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, SCIENTIFIC AND TECHNICAL

NUMERICAL ANALYSIS OF THE PROCESSES
OF HEATING AND CONVECTIVE EVAPORATION
OF METAL IN PULSE LASER TREATMENT

I.V. KRIVTSUN, I.L. SEMYONOY and V.F. DEMCHENKO
E.O. Paton Electric Welding Institute, NASU, Kiev, Ukraine

Mathematical model of the processes of heating, melting and evaporation of metal under the effect of a focused laser
beam is suggested. The model allows describing thermal processes in the bulk of metal and gas-dynamic processes in a
metal vapour flow occurring in laser treatment by using pulse lasers. Numerical analysis was conducted to study the
processes of heating and convective evaporation of metal with a millisecond pulse of the Nd:YAG-laser beam affecting

a low-carbon steel sample.

Keywords: pulse laser, laser radiation, metal, temperature
field, evaporation, metal vapour, Knudsen layer, gas-dynamic
processes, mathematical model

Investigation of physical processes occurring in inter-
action of the high-intensity laser beam with a material
plays an important role in development of new tech-
nologies for laser welding and treatment of different
materials, and first of all the metallic ones [1—4]. Of
special interest for upgrading of such technologies as
microwelding, engraving, drilling, etc. is investiga-
tion into the processes of interaction of the focused
pulse and pulse-periodic laser beams with metals [5—
8]. Such processes include absorption of the laser beam
by metal, its heating, melting and subsequent evapo-
ration accompanied by scattering of the metal vapour
into a surrounding gas (convective evaporation mode).
Normally, analysis of convective evaporation of metal
to determine quantitative characteristics of the evapo-
ration process (density, temperature and velocity of
scattering of the vapour) is performed by using a model
suggested by C. Knight [9]. This model is based on
the assumptions that the vapour flow is unidimen-
sional and stationary. However, both of the above
assumptions are known to be invalid in a case of high-
rate heating of metal with a focused pulse laser beam,
as upon reaching boiling temperature T}, the melt sur-
face at the heat spot centre continues heating up to
the temperatures that are much in excess of T}, and
the vapour flowing from the heat spot experiences
side unloading, this causing violation of the unidi-
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Figure 1. Scheme of heating of metal plate by laser beam: 7 —
plate; 2 — heat spot; 3 — laser beam axis

© 1.V. KRIVTSUN, L.L. SEMYONOV and V.F. DEMCHENKO, 2010

2

mensional flow pattern assumed in study [9]. The
present study is aimed at analysis of applicability of
different models describing convective evaporation of
metal under the conditions of heating of a metal plate
with the focused pulse laser beam (ionisation of vapour
and formation of laser plasma being ignored).

Consider the process of heating of a metal plate
with single pulse of the focused laser beam. Assuming
the spatial distribution of the radiation intensity to
be symmetric about the beam axis, formulate the
mathematical model of heating of the plate in the
axisymmetric statement. Introduce the cylindrical co-
ordinate system as shown in Figure 1. Assume that
radiation intensity I is distributed uniformly over the
heat spot with radius Ry and remains constant during
the pulse. Radiation intensity I is determined through
total energy W of the pulse, its duration Tt and cross
section area of the beam on the plate surface, S =
= 1P}, as follows: Iy = W/ (1S).

The volumetric character of absorption of laser
radiation can be ignored for the majority of metals.
Then the thermal effect by the laser beam on a metal
sample can be assumed to be a surface heat source
distributed over the plate surface with density g(7):

o) {A(TS)IO at 7 <Ry,

~ 10 at 7> R,, M

where A(T) is the coefficient of absorption of laser
radiation, which depends upon the temperature on the
metal surface, T,(7).

Write down the equation of thermal conductivity
of a sample in the following form:

or 1o, or) af, or
Chp(T) —=——|rT) — |+ — | MT) —},
O 5 rar[r()ar]+az[()azJ ©
0<r<R, 0<z<L, t>0,

where C(T), p(T) and AMT) are, respectively, the
effective heat capacity of metal (allowing for the la-
tent melting heat), density and coefficient of thermal
conductivity.

Write down the boundary conditions for equation
(2) in the following form:
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