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Abstract

The present thesis examines the reactive force generated during the boiling of a
liquid and its thermophysical, hydrodynamic, and practical significance. Boiling is
considered not merely as the transformation of a liquid into vapor, but as a complex
physical phenomenon in which heat, mass, and momentum are transferred
simultaneously. The opening part of the thesis presents the historical development of the
use of heat, temperature, and steam from antiquity to modern thermodynamics. Special
attention is given to Hero of Alexandria’s aeolipile as an early example of the conversion
of thermal energy into mechanical motion, as well as to the formation of temperature
scales, which made quantitative analysis of thermal processes possible. This historical
overview demonstrates that modern ideas about boiling and vapor generation are the
result of centuries of observation and experimentation.

In the literature review, boiling is presented as one of the most complex and
relevant problems in modern thermophysics. The thesis discusses Shiro Nukiyama’s
studies, boiling regimes, the characteristics of nucleate and film boiling, the significance of
critical heat flux, and the boiling crisis. It emphasizes that the intensity of boiling depends
on many factors: pressure, temperature, the microrelief of the heating surface, the
physical properties of the liquid, thermal load, and the dynamics of vapor bubble
formation and detachment. The formation, growth, and detachment of bubbles create the
mechanical reaction evaluated in the study as a reactive force. The thesis also highlights
the research contributions of Georgian and international scientists whose works created a
basis for understanding boiling heat transfer, critical regimes, and mechanical effects. The
relevance of the research is strengthened by the fact that boiling is widely used in heat
exchangers, steam generators, cooling systems of nuclear reactors, and the chemical and
food industries. In such devices, the intensive motion of bubbles determines not only heat
transfer but may also become a source of vibration, local pressure pulsations, and
structural loads. Therefore, experimental evaluation of reactive force is important for
improving the reliability and safety of equipment.

The main aim of the thesis is to determine experimentally the magnitude of the
reactive force acting on a boiling surface during liquid boiling. For this purpose, a
laboratory apparatus was created with a water tank, a regulated electrical power source,
and specially manufactured heating plates. In the experiments, the water was first brought
to the boiling temperature, after which electrical energy of different power levels was
supplied to the plate. During the tests, current, voltage, plate displacement time, and
displacement distance were measured. On the basis of these data, power, specific thermal
load, displacement velocity, and the reactive force acting on the plate were determined.
Three experimental plates were used, which made it possible to compare the obtained
results and assess the repeatability of the process.

The experiments showed that as the thermal load increases, the intensity of vapor
generation, the displacement velocity of the plate, and the reactive force acting on it also
increase. The results obtained from all three test samples confirmed a common pattern: a
higher thermal load intensifies bubble release and, accordingly, increases the mechanical
action on the boiling surface. The study also notes that when the process approaches the
critical thermal load, it becomes unstable and may lead to overheating or damage to the

29



plate. The reactive force was not measured directly with a force sensor; instead, it was
determined on the basis of the motion of the plate and the evaluation of hydraulic
resistance. Therefore, the obtained results have an experimental-calculative character.

The concluding part shows that the reactive force generated during boiling is
small, yet it actually exists and is sufficient to move an unfixed heating plate in the liquid.
The research results confirm that the mechanical effects of boiling should be studied on
the basis of a unified balance of heat, mass, and momentum. The thesis has both
theoretical and practical significance, because it fills an existing gap in the study of boiling
processes and creates a basis for more accurate evaluation and safer operation of energy,
thermal engineering, and other technological systems. The conclusions obtained may be
used in future research where more precise measurement, modeling, and engineering
consideration of mechanical loads generated during boiling will be required in practical
installations of different scales.
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