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A Study on the Loss of Head in Piping System for Indirect Heat Exchange
Method Based on the Cooling of Liquid Hydrogen Using Cryogenic Blower

YOUNG MIN SEO, HYUN WOO NOH, TAE HYUNG KOO, ROCK KIL KO, DONG WOO HA'

Hydrogen Electric Research Team, Electric Mobility Research Division, Korea Electrotechnology Research Institute, 12
Jeongiui-gil, Seongsan-gu, Changwon 51543, Korea

TCorresponding author :
dwha@keri.re.kr Abstract >> In this study, a study on the theoretical calculation of loss of head for

_ a piping system for indirect heat exchange using a cryogenic blower was con-
Egszzzd i m:z: 282&53 ducted based on liquid hydrogen cooling. The loss of head was calculated to ana-
Accepted 14 April, 2025 lyze whether the cryogenic blower operates normally in the system. The head

loss considered in this study was divided into four types: friction loss, collision
loss, and helix loss of LH, heat exchanger (HX) and high-temperature super-
conductor (HTS) coil. The loss of head calculated by introducing the theoretical
method occurred in the order of loss of head on LH, HX, collision loss of head, he-
lix loss of head on HTS coil, and friction loss of head. According to these calcu-
lations, the specifications of the cryogenic blower were selected, and it was con-
firmed that the blower operates normally in the piping system using liquid hydro-
gen cooling and indirect heat exchange.

Key words : Cryogenic blower(Z2X-2 22 ¢), Loss of head(&A! &), Liquid hydrogen
(AA| 4=4), Helium(Z-E), Indirect heat exchange(ZH G W3
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Table 1. Detailed information for pipe and heat exchanger

Pipe
Diameter (m) 0.0127 Total length (m) 6.15
) Number of
Area (m°) 0.000127 bending 13
(¢}
Joint shape 90" smooth
bend
Heat exchanger helix information
LH, HX HTS HX
i 0.35 SHXaveraged |5
diameter (m) diameter (m)
LH, HX turn 5 HTS HX turn 6
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(a) Isoview
Fig. 4. Cryogenic blower
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Table 2. Detailed information for calculation of head loss

Helium gas

Temperature (K) 25 Pressure (bar) 5

Density (kg/m®) 9.592 Enthalpy (kJ/kg) | 133.11

Entropy (kJ/kgK)| 11.683 Viscosity (m?/s) |4.442¢-07

Copper
Equivalent 0.0015 Relative roughness 0.000118
roughness (mm) (mm)
LH; HX helix variables
Re. 6,900.3 De 1,314.43

f. (smooth pipe) | 0.0381 | f; (turbulent flow) | 0.0412

HTS coil helix variables

Re. 9,432.6 De 2,744.65

f. (smooth pipe) | 0.0390 | f; (turbulent flow) | 0.0421
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Fig. 6. Friction loss depending on the pipe length
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