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It’s Getting Hot in Here!
Zeeco solves the mystery
of a heater malfunction
using STAR-CCM+
Zhili (Alex) Qin
Zeeco Inc.

Prashanth Shankara
Siemens PLM software

Figure 1: X-cut plane section through the gear housing showing mesh details of the model

Introduction
In engineering consulting, troubleshooting
the problems faced by your customer in an
efficient, timely manner is the bread and
butter of the business. As such, it is highly
critical to be equipped with the right tools
in addition to having competent engineers
tackling the problem. This article showcases
one such example where a modern numerical
simulation software in the hands of good
engineers transforms into an efficient,
effective virtual troubleshooting tool.

Zeeco Inc. is a provider of combustion
and environmental solutions, involved in
the engineering design and manufacturing
of burners, flares and incinerators. In
addition, Zeeco also offers engineering
consulting to their clients. One such
customer came to Zeeco with a problematic
heater that was suffering from low
performance. This article highlights how
Zeeco used, STAR-CCM+®, to virtually
troubleshoot the heater and identify the
cause of the heater’s inefficient operation.

STAR-CCM+ is
an efficient and
cost-saving
engineering
tool for
troubleshooting
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Industrial Heater – The issues
The problematic industrial heater is shown
in figure 1. The modeled system included
burners on both sides at the bottom and a
radiant section on top with process tubes
running along the length and breadth of the
heater. The convection section and stack
were not included in the model. The process
tubes carried processed fluids that entered the
heater at the top and exited at the bottom. A
combustion air distribution duct was attached
to the burners to distribute the air equally
to each of the burners for combustion. The
walls of the heater are made of firebrick and
ceramic fiber module.
The heater had the following issues while in
operation and Zeeco was tasked with finding
the cause and providing solutions for these:
Coking: Coking is the formation of coke on the
inside of the heater tubes, reducing their heat
transfer capacity. The process tubes carried
hydrocarbon fluid and the heavier species
in the fluid were prone to coking. During
operation, it was noticed that there was
coking inside the process tubes.
Run Length: The heater was initially designed
to run for 9-10 months. Due to problems with
the coking, the heater only ran for 3-4 months
after which the heater had to be shut down to
clean the coking inside the tubes.
Thermal Behavior: The temperature readings
on the tube metal showed non-uniform
temperatures and heat flux distributions at
the tube surface. Visual troubleshooting of
the heater and its various components is
extremely difficult and impractical because
there is no easy way to access to the interior
of the system. Zeeco decided to turn to
virtual simulation to gain insight into the
heater performance. The multiphysics
simulation software STAR-CCM+, was used as
a troubleshooting tool for this purpose.

Figure 2: Initial distribution of the three different oil filling levels

Figure 3: Oil distribution changes in time for the middle oil level

CFD Setup of the heater
A CAD model of the heater geometry was
prepared for analysis using Solidworks. The
computational model included the heater
radiant section with process tubes, burners
and air distribution ducts. The domain was
discretized in STAR-CCM+ using trimmed
hexahedral cells (figure 2) and Navier-Stokes
equations were solved in these cells. Only half
the heater was modeled with around 13M
cells and symmetry condition was assumed
for the other half. The computational mesh
was refined sufficiently around the burners
to resolve the flow field and combustion
accurately. The heater was 85 feet long,
around 25 feet tall and 10 feet wide and
modeled in scale.
The segregated flow solver in STAR-CCM+ is
ideally suited for low-speed flows and was
used here. The fuel gas mixture in the heater
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Figure 4: (a) Streamlines showing transient flow features between the intermeshing gears and (b)
transient velocity flow field changes in the gearbox

was refinery fuel gas, including hydrogen
and hydrocarbons like methane and propane.
STAR-CCM+offers a full suite of combustion
models to simulate various combustion
phenomena. The multi-component species
model was used to introduce the various fuelgas components into the heater. The Eddy
Break-Up (EBU) model in STAR-CCM+ was
used to model the non-premixed combustion
of the species by solving the individual
transport equations for mean species on
the computational mesh. Ignition was not
considered based on the characteristic of the
heater flame and the standard EBU model was
deemed sufficient to model the combustion in

conjunction with the realizable k-ε turbulence
model. Radiation was accounted for by the
choice of the Gray Thermal Radiation model in
STAR-CCM+.

Identification of heater issues from
simulation
Figure 3 shows the predicted combustion
flame profile depicted by iso-surfaces of the
combustion output species. The combustion
air enters the distribution ducts from right to
left, leading to the flame height decreasing
from right to left as the air available for
combustion decreases. The burner at the far
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plane of each burner. Quantitative analysis of
the oxygen concentration shows that excess
oxygen is around 5% which is in accordance
with the heater design.

FIGURE 5: Pressure
condition changes in
time in the gearbox

For any heater, a proper uniform distribution
of heat flux at the tube surface is necessary
for optimal operation. A non-uniform heat
flux distribution results in poor heating and
makes the hydrocarbons inside the heater
prone to coking. Figure 7 shows the heat
flux distribution on the tube surface. The
left, right and middle sections of the heater
are investigated to analyze the heat flux
distribution. The weighted heat flux at various
locations is compared for the three sections
in plot 1. The weighted heat flux represents
the ratio of the local heat flux to the overall
average heat flux for all tube surfaces. It can
be seen that the tube surface on the left is
absorbing less heat than the surface on the
right side.

Figure 6: Volume fraction of oil between the
intermeshing gears and for the three different
oil filling levels at 1/3 r (additionally for filling
level high at 1/2 r)

Heater issues and recommendations

Figure 7: a) Volume fraction of oil in the
gearbox and b) on gear flanks after 1/3 r
and 1 r

For process heaters, it is very typical to see
higher heat flux at lower levels where the
combustion flame enters the heater as opposed
to the higher elevations inside the heater
where there is a lesser heat transfer and lower
heat flux. From plot 1, it is apparent that at
a lower elevation, the left side of the heater
has a weighted heat flux of 125%, while this
value jumps to 145% on the right side. This
shows that the tube surface on the right side
is absorbing 20% more heat than the left
side, leading to coking of hydrocarbons at
these higher temperatures. The heat transfer
distribution on the tube surfaces is thus
identified as the cause of the poor functioning
of the heater. It was recommended to introduce
more baffle plates and turning vanes inside the
combustion air distribution duct to change the
flow pattern. This will result in more uniform
air distribution to all the burners, thus reducing
the excessive heating of one end of the heater
compared to the other.

Figure 8: Temporal development of the volume fraction of oil on the flanks of gear 1 and gear 2

left shows anomalous behavior with higher
flame length which is caused by a special
duct design at the far left end. The close
proximity of the flame (front view) to the side
wall was confirmed by visual observation
through viewing holes in the heater. Figure

The process fluid entered the heater from the
top and exited at the bottom, resulting in the
temperature increasing from top to bottom. A
visual analysis of the tube metal temperature
as seen in figure 6 confirms this behavior. Flue
gas temperature at the tubes shows hot spots
on the right side while the left side is cooler.

4 depicts the carbon monoxide (left) and
unburnt hydrocarbon (right) concentration at
the central plane of each burner and shows
that the CO burns out quickly, showing that
completion of combustion is not an issue.
Figure 5 shows the oxygen level at central

Zeeco used STAR-CCM+ to successfully
simulate the heater operation and identify
the cause of the heater malfunction.
Recommendations were suggested based
on the numerical simulations for improved
performance. STAR-CCM+ enabled Zeeco to
solve an engineering challenge of a customer
in a timely, cost-effective manner, reinforcing
the capability of STAR-CCM+ to function as a
key weapon in the arsenal of any engineering
consulting organization.
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