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Appendix A
Nomenclature
Symbol Description
a Specific interfacial area (m*/m?)
Aq Downcomer cross sectional area (m2)
A, Riser cross sectional area (mz)

Concentrationof DO at aiparticular time in the bioreactor

s Concen f DOYfitfigdiquid that is in equilibrium with
the ) - 0 -Il"f"'-.i:"l ."‘uqqm
C Initia
Gy Mas shirationof fe ing organisms in fermented
kra Voliimetfighndasstransfer co (s)
ro, peci Juptake rate pe _ \_; s of fermenting organisms
t Time _
Usg Supcrfig Veloe y'C
P .

€ Gas holdu .r _ﬁ

; P A
U 1sca
0 '-—‘l -

il
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Appendix B

Table B-1 Physical properties of liquid phase

density
Liquid phase Serface tension [mN/m] viscosities [centipoises] [kg/m3]
water 56.5 0.95 997
sw 15 ppt 58.0 0.96 1004
sw 30 ppt 66.2 0.97 1026
sw 45 ppt 68.7 0.99 1047
Nacl 30 ppt 65.2 . 1.12 1010
Table B-2 Ratio of downco mer toris '- cross&mas used in this work
Key - .
DT1 ] 6 55
s . j \\
DT3 :
DT4 4, 4 \
Table B-3 quulds phase // S wiork ,\\
& P¥rdor "1\"&;\ id
w 2
sw 15 o ﬁ ' ter 15 ppt
sw30 S water 30 ppt
sw45 = ; ater 45 ppt
ﬂ %) :
NaCl 30 TR BT ion 3Q.ppt
e — ¥ 4
{77 Y )
Table B-4 Solubility o 'F C
Liquid phase - Dissolved oxygen coritentration (mg/l)
water 7.54
““Sﬂuil’mﬂ‘ﬂiw Bl 7173
sw 30
sw 45 ppt! 5 89

ammmmumwmaﬂ
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Appendix C

Pictures of bubbles in column with various A4/A, and liquid phase

C-1 Water in Ayg/A, 16.55

{ EJ ﬂ ‘%J Sﬁﬂch ﬁﬁlocity 28.5 cm/s

s v Anenae
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C-2 Sea water 15 ppt in A4/A, 16.55

a) Superficial gas velocity 12.9 cm/s

. 1ci{[]gas velocity 28.5 cm/s

HNINYINT
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C-3 Sea water 30 ppt in A4/A, 16.55
¥ e da T |

a) Superficial gas velocity 12.9 cm/s
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C-4 Sea water 45 ppt in A4/A, 16.55

.%\_
- ¥
1

a) Superficial gas velocity 12.9 cm/s
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C-5 Water in A4/A, 2.61

{

ST

¢) Superficial gas velocity 60 ;m/s d) Superﬁgf%l gas velocity 8.0 cm/s

e) Superficial gas velocity 10.3 cm/s f) Superficial gas velocity 12.4 cm/s
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.
2

‘ c) Superﬁcfa_ll gas velocity 6.0 cm/s
17 X

b) Superficial gas velogity 4.0 omls

d) Superficial gas velocity 8.0 cm/s e) Superficial gas velocity 10.3 cm/s



i o —
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a) Superficial gas velogity 27 cm/s » b) Superficial gas velocity 4.0 cm/s
N -

\ 7 N

c) Superficial gas velocity 6.0 cm/s d) Superficial gas velocity 8.0 cm/s
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e) Superficial gas velocity 10.3.em/s #OSuperficial gas velocity 12.4 cm/s

-

g) Superficial gas velocity 15.5 cm/s

| S

Ny

b) Superficial gas velocity 4.0 cm/s ¢) Superficial gas velocity 6.0 cm/s
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S - - ;‘
f) Superficial gas velocity 12.4 cm/s = 4 9. Superﬁ01al gas velocity 15.5 cm/s
B EY S o
Z X

C-9 Water in A4/A, 1.79,.- i

a) Superficial gas velocity 2.1 cm/s b) Superficial gas velocity 3.1 cm/s



¢
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e) Superficial gas velocity 8.0em/s 3 ’”‘B“Superﬁc}al gas velocity 9.6 cm/s

— : *J
Y]
C-10 Sea water 15 ppt in Ay/A, 1.79

g) Superficial gas velocity 12.0 cm/s

a) Superficial gas velocity 2.1 cm/s



d) Superficial gas velogity 62cmis e) Supergd@_} gas velocity 8.0 cm/s
\Z P

f) Superficial gas velocity 9.6 cm/s g) Superficial gas velocity 12.0 cm/s
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C-11 Sea water 30 ppt in A4/A, 1.79

Y Y 74 Pl

- -

e) Superficial gas velocity 8.0 cm/s f) Superficial gas velocity 9.6 cm/s
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C-12 Sea water 45 ppt in Ag/A, 1.79

d) Superficial gas velocity 6.2 cm/s e) Superficial gas velocity 8.0 cm/s
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f) Superficial gas velocity 9.6 cm/s ‘h‘,_.f;,g’)aSuperﬁcial gas velocity 12.0 cm/s

-4

C-13 Water in A4/A, 1.21 . N

¢) Superficial gas velocity 3.7 cm/s d) Superficial gas velocity 5.0 cm/s
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i

g) Superficial gas velocity 96 c?m/s

L —

b) Superficial gas velocity 2.5 cm/s c) Superficial gas velocity 3.7 cm/s



2) Superﬁfigl gas velocity 9.6 cm/s

. A

J F
L —

a) Superficial gas velocity 1.7 cm/s b) Superficial gas velocity 2.5 cm/s



f) Superficial gas velocity 7.7 cm/s

f) Superficial gas velocity 9.6 cm/s

X

C-16 Se¢a water 45 ppt in Ay/A, 1.21

(™

a) Superficial gas velocity 1.7 cm/s
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b) Superficial gas velocity 2.5 em/s / }C),Superﬁcial gas velocity 3.7 cm/s

d) Superficial gas veldgity 5.0 cm/s €) Superﬁcdi:éﬁli, gas velocity 6.4 cm/s

w i o

f) Superficial gas velocity 7.7 cm/s g) Superficial gas velocity 9.6 cm/s
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% »hiﬁxperﬁcial gas velocity 3.1 cm/s

| -
\

c) Superficial gas veTb'éity 4.7 cm/s
|

- 4

e) Superficial gas velocity 8.0 cm/s f) Superficial gas velocity 9.6 cm/s
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J

/
g) Superficial gas velocity 12.0 em/s / ,/,// 7
L

- - -

!
)

9
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97



98

BIOGRAPHY

Miss Apiradee Limpanuphap was born on April 27" 1980 in Bangkok. She
finished her secondary school from Satree Wat Rakung School in March, 1997. After
that, she studied in the major of Food Technology in Faculty of Science at
Chulalongkorn University. She continued her further study in Master’s degree in
Chemical Engineering at Chulalongkorn University. She participated in the
Biochemical Engineering Laboratorics an hieved her Master’s degree in April,
2004.

AULINENINYINg
RINNINUNINGIAY



	References
	Appendix
	Vita

