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INTRODUYCTICN

The deveiopment of the Void Fraction Capacitance Probe is now in
Task No. S, eof Part No. L. This report includes results from Task
No. 3 and Task No. & whiclh were performed of the University of
Waterioo on a subconlrart hasis. Injilinl invesligatiaon into Task No.
5 has oceccurred ab Arjay Engineering Litd.

SUMMARY

The Void Fraction Probe designed and, {abricated by Arjay
Engineering in Task No. 2 was insftalled in thre bubble column at the
University of Waterivo. The 5 section probe allowed manual switching
selection of the probe sectien to be monitored. Analog circuitry
provided by Arjay translated the c¢apacitance of the probe into a
usable 4-20mA signal.

The +tests conducted by The Universily of Waterloo, showed the
capacitance probe designed by ‘Arjay to Dbe 2 viable and accurate
method of monitoring gas - holdip. in the bubble columnn at  Lhe
‘University. The results of these tests make up this report.




'?1'IASK:NDL

“Design “and ‘construction of a multi-section probe fur application at
. high pressure and high temperatures. o

After careful revicw of ithe roport by the University of Waterlon
and discussions with them, i was conciuded Llial hn praojecl showld
continue into Task No. 5 brcause of Che suceessful resuits of Tasks 1
through 4. ' ' : : :

Informal meetings amongst Arjay personnel provided a number ofF
scenarios with which to base further invesligations. The final probe
~had - many restrictions to efficient design and consitruction. Mainty;
~ high temperature, high pressure, small! in sizen. '

It .was deccided that the physical manufacture of [he prohe woutd
‘receive secondary priority, for if a non-conductive shealhl was not
available wunder the 3 main restrictions, the project parameters would
require reworking. ' '

~Initially, the materials to he congidernd arc:

1. Ccrﬁmics

2. Plastics : : ' .
3. Coatings _ : : -
4. Asbestos : i

Material: 1Tnitial Comments

specification requirements, ceramics shows possibility, however,
the -brittle nature of the material restrict machining and process
connection joints. - Initial tests “using protection tubes with
compression fittings failed by cracking the tubes.

i. Ceramics: With Temperature and pressure raltings - within our

Ceramics will continue Lo be considered with alternative gland
experiments.

. Plastics: The material provides excellent machining and pressure
capabilities as well as electrical insulation characteristics,
but is limited by minimal operating temperature range.

'Plastics ﬁiil not be considered with priofity;

Continued...Page 2.




; Afﬁxde}variéty'of ytings  are available and attention
. devoted to . this' method  of electrical insulation.
Directive to .firms affiliated with ~acrospace developments,
transformer stations and high temperature manufacturing (ie.
steel, brlck, glasq) w111 provide further reference material.

5, Aqbestos. ' Thlsl materlal may provp usprul s gnhkctlng mater1a1

We have concluded that a design incorporating a cnmpression seal
wou td be the best - approach Lo consider initially. Materials
exhibiting high temperature  and high pressure cliaracteristics tend
not to allow reliable threading techn1qups for process connections

The .inyestigation and design of the probe will occur over the
next 3 months. ' :

References used for Initial InVFsL;gdllnn of Tiask 5.
(By Arjay Englneerxng) :

SGL Auburn Spark Plug Co. '
—manufactures of high tgmperature prohes anc piugs

Marks Handbook for Mechanical Engineers

—reference. beok for material spec1ftcntlnna of thrmoplaqticq,
marhle, limestone

Perry’s Chemical Engineers Handbook, 6th Edition .
-reference book . for material  specifications of = ceramics,
graphites, silicon carbide : :

Hydro—-Pac Inc
manufacturers of hlgh presqure glands

Roba Associates Ltd
~ manufactures and suppliers of protection tubes

John Scientific Ltd, Industrial Division
—suppliers of ceramics protection tubes

Thermic anlnoerlng, Inc _
manufactures of cerdm1cs and ceramic hand:ng materials

Continued...Page 3.




8. Thermo Electric Ltd : .
-manufactures of ceramic protection tubes n
Complete investigative details will be concluded through further

discussions and testing with the above refercnced companies and

additional firms sourced.

These details will form part of the final report Lo be supplied
at the conclusion of Task 5. ' .
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Testing of a Prototypg'Vaid Fraction Meter
by Piotr Majerski, R.D. MacIntyre and Donald Scott

In uction

A metef, based on capacitance principles, was designed
to give a se:ies c¢f readings proporticnal to gas holdup at
regular axial positions in a bubble colunmn. The iﬁitial
concept and the first experimental model were developed by
researchers in the University of Waterloe, Department of
Chemical Engineering, under the supervision of Dr. Donald S..
Scott in early 1989. .The initial tests showed fhat the con-
cept was vﬁlid, énd that'response.gas linear in void fraction
{see Appenqix 1). The ﬁeter gaﬁe an average value over a 50
cm length of column, and severai su;h sensors could be con-
nectéd together to give a complete axial gas holdup profile.
Readings are not affected by colour, viscosity or surface
tension of the liquid. Initial results wers obtainéd in both
‘oil _and agueous systems, althcugh better performance Was

. obtained in an oil system.

As a result of the success of these early tests, a
contract was awarded to Arjay Engiﬁeering to design and con-
struct a prototype meter for a buphle column. Testing of the
meter was to be dong'at the University of Waterloo by Dr.

Scatt’s research group.



Funds for this work were initially.allocated_to Arjay
Engineering Ltdf on December 15th, 1991. The tirst prototype
meter was.built to our general épecifications by arijay
Engineering Ltd. to allow installation in ocur 0.30 o diameter
giass éclumn- This meter was received on May 1st, 19%0.

Because of the difficulty in installing the meter, which.

requiréd partial disassembly of the glass column, all other

test work required to be done in this column was completed
before the _void fraction meter was installed and testea.
Consequentiy, metér testing began in September, 1990, and was
compieted late in 1990. One prégress_report has been pre-
vicusly submitted in Nbvemberf 1990, and an oral preséntation.
of all results was made on November 27th, 1990; to CANMET and

to Arjay Engineering Ltd.

The work statement for this contract as specified by
CANMET set five taSks in the part of the work to be done by
the Unive:sity of-Waterloé (memo of May 2nd, 1989 from T.J.W.
de Bruijﬁ). These Tasks are listed'balQQ as received by

University of Waterloo.

Part 1.: University of ﬁatérloo.
Task 1
Design and construct a multi-sensor probe for use in the
15 and 60 _cﬁ diametér columns at the _University of

Waterloo ——— 2 months



Task 2

~Install and test the probe in the twe bubble columns,
using the Varsol/air system, at several-qas'rates and

two liguid fates ~—= 1 month

Task 3

Redesign the probe based on the results from Tasis 1 and

2 and construct a new more unitized version --- 1 month
Task 4
Test new probe design in Varsol/air. Development of

- correlations to describe operating characteristics

-—- 1 month

Task 5
Tests with solids present. Glass beads and (if
possible) an iron containing solid will be tested

~== 1 month.

A budget was pfapared and submitted for this part of the
work. In the following months, it was decided to award the
contract for the entire project to Arjay _Engineering
(briginally a co-investigator with the Uhiversity of
Waterloo}. . - The  work at. the University of Waterloo then
became a sub-contract from Arjay Engineering Ltd. The final
budget for the_ﬁorkfat the University was only 60% of our
estimate,.and was ﬁqtally ipédequate for.the above work. As

a result, tests were carried out in orly one bubble colunmn, -
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and only one probe design was tested. Nevertheless, this
design was given fairly c@mplete testing for most of the

operating conditions of interest, except that liguid flow was
not used since it is known to have little effeﬁt on void
fractions at the liquid rates of interest. Considerable
testing was done to investigate gas hoeldup when use was made
of a.draft tube also, thch was not required in the original

- work statement but was requested later.

In summary, the veid fraction meter originally daveloped
in our'laborétory has performed well in hydrocarben cile-azir
. systems, without and with sélids present, and is éapable of
giving accurate and':ep:oduCible averaged values of gas

holdup over incremental sections of a bubble coelumn.



Experimental
Instailaticn and initial testing of the meter was
carried out by Piotr Majerski. Detéils of meter construction
and 6f the ;apacitancg circuitry should be available from

Arjay Engineering.

A sketch of the University of Waterlos glass bubble
column is shown in Figure A. It is constructed of Pyrex
glass .sectibns; with an. inside diameter of 0.30 m. Each
glass section is 0.50 m long, and the sections are separated
by teflen rings each 0.026 m.thick. Thus, each section of
the column is 0.526 m. The bottom segtian'is a metal_piece

containing inlets for gas and liguid flows.

The column normally -has ten sections. However, to gain
enough headroom %o insert the probe it _gas' necessary to
remove the toé section and exit overfiow fitting. Operation
-of the coiumn_was'batch style; that is, continuous_gas flow

but no liquid flow. iIn order fé éllow some free board, the

amount of liquid was limited so that the aerated mixture only

filled the first eight sections.

The sparger used was of the type shown in Eigure.B.
.Initially, some ﬁoles were blocked, but after the first test
all holes were open. The sparger was located at the first
{bottom) teflon ring. The proke Qas ldcated_centrally aleng
the vertical axis, with the 5ottom end of the probe at the -
sparger level. The aerated liguid depth over the probe was’

5
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8 x 0.526 = 4.208 m maximum, co#ering axial positions 1 to 9
because the top section was used for disengaging. Manometric
readings wére taken far each éection to give a differential
pressure prcfile aloﬁg the Column. Although the gas holdup
in the first section above the sparger (position 1 to 2} was
very heterogeneous and gave irregular values, preésure
readings were taken over the seven sections (3.88 m),
p051t10ns 1 to 8 {numbered 7 to 0 or data sheets) Fach
differential section of the probe, however was one meter
long, so that only four of the probe sensors could be
immersed in the aarated llquld, As a result of these
necessary modifications, seveh-axial.hoidup.values cduld bg
obtained nanometrically, but only four from the probe.
.Further; the last {bottom) pProbe; seotlon was exposed to the
very“neterogeneous reglon above the sparger, and may also
“have been lnfluenced by the prox1m1ty of the metal sparger.
All tests from Test No. 10 onward were done with a draft tube
~1.46 m long in place as shown in Figure_c tdraft tube was
made from PVC). Figure D shows the locations of the probe
_sectipns which gave holdup feadings (Nos. 2 to 3) and the

peints at which mancmeter readiﬁgs were taken {Nos. 0 to 7).

'As discussed earlier, the limited flexibility of the
probe built by Arjay Engineering, together with the limited
headroom available above ocur 30 cm diameter Qlass column

meanc that two top sections of the column had to be removed

8
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sc.that only four probe sections could be immersed. The
bottom one metre section might be expected to give lass
accurate or.consistent readings because of the heterogenecus
nature of thea gas-]_.iqﬁid. dispetsion_' near the sparger, and
bécause of the greater proximity'of many metal surfaces near

the column bottom.

In all tests with the meter except Run 1, the Span was
adjusted before readlngs ware taken by setting the readlng in
air at zero, and the readlng in stagnant unaerated lquld at
100. Ligquid used in all tests was Varsol DX 3641 which
contained a small amount df'a.foaming agent {Dow Corning 200
Fluid), so that the solvent could be classed as noderately
foamy. As is the usual case in our experiments in this type
of system;lthé foam foérmed is unstable and qﬁickly cdllapses

if the gas fiow is shut off.

Manometric readings were made at vafious colunmn
positions 1 to 8 {positiohs 0 te 7 in éigufe D - see Figure A
for column detailé}; and the éas holdup in each section
between the taps.(about_SO cm) calculated. 1In this way, a
holdup profile with seven values was determlned for
comparison wlth the four probe values, each taken over a one

metre length of column.

All data -are given in the attached graphs.

Approximately, one SCFM represents superficial gas velocity

of 0.665 em/s at column mid~point conditions. Runs 1l to s5a
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were done, therefore, at 3.3, 5.9, ¢.5 and 12.0 cm/s

superficial velocities. -

Tests 1 to 53 were done in a column containing Varsol
and aif anly. .Tests 6 to 9 were done with 12.5 kgs of 170~
230 mesh glass beads (dehsity 2450 kg/m mean partlcle 51ze
71 micrensj. As the colunn valume was about 300 litres as
used in these tests, this gave a solids_content of 1.7 voiume

- % or about 5.4% by weight at zero gas holdup.

Tests 10 to 16 were carried out with the draft tube in
place, but with no SClldS added. Measurements were made both
inside the draft tube and in the annulus. In tests 17 to 22
the measurements of tests 10 to 16 were repeated but with
12.5 kg of 170~ ~230 mesh 91lass beads added. Test 23 was done
at a high gas rate with the Probe outside the draft tube with
.no colids added at similar condltlons to Tests 15 and 16,
_except for adjustment of the foamlng prepertles of the Varsol
used. Tests 24- —-26 were done at three dlfferent gas rates
with iron oxide partlcles present and with the probe located
outside the draft tube. The iron oxide used was a Kndb'Lake
hematite eoncentrate (échefferville, Que;}(deneity 4900~ -
5300 kg/m3) with a very fine.particle size (32% +200 nesh,

68% -200 mesh).

12



Results -

Two Phase 5ystem, Solvent—Air} No Draft Tube
~(Tests 1 to 5A) :

Results of the first test (Run 1) are shown in Figure 1.
The manometric values of holdup Show a-large_scatter because
of the lbw accuracy of the mercury manometer used. However,
the two ﬁetﬁods show general agreement for holdup values. In
Run 2 (Figure 2), the manometer was filled with Meriém red
oil {Sp-gr=1.75) and the imprbved accuracy of the manomeérié
results 1s apparent. Also, the prébe was re-zerved and the
span set as desc;ibed pfeviously. Figure 2 shows a very good
agfeement of gas holdup values by the two methods, with the
.cnly large difference near the bﬁttoﬁ Qhere'non—ﬁniform
turbulence makes it difficult to get accurate differential
pressure readings. The results in figure 2 show that the
éssﬁmed linear response of the prebe to changes ih gas holdup
seems ta be fully'justiﬁied. In general, the Caéacitance
probe_qave.Values of gas. holdup about 1.5 tb 2.0 percentage

points low (about 5% of the value).

Results shown in Eigure 3 (Rﬁn 5) were done at a
slightly lower gas rate (5.9 cm/s vs. 6.5 cm/s). The Petro-
Canada type sparger used had somne holés blocked fof use at
low gas rates. These were unblocked for Run 3 to give a more
uniform gaé dispersion near the Colﬁmn bottom. Agreement in
gas holdup values by’the two methods is vefy good with only

about a one percentage point variance. However, unless the

13
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probe is zeroed and the span adjusted {that is, re-
calibrated) before each run, agreement 1s not as good. A
base line drift_seems to occur in the readout device,
inasmuch as_the readings will differ by a constant amount at
all levels.. Figure 3 demonstrates the ability of the presént
design of the capacitance prcbe to give correct values for

gas holdup at varying axial pos;tlons.

Run- 4 was done at ldw_air flcw_{3,3'cm/s), a value at
which a foam interface ofteh develops. In this test, as
shown in Figure .4, é feam ihter:ace- existed in the top
section of the column, about 50 cm from the top. The
individual probe sections are too coarée_in this design to
allow accuraté'location of the foam interface, but froﬁ
Figure 4 it is apparent that it must be in the top one metre
af the column. Figure 4a shows a répeat of Run 4 at the same
conditions. -Véry similar'résﬁlts are cbtained, with perhaps
a littie_léss foam formation. However, not only do the hold-
up values for both runs from manometric and'capaciﬁance
methods agree in the region below the foam layer, but the
absolute valués shown in Figure 4 and Figure 4a also are in

very good agreement, showing the repeatability of the tests.

Figure % and Figure S5a show the results of tests at hign
gas rates (12 2m/s)(Runs 5 and Sa). In Run 5 the zerc and
spah-were-not re-adjusted from the previous run. As Figure 5
shc”s, prope values were somewhat higher than _manometriq
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