
stream  of  fluid  entering  into  mixing  zone  15,  and  so 

10  forth.  As  can  be  seen  in  Figure  1,  the  surge  drum 
10  is  provided  with  a  plurality  of  baffle  means  are 
21,  22,  23  and  24.  Each  of  these  baffle  means 
positioned  with  respect  to  the  inlet  to  reverse  the 
flow  of  the  inlet  jet  of  fluid  and  to  provide  for 

75  maximum  backmixing  within  the  mixing  stage. 
In  the  embodiment  shown  in  Figure  2,  an  inlet 

nozzle  25  is  positioned  so  as  to  discharge  fluid  in  a 
downward  direction.  (The  flow  of  fluid  is  shown  by 
the  arrows).  The  bottom  26  of  the  surge  drum 

20  housing  11  in  this  instance  serves  as  the  baffle 
means  for  reversing  the  flow  of  inlet  jet  fluid.  Sub- 
sequent  stages  in  the  vessel,  however,  are  sepa- 
rated  by  means  of  horizontally  disposed  plates 
such  as  plate  27  having  a  central  opening  therein, 

25  which  has  a  diameter  substantially  the  same  as  the 
diameter  of  the  nozzle  25  of  inlet  pipe  12.  Also, 
baffle  means,  such  as  baffle  24,  are  positioned  to 
reverse  the  flow  of  the  inlet  jet  of  fluid  to  provide 
maximum  backmixing. 

30  As  indicated,  the  surge  drum  of  the  present 
invention  is  divided  into  a  predetermined  number  of 
mixing  stages.  The  number  of  mixing  stages,  N, 
required  for  optimal  dampening  of  streams  having 
sinusoidal  or  nearly  sinusoidal  concentration  vari- 

35  ations  is  equal  to: 
1-98 
where  t  is  total  residence  time  and  <o  is  frequency 
of  the  feed  concentration  variation.  The  ratio  of 
outlet  to  inlet  concentration  variation  amplitudes  for 

40  N  optimum  stages  is  given  by: 

Figure  1  is  a  schematic  illustration  of  a  four 
stage  surge  drum  according  to  the  present  inven- 
tion. 

Figure  2  is  a  schematic  illustration  of  an 
alternate  means  for  introducing  a  fluid  stream  into 
the  first  stage  of  a  surge  drum  of  the  present 
invention. 

Figure  3  is  a  graph  illustrating  the  benefits  of 
the  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

As  will  be  readily  appreciated,  cyclic  concen- 
tration  variations  in  gas  and  liquid  streams  are 
caused  by  process  changes,  inadequate  blending 
of  different  streams,  or  the  cyclic  nature  of  up- 
stream  operations  such  as  adsorption  and  desorp- 
tion  operations.  Homogenization  of  such  streams  is 
generally  desirable  for  reliable  downstream  oper- 
ations  and  consistent  product  quality.  Thus,  for 
example,  in  the  isomerization  of  normal  hydrocar- 
bons,  the  product  stream  emanating  from  the 
isomerization  reactor  consists  of  a  mixture  of  iso-, 
cyclic  and  unconverted  normal  hydrocarbons.  This 
product  stream  is  passed  first  through  an  adsorber 
to  adsorb  unconverted  normal  hydrocarbons.  The 
adsorbed  unconverted  normal  hydrocarbons  are 
then  desorbed  by  use  of  hydrogen  gas.  The  normal 
hydrocarbons  recovered  in  this  way,  of  course,  are 
recycled  back  to  the  isomerization  reactor.  During 
the  desorption  of  the  normal  hydrocarbons,  some 
of  the  hydrogen  gas  used  in  the  desorption  step  is 
in  fact  adsorbed  on  the  adsorbent.  Thus,  during  the 
subsequent  adsorption  step,  when  the  mixture  of 
iso-,  cyclic  and  unconverted  normal  hydrocarbons 
is  sent  to  the  adsorber,  some  of  the  adsorbed 
hydrogen  is  desorbed  and  entrained  in  the  iso-  and 
cyclic  hydrocarbons  exiting  the  adsorber  during  the 
adsorption  cycle.  This  results  in  sinusoidal  vari- 
ations  in  the  product  concentration.  The  product  is 
then  sent  to  a  heat  exchanger  for  heat  recovery. 
Because  of  the  sinusoidal  variations  in  the  product 
concentration,  the  heat  exchanger  is  oversized. 
This  results  in  a  significant  capital  expense  which 
can  be  significantly  reduced  by  interposing  the 
surge  drum  of  the  present  invention  between  the 
adsorber  and  the  heat  exchanger. 

The  surge  drum  of  the  present  invention  com- 
prises  a  container  that  is  divided  into  a  predeter- 
mined  number  of  mixing  stages.  As  is  shown  in 
Figure  1,  the  surge  drum  10  includes  a  cylindrical 
housing  11  having  an  inlet  12  and  an  outlet  13 
through  which  a  fluid  stream  flows  into  and  out  of 
the  drum.  In  the  embodiment  shown  in  Figure  1, 
the  drum  is  divided  into  four  mixing  stages  14,  15, 
16  and  17,  respectively,  by  means  of  horizontally 
disposed  plates  18,  19  and  20.  Plates  18,  19  and 

- N / 2  

45 

Thus,  an  optimum  surge  drum  design  for  one  hun- 
dred  seconds  residence  time  and  a  0.08  sec"1 
frequency  of  the  inlet  concentration  variation  would 
consist  of  four  mixed  stages  such  as  shown  in 
Figure  1. 

In  Figure  3,  inlet  and  outlet  concentration  vari- 
ations  are  plotted  for  a  surge  drum  having  the 
parameters  set  forth  in  Table  1  . 

50 

55 

Table  1 
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plate  means  for  dividing  said  drum  into  a  predeter- 
mined  number  of  mixing  stages; 
jet  means  for  creating  a  jet  stream  of  fluid  at  the 
inlet  of  each  mixing  stage; 
baffle  means  positioned  with  respect  to  said  jet 
means  for  reversing  the  flow  of  said  jet  stream  of 
fluid  whereby  backmixing  of  said  fluid  stream  is 
promoted  in  each  mixing  stage,  whereby  the  con- 
centration  variations  in  said  fluid  stream  is  dam- 
pened. 

2.  The  surge  drum  of  claim  1  wherein  said 
housing  is  cylindrical. 

3.  The  surge  drum  of  claim  1  or  claim  2 
wherein  each  of  said  plate  means  has  a  central 
opening  therein  defining  said  jet  means. 

4.  The  surge  drum  of  any  one  of  claims  1  to  3 
wherein  said  baffle  means  are  aligned  to  be  in  the 
direction  of  flow  of  fluid  emanating  from  the  central 
openings  in  said  plate  means. 

5.  An  apparatus  for  reducing  the  amplitude  of 
sinusoidal  concentration  variations  in  a  stream  of 
fluid  comprising: 
a  housing  through  which  a  stream  of  fluid  flows, 
said  housing  having  an  inlet  and  an  outlet  for  the 
introduction  and  removal  of  fluid  flowing  through 
the  housing; 
plate  means  in  said  housing  across  the  flow  path  of 
fluid  dividing  said  apparatus  into  a  predetermined 
number  of  mixing  stages  equal  to  iW1  .98  where  r 
is  the  total  residence  time  of  fluid  flowing  through 
the  apparatus  and  <a  is  the  frequency  of  the  con- 
centration  variation  in  said  stream  of  fluid,  each  of 
said  plate  means  having  an  opening  therein  permit- 
ting  a  stream  of  fluid  to  flow  into  the  next  mixing 
stage; 
a  baffle  means  for  each  plate  means  positioned 
with  respect  to  the  opening  in  said  plate  means 
whereby  the  flow  of  the  stream  of  fluid  flowing 
through  said  opening  is  reversed  so  as  to  promote 
backmixing  of  said  stream  whereby  the  amplitude 
of  the  variation  in  concentration  of  the  fluid  stream 
removed  from  said  apparatus  is  less  than  that 
introduced  into  said  apparatus. 

6.  The  apparatus  of  claim  5  wherein  said  hous- 
ing  is  cylindrical. 

7.  The  apparatus  of  claim  5  or  claim  6  wherein 
said  plate  means  have  a  central  opening  the  diam- 
eter  of  which  is  substantially  equal  to  the  diameter 
of  said  inlet  in  said  housing. 

8.  In  processes  involving  adsorption  and  desor- 
ption  of  fluids  wherein  an  effluent  stream  is  ob- 
tained  for  subsequent  processing  that  has  con- 
centration  variations,  the  improvement  comprising: 
flowing  said  effluent  stream  prior  to  subsequent 
processing  through  a  surge  drum  having  a 
predeterminednumber  of  mixing  stages  therein; 
promoting  the  backmixing  of  the  effluent  stream  in 
each  mixing  stage; 

Surge  Drum  Conditions  Used 
in  the  Backmixing  Estimate 

Drum  Diameter  =  10  ft  5 
Drum  Height  =  20  ft 
Gas  Feed  Rate  =15.6ft3/sec 
Gas  Density  =  1.3  lbs/ft3 
Gas  Viscosity  =  0.013  cp 
Mixing  Stages  =2  10 
Donut  Hole  Diameter  =  6  in. 
Disk  Diameter  =  4  ft 
Disk  Location  =  2  ft  below  the  outlet 
Outlet  Diameter  =  6  in. 
Inlet  Concentration  75 
amplitude  =  30  mole% 
frequency  =  0.075 

Indeed,  the  ratio  of  outlet  to  inlet  amplitude  is 
calculated  by  flow  field  computations  to  be  0.54  20 
which  compares  well  with  a  theoretical  ratio  of  0.47 
for  two  weil  mixed  stages. 

As  explained  in  the  specific  embodiments 
above,  the  surge  drum  of  the  present  invention  is 
particularly  suitable  for  use  in  processes  in  which  25 
the  product  streams  have  cyclic  concentration  vari- 
ations  that  are  sinusoidal  or  nearly  sinusoidal  and 
homogenization  of  such  streams  is  generally  desir- 
able.  Thus,  although  specific  embodiments  of  the 
invention  have  been  described  in  detail,  the  inven-  30 
tion  is  not  to  be  limited  to  any  such  embodiments 
but  rather  by  the  following  claims. 

NOTES  35 

Conversion  of  units: 

1  inch  (in)  =  2.54  cm.  40 
1  foot  (ft)  =  30.48  cm. 
1  ft3  =  28.32  liter. 
1  Ib  =  0.4536  kg. 
1  cp  =  1  x  10~3Pa.s. 

45 

Claims 

1.  A  surge  drum  for  dampening  concentration  50 
variations  in  a  fluid  stream  comprising: 
a  housing  having  a  first  end  and  a  second  end; 
an  inlet  at  said  first  end  for  introducing  a  fluid 
stream  having  concentration  variations  for  flow 
through  said  housing;  55 
an  outlet  at  said  second  end  for  removal  of  said 
fluid  stream  from  said  housing  with  said  concentra- 
tion  variations  dampened; 
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removing  a  fluid  stream  from  said  surge  drum 
having  reduced  concentration  variations;  and 
sending  said  stream  with  reduced  concentration 
variations  for  subsequent  processing. 

9.  The  surge  drum  of  any  one  of  claims  1  to  4  5 
wherein  said  predetermined  number  of  mixing 
stages  is  equal  to: 

where  r  is  the  total  residence  time  of  fluid  flowing 
through  the  drum  and  o>  is  the  frequency  of  the  w 
concentration  variation  of  the  feed. 

10.  The  method  of  claim  8  wherein  said  pre- 
determined  number  of  mixing  stages  is  equal  to: 
TV) 
1-98 
where  r  is  the  total  residence  time  of  fluid  flowing  75 
through  the  drum  and  &>  is  the  frequency  of  the 
concentration  variation  of  the  feed. 
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