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Epstr

4 device has been developed to measure loczl bubble size and velocity of
the gas-phezse in a three-phase slurry Lubble column operated at coal
liguefaction flow conditions. An in situ electrieal conductivity twin probe
(0.3-om gep) detects the difference in conductivity of the gas and slurry
phases. The amalog signal from each probe is rapidly digitized and stored omn
a weveform recorder and subsequently transmitted and analyzed on a
minicomputer. Measured bubble lemgth and veloeity are computed Ifrom the
measured response time interval between probes and the dwell time of = bubble
on eack probe. A probabilistic model is used to derive actual bubble sizes
and veloeities.

Introdugtion

Slur~y bubble columns are typically used as cozl liguefaction reactors in
which  high throughputs, good slurry mixing, and high heat transfer
coefficients are desirable. Recent published work by Satterfield and EBuff
(3°80) has drawn sttention to the igportance of gas absorption resistance of
Fischer-Tropsch reactions occurring in a three-phase slurry reactor. Thus,
globzl rates of resction will be .influenced by the gas/liquid surface area,
E2s veid fraction, bubble size, and gas zbsorption coefficients. Previous
investigations of ges ligquid surface zrea [Akitz and Yoshide (197%), Quicker
2né Deckwer (1¢81)] have largely emploved photograrhic techniques to obtain
relevant parasmeters such as bubble s=ize and bubble size distribution as well
as estimations of the ges/liguid surfzce ares. This method of measuring
bubbie size is limited to shorti distzoces from the wall, and resclution of the
bubbles is further dimirished ip the presence of solids. Ueyama et al. (1980)
peasired bubbles in = O.6=-m-ID bubble column and found that a large bubble
size gradient ocours in the radiesl directioz fron the center to the wall. The
bubbles pear the cernter of the columm were found to be a factor of 2 to 8
times greater than the bubdblie size pear the wall. Ihis observation
deronstrates the necessity of measurizg bubbles over the cross section of the
ecolumn ir order to obtair an averzge bubble size.

Another important paremeter, locel gas void fraciion, has been measured
by severzl investigaters [Neal and Bankeff (1963), Hills (1574)]. and the
various techniques used to study local void fraction have been reviewed 1y
Bewitt (1€72), Serizawa &t =X. (1575), and Jones =nd Delkaye (1%76)}. Buchholz
et ai. (1%81) recently reviewed, zmong otkher devices, the wuse of
twir-electrode conduectivity probes for the determination of bubble size
parameters. The use of twir-conductivity probes Ior measuring prcperties of
bubples is a relztively new techbnique [Serizawa &t 21i. (1¢75), Buchholz and
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Schugerd (1979)]. This type of detector is employed in our present
investigation of gas-phase characteristics in a slurry bubble column operated
at coel liquefaction flow conditioms. An integral data acquisition system is
also described. The gas phase characteristics that are measured by the
conductivity probes include bubble 1length, veloeity, and freguency, in
additien to the gas void fraction.

erigpent

A schematic diagram of the bubble column apparatus is shown in Figure 1.
The bubble column is a transparent plastic cylinder baving an inside diameter
of 10.8 ¢z znd 2 length of 194 cm. A single bubble cap distributoer located at
the bottom of the column 1s used to introduce the slurry and gas phases.
Severzl ports are located along the axis of the column to allow imsertion of
the probe as well as slwrry sampling valves and differential pressure gages.

Probe System

4 depiction of the conductivity probe inserted into the slurry bubble
column is given in Figure 2. The twin-electrode conductivity probe consists
of two teflon coszted wirss with a diameter of 0.13 mm (0.005"). The teflon
coating serves as 2 good moisture-repellent surface as well as an electriecal
insulator. This probe characteristic is essential to obtain rapid response of
the bubble shedding water from the probe. The chromel wire has proven to be a
good compromise betweer strength and electrical conductivity in a slurry
enrviroment. The pair of wires are threaded through the tubing, and a Comax
fitting with teflon seazls is fitted over the tubing. The ends of the tube are
sezled with epoxy to bold the wires in place anc provide z waterproof seal.
Ope of the insulated wires extending fro> the epoxy seszl is then bent in &z
j-shape such that the tip of the wire is perpendicular <o the stainless steel
tubing. In = simiiar manner, the other wire is bent approximately 1 mm past
the oDend in the first wire and terminated approximately 3 mm past the end of
the first wire. The radizl g=p between wires avoids 2 liquid film buildup as
a result of capiliary attraction, and the vertical gap serves as a fixed
reference for bubble trawvel zfter siriking toe upstreasn probe. Ihe chromel
wires are exposed at the tips of each wire with a scalpel to insure 2 minimel
expcsed area. The radizl placement of the probe is acconplished during the
cperation of the bubble eclumn by loosening the Conex fitting and moving the
rrobe to the desired position with the =2id of = calibrated ruler and =2
reference point loczted outside of the ¢ol .

The probe cirewit consists of =z power supgly, probe, waveforz recorder,
junctior box, apd double pole - doubdle throw switch. The power supply
(HBARRISON 21024) is a variable DC supply neeinally cperated a2t 5 volts. Each
electrode of the probe is inm parallel with the power supply and waveform
recorder. The waveform recorder (Bicmation 2805 M) measures and stores the
electrical conductivity signals over 2 known tire interval, and subsequently
the stored ipformetion car be transferred Lo a computer, wisual dJisplay, or
ckart. A depiction of the probe circult and dzitz acquisition systex is givern
in Figure 3.

4 junction box is used to select a2ry one of three prcbes Irstalled in the
slurry bubble colump. . & double pole -~ double throw switch is useé to revarse
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current oceasionally to dispose of any cherge that may be acquired on the
probe tip.

Data Collection Systen

The waveform recorder, or digitizer, is an anslog-to-digital converter
with a solid-state memory that stores the digital equivalent of an analog
electric signal. The model that was used in our test Cfacillity, a BIOMATION
model 2805M, provides for the simultaneous recording of two ¢hannels with
sampling freguencies of up to 5 MEz; this means that each channel can be read
and digitized every 200 ns. The solid-state memory provides space for 2048
numbers for each channel, with a resolution of 1 part in 256..

The trigger mechanism allows for delzayed recording as well as
pretriggering. Figure 4 demonstrates the difference between these two modes.
The pretrigger feature, together with an adjustable trigger level coantrol,
permits the definition of a precise recording window with respect to & given
or 2 detected trigger event. The trigger signal can be taken frow either
charnel or can be supplied externally. - In ouwr application, a peak sigpal from
the first channel was used, i.e., the signzl cavsed by the probe that sees the
bubble in the column first. :

The contents of the memery, representing the recorded traces, are
displayed on =2 CRT monitor. In addition, the collected information is
transmitted to a conputer for analysis viz a digital output connection. This
transmission is zecomplished in asynchronous fashion; each omumber is
transmitted on an 8-bit parallel line after = handshake signal has been
established. The transfer rate is conirolled by the computer; in our case 1t
is approximztely 150 deta points per seconc. The selection of the sanmple
speed 2nd the armirg of the trigger mechanism can be achieved manually or
remotely by the computer. The interface with the computer consists of 27
lines. Of those lines, 12 are output lines, i.e., they send data or status
informetion to the computer: 8 lines for datz trarsmissiom, one line each for
rencte time select mode, recording status, digitel output mode, and word ready
flag. Fifteen (15) lines are used to send instructions to the waveforn
recorder: ome line to enable the remote comtrol of the instrumeni in geperal,
one 1ire to enable the remote control of the sampling speed, 7 lines for the
selectior of the sampling speed, one line for remote arrirg, 3 lines for the
channe]l selection, one line to erzble digitzl output, and one lipe for
requesting 2 new date word. The disgram in Figure 5 dilusirates the
handshaldng sequence. .

For = typical run, 2 series of Scans under identical conditicns are taken
in order to obtain 2 reasomably large statistical sample. The sampling
interval for most tests is 0.5 or 1.0 ms per point. Figure £ shows a plot of
the datz generated with one scan.

Resuvlts and Discussion
The signzl emplitude or intensity is obtained a2s a2 fumetion of time from

the probe measurements =and can be related to the bubble characteristies. A
ccmputer program hes been developed to read and interpret the &= sSo that

- bubble velocity, bubble size, and gas voild fraction are derived. In order to
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interpret the conductivity probe signals, the following computations are made.

4 threshold signal intensity that is slightly above the minimm baseline
intensity is assigned to each recording at a level corresponding to 5 percent
of maximum peak height. All signal irctensities below the threshold value
represent the conductive (liquid) phase, and 2all intensities above the
threshold prepresent the gas phase. The dwell time, T , of a bubble
corresponds to the duration of time ip whick the probe is immersed in the
bubble and can be caleculated from the time interval in which the sigoal
applitude is greater than the threshold intensity. The lag time, At , betweern
a2 pair of signals corresponding to the passage of 2 bubble is computed from
the time interval during which the centroid of a2 pierced bubble travels from
the upstream to the downstream probe. Let wus indicate the coordinates
associated with the downstream and upstresm probes with the suffixes 1 amd 2,
respectively, and let us define the time, t, at which the signal dintensity
exceeds the threshold intensity as the instant at which a bubble is pierced by

one of the two probes; then the following expression is obizined for the lag
time.

1
At = _(12- t,) + ?(Tz"‘l) (n

Froa Equation 1, the lag time, Al, approaches the time interval for & bubble
to be pierced by each prebe as the dwell tinme of 2 bubble on each probe
approaches the same value. The effect of taking the centreid of the pierced
bubble as the reference frame for the cocputation of lag time is o average
sm21] deviztions in dwell time due to the deflection or nonvertiesl travel of
the bubble, and due to the cffset of the top probe with respect to the bottam
rrobe. Tigure 7 shows the relationship of the probe signal as a funetion of
tice and the mezsured dwell ané lag tirce.

The matehirg of = signal pair representing a bubble passing through both
probes requires several conditions to be satisfied. 4an error may result from
the fact that = bubble pierced by the downstreanm probe is not alweys preceded
by = bubble pierced by the upstream probe. A discussion of the scenarios for
suck an occurrence has been given by Serizawa et 21. {1975). In ome case, 3
bubktlie penetrated by the upstream probe may be deflected and not strike the
downstream probe. In another case, z bubble pierced by the upstream probe may
not be deflected; but before it can reach the downstream probe, another bubble
that rissed the upstresm probe touches the dowpstreaxm probe. Iz addition to
the cases mentioneé above, =2 slight deflection of z bubble strildng the
upstrear probe may result iz a different cwell tipe of the bubble on the
downstream probe. Any corbimations of the conéitions mentiorned above cac
occur sirultanecusly.

The ascending velocit‘y,Uh, and length, Lp , of eech bubble passing
vertically upward through the columz eart now be calculated from the lag tinme,
the dwell time, and the vertical gep (k) between the twin probes.



(2)

(3

In order to aveid dimproper matching of a signal pair, the following
constraints are placed on the matching process. A minimum velocity and a
maximum velocity corresponding to the smallest and largest bubble observed in
the bubble column are assigned to each recording. The minimum bubble velocity
is assigned the value of 10 ecm/s, which corresponds to a bubble size less than
1.6 mn {(1/16 inch) as calculated by Stokes Law.

gb®
len = :1-8_#; (%)

The maximm bubble veloeity is calculated from the relatiopship given by
Rnicklin (1962) for the slugging flow reginme.

Vmax =1.2 (Ug+U;) + 0.35 (901)1/2 | (5)

The acceptable velocities obtained frem the probe nmeasurements are considered
to be within the limits of Equations % and 5. A further restriction on
obtaining 2 signzl pair is given by the similarity of the dJdwell time of =
bubbie on each probe. If the dwell time differs by more than 10 percent from
each probe, then the bubble is considered to be deflected and is ignored in
the z2nalysis of bubble size and velocity.

The gas void fraction can be calculated from the ratio of the total time
the signal intensity is above the thresholé intemsity to the total sampling
tire.

€= 9
g~ 7 T, (6
Average bubble velocities are czlculated as suggested by Ueyama et al. (1980).
— 1 n
Up= 57 |§1 Upi "

The standard deviation of the bubble veloeity spectrux is given as
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A typical data set that is analyzed for the gas phase characteristics consists
of at least 20 matched signal pairs for a given run condition. These datz
sets are obtained for 8 radial positions from the center of the column to the
wall. The mipimm sample popuiation to obtain statistically significant
parameters for the gas-phase characteristics is being investigated. The

interpretation of bubble size from measured bubble length is being developed

from a probzbilistic model given by Tsutsul and Miyauchi (1980).
Conclusions

A conduetivity probe and data acquisition system have been successfully
developed to measure gas-phase characteristics in a slurry bubble column model
cperated at coal liquefazction flow conditions. The response time of the probe
signal is adequzte to observe the probe piercing the bubble and to establish a
lag time corresponding to the g2p between the twin probes. Further

celibration of the probe will be made to determine the smallest detectable
bubble.

Neoenclature

di=meter

gravitational acceleration

vertical distaznce betwesen twin probes
measured bubble length .

ourber of bubble signals that are matched .
time a2t which probe pierces bubble

total time interval

superficial velocity

rise velceity
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Greek Symbols

At = lag time
£ = void fraction
O = standard deviation of bubble velocity spectrum
T = dwell time
¥ = kinenmatic viscosity
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3mm stainless steel
tubing and compression
fitting with teflon seal

D.C.-i-'\_‘-_u__ il —“'-lmm
D_c_+f_?— O 4

= T

O.13mm diameter -
chrome! probes

BN SN N N NSNS AN NN

IR

Siurry /gas mixture flowing
cocurrently upwards

Figure 2 - Probe configuration for conductivity measurements
in 0.8 em 1.D. slurry bubble column apparatus.
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Figure-3 Two point electrical conductivity probe circuit
and data acquisition system.
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Pretrigger Mode

Trigger Level

Trigger Recognized

Trigger
Delay ~
-

—

"

Actual Record

Delayed Mode

' Trigger Level

One Memory
. Sweep

Trigger " Actual Record

Figure 4 - Scanning modes of digital waveform
recorder.
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