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ABSTRACT

,'_In'réc'ent years, bubble columns with highly viscous liquids are found

despread applications in chemical and biotechnological processes especia

"'Fi"ﬁ'_biochemical reactors and pollution treatment. The heat transfer behaviour

bubble columns of highly viscous liquids is different from that of the I
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viscosity liquids, due to the complex .hydrod_y-namics parameters and th
interactions.

The present work reports the results of a comprehensive experimental study
hvdrodynamics and heat transfer beha.vi-our of a bubblé column eonducted with high
viscous liquids. The experiments were carried out In two semi-batch bubble columr
having the same-dfimensi'ons (0.15 m diameter ahd L.5 m height). QVF glass colun
was used for visualization and hydrodynamics study and Plex iglass column is used fc
heat transfer study, A perforated plate was used as gas distributor, ha\:;i.ng &4 holes ¢
I mm diameter, and 0, 37 % opening area,

Four types of Glycerine having concentrations of 25 %, 50 Y, 735 %, an
09.95 %, were used as Newtonian test liquids. On the other hand. four tvpes ¢
Carboxy Methyl Cellulose concentrations of 0. ] %, 0.5 %. 1 %, and 2 %-; were used a
non-Newtonian test liquids, Air was used as the gas phase with superficial gas \-feio‘cif;
range from .01 to 0.2 m/s. For all sets of experiments the height of liquid phase wa
Maintained constant at 12 m  from the gas dist.ributor.

The hydrodvnamic parameters such as, total gas holdup. local eas holdup, bubb}
rise velocity, and bubble diameter were studied with the aid of* -

I-Direct visual and loptical observations: which were based on visualization
Photographs and video films analysis, using two computerized digital cameras.

2-Computerized Conductivity Probe System (CCPS): in which the probe detects the
difference in conductivity of gas and liquid of the two-phase system.

It was observed that with an increase in superficial gas velocity above 0.12 m/s, more

ex hydrodynamic behaviour occurred, in which the transition from bubbly to
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b o rise velocity due to coalescence process that appeared in both, Newtoniar

Newtonian highly viscous liquids at such high gas velocities.

It was found that the main mechanism of heat transfer in bubble column of hi

: ﬁ;édus liquids recognized in the present work under constant-wall-temperature i;

convective contribution due to a clear eirculation phenomenon.

Temperature distributions were measured axially and radially in the PIex1g
glass column of constant-wall- temperature with the aid of Computerized Tempers
Measuring System (CTMS-30 T) of thfrty thermocouple sensors connected on-lin
computer through an interface system. The temperature range was between 30
80 "C . For both Newtonian and non-Newtonian liquids, the heat transfer coeffici
were found to decrease with inereasing liquid VIScosity. |

Two mathematical models were dem ed describing the heat convection in bu
columns of highly viseous liquids under censtam—wa}E-Eem:p-m'ature._ one for Newtoi
liquids and the other for non-Newtonian I?i-.q:.u-ids. For each type, the axial liquid velo
distribution was substituted in the energy”equa'tim. The partial differential equa
with its associated boundarv conditions was solved anélyt‘i‘cally by the methoc
separation of var 1abfes The resulting modeIs are: -

FFor Newtonian lquids,

h = 0.655-_128‘5;&_ [g_ D (U el ) J‘ (I (I=om)
L ' g br (1 + 6m)

while, for non-Newtonian (power-law) liquids,

h=1.67 { Re, Fr, 0% JQ SO CpK - m)
L_ (1 + 6’ )
The predictiong of the derived models agree well with the experimental data obtained
Present work at superficial gas velocity range of (0.01-0,12) m/s, with mean dewatl

of § % and 19 % for Newtonian and non- Newtonian model respectively.

ith pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com

& 2lgall Anac Yl X AQ!I, J—aall A_L._.an sl ol JL g
Aol
il G
26 daal acdl: oSSl Aol Wl g GEgAS Guloe ) ae ;gAY cfalld ey

AN Al

e Halh el A MU sl 1k e ladl Saaelt 3 da g3 e g Aladil) ag
Ies. e Aalas Silee s & aaS sl ol liad y Ayl el s L R
e e M € MUEAY GBS A S e Y praiud il 3l el U adee o SN
Afaalin s ol Lol 63 afanl G ol OCAYY 138 5 can g5l alhal y 3 o) saan g it Al de
SRl e sl b i Led el all sda Al

fse i See Y1 39 51 padt U Addee ; ASiin g gl ol A1 A1lL5 G 23yl e
Y _4_;)_;;1_93 e o dagla doles Rogiale ol SR ek U e 8 pdl e Byt
L A a5 QVT 7l 2see a5l Ryl Sl (5000 pEESs prve il )
ool JE ahd o deglate dasiti g3 S L Sl sl DAY 2 gendl s Auatinn 5
PV osdigienal Gl G A e $= (Perforated Plate Gas Distributor)  Jdl ¢ 5e aaas
| U -_q?*“-‘;" b Aaligl ¢ }AJ'IU‘;AL&\;.LML

LA g
54./0 bt

S8 s R sl PRI ('G'i_}-'cer.-iﬂe) ST i Do S 5 R i Aoand
el I3 (CMC) s - Jie - oS o 1S 5300 S 381 53 J IS 04 45 30 10 Yo 10y ¢
o de e Jaars e HelaS el gl alaanild SLS 05Y 405y 49 C2 5% ) Py s
| AN R R
Syl s Jdl QU caaall g fmdl (Bie) Al BaeeY) 3 ASalis g pailedl Gl gt A 5 a4
~agdall Aol Ao g (Ao lddl) Hlad g (Ao lia) 3 gaia de g ¢ LY gl pene
syl S A Al s A8 4 (Visualization) soduad) dsd A8 < 3k plaaduls
1A g A Sl el e e g R 5 il qand Ldlantiod 5 30 2SS 3 e 55 il
Jea Al § 8 Guas’y Computerized Conductivity Probe System s 7S uas e’ Land 5
LB~ UL PPN RPN TW I JURECIIE RU S B WA - I P FL o
S e VY e Sl 513 il o sally el Sl e sal ) Ay aa duled il DA ¢
ol 3 (Bubbly) abiiiadl e Uil Glsadl ¢pe aUail J gay ua 48k ,Ng’» S m

PDF created with pdfFactory trial version www pdffactory.com



http://www.pdffactory.com

OsSs e selaEl JiSl Gllee da s pS Gileld 585 Al s A5 (Churn-Turbulent) o
+ (high bubble rise velocities) 4die JM £ s B_nSh Cle Gy o’
_,J'aj_..jlécm_jlaﬂ‘uc-hﬂ\bmy‘w&‘9_\]1|._\Auﬁo‘)'|);.“dhu'l4_114.\.:.5_&.\.\43.!.\ LS"‘"&'-Q_j‘u é

50 sl il sl G Ae L saee VY e g ol 138 Jie & Alalall (Circulation Phenomenorﬁ

y (Ccmstant—'WalLTemperaturé
< (Pelxiglass Column) ol JESY! daghaie 8 "L phdy "ok 3 el s 2 8
Aladt ada o Maie A S I "Laanas 4 agial & [nterface System e aiad DU

Yiealie I e s stad s (Computerized Temperature Measuring System, CTMS-30 T
S8 5 +(On-Lineyas s sV falall A3 58be s ) seay dolaall 2 shalell Lo L_.s'—‘i"s (T g5 ") 5
e e e ee g EES el O Jelas b an g dea o A T 5 T8 ) el i
r‘.\.;_.._aﬂ\ el "*—‘*))-] _amkaac 2o KTy Mjijry‘_s“:‘iﬁf’);\ih a;j)l

Gl 5 e ) ;." B el idae e gt Cpeales Cualsed UL i \J AP &U'JS}
=t s Constant-Wall-Temperature) 438 3 5 all 52 oadh 48 jear 53 ___“w el dlat
S R 5 B el AT Rl 5l S s i
JAREGTE B B RE u\fauaai‘l REPIeY u‘_all e A :__:,_u'_,, FUPE S| AW PSPNpLY
Sl Y Sl '55 PAariiod agaall ol sie (separation of variables) '—ﬁ)a‘—"“'“ ol 44y )]
A g gt J gl AL
Y s (1 =6)
‘e plU —gy g 2T
[ AR ' hr (1~ 6m) | |
| EREFRNN P

Fr,_ﬂ‘zj ]U(}? D' "CpK{(1-¢ m)

'. | L (1+9m)
ma.)\cgwnd,x_s.&tragd,‘u}u(ﬁwﬁ@mjmplc_muwm&um_ﬂuadlL—w*‘;
e B - (Y CRANC .a)wamydel'upL@&f»‘a*
) Bl s 9613, ig el S0

h=1.67 [ Re,

Sbaitke k. o .

PDF created with pdfFactory trial version www.pdffactory.com


http://www.pdffactory.com

