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Abstract

Gas-liquid and gas-liquid-solid flows under the dilute flow conditions have been
investigated widely, the characterization of such multiphase flows under dense flow con-
ditions, i.e., at higher gas velocity and solid loading, remains to be difficult due to the
complex flow behavior and phase interactions. Such dense multiphase flows in bubble
column/ slurry bubble column offer challenges not only in their experimental charac-
terization, but also in the development of computational models capable of predicting
the dynamic and time-averaged flow characteristics. This research work is focused on
characterization of dynamics of gas-liquid and gas-liquid-solid flows using the measure-
ments of instantaneous and time-averaged flow characteristics, under dilute—to —dense
flow conditions, and to develop experimentally verified computational models to predict
the dynamics and time-averaged flow characteristics of gas-liquid and gas-liquid-solid
flows in a bubble column/ slurry bubble column.

The first part of the present research work was devoted to understand the effect of
poly-dispersity of bubbles on dynamics and time-averaged flow behavior of dispersed
gas-liquid flow under dilute flow conditions (ag < 10 %). Measurements of instanta-
neous and time-averaged gas volume fraction, bubble size and rise velocity distribution
were performed in a rectangular bubble column (with local needle sparger) using “in-

house” developed voidage probes and high-speed camera. The dynamics of dispersed



gas-liquid flow with different bubble sizes (dg = ~ 0.1, 0.5, 1.0 cm) was analyzed using
instantaneous and time-averaged o, plume oscillation period and bubble rise velocity
distribution at Ug; in the range of 0.16-0.73 cm.s~!. Simulations of the dilute gas-liquid
flows were performed using Euler-Lagrange approach. The effect of size-dependent
drag and lift forces on dynamic and time-averaged flow characteristics was investigated.
The numerical predictions were verified using experimental measurements.

The other part of the research work was to develop experimentally verified Euler-
Euler models to predict the dynamics and time-averaged flow behavior of the gas-liquid
and gas-liquid-solid flow in a bubble column/ slurry bubble column under the dense
flow conditions at high superficial gas velocities (Ug > 5 cm.s™ ') and or high solid
loading ({cvs) > 10 vol.%). Measurements of overall and time-averaged o and its
instantaneous fluctuations and bubble size distribution were performed in a rectangular
column filled with a gas-liquid (air/water) and gas-liquid-solid (air/water/glass parti-
cles) system. The detailed investigations are performed to understand the effect of U
and («g) on the instantaneous « fluctuations arising due to column-scale and bubble-
scale oscillations. Importantly, spatial-evolution of bubble size distribution and internal
composition of gas volume fraction contained in different bubble size groups are pre-
sented.

Further, the two-/three-fluid Eulerian models were used to simulate the dense gas-
liquid/ gas-liquid-solid flows in a pseudo 2D rectangle bubble column. The effect of U
(up to 30 em.s™1) and {ag) (up to 40 vol.%) on the dynamic and time-averaged flow
characteristics as numerically investigated. The simulation results were experimentally
validated using measured instantaneous « time histories, frequency distribution and

time-averaged gas volume fraction (as) profiles. A quantitative comparison of the dy-
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namic characteristics inferred through instantaneous o time series and corresponding
frequency analysis obtained using experiments and simulations showed a satisfactory
agreement for the low-frequency oscillations arising due to meandering bubble plume.

A new set of experimental data on time-evolution of gas volume fraction, spatial-
evolution of bubble size distribution and gas volume fraction contained in different
bubble size groups, is suitable for the validation of multi-fluid CFD models coupled
with populations balance model. The present work helps to improve the understanding
of dynamics of dense-dispersed gas-liquid and gas-liquid-solid flows that will aid the

development and verification of computational models for their numerical simulations.

vil



Ig-ga 3R IAF-ga-oF Yag Hr I T Ja1i§ Fr TAfT & d8d s & F
$1 9§ §, Wo 38 R & HAocIthol Ydlg & STAGR &I bel Farg 1 el #, 3rdiq, 3=
A 91 3R B AT W e yarg Td el & HROT T0T qUTeT dell HREhol g1 STl
g1 U0 g Accthol Ydlg &1 SdcT hictH/ Tl ST HictH H UdIg, o hddl el UTAENcHS
SETOT qU H AT §, dfesh 3etehl dlceplicleh 3R FHT-3Ed yarg T At
Aol el H TETH HEGAST Aol & Taehrg H o Falfaan g1 Ig e &, 39-
gd 3R AF-ga-or yarg & afaefiadr &I dicaifos 3R FAT-3tad yag dwdasit &
AT FT 3G W TA-9-a7 Ja1g I BAfT & dgd 99 draddA/ TR g9d Pl &
A-aer 3R IF-Re-318 yarg 1 afelierdr 3R THT-30d garg AT At ome
& U JARIcHS § & AT HFgeereTd Ase fAHAd ae W Hiad Bl

TAHATT JHTHUT 1 HT Ugell HHT & AE-5a & dlehiforh 3N FAI-3AT Jarg
& YIER W, ¥ yarg H Rl (g Amr < 10%) & dd, orgel Hr aren-SEafddr &
JHIT FI g6 Pl H THASS & o AT a1l drewifas 3R g@a-3itaa &g amr &
372, Felgell TR 3R 9T TIROT AT HFABR Tl HicH (FARNT g TR & Tq1Y) H
" goA-g13H" AR dfgser AR IR grg Tg Fa 1 3YANT A U Ar T -
garg &1 faffest dac 3HR & T1Y (9e <grF = 0.1, 0.5, 1.0 {.#) Fr aifaierar
dichifere 3R gog-3itad 3 A, oo aleet 3afr 3R gaa d9r faaRor @ 3o W
0.16 - 0.73 ¥.# /A H d#AT & I JoT W Azewor var a1 WMo 959 998 &
ITTATE oANe & ToIT fHaerRIeT Jer-ellaist &I 3T fhar 47| gae MR- 397 3R
fowe et & wsrg &1 S Afa-3maiRa 3R FE-3iEa yae @1 RdanRt | o)
HEITCHS JaIAT JHRTCHAS AT T ITIRT IR §T Feamad & g

TAETcHS & 8 MU JoR-oR AlSel Taehi8c el ITHeT 1 HT GET
HTIT AT Tfeh Ueh Sacl dietd/ TolT dal ictHd H -5 3R AF-ga-or garg & rfaiierar
IR FHI-3TT yarg FagR & gel yarg i ufa #, 3rdfq, 3= 9 do1 (g q91 > 5
QA /A, R/ 3T 3 AT (> 10 dTegH %) & dgd AT IR ST Heh| Aleehlioleh
Sar-gera AR AT 3N FHI-3HAT S A=, A gogel 3R FHg $ NMUR WA
AT T 3R TR0 3R Fofgel & MR fAeRoT &I A AF-ga (arg/ qe) AR Aa-
&d-31F (§aT/ UTel/ & & HUT) A IR Th IJPR Sl Hictd F HT TS| PictA-Tohel 3T
JIoT-Thel Glolall & HRUT 3cTeoT I AT H IdR-UGd W AT 391 3R 3 AT & gsna
N FHSA & T fAEIT S B TS| AgeaqOl FT F, Folgell R FART & FUTiteh-
e 3R A & AT JPR & Folgel & PR & Tgl A AR als #Amr &
faeRoT g foRam Imam




S 37elTdl, al-/ciel-alel JeIRTT Alsel T SEAAT BT 2D AR Tl hlcH
A g A9 AR AF-g9-31 garg A BAelc el & faw fhar s 37 o F1 gera
(30 &.#A/A.) R 3T AT (> 40 dlegHm %) & wara @ afaher ik Fwg-3tad vaw
ARVt W dEAcHS §9 A ST A S| e & IROTH JAeIcHR & @AY
AT A AET F TAT HTell, i fTROT AR TA7T AFT G AET-AGST HT 3G
R §U FeAIfad fohd 1w gt 3R FAAelRreT & gred dlchifereh 3 AT 31T THT S@ell
AR &R Jrgica faRelyor & Aread @ gATAd afdier faAwansd fr s AcAS
ool HH-3Mgfcd TaA-CIH & FROT 3cUee] Bl dled HA e el & fow v
HdvoTeleh THSAT ST I3

N AT F FHI-eN, 96 IHER & AROT & TAh-AdE 3R a0 &
MR & Fepgt A AR I & AT W MR 9@ ST T Ueh a1 A ITqelie-doig
AlSeT & WY AL-Felgs HUHS! Al I ATl & [T 3ugFd g1 TAE H v -
gd 3R Ag-ga-arg varg i Afafedar H FHEST F 9K T H Acg T § o R
3eTeh! HEATcHS A & oI HEcgeeeiel Alsdl & fdahd 3R Hcdmae # HgRIaT |
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