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CALCULATION OF THE SURFACE TEMPERATURE OF A METAL TARGET,

HEATED BY LASER RADIATION, OPERATING IN FREE-RUNNINC MODE

V. B. Lugovskoy

With the fulfillment of certain conditions [1] the heating of
metal by laser radiation pulse can be celculated within the theory
of thermal conductivity. In this case the solution of the thermal
problem can be obtalned in general form by standard methods. However,
during the oractical computation of the temnerature of the metal
target surface, heated by laser radiation, onerating in free-runn;nﬁ
mode, considerable difficulties annear, which are connected with
the complex character of change of the nower and density of radiation
vower in time.

The methods of solving thermal nroblems, based on the summation
of temperature increments, caused by the action of radiation neaks,
standardized with respect to power, form and pulse revetition [2, 3],
although they permit revealing some neculiarities of the thermal
action of laser radiation on metals, are little suitable for
practical use durlng the study of the kinetics of heating of a
substance by laser pulses.

It is expedient to obtain the annroximate solution by examining
separately the action of a single pneak and the combined action of a
large number of radiation neaks. If the solution of the bouncdary
value problem of thermal conductivity can be renresented in the

form of Duhamel integral

FTD-ID(RS)I-155U4-76 1




> |
e
]
3 i

t
T(x.y.&f)f=Vh(X.y,af'—s)f(X.y.O,ﬂth-: (1)
0
ch(xy, 2 )RS (x 0 0,8),
where
T'(x, 9, 2,1) - chanpre of temperature at voint | % 4 2] at moment
of time t;

f(x, y, 0 1) - absorbed part of the density of liprht flux at
point {xfm(%t] on the metal surface;

hi{x, y, 2, 1) - function, the form of which is determined by the
equation of thermal conductivity, initial and boundary conditions,
then by using one-sided Lanlace transform with resvnect to time 1t is
easy to show that the actlion of linear differential overator L
(wvith resvect to variable t) on T(t) is eoulvalent to its action on
any of the functions of convolution A(t) or i,

I as such an onerator we use the averaring orerator on

Iinterval (¢ - M, E) or close te 1t (with sufficiertly larpre
oMo
valuesg ty =) the arerator of sppathine ©f the signal

e RC-chain with time constant -’ , then the chanpe of ternerature,
caused by laser pulse, can be found by the suceessive avnlication
of two operations,

First let us caleulate the averape (Srootiied) value

T IO IO

gnd then, aating en J with oseyator lf’ , inverae te L, we

obtain
riy < ray. (3)

FID-1D(RS)I-155U4-76 2
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The precise determination of temperature from relationshins
(2) and (3) is connected with the same difficulties as with the
use of equation (1). However, from these relationshivs we can find
the approximate value of T¥(t), the difference of which from T(t)

is connected with the loss of high-freauency comnonents of the signal

1

during recording of the smoothed laser nulse 4(¢) and during
numerical integration (2). The values of T¥(t) and T(t) can be

represented in the form

e Ty, h)
r=re -r oy ,
= ' T, 7, (5)
where I'(f) - lower envelopre of temnerature pulse, subseauently
called the integral tenlverature;

f, = change of temrerature, caused by a separate neak:

I, - its averape value on the interval between tuwe
adjacent neaks.
With smoething of the laser sipnal by RC-chaln T% can be

foeund {rom relatienship

ll’ +

R TR (6)
Thugs, for the charaecteristic of tapget heating av assipnred
morent of time t 1t 1s necessary to r'ind Inategral heating 7:&) and
change of temperature  7.() under action of » sevnarate radintien
peall at the considered moment of time. Calculation of the intepral

tomporature s substantially simplified with the use of smoothed

funetions of laser nower fif). which are not diffieult to
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obtain experimentally.

As practice has shown, sufficiently "smooth" functions are
obtained with ’t5g;lo—5-10_u sec. Because of the comparative
simplicity, smoothed functions in some cases can be annroximated
by linear or other known functions of time and a final solution for
integral heating can be obtained in analytical form.

By the described method of calculation we established the main

istinetive features of the thermal action of laser radiation,

operating in free-running mode, on retal tarpets 1f the averare and
statlstlical parameters of the laser nulse and the neaks entering its
compositlion are known. In varticular, we can deterrine the relationshin
between peak and Integral heating, find the threshold density of

energy or denslty of vower, at which failure of the tarpet raterial

ls started, we can establish thelr connection with snace~time

paraneters of real laser unulses.

If we constder that all the thermonhysieal charaecteristies ef the
raterial de not denend on the temperature, ana the dimensions of the
illuminated nart of the tarpet surface and 1ts thickness are rueh
smaller than the length of difrusion af heat Vat (n =coefficient
of thermal condustivity), and we assure that radiatlon ts distributed
unifopmly within the irradiasted zone for easch veak, then the relattenghin
of maximums of pesak and intepral heaging ) and the threghold

L

value of the eneppy density of laser oulsge £y are deterrined

0 ;w 4
by relatienships

o, 7 ( 1 )

i 1 byt

r:“vl "‘ ‘K':‘A):I ‘

“’w‘“:ﬂf 7 ’.{‘(‘ ia)ll s 'n "'1" f' K (S)

h




here
anax } }’n / s
N N Cm i
r:wax Vo l'/ *n
Tﬁ
fiy cn e -
i lnmlx
-
(for rectangular peak npt?i.ég-, Q -smoothness of neaks):

-¢' = pulse duration; Y -~ magnitude denending on its form
(for a1 -pulse y-=I, for triangular vnulses -Q can take values from
0.94 to 1.09 depending on the relationshin of durations of the
forward and rear fronts);

Indices ), and ¢ vertaln resvectively to the realk and total nulse:

K and R - coefficlents of thermal conductivity and reflectivity
of the metal;

¢ and p - 1lts specific heat and density: . - tetal nurber
of peaks in the laser pulse.

Comparison of experimental and caleculated data during the
study of eleviron emirsion f'rom niekel [H], and alve the comiubed
and observed values of ... has shewn that during the deterrination
of the temperature of the taprret surface 1t ig necessary te considep
the nonldentity of the snatlal distributien of the rpdiation ntensity
in the separate peaks and In the total laser oulse.

I we assume that the area, irradiated by the sevarate veak, on
the avorape 18 n tirez smaller that avea &, {rradiated by the total
lager pulse, but during timet'=nt the averape valuo of density of
radistion power remalns the same as with tdentical dlstributton of

radiastion in the peaks and pulse, then 1t 18 easny Lo shew that

FTD=ID(RS)I-15%4=76
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(the primes corresvond to the nonidentical distribution of intensityv).
With large spacings of veaks (Q3>30) or considerable snace-
time nonuniformity of radiation the neak heating can be eaual in value

or even exceed the maxinur integral temmerature. Under these
conditions exceeding the threshold densilty of energy will lead to
decrease of the rates of growth of Integral heating due to losses of
of energy on evaporatlion of the surface layer of substanece,
Examinatlion of the simplifled model of tarpet heating with the
vaporization of metal by senarate veaks of radlation has shown that
along with the ilimitation of maximur attainable ntepral temverature
there sheuld occeur & shift el the center of sravity of the temperature
pulse toward the start eof the reading of time with ineresse of the

density of the vower of radiation hitting the tappat.

]

f wen o the dependence of the maxXimur of intepral
heating on the pradiation vower density 1s linear. For ol .,

a8 discontinulty of this devendenes should be observed al tenperature

It should be noted thal a decrsase of the rellection of lipht by
the target surface with rise of 1ts termerature will lead to the
opposite phenomena. In norticular, incrcase of the radiation nower
denslty 1s aceomonniod by o 4hift of the eenter ol gravity of the

intepral heatling oulse to the right along the Cime axis.  #3 was

FID-ID{RS)I-155U~76 ¢
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shown in [3], for peak heating high rates of change of temnerature
during heating and the cooling down of metal are characteristic.
Intergal heating describes a slower orocess with conslderably smaller

temperature gradients and deeper nene.ration of heat into the metal.
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