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The European XFEL is under consideration for a High Duty Cycle (HDC) upgrade to enable Continuous Wave
(CW) or Long Pulse (LP) operation, enhancing the user’s operational range. One of the key challenges for this
upgrade is managing the increased heat load of the existing cryomodules while ensuring sufficient cryogenic
capacity for stable operation. The two-phase pipe within the cryomodules plays a critical role in maintaining
stable cryogenic conditions, preventing vibrations and microphonic effects.
To address these challenges, a simulation model has been developed to analyze the two-phase flow behavior of
superfluid helium (He II) in EuXFEL-like cryomodules at the cryomodule test benches CMTB and AMTF. The
model incorporates the Taitel-Dukler criterion to evaluate the transition from stratified smooth to stratified
wavy flow under varying heat loads. Flow characteristics were systematically studied for different heat loads,
helium temperatures, vapor qualities, and filling grades of the two-phase pipe.
The results highlight the maximum heat load that a EuXFEL-cryomodule can sustain before the transition
to wavy flow in the two-phase pipe occurs and provide insights into optimizing operating conditions. These
findings suggest potential pathways for increasing the heat load limits without requiring modifications to the
cryomodule design.
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