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Development of a High-precision Small Ship Simulator Model Based on
Hydrogen-electric Hybrid to Control an Integrated Thermal
Management System
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hjyt11@kongju.ac.kr Abstract >> Efforts are being made to replace ship diesel engines with electric

_ propulsion motors in response to emission regulations. In particular, in the case
Ez\fz{;’zd Sg&;ﬁfgi; of short-range small ships, research is being conducted to replace polymer elec-
Accepted 23 April, 2024 trolyte membrane fuel cells (PEMFC) with power sources. However, PEMFC has

problems such as slow dynamic response characteristics and reduced durability
at high temperatures. To solve this problem, a high-precision ship model was de-
veloped with power distribution and thermal management strategies applied,
and through this, the required power, heat, and power characteristics of the pro-
pulsion system according to the ship's speed profile were analyzed.
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Table 1. Specifications of a PEMFC

Parameters Value Unit
Number of cell 146 FA
Cell area 450 m?
Membrane thickness 125 um
160 35
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Fig. 2. PEMFC I-V curve verification
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Table 2. Specifications of a battery

Parameters Value Unit
Cell capacity 11.1 Ah
Pack capacity 32 kTWh
Number of packs 3 ea
Nominal voltage 290 v
Peukert (k,,k,) 1.018, 1.0091 -
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Table 3. Specifications of shell & tube heat exchanger
Parameters Value Unit
Pitch size 0.03 m
Tube outlet diameter 0.02 m
Tube inlet diameter 0.005 m
Baffle spacing 0.2 m
Shell internal diameter 04 m
Number of tubes 120 ea
Number of passes 2 ea
Thermal conductivity 237 Wim.K
Table 4. Specifications of keel cooler
Parameters Value Unit
Tube outlet diameter 0.04 m
Tube inlet diameter 0.03 m
Tube length 3 m
Number of tubes 10 m
Thermal conductivity 398 Wim.K
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Fig. 4. Ship resistance schematics

Table 5. Setting for simulation

Parameters Value Unit
Ship length 20 m
Ship weight 30000 kg
Propeller diameter 0.55 m
Ambient
mbient sea 25 oC

temperature
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Table 6. Power distribution strategy setting

Parameters Value Unit
Initial SOC 0.5 -
High SOC 0.5 -
Low SOC 0.4 -
P | [

Fig. 8. Control strategies of power management system
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