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Evaluation of the boiled water mass fraction
during its heating
by a laser heating element

In the paper the mass fraction of water boiled during its laser heating near the
working tip of an optical fiber coated with a thin layer of iron oxide that absorbs
radiation is estimated. This information is necessary for calculations of the dynamic
and thermal effects of laser cavitation, which are of great practical importance.
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Laser heating is widely used in technical applications and medicine, especially when
laser radiation can propagate through an optical fiber. In this case, the conversion of
laser radiation into heat occurs in the vicinity or at the end of the quartz distal tip
of the optical fiber. Due to the small diameters of the fibers (tenths of a millimeter),
even at low radiation powers the heat sources of record heat flux values (of the order of
1-10 MW /m?) can be created [1]. When optical fiber is used to heat liquids, in particular
water, which is the basis of any biological fluid, the fiber end face becomes a concentrated
laser heating element. This heat source being placed into water, can quickly locally heat
it to a saturation temperature (100°C). When the saturation temperature is reached,
the water in the vicinity of the end face of the fiber locally boils. However, not all of the
heated liquid boils, but only some of it. The estimate the mass fraction of boiled water is
the aim of this paper. Fig. 1 shows an elementary act of water boiling up at the end face
of a cylindrical optical fiber with a diameter of d = 600 pm, coated with a thin layer of
iron oxide, which completely absorbs laser radiation with a wavelength of A = 0.97 pum.
As follows from frame 1 of Fig. 1, a cylindrical layer of heated liquid with a thickness
of H = 170 ym and a diameter of 600 um was formed at the end face of the optical
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Fig. 1: An elementary act of water boiling at the tip end face of an optical fiber coated
with a layer of iron oxide that absorbs laser radiation with a wavelength of A = 0.97um.
Radiation power 7TW. The time between frames is 4.2us. Fiber diameter 600um.

fiber. Further, the liquid boils with the formation of a vapor bubble, which grows to the
maximum size and then collapses, since it meets the surrounding liquid subcooled to the
saturation temperature (Fig. 1, frames 2 - 26). Only a part of the heated liquid boils,
and completely turns into steam (frame 16 of Fig. 1, where the vapor bubble reaches
the maximum sizeR; = 686 wm). The rest of the heated liquid is located in a layer
of thickness h = Ry—R; around the bubble, where Rs is the radius of the sphere that
bounds the entire heated and evaporated liquid.

The condition of equality of the masses of water heated at the end face of the optical
fiber and the mass of water concentrated in a sphere bounded by a radius Rs gives:
M, = My, where My = pyHd*n/4 and M, = %w [R%pl + R3(py — pl)]. From this con-

1/3
dition one can find Ry = [13—6d2H + R3 (1 — ﬁ—f)} = 694 pm, where p1, po are density
of water and steam, respectively , h = Ry — R; = 8 um, and the ratio of the masses of

heated water to the mass of steam % =~ 36.

Conclusion

The experiment shows that only 36 % of the water heated by laser heating near the fiber
tip boiled up and turned into steam.
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AHHOTAIINS

B pabore mpuBouTCs OIeHKA MAaCCOBOI 10/ BCKUTIEBITIEH BOJIBI IIpH €€ Jia-
3epHOM Harpese BOJU3U PabOIEro KOHYUKA OMTOBOJIOKHA, TOKPBITOIO TOH-
KHM CJIOEM OKCHUJIa YKeJle3a, [OTJIOIIAIOIIEero N3/1y YeHe. DT CBeIeHUsI HeoO-
XOAUMBI JJIsT pacdéra IMHAMUYIECKIX W TEILIOBBIX 3(M@EKTOB JTa3epHOi Ka-
BUTAIIAN, UMEIOIIIX OOJIBIIOE ITPAKTHIECKOE 3HAUEHIIE.
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