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Study on Staged Precooling Heat Transfer Characteristics of Large-

Diameter Liquid Hydrogen Pipelines

LU Xinyu!  ZHU Shaolong® GAN Haoran® WANG Kai**  QIU Limin®* BAO Shiran®

(1. Institute of Refrigeration and Cryogenics, Zhejiang University 310027, China )

Abstract Liquid hydrogen, a key carrier of future low-carbon energy, has drawn significant attention.
Efficient precooling of liquid hydrogen pipelines is crucial for its transport. This study presents a one-
dimensional flow model for liquid hydrogen, incorporating a high-vacuum multi-layer insulation heat
transfer scheme. A staged precooling approach for large-diameter unloading pipelines is designed. In
simulations of a DN314, 300 m horizontal pipe, the gas-cooling stage takes 37 hours with a heat flux of 60
W/m?, while the liquid-cooling stage, lasting 0.45 hours, reaches a maximum heat flux of 9.4 kW/m?.
Compared to conventional methods, this approach reduces hydrogen mass consumption by 55%. The
maximum pressure drop is 60 kPa, stabilizing at 40 kPa as the flow stabilizes. This study provides a
theoretical foundation for long-distance liquid hydrogen transport and efficient precooling designs.

Key words liquid hydrogen; pipeline precooling; flow boiling; two-phase flow; heat transfer
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Dynamic Characteristics of Transfer Processes in Port-Based Liquid Hydrogen Receiving Terminals

Xinyu Lu, Shaolong Zhu, Haoran Gan, Shiran Bao, Limin Qiu*, Kai Wang**

Institute of Refrigeration and Cryogenics, Key Laboratory of Refrigeration and Cryogenic Technology of

Zhejiang Province, Zhejiang University, Han

zhou 310027, China

Poster ID: C3Po1D-06

DOLiquid hydrogen's high mass energy density makes it ideal for heavy-
duty, long-distance transport. Horizontal pipelines are widely used,
especially in port receiving terminals. Pre-cooling is a common yet
extreme condition, involving chilldown process which contains full
boiling stages.

OCurrent system models overlook the impact of valves and storage
tank, leaving the precooling dynamics unclear and hindering

.1 Functional zor
liquid hydrogen rec

Modeling

DOThis work models a large-scale liquid hydrogen receiving terminal,
designs a staged pipeline precooling process, evaluates stag

Fig2 Horiontal ppe 10w idgtme and heat transfer
chara s

OBased on the finite volume method, the fluid and solid domains of
the pipeline are divided into multiple control volumes. The
conservation equations of mass, momentum, and energy are solved
numerically within each control volume. A staggered grid technique
is used to enhance numerical stability and ensure accuracy across
different physical quantities.
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Fig.4 Schematic of a 1-D discretized pipe segment for heat transfer simulation. Interfacial fluxes
are calculated at cell interfaces using the finite volume method in the AMEsim TPFPHEO00
component
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DO At the inlet of the unloading pipeline, valve flow regulation is

precooling performance, and analyzes key boundary parameters to
optimize system efficiency.

Flow Control Valve

0 The tank i colindicl e
T tank s s {0 b a aniorm.
presure and b phase

DN314,300 m

lated using an ic variable orifice model.

DO At the outlet, a vapor-liquid separator tank with vertical elevation
difference is used. The lumped model assumes uniform internal
pressure and uniform phase densities within the liquid and gas
volumes, with density determined by the liquid volume fraction.

Farameer
Fay Pow
Portl M Flow e
Valve Opening —
Sigaal Conts e
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DO The results show that staged precooling with gaseous hydrogen
followed by liquid hydrogen effectively reduces thermal stress on
the pipeline, thereby lowering the risk of contraction-induced
fracture. It also significantly decreases working fluid consumption,
improving the economic efficiency of the precooling process.

Stage I: Gaseous Hydrogen Purge and Incrting

b sy s yogen 4

Stage 2: Gascous Hydrogen Pre-Cooling 4 Fig6 Stged precooling
scheme for liquid
hydrogen unloading
pipeline

id Hydrogen Chilldown

DO The model accurately captures the pre-cooing behavior in different
stages and resembles the dynamic characteristics of the process.

Pipe temperature (K:

M

i e 10 0
® Time (1)

100 200
Time (5)

)
Fig.7 Pipeline pre-cooling process (x) gaseous pre-cooling stage, (b) tage

DA variabl dition analysis was d on key boundary
parameters affecting the precooling performance of the unloading
system.

DOThe results confirm a negative correlation between inlet flow
velocity and precooling time, while optimizing inlet pressure, inlet
subcooling, and tank pressure yields dual benefits in reducing both
precooling time and liquid hydrogen consumption.
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efficiency, (b)Comprehensive evaluation of precooling time and liquid hydrogen consumption

OThe 1D model of the larg le liquid hydrog system
was developed to predict dynamic performance, and the proposed
imization significantly enh: d ling efficiency.

500 0 10 1800
Working fluid consumpion (ke)

DO The heat transfer correlation used in the model yields a smooth
boiling characteristic curve.
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Fig8 (a)Variation of wall emperature and heat flux density with ime in the 150m pipe section,
o) heat flux density and wall temp

the 150m pipe section

ture Outlook

O Conduct visualization experiments on the thermal shock of
horizontal liquid hydrogen pipelines and develop new generalized
correlations.

DODevelop CFD numerical simulation techniques for liquid hydrogen
flow boiling based on experimental data.

O Develop an intelligent liquid hydrogen transfer system with a system

feedback mechanism and universal standards, adaptable to a wide

range of hydrogen-related infrastructure.
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