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1. City Gate Station (CGS)
2. Reduction Pressure Station
3. Filter
4. Heater
5. Valve
6. Shut off Valve
7. Regulator
8. Safety Valve
9. Odorizer
10. Meter instrument
11. Water Bath Indirect Heater
12. Shell
13. Fire Tube
14. Gas Tube
15.Exhaust
16. Expansion Tank
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Introduction

In this paper, heaters installed in pressure reducing
stations are thermally modeled using thermodynamic
equations and governing fluids, and the heater fuel
consumption and efficiency are determined. Then the
results will be validated with the information available
in Arak city station. Finally, by examining the effect
of changing thermodynamic parameters and heater
geometry on thermal efficiency and fuel consumption,
an optimal geometric model is proposed. Saadat et
al. [1]. worked on the modeling and multi-objective
optimization of a CGS with organic Rankine flash
cycle. Analyzing exergy parameters showed that the
91.78% of relative exergy destruction would occur
in the flares and heater. Their optimized system also
yielded 8.75% increase in thermal efficiency of the
system and a reduction of 337.62 kW in exergy loss.
Rahmati et al. [2]. investigated the application of the
multi-walled carbon nanotubes in Ethylene Glycol/
water-based fluid in CGS indirect heaters. Rastegar et
al. [3] achieved a novel way to supply distilled water
for such baths in CGSs. The produced volume of
the distilled water was examined with three different
depths of the water and it was concluded that more
distilled water would be attained in the shallower
depth. Gunes et al. [4]. added a coiled wire insert

Accepted: September/25/2021

inside the fire tube and claimed that it would reduce
the energy consumption in the heater. The results
showed that Nusselt number and friction increased
with the ratio of pitch and distance of the coil. Ashuri
et al. [5] studying Bisetun CGS, computed the Joule-
Thomson coefficient and suggested lowering the gas
temperature in the regulator by which a remarkable
energy could be saved. Azizi et al [6] concentrated on
the heat loss from the exhaust of the heater installed at
Mahshahr CGS. They suggested to use this heat wate
in a shell and tube heat exchanger for pre-heating the
natural gas.

Khalili et al. [7] studied thermal efficiency and heat
loss in Shahrekord CGS heater and recommended to
improve the flares, reduce the extra air volume entering
the heater and increase the heat transfer surface in
order to minimize heat loss from the exhaust. Saber
Moghadam et al.

Materials and Methods
Check the thermal model

In heaters, first the mixture of air and fuel burns in
the fireplace and its heat is transferred to the interface
fluid, and finally the heat is transferred to the natural
gas fluid in the gas coils and heats the current fluid in



the coils. The source of energy required for the heater is
the gas passing through the pressure reducing station,
which is transferred to the heater by a pipeline from the
outlet of the station, and by installing a small pressure
reducing system, its pressure is usually reduced from
250psi to 15psi for use in the heater burner. The heated
gas in the heater is directed to the pressure relief valve
to reduce the pressure and therefore it is not possible to
form hydrates in the place of the pressure relief valve.

Energy production by Heater

Using the relations of thermodynamics, heat transfer
and fluid, the thermal modeling of heaters in natural gas
pressure reducing stations is discussed. The converters
in the gas pressure reducing stations operate as a three-
fluid heat exchanger. The dimensions of this type of
converters are relatively large due to the high

Heat transfer to natural gas mixture flow

The flow of gas along the long passes of the gas tube
facilitates heat transfer from the hot water to the cold
gas.

Heat Loss from Surfaces

The proximity of air to the layers of each equipment
causes heat exchange. The surface of the heater is also
widely exposed to air flow and some of the energy
of the heater is wasted in this way. The body of the
heater consists of three layers of steel, fiberglass and
aluminum. The heat generated by the heater burner
is transferred to the interface fluid and part of it is
absorbed by the gas passing through the gas coils and
part is wasted through the surface of the heater.

Water temperature is effective in calculating the heat
loss of the lateral surfaces of the heater, so by using
the inlet and outlet flow temperature of the internal
gas coils of the heater, the water temperature in the
heater during the heat transfer process to the natural
gas mixture flow and Calculated.

Heat loss from the chimney

Part of the heat is also wasted through exhaust, which
is calculated.

Finally, fuel consumption and heater efficiency will be
obtained.

Heater Geometry Optimization

Due to their regular structure, cubic geometries make
it possible to arrange gas coils better and increase the
heat exchange levels between the interface fluid and
the gas flow. More regular placement of gas coils and
increasing the number of their passes increases the
level of heat transfer between the interface fluid and
the passing gas and increases the time of presence of
natural gas flow inside the hot interface fluid. Due
to the changes in the geometry of the heater, some
relations and calculations of heat transfer of the heater
change.

Petroleum Research, 2021(December-January), Vol. 31, No. 120

Results and Discussions

After carefully modeling the heater in the station and
entering the required parameters and specifications, it
is necessary to validate the existing code with real data.
The modeled heater is related to the city of Arak with
a capacity of 60,000, SCMH which all dimensions,
sizes and technical specifications are considered
in accordance with the drawings available in the
National Gas Company. In addition to temperature
and pressure measuring devices, the heater is equipped
with a gas flow meter. The total gas flow through
the heater is also measured by a meter at the output
of the pressure reducing station. All thermodynamic
and environmental characteristics and parameters
and combined natural gas analysis are recorded at
the moment of validation and applied in coding. By
implementing the program, two coding output goals,
namely efficiency and fuel consumption of the heater,
were extracted and compared with the actual results.
The computational error rate of coding is 6.1%
compared to the actual results, which is a reasonable
and acceptable error in coding.

Review the existing model and the optimized model
Now, for a more detailed study of the effect of geometry
on heater efficiency and fuel consumption, considering
the possibility of making changes, both heater models
are examined:

Model (1): This model is the geometry available and
used in the National Gas Company. A heater with a
capacity of 60,000, SCMH, the specifications and
geometric dimensions of which are used from the
drawings available in the gas company. In this model,
a cylindrical body with a length of eight meters and
gas coils in four round trips receive their heat from two
burners with two cylindrical firetube passes.

Model (2): In this model, the geometry of the heater
cylinders is converted into a cube and with a more
regular arrangement, more gas coil passes are located
in the heater. Also, the geometry of the fire tubes is
designed as a cube. FireTube is included.

Results of Models

Under the same conditions and by keeping the
parameters constant, the efficiency and fuel
consumption of both models were analyzed and
the results showed that if the capacities of the cubic
model are used properly and the gas and fire coils are
properly arranged, the efficiency will be significantly
improved. Also in cubic geometry, the amount of fuel
consumption is reduced compared to the geometry of
existing cylinders.

Conclusion

In this paper, the heater of Arak gas pressure reducing
station was thermally modeled, and the results showed
that the theoretical and real values corresponded to
each other to a good extent and the code was validated.
The effect of geometric parameters on the efficiency
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and fuel consumption of the heater is also discussed.

Then, using the capacities of cubic geometry, the
proper arrangement of gas and fire coils has been done.

In the heater, with the new geometry, the efficiency was 4.
increased from 31% to 56%. Also, fuel consumption is
reduced from 1.48 kg / s to 0.84 kg / s. In examining

the effect of parameter changes on heater efficiency

and fuel consumption, comparison of graphs showed

that the cubic model in most cases has more favorable 5.
results than the existing cylindrical model.
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