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Supplementary Materials
Section S1. Theory

Post-mortem temperature change of the human body

With its death, the human body ceases to thermoregulate and given a temperature gradient
between the body and its surroundings, heat will be exchanged until a state of thermal
equilibrium is reached. This exchange of heat will become apparent as a change in body
temperature. The dynamics of this process are fully determined by the magnitude of the
thermal gradient and the specific thermal properties of the involved materials.
Consequently, knowledge of these thermal properties and timely (prior to thermal

equilibrium) probing of this process should allow the reconstruction of the PMI.

The dissipation of heat and the associated change in temperature in its most general form
are described by the transient heat equation. As such, an analytical solution describing this
process for the complex case of a human body does not exist. Alternatively, this heat
transport can be modelled as a steady-state combination of three distinct heat transfer
processes: conduction, convection and radiation. This, in turn, allows numerical simulation
of the body temperature evolution using finite difference methods. Here, the spatio-temporal
domain of the heat exchange process is divided into intervals and derivatives are

approximated by finite differences between neighboring elements.
Heat exchange phenomena

The heat transfer phenomena of the composite model and their dependence on physical

properties can be stated as follows (37):

(1) Conduction: AE = h;onqAATAt  where heppg =

~l>

(ii)  Convection: AE = hgpn, AATAt  Where hgyp, = N%/I

(iii)  Radiation:  AE = h.qqAATAt  where hyqq = 0€(TZ + T2)(Ty + To)



Expression (i) follows directly from Fourier’s law of heat transfer. We use this expression
to calculate the heat transfer between the body and solid materials, such as clothes and the
substrate on which the body is positioned. In order to include convective heat transport (e.g.
through air or water), relation (i) is modified to equation (ii) using the fluid mechanical
description of gases. Finally, (iii) is a direct consequence of the Stefan-Boltzmann equation
for radiative energy transfer under the assumption that the difference between T, and T, is
small. Here, 4E denotes the amount of heat energy [J] transported through the area A [m?]
in the time interval 4« [s], driven and regulated by the finite difference in temperature AT
[K] and the conductance heondiconvirad [WM2K™], respectively. Furthermore, the quantities 4,
l, L, Nu, o, €, Tp, T, denote thermal conductivity [Wm™K™], length [m], the characteristic
length for convective heat transfer (33) [m], the dimensionless Nusselt number for combined
free and forced convection (33, 38), the Stefan-Boltzmann constant [Wm™2K™], the
dimensionless emissivity, as well as the temperatures of the body and the environment [K],

respectively. The Nusselt number for combined free and forced convection is computed as

follows: (Nufree3 + Nuforced3)§. The Nusselt number for free convection is given by:
Nuree = 0.63Gr%%Pr%2° (38), where Gr and Pr denote the Grasshof number for a vertical flat
plate and the Prandtl number, respectively. Nufrced depends on the Reynolds number, i.e.
the flow regime, of the surrounding fluid (33). In the laminar flow regime, we compute
Nurorced by averaging the Nusselt numbers for flow along a plane and a cylinder (as an
approximation of the human body):
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In the turbulent regime, we calculate Nuforceq USING:
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Where Re and Recit denote the Reynolds and the critical Reynolds (in our case Recit =

1
Nu = +0.037 Pr3 (Re®® — Re.it*®)

5*10°) number, respectively. To arrive at a comprehensive description of the local heat
exchange, the conductances (hcond, heonv and hrad) of (i)—(iii), also known as heat transfer
coefficients, need to be combined appropriately. As conductance is additive in layered
geometries such as the body, the total conductance is related to the individual conductances

by the following expression (39):

. 1 1
v = —
( ) htotal Zi hi

The change in temperature induced by the transferred heat is given by the following relation

(37):
v) dT=—=—=~—

Here C, ¢ and m denote heat capacity [JK™], specific heat capacity [JK*kg™] and mass [kg],
respectively. Finally, combining (i) — (v) yields the desired estimate of the change in

temperature as a function of time.

Rtotal A At AT
mc

(vi) dT =

Domain discretization

For the finite difference scheme an isotropic three-dimensional (cubic) mesh was used
where the grid size 4x was set to 0.01m. This discretization yields the parameters 4, AT and
htotal, required to compute dT, denoting the contact surface, the temperature difference and
the combined conductance for two neighboring cubes, respectively. Similarly, to obtain

spatially-resolved temperature data for different time points, it is necessary to discretize the



time prior to equilibrium into finite time intervals A¢, which yields the last parameter needed

to solve (vi).
Computational implementation

Simulation of the temperature evolution can be implemented as follows (40): first, a period
is chosen for which the heat exchange is simulated, for example 24h. This period is then
discretized into i finite time intervals of length Az, e.g. 60s, yielding the number of
computational iterations needed to simulate the temperature evolution in the chosen period,
in this case i=1,2,3,...1440. Following this, the cubic mesh is generated automatically using
the body dimensions provided by the user. The size of this mesh (number of grid points)
varies with body size in order to optimize memory usage (in our case the largest number of
grid points was 544320). Next, every cube in the grid is assigned a material, i.e. thermal
properties, corresponding to either non-adipose tissue, adipose tissue, surrounding medium
(e.g. air/water/solid substrate) or, if applicable, clothes. Subsequently, every cube is
assigned an initial temperature, e.g. 37°C for the body or 4°C for the surrounding medium.
These temperatures are then continuously updated for every time point (ti = i*47) by
computing (vi), where AT then refers to the temperature difference between neighboring
cubes from the previous time step ti.1. Here, we used an explicit scheme with A¢ set to 60s
and Ax set to 0.01m. This choice yields a numerically stable implementation as the largest
thermal diffusivity assigned in any of our simulations was 0.26*10® m?s. Note, that only
temperatures of body cubes (i.e. non-adipose / adipose tissue or clothes) are updated, as
energy transferred to the surrounding media is assumed to dissipate and is hence excluded
from any future heat exchange. Storing these updated temperatures for all body cubes for
all tj yields a spatially-resolved simulation of the temperature evolution (see Figure 5B) and
consequently allows comparison with temperatures measured at specific body locations (see

Figure 2). This, in turn, enables numeric reconstruction of the PMI by simulating the heat



exchange until a certain (location-specific) measured temperature is reached; the required

number of time steps ti then corresponds to the reconstructed PMI.
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Fig. S1. Effect of sternum on chest temperature. Temperatures measured at different

locations on the chest of a cooling deceased human body.
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Fig. S2. Extended parameter sensitivity analysis. Effect of variation in the model input
parameters (A) thermal conductivity of adipose tissue and (B) thermal conductivity
of non-adipose tissue on the reconstructed PMIs. Circles and upward pointing
triangles denote results for the parameter variations at 10 C and 20 C, respectively.
Negative values of the PMI deviation correspond to an underestimation of the real

PMI while positive values indicate overestimation.



Initial Body Thermal Conductivity
Set # Body Fat Percentage [%]
Temperature [ C] Clothes [Wm™K1]
1 (Reference) 37 0.03 29
2 36 0.03 29
3 36.5 0.03 29
4 37.5 0.03 29
5 38 0.03 29
6 37 0.02 29
7 37 0.025 29
8 37 0.035 29
9 37 0.04 29
10 37 0.03 25
11 37 0.03 27
12 37 0.03 31
13 37 0.03 33

Table S1. Parameter sensitivity analysis. Parameter sets used for sensitivity analysis.
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