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Experimental Investigation on the Freezing Condition of Printed Circuit
Heat Exchanger for Cryogenic Liquid Hydrogen Vaporizer
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wookyoung@kimm.re.kr Abstract >> The purpose of this study is to investigate the freezing phenomena in

_ printed circuit heat exchanger (PCHE) for cryogenic liquid hydrogen vaporizer.
Egszzzd ig 2";:?'12‘022054 Local freezing phenomena in hot channels should be avoided in designing PCHE
Accepted 24 April, 2024 for cryogenic liquid hydrogen vaporizer. Hence, the flow and thermal character-

istics of PCHE is experimentally investigated to figure out the conditions under
when freezing occurs. To conduct lab-scale PCHE experiment, liquid nitrogen is
used as a working fluid in cold channels instead of using liquid hydrogen. Glycol
water is used as a working fluid in hot channels. Based on the experimental data,
ratio between mass flow rates of cold channels and that of hot channels is pro-
posed as contour map to avoid the freezing phenomena in PCHE.

Key words : Printed circuit heat exchanger(Q 4| 7| & €1 3t7|), Flow and thermal
characteristic(8-85 £4), Freezing(52Z), Cryogenic liquid hydrogen
(S A 44), Vaporizer(7|2t7])
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Table 1. Thermodynamic properties of nitrogen and glycol water
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Fig. 1. Schematic diagram of experimental setup

Working fluid ][?{egr;rsrll?]l \El:lc)(;s;t]y Therrn[e;lv (/:I(:(Ii(L;ctivity HE&::[] ;j;,?z]ity Heat of[' 1zfj'jlpi(‘;;ization
LN2" 700.5 8.01E-5 0.103 3.413 165
GW™ 1053.4 2.1E3 0.402 2.273 -
*7 bar, -175C
**1 bar, 40°C
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Table 5. Test conditions

WAL FoFe S A A = Cold channels | Hot channels
B AT E A8 flste] A=A 47 PCHEA] Working fluid LN2 GW
dughet 5 SEHE AA A2 7AERT) Ho # of plates [ea] 10
AF GPAS AGES sk 99 A2 A9 # of channels [ea] 4
W22 g2 gt &3k $=&(Dyneo DD-1001F; Length of channels [mm] 180 ‘ 200
Julabo, Seelbach, Germany)Z o]-&5to] QA3 Width of channels [mm] 100
2 oxEEE sigon wbyE 7]o] HIDGS Heat transfer area [m’] 0.1573 ‘ 0.1748
. - Cross sectional area [mm’] 133.5
2.3; ThrillCorp, Orlando, FL, USA)E- ©]-&3}o] dA -
o oEko A3kE 2 olnE Sharh AMASE 64 Flow configuration Co-flow 40
= = Plate type I type N type
717157 AS7159] AFgE Tables 2-49F ). 5 Channel configuration Semi-circular
7H o2 g A | o5 dudtr|E 445t Channel diameter [mm] 1
0:1 9114?1];.(?]_5\—7 ]‘ 7 ]‘%‘@' ‘%]'% qualitylg:_r‘ "IQI’X] 3}01 PCHE Inlet temperature [T] -185to-175 40
Y22 5o ¢ J== A5 Inlet mass flow rate [kg/min]| 0.15 to 0.31 04t02.4
PCHE®] A% 7|H.-83F PCHE'E &-835l9 o0 Inlet Re [-] 170 to 400 24 to 142
Table 2. PCHE heat transfer test facility component specification
Bath circulator GW Pump Regulator Vacuum pump
Type - - - Rotary Vane
Manufacturer Julabo ThrillCorp Cash Valve Woosung Vacuum CO.
Model DYNEO-DD-1001F - B-type MVP60
Note - Inverter driven - -

Table 3. PCHE heat transfer test facility component specification for cold channels

Temperature Pressure (Abs) Pressure (differential) Flow rate
Type T-type thermocouple Pressure transmitter Presure transmitter Coriolis
Manufacturer/Model Omega/T-type Rosemount/3051TG Rosemount/2051CD2 | Micromotion/CMF010
Spec - 200 kPa 60 kPa 0.5 kg/min
Accuracy 0.1K 0.065% 0.065% 0.1%
Table 4. PCHE heat transfer test facility component specification for hot channels
Temperature Pressure (G) Pressure (differential) Flow rate
Type T-type thermocouple Pressure transmitter Pressure transmitter Coriolis
Manufacturer/Model Omega/T-type Rosemount/2051CA Rosemount/2051CD2 Oval/CA003
Spec - 1000 kPa 60 kPa 2.4 kg/min
Accuracy 0.1K 0.065% 0.065% 0.1%
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Fig. 2. (a) Fabricated PCHE and (b) configuration of PCHE
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Study Working fluid [-] Heat transfer area [m’] Mass flux [kg/m?/s] Heat transfer rate [W]
This study LN2/GW 1.57E-1 18.71t037.5 877 to 1,497
Kwon et al.'”? LN2 /N2 8.99E-03 52.1t0 81.6 85t0 179
Shin and Yoon” LN2 /N2 1.99E+01 18.6 to 44.8 37,801 to 91,084
Yoo et al."”? Propane / N2 1.66E-02 40 to 90 20 to 147
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