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Abstract - In natural gas distribution system, gas pressure is regulated correspond to require-
ment using throttle valve which is releasing huge pressure energy as useless form. The waste pres-
sure can be recovered by using turbo machinery devices such as a turbo expander. In this process,
excessive temperature drop occurs due to Joule-Thompson effect during the expansion process.
Installing natural gas boiler before or after the turbo expander prevents temperature drop. Fuel
cell or gas engine hybrid system further improve the efficiency, but 1~2% of total transporting natu-
ral gas is used for operating the hybrid system. In this study, a heat pump system is proposed as
a preheating device which can be operated without using transporting natural gas. Thermodynamic
analysis on evaporating and condensing temperatures and refrigerants is conducted. Results show
that R717 is proper refrigerant for the hybrid system with high COP and low turbine work within
the defined operating conditions. In domestic usage in Korea, the heat pump system has more
economic feasibility owing to natural gas being imported with a high price of LNG form.

Key words : pressure regulation, waste pressure, turbo expander, heat pump, refrigerants, hy-
brid system, net profit comparison
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Turbo ) Heat Pump X Table 1. Natural gas composition[12]
Expander Natural Gas
Condenser
------ 6 Methane 0.888
Nitrogen 0.0014508
generater valve Carbon dioxide 0.065432
i7 Ethane 0.032107
Bvaporator e Propane 0.0061069
Isobutane 0.0013528
Fig. 1. Turbo expander - heat pump hybrid sys- Butane 0.00054114
tem schematics. i
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I e ?25" e Hexane 0.0039615
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Table 2. Turbo expander system specification

e

Table 3. Heat pump system specification

Natural Gas Mass Flow Rate 13.8 kg/s Cooling Air Inlet Temperature -10~30 T
Natural Gas Inlet Temperature 10 T Cooling Air Inlet Pressure >100 kPa
Natural Gas Inlet Pressure 2250 kPa Refrigerant Evaporating Temperature -15~25 T
Preheated Natural Gas Temperature 65 C Superheated Temperature 3 T
Preheated Natural Gas Pressure 2240 kPa Subcooled Temperature 3 C
Natural Gas Outlet Temperature 5 T Compressor Efficiency 70 %
Natural Gas Outlet Pressure 850 kPa
LN e e N e L B e e e e o o e e LU e o e e
Turbo Expander Efficiency 85 % r ‘ I : 2500 kPa IJ‘ODk‘Pa [
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Fig. 3. T-s diagram for heat pump cycle.
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Fig. 4. Condenser pinch temperature corresponding
to condensing temperature.
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Fig. 5. Compressor outlet temperature correspon-
ding to condensing temperature.
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Fig. 6. Refrigerant mass flow rate corresponding
to condensing temperature.
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Fig. 7. Compression work corresponding to con-
densing temperature.
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Fig. 13. Net profit comparison between heat pump
and boiler system corresponding to con-
densing temperature
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cond : condenser

comp : compressor

COP : coefficient of performance
eva : evaporator

exp : expander

gear : gear box

generator : generator

h : enthalpy [K]/kg]
m : mass flow rate [kg/s]
ng  : natural gas

P . electricity [kW]
Q : heat transfer [kW]
ref  : refrigerant
W : work [kW]
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