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Context. — This PhD thesis was carried out under a cotutelle agreement between
Wroctaw University of Science and Technology (WrUST) and Université Paris-Saclay. The
work was jointly supervised by Prof. Stawomir Pietrowicz (WrUST) and Dr. Bertrand Bau-
douy (CEA Saclay, DACM). It addresses pulsating heat pipes (PHPs), which have been
studied for several decades as passive two-phase heat transfer devices operating without
wick structures. Despite an extensive experimental and numerical literature, the physi-
cal understanding of PHP operation remains largely phenomenological, due to the strong
coupling between phase change, compressibility, capillarity, inertia and, in some configura-
tions, gravity. As a consequence, predictive design tools remain limited, and most studies
rely on careful experimentation supported by qualitative modelling. Beyond this general
view of PHPs, cryogenic pulsating heat pipes constitute a particularly challenging and
comparatively less explored subclass of PHPs. The use of cryogenic working fluids involves
low operating pressures, strong compressibility effects and thermophysical properties that
differ markedly from those of fluids at ambient conditions. Within this context, the ob-
jective of the thesis is twofold. On the one hand, it aims at providing new experimental
data on the behavior of cryogenic PHPs operating with different working fluids. On the
other hand, it seeks to complement the experimental observations by means of CFD simu-
lations, seemingly not as a predictive tool in itself, but rather as a way to gain qualitative
insight into the global dynamics of the system. The work therefore adopts a pragmatic and
carefully delimited approach, focusing on the identification and interpretation of operating
regimes under controlled conditions.

Manuscript quality. — The manuscript (of approximately 200 pages) is generally well
written and carefully prepared. The structure is clear, with a logical progression from the
state of the art to the experimental work and, subsequently, to the numerical modeling. The
figures are of good quality and the overall presentation reflects a serious effort to produce
a rigorous and readable document. A few shortcuts in the reasoning can be identified,
likely related to late-stage revisions, as suggested by differences between the paper and
electronic versions of the manuscript. The thesis includes a nomenclature section, which is
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normally a positive feature given the large number of physical quantities and dimensionless
numbers involved. However, the organization of this nomenclature makes it not really
useful as symbols are not ordered alphabetically, the distinction between Latin and Greek
symbols is not always clear, and the presence of a separate subsection entitled “experiment
specific symbols” may be confusing. More than 200 references are listed at the end of the
manuscript, perfectly in the expected style.

The manuscript does not include appendices. While this choice is generally acceptable,
it may be seen as a missed opportunity. Indeed, several elements of the work, in partic-
ular some detailed experimental results (Chapter 4) or series of CFD figures (Chapter 5)
illustrating very similar behaviors, could have been moved to appendices. This would have
allowed the core chapters to focus more clearly on the key messages, while still preserving
the completeness of the documentation.

Detailed analysis. — Chapter 1 provides a general introduction to pulsating heat pipes
and a review of the relevant literature. The author demonstrates a, good knowledge of
previous experimental and modeling works, with a particular emphasis on cryogenic appli-
cations. The discussion of operating regimes, dimensionless numbers and design criteria is
well documented and shows a clear effort to position the present work within the existing
body of knowledge.

One may nevertheless note that some of the classical criteria discussed in this chapter, in
particular the notion of a critical Bond number, are introduced with a level of emphasis
that may exceed their actual explanatory power in the context of the present study. While
such criteria are useful to describe favorable conditions for plug-slug formation at filling
or start-up, their relevance for interpreting the subsequent oscillatory dynamics of long,
horizontal cryogenic PHPs remains limited. This difficulty is largely inherent to the physics
of pulsating heat pipes and is not specific to the present study.

Chapter 2 deals with the numerical modeling of the pulsating heat pipe and introduces the
CFD framework used throughout the thesis. The author presents the governing equations,
the main modeling assumptions and the numerical strategy adopted to describe a com-
pressible two-phase flow with phase change. Particular attention is paid to the VOF-based
formulation and to the treatment of pressurce and gravity cffects, while the thermophysi-
cal properties of the working fluids together with the saturation data are introduced in a
pragmatic manner, consistent with the objectives and limitations of the CFD approach.

This chapter is scientifically demanding, but it reflects a genuine effort to clearly state
the hypotheses and limitations of the numerical approach from the outset. Placing such
a detailed modeling chapter early in the manuscript is a judicious choice which allows
the reader to better understand the scope and the level of interpretation of the CFD
results presented later in the thesis. Nevertheless, it should be noted that, at this stage,
the link between the modeling assumptions and the specific experimental configurations
(orientation and role of gravity, boundary conditions, etc.) studied later is not always
explicit. Regarding gravity, the author never explicitly states — here or clsewhere — that
the studied PHP is horizontal. This needs to be deduced by the reader, and sometimes,
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some ambiguity remains in Chapter 4 and Chapter 9, or even on some figures (e.g. Fig.
3:22)

Chapter 3 is devoted to the description of the experimental test facility and of the associ-
ated measurement and control methods. It includes information on the development and
design choices that were required to perform reliable experiments on multi-turn cryogenic
pulsating heat pipes. A special emphasis is placed on the cryogenic constraints, thermal
interfaces, temperature regulation of the condenser, and the overall stability of the experi-
mental environment. The geometrical choices adopted for the PHP configuration result in
a setup that remains amenable to numerical investigation using CFD tools.

This chapter is clear and well structured, and it convincingly demonstrates that the exper-
imental setup has been carefully conceived. Nevertheless, while the objective of a quasi-
isothermal condenser is clearly stated and well justified, the level of residual temperature
non-uniformity is not always easy to assess for the reader. Similarly, on the evaporator
side, the imposed thermal loading is described in detail, but the spatial homogeneity of the
heat flux remains somewhat implicit. These points do not undermine the quality of the
experimental work, but a more explicit discussion would have facilitated the interpretation
of the experimental and numerical results presented in the following chapters.

Chapter 4 presents the experimental results obtained with different cryogenic working fluids
and operating conditions. This chapter constitutes the core experimental contribution
of the thesis. The author analyses the thermal behavior of the PHP in a systematic
manner, focusing on start-up, steady operating regimes, thermal resistance and evolution
of important parameters. The comparison between fluids highlights clear differences in
behavior, which are discussed in relation to their thermophysical properties and operating
conditions.

The analysis is careful and supported by a substantial amount of experimental data. The
author avoids overinterpretation and remains cautious in the attribution of observed be-
haviors to specific mechanisms. Nevertheless, the experimental results obtained with dif-
ferent working fluids are compared under operating conditions that are, in practice, close
to the same absolute pressure, typically near atmospheric pressure. While this approach
facilitates a systematic experimental comparison, it also implies that the different fluids
are investigated at very different thermodynamic distances from their respective triple
and critical points. As a result, the observed differences reflect not only differences in fluid
properties, but also differences in the underlying thermodynamic states and associated flow
regimes. In this context, the interpretation of the results remains primarily phenomeno-
logical, and the relative contributions of phase-change effects and fluid transport processes
are not explicitly disentangled. The author also proposes a statistical sensitivity analysis
alming at quantifying the influence of several dimensional and dimensionless parameters
on the thermal resistance; while the intention to go beyond purely qualitative comparisons
is really commendable, the physical meaning and scope of this analysis remain somewhat
difficult to understand. All this necessarily limits the extent to which the comparison be-
tween fluids can be understood in terms of general physical mechanisms. Nevertheless, the
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intrinsic value of the experimental obscrvations remains a strong point of the work.

Chapter 5 is devoted to the numerical modeling of the PHP using a CFD approach. The
author develops a compressible VOF model and demonstrates its ability to reproduce a
qualitatively realistic oscillating two-phase regime in a horizontal PHP. This represents a
significant cffort, and the numerical results are clearly presented and carcfully compared
with experimental trends.

At the same time, the limitations of the modeling approach should be kept in mind.
The simulations cssentially provide a macroscopic description of the dynamics and do not
resolve thin liquid films, microlayers or detailed interfacial phenomena. Besides, if the
mesh-independence study presented in Chapter 5 supports the qualitative robustness of
the simulated oscillatory regimes, it remains insufficient with respect to the assessment of
mesh sensitivity on local interfacial and phase-change features. In addition, the ambiguity
concerning the orientation (gravity) suggested previously is reinforced here, as the analysis
relies on a relative pressure formulation that naturally focuses on the dynamic component
of the pressure field and raises some doubts on the importance of gravity. Also, despite
the central role attributed to pressure in the oscillatory mechanism, no spatially resolved
pressure fields are presented, which slightly limits the physical insight that can be drawn
from the CFD results.

Chapter 6 summarizes the main results and outlines perspectives for future work. The con-
clusions accurately reflect the content of the thesis and remain appropriately cautious. The
proposed perspectives are coherent with the work carried out and focus on further exper-
imental investigations and refinements of the numerical model. While these perspectives
are technically sound, they remain mostly incremental in nature. A more explicit identi-
fication of the fundamental issues related to regime sclection and transitions in pulsating
heat pipes could have provided a broader outlook.

Conclusion. — In conclusion, this manuscript presents a serious and very well-executed
picce of rescarch. The experimental work is of high quality, the numecrical approach is
used with appropriate caution, and the overall scientific posture is sound. Despite some
limitations in terms of synthesis and conceptual conclusions, the thesis makes a highly
valuable contribution to the understanding of cryogenic pulsating heat pipes.

Therefore, in my opinion, the doctoral dissertation meets the conditions specified in Ar-
ticle 187(1) and (2) of the Act of 20 July 2018 — Law on Higher Education and Science
(consolidated text: Journal of Laws of 2024, item 1571, as amended).

Lyon, January 2274, 2026.
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