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OBJECTIVES

To investigate the heat transfer characteristice in two slurcy
bubble columns (10.8 em and 30.5 cm) as a function of system and
operating parameters.

SUMMARY PROGRESS TC DATE

The initial design of the 10.8 cm internal diameter Plexiglas
slurty bubble colurm as well as of the associated gas and slurry flow
loops with temperature and pressure measuring devices is completed,
and order for wmost of the required materials is placed. The design of
the heat transfer probes is developed and all the basic components
have been ordered. These designgs are briefly deseribed in this
report. The fabrication of the columm and of the auxiliacy units is
in progress and installation of the column will soon starvt. Dr.
Revankar has joined the project on November 3, 1986, and the design

work for the bigger 30.5 cm diameter pyrex glass slurry bubble column
is being initiated.

DESCRIPTION OF TECHHICAL PROGRESS

The major effort of this contract is experimental in nature and
heat transfer phenomenon between immersed sucfaces and the slurry
phase of the bubble column will be investigated to understand its
dependence on geometrical and operating system parameters. To
accomplish this, it is planned to install two slurcy bubble columns
and generate heat transfer data for single probes and probe tundles of
different size aud configuration in slurries of different properties
and at ambient and high temperatures. Slurries will be prepared with
liquids of different properties and solids of different sizes (0 - 100
um), and of different concentrations (0 - 30 weight percent). Air
and slurry velocities will be varied between 0 - 30 cmfs and O - 1
cw/s vepectively. The slurry temperature will be varied from ambient
to 550K. During the tenure of fwe months of this contract s 10.8 em
dismeter Plexiglas slurry bubble column has been designed and mostly
fabricated. It is bDeing installed and will be operated at room
temperature for different glurry concentrations and wveloeities. 1In
each case a range of air velocities will be employed. The slucry
phase temperature will be measured at various radial positions at five
different axial *heights. Pressure probes are installed at ten
different axial positions along the column and these readings will
enable to establish the gas holdup in the slucry phase aend its
variation with height above the gas distributor plate. In the
following, this experimental facility consisting of the following
independent unite is described. The schematic of the slurry bubble
column with its associated measurement and supply loops is shown in

Figure 1. This test unit is now described under different measurement
systeas.
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The Air Supply System

The air is supplied to the bubble column by a 18.65 M,
two-cylinder, two-stage air cooled Curtis compregsor. It is capable
of delivering a maximm of 3.0 SCMM of air at 248kPa. The compressed
air passes through a 1.65 m3 surge tank and is dried in an Arvow
Prneumatic Inc., refrigeration dryer to a dew point temperature of
275K. The dried compressed air then passes through a cyclone type oil
filter and an Oileser cartridge type filter. Thesec remove bulk of the
oil vapors and any traces still remaining in the air are finally
removed in an activated charcoal filter. This processed air then
flows through a pressure regulator and a Fisher-Poerter rotameter with
a maximum capacity of 0.18 SCMM where its pressure and flow rate are
adjusted at the desired levels and metered. An iron-constantan
(J~-type) thermocouple connected to an Omega Treundicator model AlS5A is
used to measure the air temperature entering into the bubble column.
The trendicator converts the input analog signal from the thermocouple
to a digital signal in ¥V by an A/D convertor. The digitsal
linearization and dual slope integration are done by PMOS integrated
cireuits on the basis of thermocouple tables. The trendicator finally
displays the temperature in O¢ with a resolution of 0.19.

The Slurcy Bubble Column

The processed air at known temperature, pressure and flow rate
enters at the bottom of the slurry bubble column whose engineering
design iz shown in Pigure 2. This column is constructed €rom a 1.27
cen thick transparent Plexiglas tubs having &n internal diameter of
10.8 em. The total height of the ¢colunm is 225.43 cm and it comprises
of a calming section, a test section and  an aic disengagement
gection. These three sections ave of the nominal heights of 14.61,
170.18 and 40.64 cm respectively. The transparent wature of the
column walls will allow easy vwisual cobservations and photo-recording
of the bed activity. The air enters the bottom of the calming section
bubble cap air distributor aluminium plate through a 0.86em orifice as
shown in Pigure 3A. The distributor plate is 1.9 cm thick and 7.62 em
in diameter. <Two perpendicular cylindrical channels of 0.64 cm
dismeter are drilled through it and their ends are subsequently
plugged. At the top end of this plate five bubble caps are [itted at
symmetrical positiwas as displayed in FPigure 3A. The design detalls
of the bubble caps are also given in this figure. Specifically a
bubble cap is fabricated from an appropriate size hexagonal cap steel
screw. Three equally spaced 2 mm diameter holes with an angulsr |
separstion of 1200 are drilled into the base of the cap st a 450
angle and a 4 mm diameter hole is drilled axially along the length of
the screw. The top cap of the screw prevents solids from plugging the
2 mn holes which may have leaked through the air distributor plate.
This calming section arranges the air for a umiform flow through the
distributor plate 8t its tep end. The design details of the air
distributor plate assembly are shown in Figure 3B.
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It consists of a 6.4 mm thick Plexiglas plate with 91 holes of 0.8 mm
‘diameter arranged in an equilateral triangular pitch. To prevent
solids weeping into the calming section a wire mesh screen is
installed through san O-ring flange assembly. This section
commmicates with the main test seetion through another O-vring flange
joint as shown in Figure 2, The test section has a 1.27 cm internal
diameter inlet for slurcy at the bottom. Ten ports of 0.64 cm Eor
pressute measurement are provided along the zolumn height at equal
intervals of 15.24 cm gbove the distributor plate. To prevent any
solids flow from the cclumn wire screens are provided at these ports
which communicate to the pressure measuring system through a specially
designed thresded conrector. Similarly ‘five ports for temperature
measurement are provided at equal intervals of 30.48 cm with the First
port located 22.86 cm above the distributor plates. The air-bubbles
through the column and escapes into the atmosphere in a disengagement
section at the top end of the column. The test section here expands
inte a 30.48 cm diameter tank which minimizes the liquid entrainment
and instead it flows down the sloping walls of the top end of the test
* section into the bottom of the disengsgement section, where a drain is
provided for the Slurry vut flow. An sutomstic tank drain is provided
at the bottom end of the calming section to flush out eny liquid which
may have drained into it.

The Slucry Loop

The slucry circulation loop as shown in Pigure 1 comprises of a
slurry tenk fitted with a stirrer to keep the slurry well mixed, a
variable-speed slurcy pump and a venturimeter. The clurry pump is a
Hoyno-SP progressing cavity pump model 331 with a delivery capacity of
2GPM at 303kPa. The flow rate is éontrolled by a Reliance Electric
DC-1 speed comtroller. A bypess line across the pump is provided with
a control gate valve to enable a greater Elexibility in controlling
the slurry flow rate to the column. A shut-off ball valve is provided
near the bottom end of the column to operate the system in batch mode
with no slurry circulation.

Gas-Holdup Heasurement System

To determine the gas holdup in the column the pressure profile in
the slucry column must be established. To obtain this a complicated
measurenent and control system has been devised ss showm in Figures 4
and 1. The system consiste of a battery of ten air purgemeters with
built-in needle valves fior flow control, ten pressure regulators,
thirty ball valves, nine manometers, ten bottle traps connected in
appropriate fashion through three-way conmnectors and finally
commmicating tc the pressure ports on column wall through additional
ten ball valves. The flow resistance of cach line is maintained at
the same level and manometers record the pressure difference between
consecutive pressure ports on the column wall. The Pisher-Porter low
flow rate purgemeters have a maximum capacity of 2.5 SCFH while the
Batheson 3741 pressure regulators have a delivery pressure range of
12-69kPa. The air bacsk-pressure iz adjusted with the help of the
reguiator and purgemeter so that only a very small air Flow into the
column actually takes place and no liquid flows out of the column. If
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desired the column can be isolated from this pressure measuring system
by closing the valves provided at the ports of the column. Trap
bottles are for the safety of the manometers in case liquid gushes out
of the pressure ports. ’ : :

Heat Transfer Probes

The heat transfer probe bundle agsembly installation in the slurcy
bubble columm is schematically shown in Figure S. A typical heat
transfer probe design may be detailed as currently fabricated for use
in our initidl phase of experimental measurements. It is 1.9 cm in
outer diameter and 188 cm long. The probe has a 30.48 em long brass
section inside which a calrod heater is housed. The details of this
design are shown in Figure 6A. The brass heater sectionm at either end
is provided with Teflon sleeves to minimize end heat losses. A bundle
of five such probes in a typical configuration is showr: in Figure 6B
in which a heat transfer probe is placed along the column axis while
the remairing four probes are arranged in a square arrangement. For
temperature measurement iron-constantan thermoccuples are. bonded to
the bdbrass surface in milled grooves with technicel quality zopper
cement. Three thermocouples are provided on the outer probes each
separated by a 1200 interval and positioned at 5.08, 15.24 and 25.4
cm from the end of the brass section. The central probe has five
thermocouples and these are placed 720 apart at 5.08, 10.16, 15.24,
20.32 and 25.4 cm From the end of the brass section. To prevent
vibration and movement of this probe bundle inside the columm four
spacer rods have been provided, each passing through three tubes and
providing a snug-fit in the column. The probe bundle is suspended in
the column by a support plate sitting on three support rods. Bach
probe is attached to the support plate through a support ring. The
calrod heaters are energized by a HP 6274 BC pewer supply providing
0-60V and 0-15A with a power regulation of 0.0l percent.

The initial design of the 30.54 cm diameter Pyrex glass slucry
bubbie column for work at high temperatures is completed and ocder has
‘been placed. ‘ : .

The literature search and assessment of the werk done on two-and
three-phase bubble columns is initiasted and some progress towards the
final review is sccomplished.
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