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Attn: Ms. Charlene Hogan

Re: File# 0650-23440-0-3155
Dear.charlené:

We are pleased to include the dompiled final report consisting of
all progress reports referenced to the above file. -

We advise that this completes the pxoject as described in the
"Statement of Work". :

Should you have any furthex guestions or concerns, please do not
hesitate to call. '

Yonrs truly,

- Greg Reeves.

o ' ' tek: (416) 277-4541
ARJAY ENGINEERING LTD. | Lo 06 56130 (Can-Amy
2495 Halnes Road, Mississauga, Ontario, Canada L4Y 1Y7 fax: (416} 277-2588
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Executive Sumpary

The folleowing is, in part, " from the ‘"Statement of Work® as
provided in the original contract by CANMET. h

The 'program is to further kest and optimize Uhe very preliminary
design and construck and Ltest a prototype for operatidn at
hydrocracking conditiens. The program was divided into tasks. '

‘A brief summary By Task Number is recorded as follows.

Task 1. A cradle system of mulbiple sensors atLached to a bubbler
column initiated this project. The ARJAY Capacitance level monitor
{(Model 8370) was used to retrieve various rcadings from the sensors.
Results were positive in finding a relationship Letween gas hold up
and capacitance.

Task 2. A multiple sensor probe was designed by ARJAY to allow
complete submersion into the bubble column., Under these physical
conditions, the ARJAY capacitance monitor was able to record linear
relationships between gas hold up and capacitance.

Task 3 & 4. Continued tests by the University of Waterloo 'using
Varsol and air provided data on various correlations that confirmed
the potential benefits a completed model would have.

Task 5. Various considerations of (he actual end use of a Void
Fraction Meter altered the original probe design significantly during
this stage. Since the probe was to be used in a small autoclave,
space restrictions and probe sizes reduced the physical degign
ability and output strength of the sensgor.

It was determined that a two probe system would be used.

One probe would be used for gas hold up measurcment and the
second probe would monitor actual level. The reading strength was .
inereased, however, the physical demands of space, temperature, and
pressiure  required the sensor fittings to be mounted remote from the
dutoclave cap using a pipe extension. Water cooling of the pipe and
fittings will allow the fiktings to maintain the pPressure rating. '

Although the sensor design went through several design changes,
it is felt that the final model will serve the original parameters of
providing a usable reading of gas hold up within a high pressure/high
temperature aukoclave. ' — ' '

. Eventual refinements to the model would make this a commercially
viable Void Fraction Meter.

The probe and electionics are now ‘with. Canmet for design
refinements and testing under actual autoclave cperating conditions.

_ The research and develépment portion of this contract by ARJAY
Engineering Ltd. is complete. This report describes the physical and
operational aspects of the Void Fraction Monitor provided to CANMET.
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COMPTE RENDU EXECUTIVE

Le texte suivant est partiellement repris de "original "contrat de travail” établit par
CANMET. ' ' '

Le vut du programme est de mettre a I"épreuve le dessein original et de perfectioner
ce premier dessin afin de construire et faire fonctionner un prototype pour utilisation
dans des circonstances ou |l y a "Hydrocracking”. Ce programme est divise en taches
spécifiques. B : o

Voici I'ennumeration de ces taches st un bref compte rendu de chaqu’une.
Tache No. 1

Le projet a commence a cause du systéme berceau de multiples sensors attaches a
une "tube a bulles”. Le sonde de capacitance d'Arjay (modelé 8370) a recuperé de
multiples infermations récoltes par les sensors. L'enquéte a été positif car les
résultats sont établis un lien entre la capacité de contenir du gaz et la capacitance.

Tache No. 2

Une probe a multiples sensors a été concu par Arjay afin de per mettre la submersion
totale dans la "tube a bulies". Soumit 2 ses contraintes physiques le sonde de
capacitance d'Asjay 3 fait preuve de sa capacité d’enregistrer de fagon lindaire la

relation entre la capacité de contenir du gaz et la capacitance,

Tache No. 3 et 4

Le data qui montre des corrélations diverses a été assemble par I'Université de
Waterloo en utilisant varsol et de I'air, ce qui confirme les avantages éventuels -
qu’aurait I'ultime modelé. ' :




Tabhe

-

A ce stade, de multiples considérations concernant I'ernploie final de "void fraction
meter” ont emmené des transformations signifiants de |'original dessein de la probe.

La descision d'utiliser un systéme a deux probes a été prise.

La mesure de [a capacité de contenir du gaz serait lc travail d'une premigre probe et
une deuxiéme surveilierait le niveau actuel. Bien que la capacité de relever cette
information ce soit amélioré, des exigences physiques d’espace, de température, et

de pression ont suite d'installation de monteurs pour les sensors éloigné du four a
- V'aide d’unrallonge au tuyaux. Lerefroidissement d'eau dans le tuyaux et les monture
permetterons les montures de maintenir le niveau de pressian.

Bien que le dessein du sensor est passe par plusieurs changements, le modelé finale.
semble &étre capable de remplir les paramatres originaux qui consiste a fournir une

lecture utile de la capacité de contznir du gaz a l'intérieur d’un four a haute pression
et température. ' . :

Des modifications éventuslles du modelé renderait Ic "void fraction meter” prét pour
- commercialisation, : : .

La probe et les électraniques sont chez Canmet ou ils seront perfectionnés et mis a
I"épreuve dans des véritables conditions qu'imposerait e four.

Ceci termine la partie recherche et development d‘Arjay Engineering Ltd.. dans ce
contrat. ' : C '

Ce rapport décrit les aspects physigues et fonctioneles du "void fraction meter" -
feurnit a Canmet. '




INTRODUCTION
BACKGROUND

CANMET is a world Jeader in the upgrading of heavy oils, bitumen and coal/oil shurcies (-.opwt.r.ssm .
Mast of these processes use a bubble column reactor, which is the heart ol the process. The hydrodynamics
inside such a reactor can make or break the process, and gas heldup is the major variable. For example, o
determines to a large extent the moximum conversion to distiliates that con be obtained. Gas holdup in
tubular reactors can be estimated rom literature correlations, hul some recent poblications have showa that
high pressures and temperatures the gas holdups can be markedly different than predicted. Also gas holdup
in C8TR's ean be a mysicry, morcover because the interlace can change here beenuse of the vortex created
by the stirrer.  Gas holdup vahies must be known if any serions madeiling of the kinetics in the {commergial
seale or pilet bench seale) reactor is going 1o be altempted.  The mensurcment ol gas holdup s therefore an
important siep in the desien and development of a new process.  Towever, measurentent ol pas holdup at the
hish pressures and tempesature at which the above mentioned processes nperate, i didBoull mud expensive.

STATE QF TIIE ART

Some methods that are currently available are:

a) "Shut off"* method; is impractical and impossible at commercial scale; in addition it 15 rigky
hydrocracking conditiuns since the reactor can easily "coke up™ during the experiment.

b) Differential pressire measurcments; are nnt casy to do with accuracy, lines can get plugged, and data
needed to convcrt the. pressure data to gas heldup are not always available

c) Gamm'r rny or nculrun ultt.nmllon ml:.u.urcmcnlb, wre Lompiﬂ, CXPERSIVE, nu:tl mmdioactive souree, :md '

2 good average C'Ill ‘be oblamcd for
pattcms whlch .occur.

L A melcr unaichtcd by lhc colour v:scos:ty or surf'lcc lcnmon ol" thc I:qul or by Ihe aas-
“composition.

" The ability & ‘mensure void I'lactmn at 450 C aud 20 MPa. :
“The cnpablhly to be used in orgnmc {oit) or aqueous syqtcms. Because of 1I1c hwh

.'.dlelf:ctrlc constant of many '|qucous solutions, good perf’orm'mcc may bc more dlff'cult to
; 'lchlcvc :n thcsc sysll.ms.

esponse charadteristic, the mtcrf*.cd




THE DEVELOPMENT PROGRAM

A two part program is sugpested to further test and optimize the very prelimmary Jusien and consliuet and
iest a prototype for uperation at hydrocracking conditions.  The first pat uf’ the research pragram will e
perlormed by Arjay Fnpincering and the University ef Waterloo. A sceond phise 1o iest adeveloped
prototype al high pressure and temperature conditions, will be performed by Ariay Frubeering and
CANMET/ERL.

Arjay Engineering will pfo\fidc the design and.labrication of the probues and will tend the clectronics required
to perform the measurements.  Some of CANMET's cold maded equipment al the University of Walerloo
will be used in testing of the probe at the Universily, A second phiase will take place at the ERL
laboratories under a separate agreement. :

The work shall be carricd out in aceordance with the followiny:

Task |
tnstal! and test the multi-sensor prabe in the 15 em acrylic bubble columu, using the vursoliair
system, at several gas rates and two Hauid rates.
Task 2
Redesign the probe based on the results from Task | and construet a new more unitized version
Task 3

“and a minimum of twe Tiquid
¢ and vutside of draft tubé in 30
crating characteristics., <

several gas velociti
-on the insi

Test ncw probc design: in Yq'rsoifﬂi's_;a'
velocities in |15 cm acrylic column. -
cr- gfass ‘column. “Development of




