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Introduction

Dew point adjustment is one of the main operations
performed on natural gas in gas refineries. When the
gas is cooled in constant pressure, the hydrocarbon
dew point is the first temperature at which the heavy
hydrocarbon components of the gas phase begin to
liquefy [1-2]. Thus, high dew point usually indicates a
high proportion of heavy hydrocarbon components in
natural gas. There are various methods for controlling
the dew point of natural gas, including Joule-Thomson
expansion, turbo expansion, mechanical refrigeration,
membrane separation, and supersonic centrifugal
separation [3]. One of the most common processes
in this field is the reduction of temperature with the
Joule-Thomson process, which in relation to natural
gas, this can cause the system to become two-phase
and separate the liquid from the gas phase. One of the
important applications of the Joule-Thomson process
is to separate heavy hydrocarbons from natural gas and
to adjust the dew point of the incoming gas to the gas
transmission line [4].

In this study, we first investigate possible process
problems in a Joule-Thomson unit for a real gas
refinery. Process problems that cause the unit to be
improper performance under design conditions can
include: carry over in the low-temperature separator,
heat loss in different parts of the process, formation
of gas hydrate, wax deposition or corrosion in the heat
exchanger, and malfunction of the Joules-Thomson
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valve. Then, to improve the process performance, a
combination of a propane cooling cycle and the Joules-
Thomson process is used and a suitable place for the
integration of these two processes is determined with
the help of process analysis and optimization.

To do this, first the process is simulated and then the
simulation is done with piping. Then, the effect of
carryover in the separator and the rate of heat loss in
different parts of the process are studied and also the
sensitivity of the unit to changes in inlet temperature
and pressure and the Joule-Thomson valve is
investigated to optimize the unit.

In this study, the dew point unit of one of the gas
refineries in southern Iran was investigated. In this
refinery, natural gas at a temperature of 48 °C, pressure
9100 kPa enters the dew point unit. First, inlet gas
enters a fin-plate heat exchanger. The gas is cooled
at this stage and its temperature and pressure are
reduced to 19 °C and 8900 kPa. Then, the gas flow
enters the Joule-Thomson valve and its pressure and
temperature decrease and the flow becomes gas-liquid
phase. In the next step, the gas enters the separator
with a temperature of 12 °C and a pressure of 6980
kPa and the inlet gas is converted into two phases due
to the pressure drop. At the end, the gas phase is sent
from the top of the separator and the liquid phase from
the bottom to the heat exchanger to be used as a cold
flow in the exchanger. Finally, the gas, which is free of
heavy and medium hydrocarbons, is sent to the next
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unit and the condensate is directed towards the gas
condensate stabilization unit.

Results and Discussion

One of the problems in the performance of the unit is
related to carryover in the separator. This phenomenon
can increase heavier compounds in the gas phase and
increase the dew point temperature of the refinery
exhaust gas. This problem was investigated first.
Increasing the carryover from 0 to 0.01 molar fraction
leads to increase the dew point of the unit outlet gas
from -10 °C to 15 °C, which is predictable due to
the increase in the amount of heavier hydrocarbons
(liquid) in the outlet gas phase. Therefore, carryover
increases the dew point temperature and in fact causes
a significant decrease in unit efficiency at values higher
than 0.001 molar fraction. However, it should be noted
that according to the simulation results, increasing the
carryover in values higher than 0.001 will reduce the
temperature of the inlet fluid to the Joule-Thomson
valve and also decline the temperature of the exhaust
gas. This is in contradiction with the actual behavior
of the process and indicates that carryover, can not be
discussed as a major factor in creating a problem for
the process that operates completely at temperatures
above the design temperature. If there is a carry over
in the exhaust gas from the separator, the inlet gas to
the unit after passing through the cold box and when
entering the Joule-Thomson valve should have a lower
temperature than in the absence of carryover which
contradicts increasing actual temperature of this point.
Then, the influence of the process from the presence of
gas bubbles in the outlet liquid phase was investigated.
To this aim, different molar fractions of gas were added
to the liquid phase from below. The mole fraction of
gas in the liquid phase was changed from 0.001 to 0.1
and the dew point temperature of the outlet gas along
with the temperature of other points which the actual
information available about them was checked. The
results showed that the effect of the presence of gas
in the liquid phase is insignificant and its variation to
0.1 molar , has affected less than 0.2 °C on different
process temperatures. Likewise, it has very little effect
on the dew point temperature of the exhaust gas, and
this does not seem to be a problem in the process.

In the following, the effect of the existence of defects
in the insulation of flows and equipment on the
performance of the process was investigated. This
was done in the field by examining different points
of the process with the help of thermography and
then calculations related to heat loss. Examination of
thermographic images shows more heat loss in the
areas that were most exposed to sunlight, so that there
is significant heat loss in all units.

Also, the amount of heat loss in the presence and
absence of proper insulation in the process has been
investigated. This was done by using experimental

relationships as well as ASPEN HYSYS software to
confirm the computational results. The simulation
results show that the lack of proper insulation of the
pipes changes the dew temperature of the exhaust gas
about 2 °C at a constant pressure. Therefore, repairing
the insulation to 2 °C will improve the exhaust gas
dew temperature. Also, a comparison of the heat loss
resulted in the low temperature separator shows that
the effect of heat loss from the separator on the outlet
temperature of the Joule-Thomson valve is 1 °C.
Afterthe effect of heat loss, the effect of Joule-Thomson
valve on the performance of the unit was investigated.
For this purpose, pressure and temperature changes in
the simulation mode were compared with the actual
process data for the Joule-Thomson process. To do
this, the amount of temperature changes in winter and
summer in the Joule-Thomson valve was determined
and compared with real data, indicating the proper
performance of the Joule-Thomson valve per unit.
In the following, the temperature of the inlet gas to
the process was investigated which is affected by the
ambient temperature. Examination of process field
information shows that changes in ambient temperature
during the day and night affect process performance.
This subject can be related to the change in inlet
temperature to the process at different hours of the
day, which causes a change in the inlet gas temperature
to the Joule-Thomson valve and, consequently, to the
inlet temperature to the separator. According to field
data, as the ambient temperature increases during the
day and night, the temperature of the inlet gas of the
Cold-Box increases by 3 °C to 5 °C, and as a result,
the outlet temperature of the Joule-Thomson valve
increases by the same amount.

In this research, by creating and simulating a cooling
cycle, as well as proper location and its economic
calculations, it was tried to close the performance
of the unit to the design conditions with the present
conditions. To improve process performance, a
cooling cycle was connected to the Joule-Thomson
unit. Finding the proper location to connect the unit
to the cooling cycle can reduce energy consumption,
operating and investment costs.

Among the scenarios under consideration, the best
place to connect the cooling cycle to the unit is before
the separator input, which will cost an annual cost of
541,100 $. At this point, the gas in the main line after
passing through the Joule-Thomson valve enters a new
heat exchanger and due to heat transfer with propane,
its temperature reaches -15 °C, which is close to the
design conditions. Also, the dew point of the outlet gas
reaches -14.47 °C at a pressure of 7319 kPa, which is
operationally acceptable. As expected, in this case, the
molar fraction of the exhaust gas flow is improved and
the amount of medium and heavy hydrocarbons in the
gas flow is reduced.




Conclusion

In this study, the reasons for improper performance
of the dew point unit of a gas refinery were
investigated and solutions to improve its performance
were proposed. First, the effect of carryover was
investigated. According to the results, carryover in the
liquid is not the main reason for the improper operation
of this unit. Also, thermographic photographs and
calculations of heat loss through pipes and separators
showed that improving process insulation by 2 °C
to 4 °C would improve the unit performance. In
addition, a comparison of the performance of the
Joule-Thomson valve in the simulation and field data
shows that the Joule-Thomson valve performs well.
Then, the sensitivity analysis of inlet flow pressure and
temperature changes on the dew point temperature of
the outlet gas from the unit showed that the temperature
of the gas dew point is directly related to the inlet
gas conditions. Finally, the use of a propane cooling
cycle to integrate the cycle with the unit to improve
unit performance was investigated. By designing
different scenarios and examining them in terms of
energy consumption and economy, the connection of
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the cooling cycle to the unit before the separator input
was selected as the superior scenario to improve the
performance of the unit.
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