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Abstract

Background and Objective: The pressure of the natural gas at the pressure reduction station is reduced
by the regulator and by the general law of the gases, the gas temperature is reduced by decreasing in
constant volume. If the gas temperature falls below the dew point temperature, it can form hydrates,
freeze, and eventually blockage and clogging of the gas passage. Therefore, indirect water bath heater
is used to increase the gas temperature before the pressure reduction. At present, the thermal efficiency
of these heaters is very low and a large amount of fuel is wasted in the heaters.

Material and Methodology: In this paper, using fin in the gas pressure reduction station heater fire
tube on its thermal efficiency and greenhouse gas investigated experimentally and and the
thermodynamic and heat transfer characteristics of the heater are compared in the usual case and in the
fin state.

Findings: The results showed that using fin in the heater fire tube increased the thermal efficiency of
the heater and the heat transfer coefficient by 14% and 19%, respectively.

Discussion and Conclusion: If the results of the increasing in efficiency were applied to all gas pressure
reduction station heaters, the energy saving and the reduction of greenhouse gas emissions over one year
were estimated to be 40 million cubic meters and 76.75 thousand tons, respectively.

Key words: Natural gas pressure reduction station, Heater, Thermal efficiency, Greenhouse gas.
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Figure 1. Schematic of the experimental setup of indirect water bath heater (1-Heater, 2- Fire tube, 3- Gas tube,

4- water as an intermediate fluid, 5- Stack, 6-Burner, 7- Gas flowmeter, 8-Blower, 9- Anemometer, 10-
Temperature data logger, 11- Inlet cold gas and 12- Outlet hot gas)
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Figure 2. Schematic and photographic image of the heater with fin
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Figure 3. Schematic of dimensions and equipment used in experiment
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Table 2. Experimental results for the calculation of efficiency in normal condition
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Table 3. Specification of equipment and instrument.
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Figure 4. Temperature variation in different parts of the heater until steady state
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“A novel modification on preheating
process of natural gas in pressure
reduction stations to improve energy
consumption, exergy destruction and

Nomenclature v Specific volume(md/kg)
Cp Specific heat (J/kg.K) Abbreviations
D Diameter (m) CGS City gate station
g (m/s?)Gravity acceleration LHV Low heating value (kJ/m?)
h Convective heat transfer coefficient (W/ K) Subscripts
K Thermal conductivity (W.m/ K) a Air
L (m)Length f Fuel
m mass flow rate (kg/s) gt Gas tube
p (Kpa)Pressure ft Fire tube
0 (J/s) Heat transfer rate NG Natural gas
h (J/kg) Enthalpy TC Thermocouple
R Thermal resistance Greek symbols
s Specific entropy (J/kg.K) u Joule-Thomson coefficient
T Temperature (°C) n Thermal efficiency (%)
t Time (s) P Density(kg/m?)
U Overall heat transfer coefficient(w/m? k) v Kinematic viscositym?/s)
|4 Velocity (m/s) B Thermal expansion coefficient ( K™)
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