
CHAPTER VI

DISCUSSION

6.1 Development of simulator

T h e  d is til la tio n  m o d e l u s e d  for th is  s im u la to r  c o n s is ts  of a  s e r ie s  of 

e q u il ib r iu m  s ta g e  a s  d i s c u s s e d  in  c h a p te r  ni. I t is  s u i ta b le  to  m o d e l th e  co m p le x  

co lu m n  w h ic h  h a s  m a n y  fe e d  s tre a m s , v a p o r  or liq u id  s id e s t r e a m s  a n d  s id e  

e x c h a n g e rs . T h e  e q u il ib r iu m  s ta g e  u s e d  in  th is  s im u la to r  c a n  b e  u s e d  to  m o d e l 
a n o th e r  s ta g e  s e p a ra to r  s u c h  a s  a b so rb e r  a n d  s tr ip p e r , a lso . T h e  fu r th e r  s tu d y  on  

th is  s im u la to r  p ro g ra m  c a n  b e  c o n d u c te d  m o d ify  to  so lv e  a b s o rp tio n  a n d  

s tr ip p in g  p ro b lem .

T h e  c a lc u la t io n  p ro c e d u re  u s in g  b u b b le -p o in t (BP) m e th o d  is  th e  r ig o ro u s  
m e th o d  w h ic h  c a n  p ro v id e  e x a c t  so lu tio n  l im ite d  on ly  b y  a c c u ra c y  of th e  p h a s e -  
e q u il ib r iu m  a n d  e n th a lp y  d a ta  u tilized . [H enry , E . J ., 1981] T h e  tr id ia g o n a l m a tr ix  

c o n s is t in g  of a r ra y s  of v a r ia b le s  is  u s e d  in  th is  te c h n iq u e .  F irs tly , i t  r e q u i re s  h ig h  

m e m o ry  to  ru n  th is  p ro b lem . T h is  p e rso n a l c o m p u te r  h a d  n o t  e n o u g h  m e m o ry  to  

m a n a g e  th e  p ro b le m  in  f irs t t im e . T h e  p ro b le m  of m e m o ry  c a n  finally  b e  so lv ed  

b y  u s in g  a  d y n a m ic  a rra y  w h ic h  is  th e  k ey  of c++ p ro g ra m m in g . T h e  d a ta b a s e  
p ro g ra m  d e v e lo p e d  b y  c++ is  lin k ed  to  th is  s im u la to r. I t is  u s e d  to  e s t im a te  

b u b b le -p o in t te m p e ra tu re ,  p h a s e  e q u il ib r iu m  c o n s ta n ts  a n d  e n th a lp y  of s tre a m s .

T h e  s im u la to r  d e v e lo p e d  b y  c++ la n g u a g e  h a s  a  lo t of g ra p h ic  u se r  

in te r fa c e s  d e s ig n e d  to  b e  frien d ly  to  u se r . It is  c o n v e n ie n t  to  in p u t  all of th e  
re q u ire d  d a ta  to  so lv e  d is til la tio n  p ro b lem s. T h e re  a re  tw o  s te p s  to  in p u t  d a ta .
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F irs t, th e  s irm ila to r  w ill sh o w  a  w in d o w  for in p u t  th e  c o lu m n  c o n fig u ra tio n s , a n d  

th e n  i t  w ill s h o w  a u to m a tic a lly  a n o th e r  w in d o w  for s e le c t in g  c o m p o n e n ts  w h e n  

u se r  h a s  f in is h e d  in p u t. T h e  s e c o n d  s te p , th e  u s e r  c a n  s e le c t  a  in p u t  w in d o w  

from  m e n u  or c lick  o n  a n y  a c tiv e  a r e a  of th e  f ig u re  of c o n v e n tio n a l c o lu m n  o n  th e  

m a in  w in d o w . T h e  s im u la to r  offers se v e ra l s e le c t io n  of p ro p e r ty  m e th o d s , 

in c lu d in g  Id e a l G as , P e n g -R o b in so n  a n d  S o av e  R e d lic h  K w o n g . I t c o n s is ts  of 
se v e ra l u n i t  s y s te m s  of te m p e ra tu re , p re s s u re , f lo w ra te s  a n d  e n e rg y  flow s w h ic h  

c a n  b e  s e le c te d  b y  u se rs . I t is  e a s y  to  in p u t  a n d  c h a n g e  v a lu e s  of a n y  d a ta  in  

th e  in p u t  w in d o w s . T h e  in p u t  d a ta  c a n  b e  c h e c k e d  b e fo re  s ta r t in g  c a lc u la tio n  

u s in g  th e  c o m m a n d s  a v a ila b le  on  th e  c o m m a n d  m e n u . T h e  p ro g ra m  w ill sh o w  

th e  w a r n in g  m e s s a g e  w h e n  i t  f in d s  th e  in c o m p le te  d a ta .

H elp  files of s im u la to r  c a n  b e  u s e d  to  h e lp  u s e r s  to  s ta r t  th e  s im u la to r  

eas ily . T h e  h e lp  file p ro v id e s  s u g g e s t io n  a s  follow s.
•  H o w  to  u s e  th is  s im u la to r.

•  H o w  to  in p u t  d a ta .

•  D e s c r ip tio n  of w a rn in g  m e s s a g e s  d is p la y e d  o n  s c re e n

•  A b o u t d is til la tio n  s im u la to r.

T h e  re su lts  of c a lc u la t io n  w ill b e  s h o w n  o n  w in d o w  th a t  s e le c te d  from  

“R eport" m e n u . T h e  o u tp u t  a re  d isp la y e d  in  ta b le  fo rm  a n d  te m p e ra tu re  p ro files 

s h o w n  in  th e  g ra p h ic  form .
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6.2 Program verification

T h e  o u tp u t  from  s im u la to r  a re  c h e c k e d  b y  m a te r ia l  ๖ฟ a n c e  of th e  co lu m n . 

T h e  m a te r ia l  ๖ฟ a n c e  re la tiv e  e rro rs  of all th e  c a s e s  d i s c u s s e d  in  c h a p te r  V. T h e  

m a x im u m  erro r o c c u rre d  is  ± 3 .39% . B e c a u s e  th e  e q u a t io n s  of s ta t e  a v a ila b le  in  

th is  s im u la to r  c a n  p ro v id e  m o d e ra te  a c c u r a te  for th e  p o la r c o m p o u n d s . T h e  erro r 

in  th e  c o n d e n s e r  a n d  reb o ile r  h a v e  sm a ll v a lu e  b u t  th e y  s e e m  to  b e  la rg e  in  so m e  
c e r ta in  s ta g e s  of th e  co lu m n . It m a y  b e  ta k e n  p la c e  b y  th e  e n e rg y  b a la n c e  

e q u a t io n  u s e d  to  d e te rm in a te  v a p o r  a n d  liq u id  in te r s ta g e  flo w ra te . T h e  e rro r of 

to ta l m a te r ia l  b a la n c e  in  e a c h  tra y  a re  fo u n d  to  b e  n e a r ly  zero .

T h e  re su lts  of c a lc u la tio n  u s in g  th e  PR  m o d e l h a v e  th e  e rro r le s s  th a n  

th o s e  of th e  SRK m o d e l w h e n  th e  s y s te m  c o n ta in s  n o n -p o la r  c o m p o u n d s . F or th e  

po la r c o m p o u n d s  s y s te m , u s e rs  sh o u ld  s e le c t  th e  SRK m o d e l to  e s t im a te  

p ro p e r t ie s . I t c a n  p r e d ic t  b e t te r  th a n  th e  PR  m o d e l.

T h e  re su lts  of c a lc u la tio n  a re  c o m p a re d  to  th e  r e fe re n c e  d a ta . T h e  

te m p e ra tu re  a n d  liq u id  c o m p o s it io n  p ro file s  a re  c o n s id e re d . T h e  te m p e ra tu re  

p ro files  o b ta in e d  u s in g  th e  s im u la to r  a n d  th o s e  from  re fe re n c e  d a t a  h a v e  s im ila r  
s h a p e . T h e  m a x im u m  d iffe re n c e s  a re  ± 0 .4 6%  for th e  re su lts  u s in g  th e  PR m o d e l 

a n d  ± 0 .3 1%  for SRK m o d e l. T h e  liq u id  c o m p o s it io n  re la tiv e  d if fe re n c e  u s in g  th e  

PR m o d e l is  -63.94% . B e n z e n e , w h ic h  is  th e  l ig h t c o m p o n e n t  in  th is  s y s te m , h a s  

lo w  c o m p o s it io n  in  reb o ile r  a s  0.002951 w h ic h  is  d iffe re n t, -0 .001151 , from  th e  

re fe re n c e . I t h a s  m a x im u m  d iffe re n c e  u s in g  th e  PR  m o d e l a s  ± 1 .3 9  in  re c tify in g  

s e c tio n . S im ilarly , th e  re su lts  u s in g  th e  SRK m o d e l h a s  -34.97%  a s  m a x im u m  a n d  
± 1 .06%  a s  th e  m a x im u m  re la tiv e  d iffe re n c e  in  th e  re c tify in g  s e c tio n . In  th is  c a s e , 
th e  s im u la to r  h a s  c o m p a ra tiv e ly  la rg e  d if fe re n c e  from  re fe re n c e  d a t a  in  re c tify in g  

s e c t io n  w h e n  th e  c o m p o n e n t  is  th e  h e a v y  key . S im ilarly , th e  h ig h  re la tiv e  v a lu e s  

w h ic h  a re  c o m p a re d  to  re fe re n c e  d a ta  o c c u r re d  in  th e  s tr ip p in g  s e c t io n  for th e  

lig h t c o m p o n e n ts .
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C o n s id e r in g  th e  c o m p a r iso n  to  th e  c o m m e rc ia l s im u la to r  n a m e d  HYSIM , 

th e  p ro files  of te m p e ra tu re , liq u id  a n d  v a p o r  c o m p o s it io n  o b ta in e d  from  th e  

s im u la to r  a n d  H Y SIM  a re  s im ila r. T h e  d iffe re n c e s  s e e m  to  b e  sm a ll w h e n  th e y  

a re  c o n s id e re d  a s  a b s o lu te  v a lu e s  b u t  th e y  a re  la rg e  w h e n  c o m p a re d  to  H Y SIM  a s  

th e  re la tiv e  d iffe ren ce . T h e  re la tiv e  d iffe re n c e s  h a v e  o c c u r re d  in  th e  c o lu m n  h a s  

th e  s a m e  re a s o n s  a s  c o m p a r iso n  to  th e  re fe re n c e  d a ta . T h e  lig h t c o m p o n e n t  h a s  

la rg e  d iffe re n c e  in  s tr ip p in g  s e c t io n  w h ic h  c o n ta in s  lo w  c o m p o s it io n  a n d  th e  

h e a v y  c o m p o n e n t  h a s  la rg e  d iffe re n c e  in  re c tify in g  s e c tio n .

T h e  re su lts  of s im u la tio n  a re  d iffe re n ts  d u e  to  to le ra n c e  is  c h a n g e d . T h e  
m a x im u m  erro r u s in g  0 .01N  a s  th e  to le ra n c e  is  0.0613% .

6.3 Distillation simulations

D is tilla tio n  c a lc u la tio n  is  a lso  to o  d ifficu lt a n d  to o  c o m p lic a te d  to  so lve  
m an u a lly . U se rs  c a n  u s e  th is  s im u la to r  to  so lv e  th e  d is til la tio n  c a s e  w h ic h  th e  

o p e ra t in g  c o n d itio n s  c a n  b e  c h a n g e d . T h e  o u tp u ts  of th e  s im u la tio n  c a n  b e  

c o m p a re d  to  b a s ic  c a s e s . F or e x am p le , a  c a s e  of c o n v e n tio n a l d is til la tio n  co lu m n  

is  c o m p a re d  to  a  m o re  c o m p lic a te d  o n e  w h ic h  h a s  m a n y  fe e d  s tre a m s , s id e  

e x c h a n g e rs , v a p o r  or liq u id  s id e s tre a m s . T h is  s im u la to r  is  c o n v e n ie n t  to  c h a n g e  

th e  o p e ra t in g  c o n d itio n s  (i. e. fe e d  c o n d itio n s , reflux  ra tio , c o lu m n  c o n fig u ra tio n s , 
p re s su re , to p  a n d  b o tto m  p ro d u c t) . U se rs  c a n  u s e  th e  re su lts  of b o th  c a s e s  to  

s tu d y  b e h a v io r  in  th e  co lu m n . T h e  c o n s id e re d  c h a r a c te r is t ic s  s h o w n  in  th e  

o u tp u t  of s im u la to r  a re  te m p e ra tu re , v a p o r  a n d  liq u id  c o m p o s it io n  p ro files , h e a t  
d u t ie s  a n d  p u r i ty  of p ro d u c ts . T h e  p u rity  of p ro d u c ts  c a n  b e c o m e  b e t te r  or 

b e c o m e s  w o rs e  th a n  th a t  of th e  p re v io u s  c a s e  d e p e n d in g  o n  th e  c o n d itio n s  
c o n s id e re d . T h e  e n e rg y  c o n s u m p tio n  is  a ls0 s im ila r  to  th e  v a lu e  of p u rity . T h e  

re su lts  of s im u la tio n  c a n  h e lp  u s e rs  to  fin d  th e  s u i ta b le  o p e ra t in g  c o n d itio n s .
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T h e  s im u la to r  c a n  a lso  b e  u s e d  to  c h e c k e d  b a s ic  d e s ig n  of d is til la tio n  

co lu m n . T h e  b a s ic  d e s ig n  c a lc u la te d  b y  a p p ro x im a tin g  m e th o d  p ro v id e s  n u m b e r  

of s ta g e s , fe e d  tra y s , reflux  ra tio  a n d  a n o th e r  o p e ra t in g  c o n d itio n s . U se rs  c a n  

in p u t  th e  d e s ig n e d  d a ta  in to  th e  s im u la to r. T h e  re su lts  of s im u la to r  a re  

c o m p a re d  to  co lu m n  sp e c if ic a tio n s .

T h e  s tu d y  a n d  e x p e r im e n t o n  d is til la tio n  co lu m n  in  b o th  p ilo t s c a le  a n d  

p la n t s c a le  re q u ire  v e ry  h ig h  c o s ts  a n d  c o n s u m e  a  lo t of e n e rg y . T h e re fo re , th is  

s im u la to r  is  v e ry  u se fu l for s tu d e n ts  a n d  o p e ra to rs  to  u s e  It for s tu d y in g  th e  
d is tilla tio n .

6.4 Limitation of simulator

T h is  s im u la to r  re q u ire s  h ig h  m e m o rie s  for so lv in g  d is til la tio n  p ro b le m s . It 

is  t e s t e d  o n  p e rso n a l c o m p u te r  w h ic h  h a s  486D X 2 m ic ro p ro c e sso r  w ith  8M B 

RA M . It c a n  so lve  th e  p ro b le m s  of d is tilla tio n  c o lu m n s  w h ic h  h a v e  m a x im u m  

s ta g e s  of 40. T h e  n u m b e r  of c o m p o n e n ts  is  le s s  im p o r ta n t  th a n  th e  n u m b e r  of 

s ta g e s  s in c e  i t  e f fe c ts  to  th e  m e m o rie s  r e q u ire d  in  c o m p a r iso n  w i th  th e  n u m b e r  
of s ta g e s .
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