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Computer simulation has helped NATCO
engineers make dramatic improvements
in a single-cell vertical induced gas flo-
tation (IGF) system used to clean up oily
water that is coproduced with oil and gas.
Single cell-vertical column flotation sys-
tems represent a major design challenge
because of the need to accomplish the
same level of separation in a single cell
that is achieved in four cells with a con-
ventional horizontal tank design. This type
of unitis very difficult to design using con-
ventional physical testing methods be-
cause building prototypes is costly, takes
a long time to build and it provides very
limited information on why the design did
or did not work. During the latest design
project, NATCO research engineers, led
by Dr. Chang-Ming Lee, used computa-
tional fluid dynamics (CFD) to simulate
the performance of the initial design con-
cepts prior to the prototype stage. Engi-
neers used the latest and most extensive
Eulerian multiphase model of FLUENT
CFD software to simulate both water and
gas bubbles of various sizes within the
IGF system. The CFD simulations pre-
dicted, and physical testing conducted at
NATCO’s laboratory in the United King-
dom verified, that bubble distribution pat-
terns from the initial design required con-
siderable improvement. The simulations
provided great insight into the character-
istics of the fluid flow in the IGF system.
These preliminary results were used to
modify hardware designs for subsequent
physical testing, finally resulting in a

Figure 1. Photo of a VersaFlo unit (capacity
of 6,400 m*/day) ready to be shipped to a deep
water platform in The Gulf of Mexico.

finished product, now under the trade
name of VersaFlo™ .

Water is produced along with oil from
most wells and typically must be cleaned
to a purity of less than 29 parts per mil-
lion of total oil content prior to disposal.
IGF systems work by introducing small
gas bubbles from 100 to 500 microns in
diameter into the vessel with contami-
nated water. By controlling the volume
and rate of gas and water introduced, the
development of the proper bubble sizes
for efficient lifting of oil droplets and
suspended solids is achieved, explains
Dr. Ted Frankiewicz, Vice President,
NATCO Process Solutions Group. The
hydrophobic oil droplets and oil-coated
solids attach to the water-gas interface
and float to the surface as the gas
bubbles rise. The floating contaminants
are then removed by a skimming mecha-
nism.

In the traditional IGF design, oily water
enters the unit from one end and passes
sequentially through a series of flotation
cells. To save weight and space on off-
shore platforms, the industry is moving
towards using a single-cell vertical col-
umn configuration. It is much more dif-
ficult to obtain the required level of sepa-
ration in this type of configuration,
which typically requires removing 90%
of the oil contamination. With a single
cell, there is only one chance to remove
the oil droplets, and the residence time
in a typical unit is limited to four min-
utes in order to meet volume require-
ments. It is critical to obtain effective
dispersion of the gas bubbles in the ves-
sel so that they contact all of the con-
taminated water in the vessel.

Problems with existing systems

NATCO engineers were determined to
improve the performance of existing ver-
tical column floatation systems, which
typically suffer from short-circuiting, re-

sulting in poor separation efficiency.
Engineers realized it is a difficult chal-
lenge in solving these problems because
of the drawbacks of the traditional build-
and-test method that is normally used for
IGF design. Building and testing proto-
types is expensive and time-consuming
because they should be constructed to full
size in order to avoid scaling discrep-
ancy. Another problem is that the infor-
mation obtained from testing prototypes
is often limited. Engineers are typically
able to obtain flow and pressure mea-
surements at only a few spots inside the
vessel; therefore, it’s very easy to miss
problems in other locations that might
have a negative impact on the overall
performance. As a result, each design
iteration typically provides very little in-
formation that can be adapted to im-
prove the next one.

Engineers took advantage of using CFD
to evaluate the performance of a large
number of designs prior to the proto-
type phase. CFD simulation results pro-
vide fluid velocity, pressure, particle tra-
jectories, and other relevant variables
throughout the entire solution domain
for vessel models with complex geom-
etries and boundary conditions. As part
of the analysis, a vessel designer may
change the system geometry or the
boundary conditions and view the dis-
tribution of fluid flow patterns or the
effects of other variables. The engineers,
led by Dr. Chang-Ming Lee, selected
FLUENT CFD software from Fluent
Inc., Lebanon, New Hampshire, because
they have pioneered the modeling of
complex multiphase flows. Fluent Ver-
sion 6, which was used in this study, is
capable of modeling the hydrodynam-
ics of multiphase mixtures with a wide
range of bubble sizes and has accurately
simulated the distribution of gas bubbles
as they move through the bulk liquid
phase.

Improving gas bubble injection

The initial models focused on defining
the configuration of the eductor, a gas
bubble injection device, and the size of
gas bubbles it introduced into the IGF
Continued on Page 28
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vessel. Eductors are designed to efficiently
generate gas bubbles by discharging fluid
via a Venturi tube, creating a partial
vacuum that draws gas into the eductor.
The initial simulation results were surpris-
ing to everyone involved in this study be-
cause they showed that the distribution of
bubbles in the IGF vessel was much poorer
than had been expected when using the
commercially available eductor. Rather
than covering the cross-section of the ves-
sel, as is required to avoid short-circuiting,
the bubbles released from each eductor
mostly remained within a fairly small cy-
lindrical area, creating a straight, fast-rising
plume as they travel up to the top of the
vessel. Just as discouraging, the uneven
distribution of bubbles across the tank cre-
ated recirculation zones, which further in-
creased the tendency towards
short-circuiting. This helped to explain why
the performance of many earlier designs
had been disappointing. Because this was
the first time that the design team had simu-
lated this type of device, physical tests were
performed to validate the CFD model and
to verify its accuracy. The following pic-
tures illustrate the comparison between
CFD’s prediction and laboratory testing.

Figure 2. Comparison of CFD simulation and
physical laboratory testing.

NATCO engineers then began a series of
about forty additional CFD design varia-
tions with the goal of improving the separa-

tion efficiency of the IGF design concept.
Several simplifying assumptions were
made in the model. The 3-D geometry
was based on a test vessel located at
their laboratory in Gloucester, UK,
which is approximately 60 inches in di-
ameter and 12 feet in height. The oily
water inlet and air/water mixture inlet
were simplified as boundary conditions
representing the real positions inside
the vessel, hence eliminating the need
to model the inlet piping as well. Inter-
nal supports and the coalescing pack-
ing material were also ignored. Fluent’s
Eulerian multiphase model with the un-
steady segregated solver was used to
simulate the mixture flow of air and
water. The volume of fluid model with
the geometric reconstruction scheme
was later used for a separate wave mo-
tion suppression study. To improve the
spreading of bubbles into a uniform
cloud that would _ :cces0
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the cross-sect- B ;uen
ional-area of the
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Iterating to a better design

In the first stage of the study, engineers
performed steady-state single phase test
runs involving only oily water flowing
downward through the tank in order to
be certain that the downward oily wa-
ter flow stream can be adequately con-
trolled within the desired range. In the
next stage, the eductor flow into the IGF
vessel was modeled with a high air vol-
ume fraction while varying the liquid
levels and fluid flow rates. This series
of simulations demonstrated flow pat-
terns that matched up well with physi-
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cal experiments, helping to provide
further confidence in the accuracy of
the simulation. The engineers then
modeled different configurations of
the gas inlet devices while continu-
ing to vary the gas volume fraction.
Through this process, design engi-
neers were able to gain considerable
understanding of how bubble distri-
bution over the cross-section varies
with different inlet design configura-
tions. As a result, they were able to
develop a new patent pending educ-
tor design that offers far better per-
formance. The new eductor design
features a more radially-directed fluid
discharge as opposed to the strictly
downward discharge found in conven-
tional designs. The illustration below
shows how the new gas inlet configu-
ration promotes uniform bubble dis-
tribution across the IGF test vessel.
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Figure 3. Improved air bubbles distribution
provided by a new pat. pend. eductor design.

Subsequently, engineers experimented
with different configurations of inter-
nal baffles in an effort to obtain addi-
tional performance improvements.
The internal baffle plate is designed
to control the downward flow of the
oily water and to prevent the recircu-
lation zones. It was observed that by
restricting the area in which the oily
water can flow downward, the baffle
promotes a more uniform gas bubble
distribution. Engineers went one step
further by including user-defined func-
tions to simulate the six degrees-of-
freedom ocean wave motion induced
sloshing effect, and how it will affect
the performance of the IGF vessel to

be installed on a floating offshore plat-
Continued on Page 29
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form. Improved wave motion suppression baffles were
later carefully installed in the skimming region inside the
offshore version of IGF system. Table 1 lists the actual
field performance data from a 10,000 BBL/Day offshore
IGF system, currently being marketed under the trade
name of VersaFlo™.

Table 1.
Offshore IGF System Field Performance Data

Field Data  Inlet TOC * (mg/L) Outlet TOC (mg/L)
Test #1 52 27
Test #2 48 19
Test #3 3 13
Test #4 35 13

Note: The sea state was at about 8 - 10 ft.
TOC: Total Oil Content.

The final system configuration, now with US and PCT
patents pending, dramatically improves upon existing de-
signs by providing a uniform distribution of gas bubbles
across the vessel while effectively eliminating the recir-
culation zones. These improvements were achieved be-
cause the quickness of the CFD simulation made it pos-
sible for design engineers to examine far more design
variations than would have been possible using the con-
ventional build-and-test method, and also because CFD
simulation provided more insight than physical testing
could on the performance of each design. CFD is now
playing a critical role to NATCO’s new product design.
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Case with Baffle Installed

Case without Baffle Installed

Figure 4. Internal baffle plate helps eliminate recirculation zones.

For more information about Fluent’s CFD software, contact:
Fluent Inc., 10 Cavendish Court, Centerra Resource Park,
Lebanon, NH 03766. Ph: 603-643-2600, Fax: 603-643-3967.

For more information about NATCO, contact: NATCO Group
Inc., 2950 North Loop West, Suite 750, Houston, TX 77092.
Phone: (713) 683-9292, Fax: (713) 683-6768.

ISO 9001:2000 Made Easy, Cheap

For the Filtration Industry

Finally a firm of ISO profes-
sionals have come up with
various packages that dispels
the myths and confusion that
surround the implementation
of ISO systems while at the
same time saving businesses
tens of thousands of dollars on
ISO certification. Unlike other
ISO companies our goal is to
increase your sales overnight
(which to us means ISO) so
we also have available various
marketing packages that guar-
antee you will increase sales
by providing you leads, con-
tracts, sales letters & web sites
with top search engine place-
ments to make your ISO sys-
tem a profitable and quality
experience. Our packages
have been used by Chevron,
TRW and many other fortune
500 companies as well as 2-
man mom and pop shops. We
have many packages and
payment plans to suit every
budget.
Our 3 most popular pack-
ages are:
1. Starting at only $1,995
(normally $3,995) for our com-
plete 1ISO 9001:2000 software
package that contains every-
thing you need to get ISO cer-
tified including software that
contains policy manual, proce-
dures manual, forms and work
instructions with 6 months
technical support. 2. Our most
popular package is the ISO
9000 USA.COM PACKAGE
which also includes a quality
policy manual custom written
for your company, which
makes you ISO compliant,
software containing all proce-
dures, forms and flow charts,
personalized training course
and 2 years unlimited technical
support by the most experi-
enced lead auditors.  This
package is normally priced at
$6,995 but for the next 7 days
it is only priced at $3,995. Both
of these packages have been
tried and tested by thousands
of companies and are ex-
tremely simple and easy to
implement with the maijority of
the work being completed for
you and approximately 20%
change is only required where
you basically fill in the blanks
through our step by step in-
structions. Both packages are
Reply #129. . .

in word format and just typing
time alone will save you thou-
sands of dollars. These pack-
ages are so effective that over
50% of Global QA customers
to date have already had some
sort of quality system in place
and have purchased the pack-
age to help simplify and make
more practical their existing
quality system. No previous
quality experience is re-
quired to successfully obtain
ISO _ certification as our
manuals are so easy to fol-
low and we give you the
most professional technical
support.

3. For those companies that
are too busy to complete the
work themselves we have a
complete A to Z turnkey pack-
age where we do absolutely
everything for you including
writing your entire policy and
procedures manuals, forms,
work instructions, on site train-
ing and guarantee you certifi-
cation all for only $9,900 for up
to 50 employees, (normally
priced at $16,990). For 50
employees plus, call for indi-
vidual pricing on our complete
turnkey package. You will also
receive an [ISO 9001:2000
certificate from Global QA upon
your successful completion and
we guarantee you will be certi-
fied or your monéy back.
Global QA has been in busi-
ness for 8 years and we are
the number one ISO firm in the
USA and we also have pay-
ment plans available from only
$665 per month.

Nobody in the USA can match
Global QA’s price, service,
support and we quarantee we
will beat any competitor’'s
price and service. We have
hundreds of testimonials from
satisfied customers in hun-
dreds of industries and we
have the best marketing pack-
ages in addition to increase
your profits and new custom-
ers.

Supplies are very limited so
call Global QA now to obtain
these great end of year dis-
counts.

Global QA 800-500-7190
14001 Environmental Special
(Plus Other Standards Available)
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