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Rgszgz s J:n‘:afyr: 020 small capacity (0.5 ton/day). A 2-stage Brayton cycle utilizing LNG/LN2 cold en-

Accepted 28 February, 2020 ergy was suggested to be built in Korea for the hydrogen liquefaction pilot plant
with a small capacity. Thermodynamic analysis on the effect of various variables
on the efficiency of hydrogen liquefaction process was performed. As a result,
the CASE in which the ortho-para conversion catalyst was infiltrated inside the
heat exchanger showed the best process efficiency. Finally, thermodynamic
analysis was performed on the effect of turbo expander compression ratio on the
hydrogen liquefaction process and it was confirmed that an optimal turbo ex-
pander compression ratio exists.
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Fig. 1. Process block diagrams of hydrogen liquefaction processes for a 0.5 ton/day pilot plant: (a) CASE 1, (b) CASE 2, (c) CASE 3
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Table 1. Analysis conditions

Component Property Unit | Value
Mass flow rate ton/day | 0.5
Hydrogen Outlet pressure MPa 0.13
Outlet temperature K 19.5
Isothermal efficiency % 65
Compressor Inlet pressure MPa | 0.114
Outlet pressure MPa 1.0
Expanders Isentropic efficiency % 75
Heat exchangers
201, 301 o 3.0
101, 103, 401 Mlmmu.m temperature K 10
- = difference R
102 0.5
H2 stream 10
Helium stream Pressure drop kPa 12
O/P converter 20

Table 2. Thermodynamic analysis results for CASEs 1, 2, and 3
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Component Property Unit CASE 1 CASE 2 CASE3
Helium Mass flow rate g/sec 148 151 138
Compressor Power consumption kW 307 315 288
(C-201) Specific power consumption kWh/kgH2 14.7 15.1 13.8
Expander Pressure ratio - 1.6
(T-201) Power consumption kW 37 3.7 43
Expander Pressure ratio - 3.7 3.7 3.7
(T-202) Power consumption kW 5.7 5.8 53
HX-101 Capacity kW 38.6 39.9 30.1
HX-102 Capacity kW 7.4 7.5 13.7
HX-103 Capacity kW 3.6 3.7 29
Mass flow rate ton/day 0.5
Hydrogen
Final para concentration % 92 95 99
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Fig. 2. Temperature profile and para concentrations of hydro-
gen during liquefaction processes: (a) CASE 1, (b) CASE 2,
(c) CASE 3
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3.2 Parametric study
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Fig. 3. Parametric study results for CASEs 1, 2, and 3: (a) helium mass flow rate, (b) compressor power and specific energy con-
sumption (SEC), (c) para concentration, (d) heat transfer rate of heat exchangers
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