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existing processing equipment

F™ ngineers and managers involved in chemical and hydrocar-
™= bon processing industries are fully aware of the increased
B focus on q:qui]:.!rntni t_‘!“fi.{‘"{:}' and pi;m: }Jrc::lm'livil;.r, as
well as the need for improvement in these areas. Examples high-
lighting why performance and efficiency are more important
include:

® Significant profit margin pressures exist on many down-
stream products. As the price of raw materials and fuel rises,
consumers and distributors have been able to keep end-product
prices low. Sustaining operartional and utility costs at a minimum
becomes critical.

® At the current market conditions, refineries and petrochemi-
cal plants cannot endure unplanned downtime and are striving
to optimize production. Due to tight and well-planned operarting
schedules, any plant shurdown from fouling or equipment failure
is enormously disruptive.

® Environmental regulations require plants to reduce pollut-
ants. One example is the recent State Implementation Plan (SIP)
to reduce N0, emissions in the Houston/Galveston area in Texas,
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Fine-tune operations throug
computational fluid dynamics

Advanced modeling methods assist engineers to troubleshoot

As a result, many US Gulf Coast plants must retrofit processing
equipment and upgrade operations to conform to these stan-
dards. Minimizing downtime, ensuring a smooth and efficient
startup, and efficienty (quickly) reaching the unit’s operating
objectives collectively combine to mitigate revenue losses from
changeovers.

Using innovative technologies, engineers can now effectively
combine advanced computational rools and clever engineering to
evaluate troubleshooting options and generate improved design
concepts. These compurational tools use compurter simulation,
combined with or in place of physical prototyping, to anticipare
problems, evaluate retrofits and oprimize design. Potendal benefits
are enhanced performance, minimized downtime for retrofitted
equipment and more rapid design of new unit equipment with
increased assurance of performance.

One such tool is computational fluid dynamics or CFD. The
method involves solving the mathemarical equations describing
transport phenomena with a focus on fluid motion and heat
transfer. Mass transfer, chemical reactions, and combustion and
pollutant formation can be included via computational methods
that are embedded within software products,

CFD is a well-established technology that historically was
available for solving problems with simple geometries. It is now
being used to solve problems including radiarion, combustion
and reaction, and heat transfer in very complex geometries, while
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CFD model for the reformer furnace.

retaining the detail necessary w properly caprure the phenomena
being studied.

Maximize design opportunities. The benefits that could
be realized 1|thmgh CFD wols have been recognized for a long
time. Historically, CFD studies were contracted only when design-

88 | JUNE 2005 HYDROCARBON PROCESSING

ers felt that it was the anly aprion. While computing power limi
the derail and scope of such projects, many empirical design »
tionships developed over the years provided informarion ar
same level of detail. This all changed with the exponential incre
in computing power,

Extensive testing and model validation programs have b
developed. To reap the full benefits of these applications, CI
engineers must not only know the software, burt also fully und
stand the process technology being modeled. Interpreting Cl
results requires that an engineer appreciate the fundamentals
chemical engineering design and can communicate the impact
the flow dynamics to the designers to find the appropriare desi
solutions.,

CFD can be applied to a multiplicity of problems ranging frr
the simple to the very complex. In addition, CFID is being appli
to design tasks that would normally be calculared using otk
methodologies. Yet through CFD studies, processing np[i:.ml; C
now be optimized and improved. Several examples of commere
applications of CFD will now be discussed.

Water spray quenching of a gas stream. In this exa
ple, CFD methods were used to determine the adequacy of wai
spray injectors to quench effluent from a waste-heat exchang
f.it:l'.".'lﬁﬁ[l'-.‘:!l'l:'l ';:lr. 4an |.'[]i:r'!lTI:']tf.L']l{'-‘“:l'?ﬂ yrene monoamer reacte
The original unit was initially designed with empirical rules. T1
quenching is done in a line thar connects the waste-heat exchang
to a downstream condenser. This condenser was fouling, and th
was limiting unit availabilicy. It was believed thar the design
the quench spray system was a contributing factor to this foulir
and caused a temperarure maldistribution at the entrance to o
condenser tubesheet.

In the study, the gas-flow field in the effluent line was fir
calculated without the injector. The spray patterns of the existir
spray injector and a new design were evaluated by modeling
flow of an ensemble of droplets in the calculated gas-flow fiel:
Since the mass rate of the quench water was less than 10% of o
gas stream, a coupled droplet/vapor calculation was not neede
Thus, the droplets have mass and respond to the gas-flow fiel
and gravity, but do not affect thar field and do not occupy spac
The adequacy of the injector system was determined by visu:
inspection of the calculated droplet trajectory pattern at ¢h
L.{Jl:'ll:l‘."]].q{"j ‘lll‘u.‘;]]{‘{" .'|.|'|I.| 13}' | l]l]:i”f i';“ | Ve COUnt i:lr lhf." n |ir'||.]:ﬂ'.
of droplets that did not impact on the effluent line wall.

The CFD domain that was modeled is shown in Fig. 1. Prc
cess gas enters the pipe from the exchanger and flows though th
U-shaped region to the condenser. The quenching spray for bot
designs is introduced in the horizontal section after the secon
mitred bend. The existing injector consisted of a pipe ree locate
at the center of the duct and aligned with the flow.

Hollow cone nozzles sprayed 2,000-micron droplets radi
ally into the gas stream. In the new design, two vertical pip
manifolds traversed the duct. Full-cone nozzles, producing 500
micron droplets were uniformly spaced along these pipes. Th
droplets for both cases were released from point sources ar th
actual locations of the nozzle outlets in the pipe and at varying
angles to accurately represent the hollow or full-cone spray pat
tern. The injectors were not modeled geomerrically.

Fig. 2 shows the tracks of a large ensemble of droplets cha
were calculated by CFD for the existing nozzle and new improved
design. The tracks clearly show that the new design, with it
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Cracking coils

| INBIGSEY Radiant section of typical furnace.

as temperature contours.

| Ultra-low NO, burners for ethylene furnace. [n this
example, CFD methods are applied to improve the performance
for a large ethylene furnace. In this furnace, light hydrocarbons
are cracked in very-short-residence-time tubes that are sus-
' pended in a combustion chamber. The critical parameters of
' this furnace are:

#® Transter of the heat of cracking to the tube side hydro-
carbons

* Control of the tube-meral temperatures for prolonged run-
lengeh

® Reducing pollutants emissions such as NO, to meet regula-
[OrY Sarures.

The radiant section of a typical furnace is shown in Fig, 8.
Combustion heat is provided by burning fuel in both hearth
burners (located on the floor of the furnace and firing vertically)
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and in wall burners (that are pn.l;ilimlml along the wall and fire
radially along the wall).

With newly developed ultra-low MO, burner (20 to 30 vppm],
a portion of the fuel is prﬂnixr.':l with all of the air in both the
hearth and wall burners. The remaining fuel needed for the firing
rate is introduced in a staged manner to control the remperature
of the combustion gases; thus, minimizing NO, production. This
is achieved through staged ports located in front of the hearth tile
at the furnace floor.

It was suspected that, when compared to the original con-
ventional burners that generally produce straight vertical flames
artached to the furnace wall, these lean premixed burners mighe
roduce shorter flames thar could “roll over” at the bottom of
he firehox and impinge on the mbes, This would obviously be

idetrimental to tube life and would also cause coking within the

tubes and short runlength.

For the initial application of this new burner technology to a
client’s ethylene furnace, a CFD study was conducted to compare
the expected performance of low-NO, burners to the original
burners. This simulation included these modeling features:

* A detailed geometric description of the furnace. This included
locally refined meshes around the burner inlet ports as well as the
process tubes. Considerable detail was required to achieve realistic
and validated performance. A distinct model was developed for
both the original burner and the new burner case.

* A combustion model on the firebox side to provide the hear
generarion.

* A model of the hydrocarbon cracking thar occurs inside the
tubes, Derails of the model accurately reflect the heat absorp-
tion and thus provide realistic tube heat Auxes and coil metal
tl'lT'lETl;'fdl'llrl".\.

# Turbulence and radiation models.

These CFD simulations contained between two and five
million computational cells depending on the burner rype and
required up to a week’s worth of CIP'U time on a high-speed com-
puter cluster.



The initial simulations compared the
grwith the original burners to the hearer
ithe new burners. In the inicial cases, the
thurners were simply located at the same
son as the original burners. The results
tis study indicated thar, while the origi-
wrner design provided seraighe flames,
wew low-NO), configuration resulted in
s that impinged on the tube surfaces.
clearly evident from the two tempera-

515
wontour plot views (Fig. 9) comparing
E WD CELSES,
Lied on these results, an optimization
susing CFD was done to develop design
tications that would allow the ulra-low-
burner to |1{|1mr|1 acceptably in the
. These modifications included redi-
ne the angle of the fuel that was being
ted through the ports in front of the new
iers and relocating the burners on the
ae floor o provide lateral spacing into
hthe combusting gas could expand.
Jhese modifications reduced the ten-
i for the flames to “roll” into the tubes,
Il compares the redesigned ulera-low-

MO, burner to the original burner configu-
rations. The modifications straightened the
Hames that, while still more diffuse than for
the original burners, are more in line with
those predicted for the original burners and
are much improved from the original ultra-
low-INO, design.

This burner configuration, optimized
by CFD, was installed in the client’s fur-
nace, Flame quality and runlength have
been excellent, and low-NO, emissions
have been experienced. The startup was
smooth and downtime was minimal.

Outlook. The applications of CFD
described above are excellent examples of the
value that can be realized in improving pro-
cess operations and/or reducing cost. Properly
validated CFD} codes give insight that could
only otherwise be obrained through high—cost
experimentation. CFD also reduces the time
required to answer questions thar arise during
plant design, rroubleshooting, redesigning
existing commercial equipment and scale-up
ol I.‘(ll.li.]:l]”{‘]” i}'ll' [pi=' E'!ll-ﬂk_'l,,':ifii_'ﬁ. HP
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senbana C.1. designs and manuisctures its Pressure Equipment in complian
2 with the following Codes; AD Merkblatter, ANCCspesl, AP, ASME, BS, IBR,
G, CODAP, STODMWEZEN, TEMA, ASCP/SVDE, STN, GOST, GB150VGB151,

sembana C.1. is in position i manufaciure Heat Exchangers with INNER BO-
£ WELDING for fube to tubeshest joint. The related POR is certified by Buresu

aemibana is gualified manufacturer for ASME Stamps symbols U, U2, S and

TIN fior the Pressure Vessels manufacturing according ta AD 2000

- hafety Quality License for Import Boiler and Pressure Vessal of China.

#e serve world-wide market & customers with the possbility to arrenge fi-

i our Web site (www.bremizana.ifj you can find additional information and
glarences, Do not hesitate to contact us to share your needs.

Brembana Costruzioni Industriali s.r.L. - Via Villino 1 - 24030 Valbrembo, Bergamo (italy)
Phone +39-035-4510611 - Fax +39-035-4510654 - E-mail: info@brembana.it

Select 87 at www.HydrocarbonProcessing.com/RS

BREMBANA

COSTRUZIONI INDUSTRIALI :

JREMBANA: A COMPANY YOU CAN TRUST IN SINCE 1957 ‘

ur Company has been established on 1957 and i actvely imvolved in the de-
i and fabrication of all the TEMA type Heat Exchangers, HelixchangersTh,
tubbe Fige, Combined Feed Exchangers, Waste Hegt Exchanger Trains,
aciors, Columng, Towers and Steam Drums with several different materials
ich as carbon steel, bow alloys steed, copper alloys, stainless stesd, nickel al-
o, titanium alkoys and clad steel, for all kind of Plants,
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