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Thesis Title Hydrodynamics and Mixing in Air-lift Bioreactor Containing
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Abstract

In this work, hydrodynamics and mixing in an air-lift bioreactor containing
non-Newtonain biopolymer was studied. The bioreactor capacity was 30 liter with
0.19 m in diameter and 1.0 m in height. The draft-tube was 0.13 m in diameter and

0.71 m in height. The air was introduced into the intemal draft cavity.

This work was divided into three parts ; hydrodynamics, mixing and
development of mixing models. The concentration range of xanthan solution used
to represent real broth was 0 - 1.0 % by weight. The air flow rate was controlled
between 0 - 1.0 vwm. Hydrodynamics observation revealed that increase in air flow
rate resulted in stronger liquid movement, thus lower the circulation time. The
increase in xanthan concentration reduced liquid circulation due to the
coalescense of air bubble, forming fast-rising large bubbles. This resuited in an
induced turbulehce appearing in the draft internal, whereas the much lower
movement and parabolic flow distribution across the section appeared in the
downcommer. The stagnant zones were also observed at the reactor walt and the

draft-tube boﬁndary.

The second part concemed the study of mixing characteristics using tracer

response technique. Firstly, data acquisition system for collecting tracer response

1)



data was developed. it consists of four pH sensors generating signal
simultaneously and continuously, fed into a microcomputer through ADDA data
acquisition card, The performance of the system was impressive. Secondly, the
system was used to stugiy mixing time and analysis of mixing mechanisms. it was
found that the solution containing 0.1 % xanthan behaved similarly as thatof — "~
Newtonain fluid (water) but the mixing time was lower. As xanthan concentration

complex and the mixing time got much longer.

In the third part of the work a network-of-zone model was developed, taking
into account flow pattem inside the reactor and the mass exchange rate in radial
direction. The simulation showed that it is more flexible that previous model. There
was a good agreement between the actual tracer response data and that obtained
from simulation, though the agreement can be improved by developing a program

for model fitting optimization techniques.
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4.2 M7 Maaaneavag (liquid circulation)
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5. NTHAN (Mixing)
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SPECIFICATION;
D/IA: . -12Dbit, 1 channel.
.. rouputvollageOSV
- Unipelar or bipolar

- Current setting time 500nsec

XA ar Qr .0,
naARYuIN 1 qmﬁuummamuﬂaaazgzmmasuwaam‘i‘lué’mmqmaqﬁaa
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- Nonlinearity 0.2%
AD; 12 bit, 16 channel
- Intup voltage range 0-9Y
- Unipolar
- Seccessive approximation method

- conversion time 60usec
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D-Type CONNECTOR PINOUT

PIN SIGNAL
1 GND
2 D/A QUT
4 GND
5 CHo
6 CH1
7 CH2
8 CH3
9 CH4
10 CHS
1 CcHe
i2 CH7
13 12V
14 GND
15 5V
16 GND
17 CH15
18 CH14
19 CH13
20 CHi2
21 CH11
22 - CHi0
23 CH9
24 CHe

25 ~12v
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o .
narwan A deyaiilunnsudasdneniunoudivdiutes HCI Tugnrazane

o -3 4 LA 1 ]
npuisuiidndafiseivnomididiusig g

. ‘ . .4
ANl a1 Wit nisusRiesiuacaadidiuges HCH lugsasaneuay v

svdupnnadndueine

A 0.1 % wiw) | Aansudiidiu 0.25 %iww) | Avnndindiv 0.5 %wiw)
pH [HCho pH fHeEd pt e
7.29 0.000 6.79 0.000 6.37 0.600
6.02 0.072 5.55 0.072 560 0.072
5.69 0.145 4.7 0.145 5.01 0.145
5.44 0.217 42 0.217 4.36 0.217
5.27 0.289 3.6 0.289 3.9 0.289
5.03 0.360 3.3 0.360 3.46 0.360
4.76 0.432 3.18 0.432 3.23 0.432
4.34 0.5G0 3.1 0.500 3.02 0.500
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maauan ¢ Tsunssildlumsaugumsiasaviudindeyaninniesiafies

#linclude <stdio.h> '
finclude <stdlib.h>

_ffinclude. <dosk> .
#include <conioh>

#include <bioslr>

#include <time.h>

ftdefine PORT 632

float CONSTANT = 30.64596,

float COEFFICIEN = -0.02201;

mt LOOP= 100;

void menu(void);

void showpara(void),

void ph_meter();

void TextWindow(int x1,int y1,int x2,int y2,int feolor,int beolor);

main (void)
{

menu(};
clrser();
return 0,

}

void menu(void)

{

int choice;

clrser();
TextWindow(1,1,79,25,LIGHTRED,LIGHTGRAY);
TextWindow(4,4,76,10,BLUE,BLUE);



TextWindow(3,3,75,9,YELLOW,GREEN);
TextWindow(4,13,76,19,RED,RED);
TextWindow(3,12,75,18, LIGHTCYAN,BROWN);
Tex{Window(4,22,76,24 BLUE,BLUE);
TextWindow(3,21,75,23, YELLOV/,GREEN);
gotoxy(33,5);

textcolor(BLUE);
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textbackground(GREEN);
cprintf{"PHADDA 12");

printf("\n");

gotoxy(29,6);

cprinti(“Avann Fiewiines");
gotoxy(29,7);

cprinti{(" "%
gotoxy(15,22);

cprintf{"by....Sutha Klaocheed Department of Agroindustry PSU");

textcolor(BLUE);
textbackground(BROWN);

. gotoxy(32,13);

cprint"1. Guiafioy);
gotoxy(32,14);

cprintf(*2. ud lvmisrilined);
gotoxy(32,15);

cprint(“3. AT HIAET");
gotoxy(32,16);

cprintf(*4. 88A9N T TUATH");
gotoxy(32,17);
cprimCAaniatefifosniarien : o)
scanf{"%d",&choice);

switch({choice)



{

case 1.

elrser();
ph_meter();
Comenu(;
break;

case 2 ;
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TextWindow(3,12,75,18, LIGHTCYAN,BROWN);

gotoxy(32,14);

cprinti("Enter New CORFFICIEN : );

gotoxy(56,14);

cscanf("%{",&COEFFICIEN);

gotoxy(32,15);

cprintt'("EnterNew CONSTANT : ");

gotoxy(56,15);

cscanf("%f",&CONSTANT);

getch();

menu();

break;

case 3 : showparaQ;

getch();

menu();

break;

case 4 :

textcolo WHITE);

textbackground(BLACK);

clrser(};

exit(1);

default: printf{"\n\n\AtPlease enter value between 1 fo 2n");
Yoo



void showpara(void)

{
TextWindow(3,12,75,18, LIGHTCYAN,BROWN);

textcolor(BLUE);
 textbackground(BROWN);

gotoxy(32,14);

cprintf("PORT NUMBER = 632\w\n");
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gotoxy(32,15);

cprintf{"COEFICIEN = %fn\n",COEFFICIEN);

gotoxy(32,16);

cprintf("CONSTANT = %fn\n",CONSTANT);
}
void ph_meter(void)
{
inti; /*convert 7 time individually in port + 4, port +5*/
intj;  /* number of channel */
int a=0,HIGHBIT=0,LOWBIT=0,d=0,¢,X;
long int sum;
int average;
float pH;
fong int k; '
clock tstartend;
FILE *fp;
char file_namel80];
printf("\uEnter file name : ");
gets(file_name);
geis(file_name);
if({fp=fopen(file_name,"w"))==NULL)

{  printf("wError on open file *);
exit(1);  }



start = clock();
while (kbhitQ)==0){
for(j=0;<=2;j+) /* read in channel 0 only */
{ sum=0;
1 for (x=1x<=100x++}
{ outp(PORT+3,0);
outp(PORTH),j); /* output channel number to port+Q */
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for (i=1;i<=7 ;itt) /%7 time convert in portHd*/

{
for (k=0;k<L.OOP;k++);
a=inp(PORT+4);
}
for (i=1;i<=7 ;i++) * 7 time convert in port+5 ¥/
{
for (k=0;k<LOOP;k+t);

a=inp(PORT+5);

}
end = clockQ);

HIGHBIT=inp(PORT+2); /* read data in port+2 for high 4 bit ¥/
LOWBIT=inp(PORT+1); /* read data in port+1 for low 8 bit*/
e=HIGHBIT/16;

d=(HIGHBIT-16%¢)*256+L.OWBLIT;

sum = sum + d;

}

average = sum/100;

pH = COEFFICIEN*average+CONSTANT;
switch (j)

{

case 0:

forintf{fp,"\n %5.2f %3.21" (end-start)y/CLK_TCX,pH);




printR*\WTime=%>5.2f pH= %3.2f",(cnd-star)/CLK, TCK,pH);
break;

case 1:

Forintf{(fp," %5.2f %3.2f" (end-star(/CLK_TCK,pH);

 printf(" Time=9%5.2f pH= %3.2£" (end-star)/CLK_TCK,pH);

break;

case 2:

159

fprintf{fp," %5.2f %3.2f",(end-star)/CLK_TCK,pH);
printf(*" Time=%35.2f pH= %43.2f" (end-start)/ CLK_TCK,pH);
break;
case 3:
fprintf{fp," %5.2f %3.2" (end-start)/CLK_TCK,pH);
printf(" Time=%35.2f pH= %3.2f" (end-start)/CLK_TCK,pH);
break;
default:
break;
} /* endswitch */
} ol
felose(fp);
i
void TextWindow(int x1,int y1,int x2,int y2,int fcolor,int beolor)
/% TextWindow : Draw text window on screen */
/% (x1,y1) :Top-left co-ordinate of windows */
£+ (x2,y2) :Bottom-tight co-ordinate of windows *f
J¥ feolor ¢ Forground color ¥/
/*beolor  : Background color ¥/
{
nt x,y;
/* Set forground and background color */

texteolor{ feolor);



extbackground(bcolor);
+ Draw background */
for(y=y1+1;y<y2;y+t)
d
for(x=x I+1;x<x2;%++)
{

gotoxy(x,y);
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putch(0x20); /* Put Space character to screen */
}

gotoxy(xl,y);putch(()xb3); /¥ Vertical line ¥/
gotoxy(x2,y);putch(0xb3);

}

gotoxy(x1+1,y1);

gotoxy(xi-l—l,yZ);

gotoxy(x1,y1); putch(Oxda);
gotoxy(xﬁ,yl); putch(0xbf);
gotoxy(x1,y2); putch(0xc0);
gotoxy(x2,y2); putch(0xd9);
}

for(x=x1+1;x<x2;x4+) putch(0xc4); /* Horizontal line */

for(x=x1+1;x<x2;x+) putch(Oxcd); /* Horizontal line */
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linclude <math.h>

{include <stdio.h>

|

Finclude "geth" .

include <conio.h>

Poat t end_step;

IFILE *oufput;
rnt channel = 3;
inty_show[3};
float tc;
int p1,p2,p3.p4;
void openfileQ
{
if (( output= fopen(filename,"wt'")) == NULL)
{

printf{"error open output file, please turn off your computer");

exit(l);
3

}
void rhs(int n, float t, float y{1)
{

float x[NVAR];

int i;

float a;

for (i=1;i<=NVAR;iH+)
xlil=ylil;
=x[NVAR-2}-x[1];
y[11= (Q*INVARI-x[1}))VI0];




for (i=2;i<=p13i++){
ylil= (Q*(xli-1]-x[iD)v[03;
oo
for (=pl+1;i<=p2;itH){
oyl @G DL
b
for (i=p2+1;i<=p3;it+){
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ylil= (Q*(xli-1}-xlil)/vI2];
15
for (F=p3+1;i<=p4;i+H){
ylil= (Q*(xli-11-xi)/v(3];
b
}

{
int i
if (start_time==t_end_step)
{
iflnormalize)
{
/% to = (vl+v2+v3+vd)((Q1+Q2+Q3)/3);
start_time~start_time/tc;
for (i=1;i<=NVAR;i+)
ylil=y[il/conc; */
}
for(i=0;i<3;it++)
d
if{printdata)
pri11lf(“%7.2f\t%7.5i\t",start_ﬁme,y[y_show[i]]);'
fprintfontput,"%7.20%7.58¢" start_time,yly_showlil]);

void info(int n, float start_time, float t_end_step, float yli, float data[])

}



}

priﬂﬂ{“\ll");
fprntf{output,"n");

void netzone() ... ..

{

void rke(float *, float *, int, float [],
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void (*)(int, float, float{}]), float [], int,
void (*)(int, float, float, float [, float [1));
float *y,datal7],n;
int 1
clrser();

get();

openfile();

pl=al;

p2=(nl+n2);

p3=(nl+n2+n3);

pd=(nl+n2+n3+nd);

v{0]=vi0lnl;

vil}=vl1lm2;

v[2]=v[2}/n3;

vi3l=vi3lng,;

NVAR=(nl+n2+n3+nd);
y=allocate_real_vector(O,NVAR};

for (i=0;i<3;i++)

y_showli} = (zone_showlif}+(cell_showlil-1);



I‘*************#*#**** minal VallICS dcf‘miﬁon ************************}'

for (=1;i<=NVAR;++i)
yli] = 0.0;

if (start. zone = 1)
ylstart_celt|=conc;

if(start_zone ==2)
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ylnl+start_cellj=conc;
if{start_zone ==3)

yinl-+n2+start_celt]=conc;
if{start_zone ==4)

ylnl+n2+n3+start_cell]=conc;

/********************************#**iﬁ*il****************#*****************/

t end_step = stari_timetstep_size; /* end time of each step ¥/
data[1]=data[2}=1.0e-5;

for (n=start_time;n< max_time;n=n+stcp_size){
rke(&startﬂtime,&tﬁend_stcp,NVAR,y,rhs,data,l,info);
start_time = t_end_step;
t end_step = t_end_stepistep_size;
}
felose(output);
}
main ()
{
int ch;
/¥ getinput(y;*/
do
{
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netzone();

clrser();

printf{"Do you want to run again (0/1) : *);
scanf("%d",&ch);

~ while{ch!=0);
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finclude <math.h>
#include <stdio.h>
#include <conio.l>

#include "geth"

float t_end_step;

FILE *outpu;
int channel = 3;
inty show[3];
float tc;
int p[5];
void openfile()
{
if {( output = fopen(filename,"wt")) == NULL)
{

printf{*error open output file, please turn off your computer");

exit(1);
}

}
void rhs(int n, float t, float y[I)
{

float x[INVAR];

int1;

floata;

for (i=1;i<=NVAR;i++)
xlil=ylil;

a=x[NVAR-2]-x[1];
y[1]= (QI*(x[NVAR-2]-x] 1 H-K1*(x[1]-x{2]))voll;



yI2}= (Q2*(xINVAR-11-x[2])-K1*(x[2)-x[1])-K2*(x[2]-x[3])vol1;
yl3}= (Q3*(x[NVAR]-x[3])-K2*(x[3]-x[2]))/voll;

for (i=4;i<=p{1];i++}{
- ylil= QUex[i-3)-x[i)-K Ak il-x[it 1 ))fvoll;
i+

ylil= (Q2*(x[i-3]-x[iD-K 1*(x[i]-x[i+11)-K2*(x[i]-x[i-1]))/voll;
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i+
ylil= (Q3*(x[i-3]-x[i])-K2*(x[il-xli-1]))/voll;
§

for (i=p[1]+1;i<=p[2];i+){
ylil= (Q1¥*(xLi-3}-x[iD)-K 1*(x[i}-x[i+1]))/vol21;
i+
ylil= (Q2*(x[i-3)-x[iD)-K 1 *(x[i]-x[i+1])-K2*(x[i]-x[i-1]))/vol22;
i+
ylil= (Q3*(x{i-31-x[iD)-K2*(x[i]-x[i-1]1))/vol23;
I

for (i=p[2]+1;i<=pl31;it++}{
ylil= (Q1*x[i-3]-x[)-K 1 *(x[i]-x[i+11)}}/vol3;
it
ylil= (Q2*(xli-31x[il)-K 1 *Glil-x[i+17)-K2* (xli}-x[i- 1)) vol3;
i+
ylil= (Q3*(x[i-31-x[il)-K2*(x[il-xfi-1]))/vol3;
IR
for (=pi3]+1;i<=pl4];i+H){
ylil= (QI*(x[i-3]-x[il)-K I*(x[il-x[i+11))/vol41;
it
ylil= (Q2*x[i-3}-xiD-K1*(x[il-x[i+11)-K2*(x[i}-x{i- 11))vol42;
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it
ylil= (Q3*(x[i-3]-x[il)-K2*(x[i}-x[i-1D)vol43;
b

H

void info(int n, float start_time, float t_end_step, float y[l, Doat datall)

{

it i;

if (start_time==t_end_step)
{
iflnormalize)
{
/% to = (v1+v24v3vd)/((QI+Q2+Q3)3);
start_time=start_time/tc;
for (i=1;i<=NVAR;i+t)
ylil=ylil/conc; */
}
for(i=0:i<3;i++)
{
if{printdata)
printf("%7.20%7.50\t" start_time,yly_showi]]);
fprintfloutput,"%7.204%7.51\t" start_time,yly_showlil]);
}
printf{("\n");
fprintfoutput,"\n");



void netzone()
{
void rke(float *, float *, int, float [],
void (*)(int, float, float{]), float [], int,
void (*)(int, float, float, float [], float [1));
e

int 1
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clr am’(};
get();

openfile();

pl01=0;

pli}=nl*3;
pl2]=(nl+n2)*3;
pl3l=(nl+n2+n3)*3;
pl4l=(nl+n2+n3+nd)*3;

voll = voll/(n1*chaunel);
vol21 = vol21/n2;
vol22 = vol22/n2;
vol23 = vol23/n2;
vol3 = vol3/(n3*channel);
vol4l = vol41/nd;
vol42 = vold42/n4;
vol43 = vol43/nd;

NVAR=(nl+n2+n3+n4)*channel;
y=allocate_rea! vector(0,NVAR);
for (i=0:i<3;iH4)
y_showl{i] = (p[zoné_ﬂshow[i]* 11+{channel*(cell_show({il-1)}+channel_showli]);
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/******************** lln{lal Va]ucs dCfﬂlitiOl] ************************l

for (i=1;i<=NVAR++)
o ylil = 0.0; -
if (start_zone == 1)

ylstart_cell+1]=conc;

if(start_zone ==2}
ylni+start_cell+1]=conc;

i{start_zone =3)
y[nl#nz-istart*_cell+l]=conc;

if(start zone =4}
yinl+n2+n3+start cell+l]=conc;

/************'!l***********************************************************}

t end step =start_time+step size; /¥ end time of each step */

data[1]=data]2]=1.0e-5;

for (n=start_time;n< max_time;n=n+step_size){
rke{&start_time,&t end step,NVAR,y,rhs,data,,info);
sfart_time = t_end_step;
t_end_step = t_end_steptstep_size;
}
felose{output);
}
main ()
{
it ch;

F getinput(};¥/
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do

{

netzone(});

clrser();

T printR"Do you watit o ruit again (0/1) = ")
scanf("%d",&ch);

Ywhile (ch 1=0);
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