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O]~EC'flVI~ 

To £ n v e s t ~ a t e  t h e  heat t r a n s f e r  c t a c a e t e c i s t i c s  in  t~o s l u r r y  
bubble eoluwn~ (~0.8 em and 30,5 cm) aB a f unc t i on  of system and 
operatin8 p a t e n t e e s .  

P ~ K S S  ~0  DATE 

The i n i t i a l  d e l i a n  o f  the  10.8 cm i n t e r n a l  d L a ~ t e c  ? l e x i ~ L a s  
sLuc~j bubble c o l t ~ n  as  we l l  as of  the  a s s o c i a t e d  ~as and s l u r r y  ~io~ 
loops ~£th t empe ra t u r e  and p r e s s u r e  ~ a ~ u r i ~  dev ices  £s comple ted ,  
and or4er for" ~ o s t  o f  t he  t~qui~ed m a t e r i a l s  i s  p laced .  The d e s i g n  of  
the  hea t  t r a n s f e r  p~o~es i s  developed and a l 1  the b a s i c  components 
have been o r d e r e d .  These de~isns  a~e b r i e f l y  de sc r i bed  £n t h i s  
~epoct. The f ab r i ca t i on  o f  the column and of  the a u x i l i a r y  u n i t s  is  
in  progress  and i n s ~ a l i a t i a n  o f  the  column wLU soon s t a r t .  Dr. 
~evau~ar has j o i n e d  t h e  p r o j e c t  on Novez~er 3, 1986, and t h e  des ign  
work f o r  the  b i ~ e r  30.S em d iamete r  p y r e x  ~la~s s iu r t ' y  bubble  c o l u ~ t  
i s  beiu~ i n i t i a t e d .  

DESC~IPTIOE OF TECHEICAL P~OL'q~SS 

The =a j o r  e f f e c t  o f  t b ; s  c o n t r a c t  i s  ext~cJJ~ental  in  n a t u r e  and 
h e a t  t r a n s f e r  phenomenon between iun~csed s u r f a c e s  and t h e  s l u r ~ y  
phase o f  the  bubble  column r i l l  be  ~uves t~sa ted  t o  unde r s t and  i t s  
dependence on 8 e o m e t r i c a l  and o p e r a t i u g  sy s t e~  p a r a m e t e r s .  To 
accomplish t h i s ,  i t  i s  planned to  f n s t a U  two s lu t~y  bubble  eolu~-~ 
and 6euera te  h e a t  t r a n s f e r  da t a  f o r  s l n s l e  pcobus and probe  ~undles  o f  
d i f f e r e n t  s i z e  and e o n f i s u r a t i o n  in  s l u r r i e s  o f  d i f f e r e n t  p r o p e r t i e s  
and a t  a ~ l e n t  and h i gh  t empera tu res .  S l u r r i e s  WILL be p r epa red  wi th  
l i qu i d s  o f  d i f f e t~en t  p r o p e r t i e s  and so~ ids  o£ d t f f e t ~ m t  s i z e s  (0  - tO0 
, = ) ,  and o f  d i f f e r e n t  c o n c e n t r a t i o n s  (0 - 30 weight p e a : e a t ) .  / ~c  
and s lu r ry  v e l o c i t l e s  w i l l  be var ied between 0 - 30 cm~s and 0 - 1 
cuds c e p e e t i v e l y .  The s l u r r y  t empera tu re  w i l l  be v a r i e d  f r o ~  ambient  
to  S50E. Du~iug the t e n u r e  0£ ~ monthe o f  t h i s  contmaeE a 10.8 em 
diameter  P l e x l g i a s  s l u r r y  bubble column has  been  des i sned  and mos t ly  
f a b r i c a t e d .  I t  i s  be iu~  i n s t a l l e d  and w i l l  be operated a t  room 
te:perature foc d l f£e ren t  sbaccy concentrat ions and v e l o c i t i e s .  In  
each ease e ranae o~ a i r  ve l oc i t i e s  w i l l  be e~ployed. The s l u r r y  
phase t empera tu re  w i l l  b e  measured a t  varLmJs r a d i a l  p o s i t i o n s  a t  f i v e  
d i f f e r e n t  a x i a l  h e ~ h ~ s .  P r e s su re  p rohes  atw i n s t a l l e d  a t  t e n  
d i f f e r e n t  a x i a l  p o s i t i o n o  a lone  the  co lun~  and t h e s e  r e a d i n g s  w i l l  
ramble to es tab l i sh  t tm 8as holdup ~tt the sh't%'y phase end i t s  
v a r i a t i o n  wi th  h e i g h t  above the  5as d i s t r i b u t o r  p l a t e .  I n  t he  
~ollmriu~= t h i s  e x p e r i m e n ~ l  ~ a c i l i t F  ¢ o n s ~ s t i t ~  o f  t he  fol lo~r lu8 
independent u n i t s  i s  described, the schematic of  the s lu r t ' y  bubble 
¢ o l u ~  wi th  i t s  a s s o c i a t e d  ~easure~ent  and supp ly  loops  i s  shown Ln 
¥ i~ure  1. This  t e s t  u n i t  i s  now d e s c r i b e d  unde r  d i f f e r e n t  ~ e a s u t ~ e n t  
s y s t e s s .  
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The A i r  S u p p l y  Systm~ 

The a i r  i s  s u p p l i e d  t o  t h e  b u b b l e  column by  a 18 .65 L~, 
t w o - c y l l n d e r ,  t ~ o - s t a K e  a i r  c o o l e d  C u r t i s  c o m p r e s s o r .  I t  i s  c a p a b l e  
o f  d e l i v e r i e s  a maximum o f  3 . 0  SCHN o f  a i r  a t  248kPa.  The compressed  
a i r  p a s s e s  t h r o u g h  a ! . 6 5  m 3 surlge t a n k  su~ i s  d r i e d  i n  an Arrow 
P n e u m a t i c  Z u c , ,  ~ e f e i ~ e r a t i o n  d ~ y e r  t o  a dew p o i n t  t empe ra tuL~  o f  
275K. The d r i e d  c o ~ p r e s s e d  a i r  t h e n  p a s s e s  thL~ugh a c y c l o n e  t y p e  o i l  
f i l t e r  and a n  O i l e s e r  e a r t r ~ d z e  t y p e  f i l t e r .  T h e ~  r e ~ o v e  bull~ o f  t h e  
o i l  v a p o r s  end any  t r a c e s  s t i l l  ~ a i u ; u 8  i n  t h e  a i r  a r e  f ~ n a t l y  
removed i n  an a c t i v a t e d  c h a r c o a l  f i l t e r .  T h i s  p r o c e s s e d  a i r  t h e n  
f l o ~  t h r o a s h  a p r e s s u r e  r e g u l a t o r  aud a F i s h e r - P o r t e r  c o t • m e t e r  wLth 
a m a x i ~  c a p a c i t y  o f  0 . 1 8  SCl~  where  i t s  p r e s s u r e  and f l o w  r a t e  a r e  
a d j u s t e d  a t  t h e  d e s i r e d  l e v e l s  and m e t e r e d .  An i r ~ t - e o n s t ~ m t a n  
( J - t y p e )  t h e t ~ o c o u p l e  c o n n e c t e d  t o  an  Omega T c e u d i c a t o r  model  415& i s  
u s e d  t o  ~ e a s u r e  t h e  a i r  t e m p e r a t u r e  e n t e r i n ~  i n t o  t t ~  b u b b l e  column. 
The t r e n d i c a t o r  c o n v e r t s  t h e  i n p u t  a n a l o 8  s ~ u a l  f rom the t h e r m o c o u p l e  
t o  a d i z i t a i  s i S n a l  i n  p~ b y  a n  A/D c o u v e ~ t o ~ .  The d i g i t a l  
i i u e a c i = a t i o u  aud d u a l  s l o p e  ~ u t e g r a t l o u  ace  done  b y  ! ~ 0 S  i n t e g r a t e d  
c i r c u i t s  on t h e  b a s i s  o f  t h e r m o e o u p l e  t a b l e s .  The t r e n d i c a ~ o r  f i n a l l y  
d i sp l ays  the temperetut-e i n  Oc w i t h  a r e s o l u t i o n  of  0.10. 

The :Slurry Bubble  Coltnm 

The p r o c e s s e d  a i r  a t  kuown t e m p e r a t u r e ,  p r e s s u r e  and  f l o w  r a t e  
e n t e r s  a~ t h e  b o t t o m  o f  t h e  s l u r r y  b u b b l e  column whose e u ~ i n e e r i u 5  
d e s i g n  i s  shown i n  F i g u r e  2. T h i s  co l t nm i s  constcucted f r o m  a 1.27 
cm t h i c k  t r a n s p a r e n t  P l e x i ~ l a s  t u b e  havLus ~n i e t e r u a l  d i a m e t e r  o f  
10 .8  cm. The t o t a l  h e i g h t  o f  t h e  c o l m m  Ls 225.43 cm and I t  c o m p r i s e s  
o f  a c a l m l n g  s e c t i o n ,  a t e s t ~  s e c t i o n  mid" au  a l e  d i s e u s a z e m e u t  
s e c t i o n .  T h e s e  t h r e e  s e c t i o n s  e r e  o f  t h e  u o ~ u a l  helT~hts  o f  1 4 . 6 1 ,  
170 .18  and 40.64 cm ~ e s p e c t i V e | . y ,  The t r a n s p a r e n t  r ~ t u r e  o f  t h e  
c o l u ~  w a l l s  w i l l  a l l o w  e a s y  v i s u a l  o b s e r v a t i o n s  and  p h o t o - c e c o r d i u 8  
o f  t h e  bed  a c t i v i t y .  The a i r  e n t e r s  ~..~_. b o t t o m  o f  t h e  c a l l u s  s e c t i o n  
b u b b l e  cap  a i r  d l s t r i l m t o r  a l m n f u i u m  p l a t e  t h r o u z h  e 0 .86cm o r i f i c e  ms 
shown i n  Wisure  3&. The d i s t r i b u t o r  p l a t e  i s  1 . 9  ~n t h i c k  and 7 .62  em 
i n  d i c k e r e r .  Two p e r p e n d i c u l a r  c y l t w ~ c i c a l  c h a n n e l s  o f  O. 64 c~  
d i s m ~ t e r  a r e  d r i l l e d  t h t w u g h  i ~  and  t h e i r  ends  a c e  s u b s e q u e n t l y  
p l u m e d .  At  t h e  t o p  end o f  t h i s  p l a t e  f i v e  b u b b l e  c a p s  a r e  f i l l e d  a t  
s y n n e t e i c ~ l  p o s i t ~ , ~ s  a s  d i s p l a y e d  i n  FiKuce 3&. The d e s i g n  d e ~ a i l s  
o f  t h e  b u b b l e  c a p s  a r e  a l s o  z i v o u  i n  thLs  f L g u r e .  S p o e i f i c a U y  a 
b u b b l e  cap  i s  f a b r i c a t e d  f r ~ n  a n  a p p r e p r l a t e  s i z e  h e x a K o u a l  c a p  s t e e l  
s c rew.  T h r e e  e q u a l l y  s p a c e d  2 =m d i s a s t e r  h o l e s  w i t h  an  a u K u l a r  
8 e p a r e t l o n  o f  ?.200 a r e  d r i l l e d  i n t o  t h e  ~ u s e  o f  t h e  c a p  a t  a 450 
anKLe and a 4 mu d i s a s t e r  h o l e  i s  d r i l l e d  a x i a l l y  a l o n 8  t h e  £enKth o f  
t h e  s c r e w .  The t o p  c a p  o f  ~he s c r e w  p ~ e v e u t s  s o l i d s  f r o •  p l u s g l u 8  t lw  
2 s n  h o l e s  Which may h a v e  l e a k e d  t h r o u g h  the a l e  d i s t r i b u t o r  p l a t e .  
T h i s  c a l m i n 8  s e c t i o n  a r r a n g e s  t h e  a i r  f o r  a u n i f o r m  f l o w  t h r o u g h  t h e  
d i s t r i b u t o r  p l a t e  a t  i t s  t e p  end .  The d e s ~ u  d e t a 4 1 s  o f  t h e  a ; r  
d i s t ~ t b u t o r  p l a t e  a s s e m b l y  are shown i n  F~gure  3B. 
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Z't c o n s i s t s  o f  a 6.4 wm t h i c k  P l e x i s l a s  p l a t e  wi th  91 h o l e s  of  0 .8  mm 
diameter a~canzed in an equilateral triangular pitch. To prevent 
solids veepinz into the calmln8 section a wire mesh screen l. 
i n s t a l l e d  thcou~;h an 0-c~n~ f i a n ~ e  assembly.  This  s e c t i o n  
eommunleates with the ma~n test section th~uah another O-ring flange 
joint as shown in ~iguce 2. The test section has a 1.27 cm internal 
diameter inlet fo~ slurry a~ the bottom. Ten ports of 0.64 cm for 
p r e s s u r e  mea~remenk ace  p r o v i d e d  a long the col.mm h e i g h t  s t  equal  
i n t e r v a l s  o f  15.24 cm above t h e  d i s t r i b u t o r  p l a t e .  To p r even t  any 
solids £1ow ft~r~ the column wire screen~ ace provided at these p o r t s  
~h lch  communica~e to  the  p r e s s u r e  measuriu~ system th rough  a s p e c i a l l y  
des igued  threaded c o n n e c t o r .  S i m i l a r l y  f i v e  p o r t s  f o r  t en~eca tuce  
measurement a r e  pcovlde~ a t  equa l  i n t e r v a l s  o f  30.48 cm w i t h  tim f i r s t  
p o r t  l o c a t e d  22.86 cm above the distributor p l a t e s .  Yh~ air-bubbles 
t h rough  t he  column and e scapes  i n t o  the  atmosphere in  a dlsen~agement 
s e c t i o n  a t  the  top end o f  t h e  column. The t e ~ t  s e c t i o n  h e r e  expands 
i n t o  a 30.48 cm d iamete r  t ank  which minimizes the  l i q u i d  en t ra inment  
and instead i t  f lo~s down the s]Lop~nl~ wai ls  o f  the top end of  the tes t  
s e c t i o n  i n t o  the  bot tom of  t h e  disena~.3ement s e c t i o n ,  where a d r a in  i s  
p rov i ded  f o r  the  S l u r r y  ou t  f low.  An automat ic  tank  d r a i n  i s  provided 
a t  the  ~ot tom end of t he  caiman8 s e c t i o n  to  f l u s h  ou t  any l~quid which 
may have dra ined  i n t o  it. 

The S ~ c ~  ~ o p  

The s l u r r y  c l n e u l a t i o n  loop  as shown in  P i au re  1 c e a s e l e s s  o f  a 
s l u r r y  t ank  f ~ t t e d  wi~h a s ~ i r r e r  t o  keep t he  s l u r r y  w e l l - m i x ~ p  a 
v a r i a b l e - s p e e d  s l u r r y  pump and a v e n t u r i m e t e r .  The Slu~Ty pump i s  a 
Hoyno-SP pcogress iu5  c a v i t y  pump model 331 w;..th a d e l i v e r y  c a p a c i t y  o f  
2GTtt a t  303kPa. The f low c a t s  i s  ~ o n t r o l l e d  by a E e l i a n c e  E l e c t r i c  
DC-1 speed  c o n t r o l l e r ,  a b.ypas8 l i n e  a c r e s 8  t he  pump i s  p rov ided  w~th 
a con t ro l  gate valve  to ecmble a Eceater f l e x i b i l i t y  i n  cont ro l l~nB 
t h e  s l u r r y  f low r a t e  t o  t he  column. A s h u t - o f f  h a l !  va lve  i s  provided 
n e a r  the ~ t t o m  end o f  t h e  column t o  o p e r a t e  t he  ~ystem i n  ha tch  mode 
w i t h  no slurTy ci~culatlon. 

Gas-Holdup ~ a s u r e m e n t  System 

To de te rmine  the  gas ho ldup  i n  t h e  eo lu~ t  t he  p ~ s u c e  p r o f i l e  Ln 
t h e  s l u r r y  column must be  e s t a b l i s h e d .  To o b t a i n  t h i s  e compl ica ted  
measurement and c o n t r o l  s~ ; t em  has  been  dev ised  as s h o ~  i n  ¥ ~ u r e s  4 
m~d 1. The system eo tw ig t s  o f  a b a t t e r y  o f  t e n  a i r  puraemetet~ wi th  
b u i l t - i n  ueed le  va lves  ~ec f l ow  c o n t r o l ,  t e~  p r e s s u r e  r e g u l a t o r s ,  
t h i r t y  h a l l  v a l v e s ,  nine. manoEetecs ,  t e n  b o t t l e  t r a p s  connected i n  
a p p r o p r i a t e  f a sh ion  t h r o u g h  th ree -way  connec to r s  and f i n a l l y  
e o n m m i c a t i n g  t~  t he  pre.~suce p o r t s  on eo lu~ t  wal l  th rough  a d d i t i o n a l  
t e n  b a l l  va l ve s .  ~ f l ~  r e s l s t e n e e  o f  each l l n e  i s  main ta ined  a t  
t h e  same l e v e l  and manometers record the p~ssuce d i f f e r e n c e  between 
c o n s e s u t i v e  p r e s s u r e  pm.~s on t h e  c o l u ~  wal l .  The F i s h e r - P o ~ e r  low 
f l in t  ro te  pursemeters have a maximum c a p a c i t y  o f  2.5 SC1Blt whJ.le the 
~ath~son 3741' pressure t a b u l a t o r s  have a d e l i v e r y  pressure range o f  
I~-691kPa. The a i r  b ~ : k - p r e s s u r e  i s  adjusted with  t h e  h e l p  o f  the  
r e g u l a t o r  and p u r g ~ t , ~ r  so t~mt o n l y  a ve ry  small  a l e  f low i n t o  the  
coluwn ac tua l l y  takes  p l a c e  and no l i q u i d  flows out  o f  t h e  column. I f  
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d e s i r e d  the column can be  i s o l a t e d  from t h i s  pressure measuriu8 sys tem 
by  c l o s i u s  t he  v a l v e s  p rov ided  a t  t he  pot~cs o f  t h e  column. ~rap  
b o t t l e s  ace foc  the  s a f e t y  o f  the  manometers in  case l i qu id  6ushes ou t  
o f  t he  p r e s s u r e  p o r t s .  

Heat  Trans£ec  Probes  

The h e a t  t r a n s f e r  p r obe  bundle  assembly i n s t a l l a t i o n  in  t he  s l u r r y  
bubble  column i s  s c h e m a t i c a l l y  shown in  F i g u r e  5. A t y p i c a l  h e a t  
t r a n s f e r  probe de s i gn  may be  d e t a i l e d  as  c u r r e n t l y  f a b r i c a t e d  f o r  use  
in  our  i n i t l a l  phase o f  e x p e r i m e n t a l  measurements ,  i t  i s  1 .9  em i n  
o u t e r  d i ame te r  and 188 cm IonS. The p r o b e  has  a 30.48 cm long b r a s s  
s e c t i o n  i n s i d e  which a ca lco~  h e a t e r  i s  housed .  The d e t a i l s  o f  t h i s  
d e s i g n  a r e  sho~u i n  F i s u r e  64. The b r a s s  h e a t e r  s e c t i o n  a t  e i t h e r  end 
i s  provided wi th  T e f l o n  s l e e v e s  t o  miuiJnlze end hea t  l o s s e s .  & bundle  
o f  f i v e  such probes  i n  a t y p i c a l  c o n f i s u r a t l o u  i s  sheer, fn  F;Suce  6B 
i n  which a h e a l  t r a n s f e r  probe i s  p l aced  a l o e 8  the  column a x i s  wh i l e  
t1~e remainlr~ four probes, ace arranged in a square arrangement. For 
t e m p e r a t u r e  measurement i r o n - e o n s t a u t a u  thermoeouptes  a r e  1rended t o  
t h e  b r a s s  s u r f a c e  i n  mLi~..ed 8rooves  with t e c l m i e a l  q u a l i t y  ~opper  
cement, Three  thecmocoupies  a r e  p rov ided  on the o u t e r  pcobe:~ each  
s e p a r a t e d  by a 1200 i n t e r v a l  and p o s i t i o n e d  a t  5 .08 ,  15.24 and  25.4 
cm Eemn the end of the brass sect ion. The central  probe has f i v e  
thermocoupies  and t h e s e  ace  p laced 720 a p a r t  a t  $ . 08 ,  10.16,  15 .2~,  
20.32 anti 25.4 cm from t h e  end o f  t ~  b r a s s  s e c t i o n .  To p r e v e n t  
v i b r a t i o n  am] movement o f  t h i s  probe  bund l e  i n s i d e  t h e  column f o u r  
s p a c e r  rmts have been  p r o v i d e d ,  each p a s s i n 8  through t h r e e  tubes  and 
provid~n8 a a n u s - f i t  i n  t he  eolmm.  The probe  txmale  i s  suspended i n  
t h e  co lmm by a s u p p o r t  p i n t a  s l t t i u g  on t h r e e  suppor t  rods .  Each 
probe  i s  a t t a c h e d  t o  t h e  suppor t  p l a t e  t h r o u g h a  supporL t i n S .  The 
e a l r o d  h e a t e r s  a r e  e n e c s i z e d  by a lip 6274 DC pc~er  supply  p r o v i d i n 8  
0-60V and 0-154 wi th  a p o s e r  r e g u l a t i o n  o f  0 .01  p e r c e n t .  

Tim i n i t i a l  d e s i g n  oE the 30.54 cm d i a m e t e r  Py rex  ~ la s s  s l u r r y  
bubble  column f o r  work a t  h i6h  t e m p e r a t u r e s  i s  completed and o r d e r  has  
been  p laced .  

The l i t e r a t u r e  s e a r c h  and assessment  o f  t h e  work done on two-and 
t h r e e - p h a s e  bubble  coluuam i s  i n i t i a t e d  and some p r o s c e s s  towards t h e  
f inal revietf is accc~npltshed. 
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