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Numerical simulation
of the heat transfer process
in biological tissues during laser heating

The paper presents the results of numerical simulation of the process of heat prop-
agation in vessels and adjacent biological tissues as a result of exposure to a hot jet
induced by laser radiation. The results of the work allow us to make an estimate for
the jet velocity at which uniform heating of tissues to an acceptable temperature is
possible, which is of great practical importance.
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Problem Statement

Simulation of the formation of hot jets in the process of laser heating is one of the
interesting problem that allows one to evaluate the effect of a propagating temperature
field on tissue heating. It is known that the optimal heating temperature leading to
protein coagulation is 70°C. The present study shows the method for heating a round
area of radius R = 1 ¢m, consisting of sections with biological tissue, between which there
is a biological fluid. Since a submerged jet with a temperature of 100°C' [1] is formed
at the tip of the waveguide during bubble collapse, it is necessary to find the optimal
parameters of the submerged jet velocity and the intervals between the emerging bubbles,
which will allow creating conditions for uniform heating of the area under study up to a
temperature of 70°C. The location and size of the tissue sections are set in such a way
that the average size of the interstitial space is 1 mm. The properties of the interstitial
substance and tissue correspond to water. Adhesion conditions and ideal heat transfer
on the contact surfaces are set between the tissue and the interstitial substance. On the
outer surface of the computational domain, the no-slip conditions and the outlet heat
flux of 100 W/m? are set. The waveguide region is defined by a cut out rectangle in

Institute for Applied Mathematics, Far Eastern Branch, Russian Academy of Sciences, Russia,
690041, Vladivostok, Radio st., 7.
E-mail: datsep@gmail.com (E.P. Dats).



168 E.P. Dats

the lower part of the computational region with a width of 0.4 mm. A temperature of
100°C' is set on the upper part of the waveguide. The initial temperature of the tissue
and interstitial substance is 36.4°C.

Results

The problem was solved in a two-dimensional formulation using the finite volume method
within the framework of the Ansys Fluent 2021 package. The fluid dynamics model is
described by the continuity equations, the Navier-Stokes equations and the k-epsilon
standard turbulence model. The system of equations is closed by the heat equation and
the boundary conditions presented in the previous chapter. As a result of calculations,
it was found that uniform heating of biological tissue occurs at a flooded jet velocity
v =100 m/s. In this case, the jet action interval is 0.001 s. After that, within 0.1 s, the
average temperature of the biological tissue reaches the value of 70°C'. Fig. 1 shows the

temperature distributions at different times.
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Fig. 1: Temperature distributions at different times.
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Conclusion

The dynamics of temperature field propagation in biological tissues subjected to rapid
heating of a hot submerged jet is calculated. It is shown that with a short exposure to a

hot jet, the process of uniform heating of tissues to a given temperature is possible.
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AHHOTAITNS

B pabote npecraBiieHbl pe3yJsIbTaThl YUCJTEHHOI'O MOJIETNPOBAHUS IIPOIIECCA
pacIpoCTpaHEeHNs TEIIA B COCY/IaX U IPUJIETAIONMNX K HUM OHOJIOTHIECKUX
TKaHAX B pe3yJibTaTe BO3JeHCTBUA ropddeil CTPyHW, MHIAYIUPOBAHHON Jia-
3€pPHBIM U3jIydeHneM. Pe3yabTaTbl pabOThl TO3BOJISIIOT CIAEIATH OIEHKY JIJIs
CKOPOCTH CTPYH, IIPU KOTOPOI1 BO3MOYXKEH PABHOMEPHBIIT PA30IrpeB TKAHE J10
JOIyCTUMON TE€MIIEPATYPBI, UTO UMeeT OOJIBIINOe IPAKTUYIECKOe 3HAUEHUE.

Kurouesnie ciioBa: sasepol, menaonposodHocms, 3amonientas cmpys, ouo-
NO2UMECKAA MKAHD.
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