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Cryogenic Heat Exchanger and System Engineering Global Leader

Printed Circuit
Heat Exchanger

New Energy Transfer Solutions
Satisfactory performance in any environment
Various applications
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Development of compact heat exchanger

for liquefied hydrogen under -200° C at 100MPa
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Development of compact heat exchanger
for liquefied hydrogen under -200° C at 100MPa
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HP Booster
Compressor

Com;gzd\

to 1000 bar

Hydrogen Refueling Station
Supply Chain Deployment

H2 Supply
by Reformer HP Buffer

Trailer Storage

Onboard Tank 700bal

Pre Cooled
8 to-40°C
| ¢—
Dispenser




H2 Fueling Station PCHE Type Pre Cooler

H2 Pre Cooler is used to cool the high pressure hydrogen during vehicle fuel tank
charging. It also features fast temperature response and large number of cycle with

structural stability. H2 Pre Cooler can be installed inside the Dispenser box or can be
installed independently outside. Various coolant fluids can be applied to cool high-
pressure hydrogen, which makes it easy to design a hydrogen filling station.

H2 Discharge Station General Diagram for FCV

H2Pre Cooler
Al Satisfied
Fuel Delivery Category

HP Buffer Storage

HP Booster

H2Tube Trailer
Compressor
Compressed to 950bar oV | | 2 | i
Coolant -40 ~ 38°C ﬁ B E =
Onboard Tank 700bar
Perfect quality | Excellent performance
Fast delivery
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H2Supply by Reform

lonic Type Hz2 High Compressor
How the H2 High Compressor operate
H2 OUT

H2IN @
After Cooler High Pressure
(PCHE Type) g
]

Low Pressure
N INAT
Separator

== Hydraulic Oil
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Hydraulic Pump
el

Hydraulic Oil Tank

DongHwa Entec Patents

~<— |onic
Hydraulic Oil

ZERQ @ Zero Hydrogen loss Compressor,
No blow-by gas.
@ Large capacity over 150 kg/h, 100MPa

HIGH High system efficiency and durability
il Less noise and Vibration.

LOW ﬁ Low power consumption
Small footprint due to its compactness
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(Performance change for channel shapes)
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(Thermal properties)  (Correlation development)

« Channel Inlet Velocity

(Numerical analysis of PCHE) (Streamline of PCHE)

10



HZIA AL -200°C 0|5, 1T00MPaz
HWES HmET| x| AN

S3|CilE DongHwa Eniec
Sulet7| HiE H A, HeE8 H MxSE W

- Diffusion Bonding Technology

B e, TS

Initial asperity contact First stage deformation and Second stage grain boundary Third stage volume diffusion
interfacial boundary formation migration and pore elimination pore elimination

(1) Filler metal is not required.

(2) Bonded by atomic diffusion on interface.

(3) High pressure and Temperature is required during bonding.

(4) Diffusion bonding technology can provide the same strength level of the base metal.

[ Diffusion bonded joint ]

Compact Size Long Service Life

Small Footprint, Small Weight High Durability, Easy Maintenance

Excellent performance Extreme Environments

High Heat Duty, Low Pressure Drop Cryogenic Service, High Pressure, High Temperature

-Max. Pressure Test : above. 4,000bar  -Cyclic test : 0~1,000 bar, 1 CPM, 10,000 cycle
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Hydrogen Diffusion evaluation method
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[ Fixed length [ty 36 mm]
Ml Design varisble [Dgy,)

PCHE analysis model

~@—D = 0.75 [mm]
—S—D =1 [mm]
8D =125 [mm]
~£D =15 [mm]
—#—D =175 [mm]
—G—D =12 fmm]
—A—D =225 [mm]
LD = 2.5 [mm]
D =175 [mm]
—% D=3 [mm]
—#—D = 3.25 [mm]
—#—D =15 [mm]
300

2
o 01 0z 03 04 05 06 07 08 03 1
Normalized length of 1,

Membrane and bending stresses (om»)
along t; path

Tmb

Model 1
Model 2
Model 3
Model 4
Model 5
Model &
Model 7
Model 8
Model 9
Model 10
Model 11

Model 12

Geometrical changes and temperature distribution

in channel cross section

[l Variables dependent on Dgy, [£2, ¢3]

X

Channel cross section and thermal resistance of PCHE

260 T T T T T T T T T T
at z, path >
at X path

<,
——

220

L [MPal

180

140

075 1 15 175 2 225 25 275 3 3125 35

GNJ channel size [mm]

Max. membrane and bending stresses

In two paths ( tz, t3)
(2)

125

GN pressure
=3 MPa

von Mises

stress [MPa]
440.8
44141
Temperature 382.03
352.64
260.15 323.26
25252 29357
2449
®) 264.5
231.27
219.64 23511
222.02 205.72
214.39 176.34
206.76 14697
199.14 11757
191.51
183.88 88.19
176.26 SE.BL
168.63 29.42
161 0.37
153.38
145.75

W GN, flow direction
= Glycol warer flow dirsction

Von Mises stress distribution of PCHE plate:
(a) Mechanical stress; and (b) Total stress
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