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station (HRS). This study includes contents for thermodynamic comparison of

Accepted 30 April, 2019 cooling system for HRS and comparison of pros and cons of its components. So
It is to establish design concept of cooling system of HRS supplying with fuel cell
electric vehicle (FCEV). HRS is charging high pressure H2 (700 bar) to FCEV.
However cooling system is need to prevent temperature rise in tank. This cooling

system consists of pre-cooler and chiller system.
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2.3 H2 pre—cooler

Printed circuit heat exchanger (PCHE)= QF&(1.0-2.0)
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Fig. 2. (a) One-stage compression and on-stage expansion
refrigeration cycle, (b) two-stage compression and one-stage
expansion refrigeration cycle, (c) two-stage compression and
two-stage expansion refrigeration cycle

Table 1. R507 physical properties

» B4 AU LRI =27

PHYSICAL PROPERTIES R-507
. Molecular weight (g/mol) 98.9
Expansion vahe Bolling point (at 1,013 bar) 0 267
LA AL A A "E] Liquid Critical temperature (°CQ) 709
= 1 1 Critical Pressure (Bar abs) 379
Evaporator Critical Density (Kg/m?) 500
Liguid density (25°C) (Kg/m?) 1050
Liguid density (-25°C) (Kg/m¥) 1248
ko Saturated vapor density (at 1,013 bar) ncgé) 55
Sliding boiling temperature (at 1.013 bar) (K) 0
Vapor pressure (25°C) (Bar abs) 12.74
Vapor pressure (-25°C) {Bar abs) 2.58
Latent heat of vaporization at boiling point (KI/Kg) 200
Specific heat of liquid at_(25°C) (KJ'Kg K} 1,65
Specific heat of vapor at (25*C) (1,013 bar) (KVKg K) 0,87
Thermal conductivity of liquid_(25°C) (W/mK) 0.063
Thermal conductivity of steam (1,013 bar) (W/mK) 0.0141
Solubility in water (25°C) (Ppm) Negligible
Flammability Limit (25°C) (%vol,) None
Toxicity (AEL) (Ppm) 1000
CDP 0
Gwp 3985
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Table 2. Heat exchanger type

Type of HIX ) C) Pressure(bar)

Plate & Frame(Gasket) <=200 =35~ +200 25

Fully Welded Plate <=200 =50 ~+350 40

Brazed Plate Fin 800 ~ 1,500 Cryogenic ~ +650 90

PCHE 200~ 5,000 -200 ~ +900 >400

173335033508

— —
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— o
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Fig. 3. Manufacturing process of printed circuit heat ex-
changer

Fig. 4. Surface after diffusion bonding and PCHE
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Table 3. Direct cooling and indirect cooling system

Existing system Develop system

Schematic
diagram

Chiller system Chiller system
Component|Brine circulation system Pre cooler
Pre cooler Heat storage tank
. Heat transfer b
Heat transfer by Brine of] . 4
Pre . . evaporation of
liquid state (Convective .
Cooler refrigerant (Latent
heat transfer) L
heat of vaporization)
Power Compressor, pump Compressor
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Table 4. Power of direct/indirect cooling system

No. of FCEV Compressor work (kWh)
per hour Indirect Direct
10 45.31+(0.3) 24.45

8 43.50+(0.3) 19.59

6 42.74+(0.3) 14.57

4 41.86+(0.3) 9.88

2 41.70+(0.3) 5.02
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Fig. 6. Indirect chiller system: 10 FCEV charging/1 hour
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Fig. 7. Indirect chiller system: 2 FCEV charging/1 hour

Fuel Vessel(Venicle)
7000]bar g
Tank Volume _ | 52000002 [m3 |

Fuel
Vesse Vehice)

Fig. 8. Direct chiller system: Aspen Hysys modeling
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Fig. 5. Indirect chiller system: Aspen Hysys modeling
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Fig. 9. Direct chiller system: 10 FCEV charging/1 hour
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Fig. 10. Direct chiller system: 2 FCEV charging/1 hour
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Fig. 11. Pre-cooler heat transfer coefficient of indirect cooling
system
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Fig. 12. Pre-cooler heat transfer coefficient of direct cooling
system
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Table 5. CAPEX and OPEX of Direct/indirect cooling system

Unit:hundred million won Indlrec.t D1rec'F
pre cooling | pre cooling
Compressor 0.7 0.7
system
Brine system 0.25 -
CAPEX Pre cooler 0.6 0.4
Piping 0.25 0.2
Install 0.25 0.2
Power 0.78/year 0.13/year
OPEX (4531 KW) | (25.45KW)
M&R 0.2/year 0.15/year
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PCHE type G137 A|AE 14% H® 71451
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Table 6. Design process condition

Design process condition

o Indirect pre cooling | Direct pre cooling
Description
Hot side |Cold side| Hot side |Cold side
Fluid - |Hydrogen| Brine |Hydrogen| Brine
I o
wout | | 40138 |-40/VTC| 40138 |-4S/VTC
temp
Operatin| 1 80 | 0305 | 80 0.1
g press
Mass
kg/s | 0.014 VTC 0.014 VTC
flow

Table 7. Pre-cooler size of direct/indirect cooling system

Sizing Result  |Indirect pre cooling| Direct pre cooling

Plate: 250 mmx=340|Plate: 250 mmx340
mm mm
No. of Stacking | No. of Stacking
Layer: Layer:

Total 138 (hot: 46 | Total 60 (hot: 20
ea/cold: 92 ea) ea/cold: 40 ea)
Height: 700 mm | Height: 604 mm
Core volume: 0.059|Core volume: 0.051
m3 m3

Hot:5.6/Cold:13.0 | Hot:2.4/Cold:5.6

Core size

Heat areas(mz)

Mean heat transfer
coefficient
(W/m’K)

Hot:770
Cold:1,300

Hot:770
Cold:500
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