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HYDRODYNAMICS OF VESSELS WITH A
THREE-PHASE AIR-FLUIDIZED BED
USED FOR CLEANING GAS FLOWS
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and M. I. Klyushenkova

The search for ecologically acceptable, effective, and economic methods of cleaning industrial effluents is urgent
under modern conditions whereby anthropogenic effects on the environment are significant.

When gaseous effluents are cleaned of harmful impurities, large volumes of waste gases with low concentrations o
removable substances are subjected to processing, as a result of which small liquid loads appear. High flow rates of gasec
phase make it necessary to increase gas velocities in the tower, while low flow rates of liquid phase result in nonuniform dis
tribution of the gas-liquid layer across the section of the vessel.

In these cases, vessels with a three-phase air-fluidized bed may provide for stable conditions under which gas flow
are cleaned [1]. In these vessels, use of a chemically stable packing with a developed surface, and at the same time, witf
low hydraulic resistance, for example, a packing formed from a polyethylene mesh (flexible cellular hose) fabricated by the
MGUIE is of particular interest.

In studying the hydrodynamics of vessels with a three-phase fluidized bed and a packing formed from a polyethy-
lene mesh, we selected a certain vessel-operating range, for exahtple,0.15-0.9 (wheré andG are the loads with
respect to the liquid and gaseous phases), which is characteristic of the absorptive cleaning of readily soluble gases.

The hydrodynamics of a vessel with a three-phase air-fluidized bed was investigated on an experimental semi-indus
trial bench in a tower with a diameter of 400 mm onvater—airsystem with a downcomer type of support-distribution lat-
tice with openings 8 mm in diameter and a free section of 12%.

The tower was built of acrylic plastic, which made it possible to observe the three-phase air-fluidized bed, and also
to measure the height of the dynamic gas-liquid layer. During the course of the investigations, moreover, we measured th
flow rates of gas and liquid, the hydraulic resistance of the plate with the three-phase air-fluidized bed, and the volume of lig
uid retained in the bed.

Since the hydraulic resistance of the three-phase air-fluidized bed depends heavily on the mass of the packing, w
employed a principally new lightweight packing twisted from a polymeric mesh: the outside diameter of one element of the
packing was 50 mm, and the height of an element of the packing was 38 mm.

Two basic hydrodynamic operating regimes were isolated as a result of processing of experimental data: the start ¢
fluidization, and complete fluidization.

Observations indicated that in the initial-fluidization regime, the near-wall layers of the packed bodies are set in
motion, and begin to move into the core of the gaseous flow, but their motion is slowed at the walls.
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TABLE 1. Basic Chaacteistics of Plyethylene-Mesh Bdking

Specifc surface m?/m? 367
Free wlume 0.875
Weight of single pddng, g 7.6
Number in 1 12500
Bulk density kg/m® 95
Ap, Pa
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Fig. 1. Dgpendence ofydraulic resistancép of three-phase aifluidized bed
on ggs \elocitng for different specit irrigation densitiesLsp' 1,23 Lsp of
3.9,3,and 2.14 n?V(mZED), respectiely.
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Fig. 2. Dgpendence ofelocity wy at stat of fluidization on tydraulic
resistancé\p of three-phase aifluidized bed of irgated pa&ing.

The pdtem changes with inceasing g@s \elocity: the amount of paed bodieswhich go over into the aifluidized
stae, and which are concentited in the censl pottion of the plée incleaseswherupon the amount of liquiétained in the
gas-liquid ler increasesand as a esult,its height is aised

Under completddiidization, which sets in ta cetain (for ead irrigation density) @s \elocity, the neawall layer of the
pading is boken-up,all padked bodies g over into the aifluidized stie, and the gs fow is distibuted vitually uniformly over
the entie section of theassel. Moeover, good mixing of the liquid andas lubbles is obsered in the wlume of the meing bed

It is known [1] tha for spheical padkings,the ite of cowversion to completeldiidization deceases with in@asing
irrigation density In conducting the ydrodynamic irvestigations of the ner cellular pakings,we anayzed the ate of con
version of the paking to completeltiidization. Results of the irestiggtions ae presented in ig. 1, from which it is gopar
ent tha the iate w,,, of corversion to fuidization increases with in@asing spedit liquid IoadLSp This is olviously explained
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by the fact tha accunulation of liquid occus within the wlume of the paded bod as the irigation density inceases; this
results in baging of the paking, and its comersion to the aifluidized stée & a higher gs \elocity.

As is ppaent fom Hg. 1, values of theate of cowersion of an irigated pa&ing formed flom polyethylene mesh
to a completetbidization regime {v;)) falls on a single saight line & — .

Let us constict the plot of thev; = f(Ap) relationship (see ig. 2) in oder to obtain an eqtian for deteminétion
of the \elocity & the starr of fluidization of the irigated pa&ing:

W, = 0.0011p + 0.74. 1)

Equdion (1) males it possile to estimée only the \elocity a the stat of fluidization.

The following sequence of angis is poposed

Let us frst detemine the ate of cowersion of the thee-phase aifluidized bed to a completdsfdization regime
on the basis ofap fow rates knovn from the méerial balance For this pupose we processed>geiimental déa from the
Wy = f(LSp) cuive, and obtained theoflowing empiical equaion for anair—water system:

wy = 1LY, )

According to this equ@on, it is possilte to fix the boundaes of the two opeegting regimes:stat of fluidization, and
complete luidization, which is ecommended as theovking regime for ebsoiption processes.

The tydraulic resistance of theesselwhich is equal to the sum of thgdraulic resistances of therigated plde
and paking, is evaluaed in the second gie

Ap = Dpyp + APy, ®3)

The hydraulic resistanceﬁpd_p of a dovncomer plée is well undestood; it is of inteest,therefore, to detemine the
hydraulic resistance!&pp of the pag&ing.

Investigations were conducted on a dmcomer plée with no paking, and on a ple with a cellular pddng sub
jected to the sameag and liquid loads; this made it possito isolde the lydraulic resistance of therngated cellular pak-
ing. The daa obtained & presented in ig. 3.

The following equaions were deived as aesult of pocessing of thexgpelimental d#a:

Ap, = 2689w >4 4)
for the stat of fluidization, and
Ap, = 5403wy > *° (5)

for completeltiidization.

The equtions obtained ere us to calcul the lydraulic resistance of aessel with a ttee-phase aifluidized
bed of the ne cellular pa&ing with suficient accuacy for systemslose to arair—water system.

It is knowvn tha the amount of liquidetained in the bed and thasgaccuralation (gas content)which is the atio
of the wlume occupiedpthe @s locgéed in the bed to the totablume of the gs—liquid lger, exerts a major infuence on
the mass>echang piocess in theas and liquid phases:

H —hy
= ) 6
0= (6)
The aas contend is linked to the elaive density of thedam ly the Pllowing relaionship:
h
k=1-¢ = = , 7
0= (7)

whetre H; is the height of theag—liquid lger, or foam in mmandh, is the height of the dtia layer of liquid in mm.
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Fig. 3. Dgpendence ofydraulic resistance!&pp of irrigated paking on @gs \elocitng
for different specit irrigation densitiesl_SID (1-3 — same as inif. 1).

Since a cellular p&ing differs in pinciple from prviously investigated types of pddngs (pa&ings with a tosed
intemal recess wre ptimaiily used),it is impossilte to use the eqtians cited in the liteature to detamine the @s content
of a thee-phase aifluidized bedWe theefore conducted westigations on both a dencomer plée with no paking, and on
a plae with the cellular padng.

Downcomer plées ae rather well undestood Ospana [2] investigated in detail the ééct of diferent paametes
on the @s content of aythamic dual-phase bednd deived a computional equéion for detemination of the elaive foam
density which talkes on thedllowing form when the Interaional System of Units is empled:

k = 181hgtl6(wcr\e‘pg )—0.33HOL.160.0.12 , @®

where Py is the density of theas in kg/rﬁ, M is the viscosity of the liquid indBeg ando is the surdce tension in N/m.

Ospane’s investiggtions of a davncomer plée [2] were conducted under assigneabd--factor = 0.4—1.0) and lq
uid (Lspz 3.37-9.16 r?‘l(mzth)) loads; it is of integst,therefore, to examine hav relaionship (8) will be eproduced vhen
the Pllowing expelimental déa ae usedf-factor = 1.6—-2.6and Lsp: 2.14-3.9 ngV(mz[ﬂ).As is ppaent fom Hg. 4,the
results obtainedof the gs content of a dencomer plge corelae well with the déa cited in [2].

Since déa on the height of the s$italayer of liquid corelae well with Eq. (8) br a davhcomer plée, it was decid
ed not to conductpeltiments to detenine the diect of \arious plysicodhemical paametes on the gs content of the aftu-
idized bed of an figated paking, but to assumé& ~ uf‘lGandoo'lz.

A downcomer plée with a thee-phase aifluidized bed of a cellular pkimg was irvestigated under the indi¢ad
gas and liquid loadsChe etent of the dect of theF-factor and amount of liquicetained in the beceldive to the aga of
the plde (i.e, the height of the st layer of liquid) on the elative foam densitjk was detemined in pocessing thexper
imental méerial obtained

The computtonal relaionships assumed thelfowing form for the entie set of gpetimental daa:

K = 0.019h;1'40(wcr \/g )1'51HE'1600'12 9)
for the stat of fluidization, and
Kk = 0820h5_t064 (Wcr\“‘““pg )_0.99“-%160-0'12 (10)

for completeltiidization.

Thek values calculied fom Egs. (9) and (10) eve compaed with expeimental \alues of theeldive foam densi
ty; good greement \as obtaineddr the epeiimental and computed ta(deviation of +15%).

During opeetion of an &sorber with a cellular p&ing, a cetain amount of eétained liquid which will depend on
a rumber of &ctoss, and vwhich will exert a major infuence on thelzsoption pocessalways eists in the akfluidized bed
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Fig. 4. Compaison of epeiimental and computed tiaon elaive foam density
of downcomer plées: o) Ospane’s dda [2]; e) daa deived by authos.

The amount of liquidetained is xpressed as theolume of liquid in the bed seling a plae aea of 1 M. Thus,
the heighth, of the stéic layer of liquid can be &eaed as the height of thdear (not containingag) liquid in the bed

We investigated the diect of the dllowing hydrodynamic paametes on the amount oktained liquidhg; the cas
velocity wy,, in the openingsthe irigation densityl g, and the elative foam density.

The following computéional relaionships vere obtained:

hg = 5.28W0 L% (12)

for the stat of fluidization, and

hg =10.86w5, L% (12)

for completeltiidization.

Thehg, values calculed from formulas (11) and (12) are also compad with expelimental \alues of the amount
of liquid retained in the bed; the dation amounted ta&15%.

Thus,the daa deived from piocessing of theasults of the ydrodynamic irvestigations of vessels with the metype
of air-fluidized paking made it possib to obtain computanal equéons for chamacterstics of a thee-phaseas-liquid bed
(stetic layer of liquid and eldive foam densityor gas content)and also to assess the ie&se in the ydraulic resistance of
the cellular paking when it is useddr a davncomer plée in the completehdidization modeAs is paent from FHg. 3,the
value ofAp, does not xceed 650 & in the egion of F-factor \alues fom 1.9 to 2.6andLg, values to 4 r‘?‘/(mz[ﬁ).

Use of the pddng improved the stucture of the gs-liquid bed on the pie; this should enhance thdieiengy of
the mass-»echang piocess.
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