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Supplementary Materials: Derivation of Equation (5)

The model’s time-resolved, three-dimensional temperature distribution T(x, y, z, t)
used in the main text is deduced in the following. The approach is analogous to that for
two dimensions, described concisely in [2] and in more details in chapter three in [1]. The
variables whose meaning is not described below are explained in the main text.

Here, the heating source, i.e., a laser beam, propagates along with the moving fluid in
the x-direction. Thermal diffusivity is considered in all directions. The derivation starts
with the temperature differential equation, which is found in the main text and writes as:

oT(x,y,z,1)
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The Green’s function method solves Equation (1), yielding:
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with G being the Green’s function and Q the heat. The latter is defined as:
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with Eg and f( being the total energy and time duration of one laser pulse, respectively.
Fort > ty, Q(x,y,z,1) is zero.
The differential equation for the Green’s function is:
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with the boundary conditions being:

G(£o0/& y/y; 2/6; t/T) =0,
G(x/& +oo/n; 2/6; t/T) =0,

G(x/& y/n; £00/6; t/T) =0,
G(x/& y/u; z/6; 0/7) =0.

Fourier transform of Equation (4) is:
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Laplace transform of Equation (6) gives:
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The solution of Equation (7) is:
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The inverse Laplace transform of Gr gives:
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with H(t) being the Heaviside function:

0 for0<t<r
H:(t) = . 10
<(t) {1 fort > . (10)
The inverse Fourier transform of Gr yields the Green'’s function:
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For solving the integrals in Equation (11), the convolution theorem is used, which, in
the following exemplarily for x, has the form:
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Applying the convolution theorem, the first integral in Equation (11) writes as:
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The second integral in Equation (11) writes as:
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The third integral solves equally to the latter for (y — z, 7 — 0).
The Green'’s function in a simpler form is obtained by substituting the solutions of the
Equations (13) to (14) back into Equation (11):
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Substitution of G from Equation (15) and Q from Equation (3) into Equation (2) yields

the result:
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fort >ty AN xg < x < x1q,

with er f being the Gauss error function.

We are considering a time-dependent input power source, e.g., a modulated laser
beam. Thus the time-independent term E/ty, i.e., Py, is substituted by the time-dependent
term P(t). We define T (x, y,z,t) =T(x,y,z,t)/ Py, and express T(x,y,z,t) as convolution
of P(t) and T(x,y,z,t):

t
T(x,y,z,t) = (P®T(x,y,z) /P ) T(x,y,z,t—7)dt. (17)
0
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This leads to the following expression:
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for xp < x < x3.

T(x,y,zt) =

We further include R’(#) into (18), which is a function of the target- and fluid-specific
excitation relaxation time 7¢ and accounts for the delayed heat release from the excited
molecules:

, e*t/TE
R(t) = ——. (19)
E

Combining this with the definition of x( as zero leads to the final expression for the
temperature distribution found in the main text:
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