IV. TASK 2 - BUBBLE COLUMN REACTOR DESIéN/CONSTRUCTION
4. DESIGN AND SELECTION OF GAS DISTRIBUTOR
In the present study, both single hole orifice plate distributors and

a sintered metal plate distributor were selécted for use in the 0.051 m 1ID
columns. The 1 mm,. 1:85 me and 4 mm orifice plate distributors, and a 40
pm  sintered metal plate distributor, were selected for our studies.
These four distributors are similar to the ones used in previous hydro-
dynémic studies (see Table III-1) and/or in slurry bubble column reactors
for F-T synthesis. The 1 mm and 1.85 mm orifice plate distributors
satisfied the criterion ﬁresented by Mersmann (1978} for stable. flow
through an orifice as well as the criterion to prevent "weeplng" at all
superficial gas veloéities investigated. The 4.0 mm orifice plate satis-
fied the criteria for stable flow at velocities greater than 0.024 m/s and
the criterion to prevent "weeping" at velocities greater than 0.055 m/s
(see Table IV-1).

~ For experimentalr studies in the 0.229 m ID and 0.241 m ID columns,
.perforated plate distributors (5 X.l mn, 19 X 1 mm, and 19 X 1.85 ﬁm) and a
perforated pipe distributeor (30 X 1.5 mm) were selected, The criteria
presented by Mersmann were satisfied for all four distributors for all gas
velocities investigated (see Table IV-1). The 5 X 1 mm perforated plate
distributor was chosen because it gave jet velocities that were comparable
with those in the Quicker and Deckwer (1981) study with & 0.9 mm nozzle in
a 0.095 m ID column. The 19 X 1.85 mp perforated plate was chosen because
it gives approximately the same orifice Weber number and the jet velocity
as- the 1.85 mm single hole orifice plate distributor used in the C0.051 m

ID columns. Also, in the Rheinpreussen-Koppers demonstration plant gas
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Table IV-1. Criteriz for distributer design (evaluated at u; =001 m/s).

x"_"’gl
Criterion 1: 5
UJ' dn.pg N 2 -
- o
Criterion 2:
l-ljz ¢ y B4 0.37 y
g = 0.
gdo L 5; - o ) =z
tli-stribt_.ttnr Criterion 1 Criterion 2
005} = 1D column:
1 mm 224 12.29
1.85 mm i5 0.58
4 rmm 0.4e 0.01k
G.229 m 1D column:
5X 1 mm P.Flate 3263 203.6
19 X I mm P.Plate 225 143
19 x 1 BE mm P.Plate Coad 6%
30 X 1.5 mm P.Fipe 30 0.75 S

* Criterion 1 satisfied at ug=0.024 m/s
E Criterion 2 satished a2t ug—0.055 m/s
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distributors with holes about 2 to 3 mm in diameter were employed (Kolbel
and Ralek, 1980). We chose the 19 X 1.0 mm perforated plate distributoer to
study the effect of an increase in the orifice Weber number and the jet
velocity (i.e. the gas velocity through the orifice) on the hydrodynamic
properties. Also, this distributor is dynamically similar to the 1.0 mm
single orifice plate in the 0.051 m column. The 30 X 1.5 mm perforatgd
pipe was selected to study the effect of the distributor type and orifice
dlameter on the.hydrodynamic properties keeplng the orifice Weber number
approximately the same ' as that for the 19 X 1,85 mm perforated plate
distributor.

Mersmann (1978) presented a general criterion for stable flow through
multiple orifice plates or immersion tubes with Tholes. For distributors
with holes (do) smallerlthan the critiqal orifice diameter (do 2. _iie.

cr
stable flow through the

1/2 o 5/8
d_<d #2.32[——"’—] [—5—} (IV-1)

o cr ng ﬂﬁ'pg

stable flow through the distributor is obtained when the orifice Weber
number {ratio of the gas kinetic energy to the surface energy) is greater

than two.

We = 1285 ) (IV-2)

u, = S : (IV-3)

For perforated plates or nozzles with orifice diameters greater than
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the eritical orifice dlametet ({.e. d =4 ). Tweeping® through the
cr

discrihutar cap ba preventad {7 the followlpg erirevion is sacisfied:
FL
3 -
Fr = 0.37 (T¥-4)
@ Py P, .
E .
vhere Fr0 is the orifice Froude rumber {(ratie cf the gas kinetie anergy to

the potential energy), atd iz defimed as

Fr_ = —l— (IV-5)

The critical worifice diamecer for FT-300 wax at 265°C f=s 1.7% mm
fusing physirsl properties preesntad in Table ¥1-11. The orifice Weber
muwaers and the wotifice Froude mmbers were calculated for the wva=‘cus
aistrilutory used. {n vur studies for a superficial gas velocity of 0,01
n/s anhd are 1isted_in Table IV-1.

Fer the perforatad plates and perforated pipe disttihutors; the fndl-
vidual orifices were positismned se that the area about each opening was
the scne, This i{ype of design iz recommended for am even distributisn of
bubbles a% the Jdistribuser {(Richardsen, 1951). The 19 holes compusing the
periorated plates  were equally spaced in a triangular plzch, and  che
perforatad plpe was & g3ar shaped arrangement with s1x  segments  having
five noles each {(see Fiparcs IV-1 awnd IV-1).

E. DESCRIPTION 0F EXPERIMENEAL APFPARATLS

Twoe bubble columpne (0,050 ¢ IO and 9.229 m ID, 3 n tall) wmade of
boresilicats plass were assembled for measuring the averape gas hold-up and
bulhile wize dlstribulloms. Borh ealumns were comnctruetes im assentially <he
game narmer, therefore, & dzzallied description of only cthe 9.051 o 1D

colunn is presented hexe.
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Figure IV-1.19 X 1.85 mm perforated plate distributor
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Figure IV=2. 30 X 1.5 mm perforated pipe distributor




A schematic representation of the experimental apparatus is shown in
Figure IV-3. The flow rate of nitrogen from gas cylindérs was measured and
controlled by a mass flow meter (FC; Brooks Model 5816). For the 0.229 m ID
column, a Sierra (Series 840) mass flow meter was used to measure the gas
flow rate. For this column, the flow rate was éontrolled manually. The mass
flow calibration was checked before every run using a wet test meter. The
metered gas passes through a preheater (FH; eleétrically heated- U-tube),
and its temperature is monitored by two thermocouples (one located after
the preheater and one just below the distributor). The thermocouples are
cnnneéted to an Omega (Model 199) ten channel temperature Iindicator. Tﬁer
inlet temperature of nitrogen is manually controlled wusing a  variable
transformer. The preheated gas enters the glass bubble column (BC) through
a sparger which is placed between two flanges at the bottom of the column.
The column is preheated to a temperature between 1530°C te 200°C wusing
heating tapes that are wound arocund the column. Two Omega‘ {Model 52)
temperature controllers allow iﬁdependent control of the temperature in the
top and bottom halves of the bubble column. The wax in the storage tank is
heated to a temperature of 150°C to 200°C befere it iIs transported to the
preheated column through a 0.013 m ID (1/2 inch) tube wusing a slight
nitrogen overpressure. The large storage tank (0.085 m3 capacity) was used
originally for experiments in the small and largé columns, however, from
Run 4-1 onwards a smaller storage tank (0.000 m3 capacity) was used for
experiments in the 0.051 m ID column, while the large storage tank was used
only for runs in the 0.229 m ID column.

The bubble column has four thermocouples attached te it in order to

monitor its temperature. Two of these are attached to the wall of the
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FIGURE IV-3
FLOW DIAGRAM OF EXPERIMENTAL APPARATUS
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column {upper and lower halvegs of the column), while th= ather twn ara
Ela:ud in rheymewells located s_ong the column sxis (ot approximatcly  0.33
and 2.20 m ahove the distritutor). During the I]'["{-.‘.]'I[-‘.Fll'_it!& period Lhe LI:-C_:rlJ:-Jv
couples on the wall are wszd o conktrol the column temperaturs, Urea: tThs
wax 1sg t:anspmrtad o the coluams, the colinn is 'brc'ught to withino 10 EQ
20°C  of the deszired opocrating temperature by gradually Inerezeing the et
noivl an the —empervature concrnllers, At this zeliat centrol of the colurn
.i5 switched to the ipsidc thermecouples. Turing thae entife preheacing
period (1.e. while wax in tne ﬁalunn ig being broupht to the operasincg
temperature’ the pas flow rate i1s maintalined at the desired start-up velo-
city. The dizengagemsrt unit &t the top ¢f the column, the carry-owver lines
from this unl: to the gedarator, and the separator liself z=re mesintained zt
temperatures ateve the melring point of wax (1.e > 110°G) to prevent the
selidification of any entrained liguid. The hot gases leave the separator
thraugh a U.025 m ID (I inch! nipe &nd pess through the serubber, which is
Lilled with a mineral spirir (rarroll, Smefere it 5 wented to the  atmos-
thoare. The scrubher is used re recover corponents of the wax that evaporzie
ror the column, and is mainteined et E?fraximatély TG,

In  addirvion to the two gilass E‘_D:luﬂﬂ!i_, twn stajinless  slesl  colaons
f0.051 m ID aod 0.251 @ I0, 2 m £2ll) were alge constructed feor meaguring
zxial meldeup. A camslete descriztion of these colunns is given In Section

W-C



