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The Virtual Habitat project (V-HAB) at the Technical University of Munich (TUM) aims 
to develop a dynamic simulation environment for life support systems (LSS). Within V-HAB 
a dynamic human model interacts with the LSS by relevant metabolic inputs and outputs 
based on internal, environmental and operational factors. The human model is separated into 
five sub-models (called layers) representing metabolism, respiration, thermoregulation, water 
balance and digestion. The Wissler Thermal Model was converted in 2015/16 from Fortran to 
C#, introducing a more modularized structure and standalone graphical user interface (GUI). 
An interface was implemented to allow the usage of the standalone Wissler Thermal Model 
with V-HAB and any other programming environment offering a MySQL connection. 
While previous effort was conducted in order to make the model in its current, accepted 
version available in V-HAB, present work is focusing on the passive system. The passive 
modelling, including the modelling of the human body, the modelling of the heat transport 
mechanisms, and the numerical calculations and procedures performing the calculations, was 
assessed, analyzed, and reworked. The rework includes a more precise analyzation of the real 
human (tissue composition and body measurements) buildup using state-of-the-art data. 
The current work focusses on the optimization of the predictions of the integrated Wissler 
Thermal Model (consisting of passive and active model). The models (old and reworked 
version) are subsequently compared to one another and to experimental data. 

Nomenclature 
GUI = Graphic User Interface 
LSS = Life Support System 
NG = New Geometry 
NP = New Properties 

TUM = Technical University of Munich 
V-HAB = Virtual Habitat 
VO2MAX = maximal oxygen consumption

 

I. Introduction 
IRST published in 19611 the Wissler Human Thermal Model became one of the most sophisticated and well 
accepted human thermal models today – being used by NASA, SpaceX, Paragon SDC, the Office of Naval 

Research and several universities – especially gaining acceptance in the field of aerospace engineering and extreme 
environment simulations. Within this 57 years’ time frame the Wissler Human Thermal Model went through several 
revisions2–4 with its most recent in 20095 adding a 3D buildup using right-circular cylinders and adding new algorithms 
for the calculation of heat transfer. Today the model is described as one of the most complete and most capable general-
purpose models available for the simulation of the human thermal behavior6,7. 
 While the model is used to predict the behavior of humans in normal air atmosphere or in (partially) submersed 
situations in a wide range of environmental temperatures and percentages of humidity, little attention was given in the 
past to the foundation of the model and the values used within it to predict humans. 
 This paper is intended as a clearly topical review, describing the goals and scope of and for the rework of the 
Wissler Thermal Model so far as well as indicating needed future work. Further papers describing each of the rework 
tasks in detail are under preparation. 
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A. The 2009 Wissler Human Thermal Model 
 The 2009 model5 consists of 21 elements representing head (two elements), torso (three elements), and legs and 
arms (each by four elements). Each of these cylindrical elements consists of 15 radial nodes (layers) of tissue and up-
to additional six radial nodes of clothing. Each layer is then subdivided into 12 angular nodes – in total 5061 nodes 
(the center node of each element is calculated only once). Each node contains information about the local thermo-
physiological properties such as density, thermal conductivity, specific heat, temperature, blood perfusion rate and 
metabolic rate. 
 As described in an earlier publication7 the model incorporates distributed energy production, axial heat transfer 
between the elements via blood, and radial heat transfer within each cylindrical element based on convection, 
conduction and arteriovenous countercurrent heat transfer using an alternating direction implicit numerical method to 
calculate the heat transfer via conduction in the elements5. Energy transfer via blood is described for each element, 
and environmental conditions, and variables to the surrounding media (air or water) such as thermal conductivity and 
thickness of the clothing only apply to the outermost nodes (either skin or clothing) of each element. 
 The whole model, in its original version, is written in Fortran 77 but others have translated the model to languages 
like C6 or C#7,8 and at the same time extended it with additional functionalities like a GUI, additional body elements 
or database access. 
 During the development of the 2009 model E.H. Wissler was strongly influenced by the work of Fiala et al.9,10 as 
he states himself that his model “resembles most closely the model developed in 1999 by Fiala et al., in that both 
models represent the human form […] and temperature vary as a function of radial and angular position and time”5. 
This influence can also be observed once getting deeper into the code and comparing values for physical properties in 
the code with the values used by Fiala et al. 

B. Approach 
During the translation process of the Wissler Thermal Model, described in a previous paper of the author7, it got 

clear that the model was lacking in documentation and commenting of the code itself. While previous effort 
concentrated on trying to document the existing code within the model as received, current work changed focus 
towards analyzing the foundation of the assumptions and modeled structure of the human itself. 

Great effort was performed to analyze physical properties of tissues, the human build-up itself (geometry wise and 
composition wise), heat transport, and more using state-of-the-art data. 

II. Assessment and Analyzation 

As the Wissler Thermal Model is originally written in Fortran 77, a programming language restricting code to the 
width of punched cards, the original code provided to the author by E.H. Wissler is lacking code commenting, 
hampering the understanding and analysis of the code. During the translation of the Fortran code to C# by the author7,8 
it was decided that for further use of the Wissler Thermal Model within the V-HAB project a complete deep analysis 
of the code, its foundation and justification would be needed in order to use the code. 

One of the main reasons for starting and deciding for a complete assessment, analyzation of the whole, and 
eventually rework of parts of the Wissler Thermal Model was the discovery of differences in height and thereby body 
measurement predictions within the model. It was found that if using the functions provided within the original Fortran 
code, height differences for a standard male (73 [kg], 176 [cm])11 between literature and prediction within the model 
can be as large as 115 [mm]12, resulting in a clinched simulated person (smaller body height but due to similar weight 
predictions wider body elements). 

It was then decided, that within a first step the passive model would be assessed, analyzed and reworked as a two-
step process going hand in hand with one another. First the code would be reworked whenever it is unclear due to 
missing documentation, not because something was identified as clearly wrong but because of the lacking ability to 
fully understand and thereby agree to the code implemented by E.H. Wissler. Second it was decided that due to the 
today’s ability of gaining access to literature the data on which the Wissler Thermal Model is based (e.g. body 
measurement – prediction, physical properties and internal body tissue buildup) needs to be assessed and analyzed 
and if needed reworked. 

Due to the scope of this paper the following subsections will only slightly dive into the work performed so far 
within this process. There are several detailed papers for each of these topics under preparation in order to give each 
of these topics enough coverage. 
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A. The Structure Calculation of the 2009 Wissler Human Thermal Model 
The internal structure calculation in the Wissler Human Thermal Model is extremely complex and depends on 

various inputs such as gender, skinfold, weight and internally defined, hard coded metrics. The calculations for the 
body measurement predictions are performed within the GEOMETRY subroutine within the model’s code. In order 
to calculate the radius and length of the 21 body elements, pre-stored values are taken from two arrays being 
subsequently adjusted based on the inputs (e.g. weight) provided by the model user. 

During the assessment and analyzation process it was found that when using the original model and setting within 
the model’s input file the gender to male and the weight to 73 [kg] for the average male person and the skinfold to 
14.6 [mm] (average estimated value), the values for length and radius of the 21 elements are calculated to be as shown 
in Table 1. When adding the element length for head, torso and leg together (elements 1 through 9), a combined length 
of 1645.15 [mm] is calculated for the height of the subject, showing a clear difference of nearly 115 [mm] compared 
to the average height for a standard male reported by the ICRP11. 

 
Table 1.  Element length and radius calculation by the original Wissler Human Thermal Model code from 

2009 for the standard male person 
Element 

K 
Height 
[mm] 

Radius 
[mm] 

Element 
K 

Height 
[mm] 

Radius 
[mm] 

Element 
K 

Height 
[mm] 

Radius 
[mm] 

1 74.15 91.07 8 243.91 63.40 15 123.91 46.59 
2 175.62 70.08 9 243.91 40.39 16 173.67 48.85 
3 289.77 165.36 10 173.67 95.14 17 173.67 40.52 
4 107.32 148.01 11 173.67 79.88 18 123.91 51.95 
5 163.13 148.02 12 243.91 63.40 19 123.91 46.59 
6 173.67 95.14 13 243.91 40.39 20 173.67 48.85 
7 173.67 79.88 14 123.91 51.95 21 173.67 40.52 

B. The Body Composition of the 2009 Wissler Human Thermal Model 
Using the above values and the distribution of the various tissues types such as heart, lung, skin or muscle tissue 

in the different elements, as hard coded with the model’s source code, at each specific node, one can calculate the 
mass of each tissue. This was performed again for the standard male. In order to make this process easier to visualize, 
2D diagrams of the cylindrical elements were created (cf. Figure 1) for each of the 21 elements showing the 241 nodes 
within each element. Exemplary the upper thorax is shown in Figure 1 (reaching from the connection point of the 
torso to the neck down to the height of the diaphragm) (the element color legend is shown in Table 2). 

It was identified that within each element node 4 (top right one) represents the anterior node while node 10 
represents the posterior node. This is in alignment with formulas implemented by E.H. Wissler within the model, e.g. 
with the formula for the calculation of the average skin temperature according to the Hardy-DuBois method, as 
reported by Nadel et al.13. Taking a closer look on the picture of the thorax it is easy to see that the main volume of 
this element in the center is occupied by the lung (light green) while the center left located heart (dark green) is sharing 
some of this space with it. Additionally one can see that the lung is surrounded by the rib cage which itself is 
surrounded by layers of muscles, fat and skin. Furthermore the rib cage is at the nodes 9 and 10 extended to the rear 
representing the spine. 

As a part of the assessment and analyzation performed it was found that certain bone and tissue representations 
are off place or do not correspond to values / weights of these tissue reported in literature12. One of these findings can 
be seen in Figure 1, in which the spine is not only extending at the posterior node 10 but also node 9, while the slightly 
left sitting node number 11 is not part of the spine representation, leaving questions about the decision why E.H. 
Wissler has chosen this representation of the spine within this element. 
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Figure 1. Thorax (Element 3) 

 
Table 2. Element Color Legend 

 Fat 
 Skin 
 Muscle 
 Lung 
 Heart 
 90% Muscle, 10% Bone 
 50% Muscle, 50% Bone 

C. The Physical Properties used within the 2009 Wissler Human Thermal Model 
In order to calculate the mass of the various tissue types within the Wissler Human Thermal Model not only the 

volume (gained from the element length, layer radius and tissue distribution – sections A and B) but also the density 
is needed. The physical properties of the various tissues are therefore listed in Table 3. During the analyzation process 
it has been found that various physical property values used by E.H. Wissler correspond to the ones used by Fiala et 
al.9, these are shown in green within Table 3 for better comparison. Due to code analysis it was discovered, that E.H. 
Wissler was first also using the same metabolic rate for the brain and muscle as reported by Fiala et al. but later 
changed these values to the reported ones in Table 3. 

 
Table 3.  Tissue weights (for the standard make) and properties 

Tissue Density 
[kg/m3] 

Thermal 
Conductivity 

[W/(m·K)] 

Heat 
Capacity 
[J/(kg·K)] 

Metabolic 
rate 

[W/m3] 

Weight 
in the 

model [g] 

Heart 1085.0 0.46 3768.0 CO 
dependent 

761.45 

Lung 50.0 0.28 3718.0 100.0 549.74 
Liver 1000.0 0.53 3697.0 4400.0 1280.25 
Brain 1080.0 0.49 3850.0 12000.0 1482.2 
Skin 1085.0 0.47 3680.0 368.0 2754.91 
Bone 1400.0 0.16 1591.0 1.0 6373.16 
Fat 850.0 0.16 2300.0 58.0 15261.79 

Muscle 1085.0 0.46 3768.0 550.0 39651.92 
Visceral 1000.0 0.53 3697.0 4100.0 5390.59 
Blood 1000.0 - 4148.0 - - 

 
If comparing the values used by Fiala et al. to the values of E.H. Wissler, which are not the same in both models, 

one will realize that especially the values for the lung differ a lot. Wissler uses a density being only 1/11th of the value 
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reported by Fiala et al. and at the same time a metabolic heat generation rate of 1/6th of the value used by Fiala et al. 
Due to this low density value chosen by E.H. Wissler (50 [kg/m3] is similar to the density of PS50 Styrofoam) the 
lung volume for the standard male reaches nearly 11 liters in the 2009 model code. Additionally E.H. Wissler uses a 
substantially lower thermal conductivity value for the bone being 0.16 [W/(m·K)] compared to 0.75 respectively 1.16 
[W/(m·K)] used by Fiala et al. and a heat capacity for the bone which is only the same when comparing Wissler’s 
value to the value reported by Fiala et al. for the head and facial bones but not for the other bones (therefore in light 
green marked in Table 3). Furthermore the heat capacity and density value for the blood used by E.H. Wissler and 
shown in Table 3 are nearly the same as for water (4184.4 [J/(kg·K)] and 1000.0 [kg/m3] at  20°C) but both are yet 
again different from the values used by Fiala et al. (3650 [J/(kg·K)] and 1069.0 [kg/m3])9. 

D. Conclusion of the Assessment and Analyzation 
These findings, the difference between model prediction in the body structure calculation compared to reported 

literature values (subsection A), the difference between internal body tissue composition and assumed body buildup 
(subsection B), and especially the differences between the physical property values used within the both well 
recognized models of Fiala et al. and E.H. Wissler (subsection C) led to the conclusion that a rework of all three parts 
of the passive model of the Wissler Human Thermal model is needed. 

III. Rework 

A. Anthropometry Assessment of the Human Body 
As described above in subsection II.A, the external buildup / the anthropometry of the human body is showing 

differences between values reported within literature and the prediction of body element length / radius measurements. 
Therefore it was decided to rework the extremely complex body element length and radius calculation 

implemented by E.H. Wissler, mainly based on the above mentioned arrays, storing length and radius measurements 
which are then changed mainly based upon the weight and skinfold of the subject being the only real body 
measurement inputs in the input file of the original mode. 
As the anthropometry is one of the most important parts within a human thermal simulation program, since it is the 
foundation for all further assumptions as it defined the external general buildup of the human within the model, a 
valid, profound estimation was needed. Since most standards such as the NASA-STD-3000 only provide ranges or 
percentile values for body measurements a more precise database is needed. As the overall intention within the V-HAB 
project is to use the reworked Wissler Human Thermal Model for a later application in the aerospace field, especially 
for the simulation of humans in extreme environments such as astronauts, a dataset was searched to cover medium to 
well-trained humans (as e.g. astronauts intend to be well but not excessively trained) of European and/or American 
origin. The dataset used for the following analysis was the “1988 Anthropometric Survey of U.S. Army Personnel: 
Methods and Summary Statistics” conducted by Gordon et al.14 The report not only provides statistics percentile data 
and frequency distribution data but also a full dataset of 132 standard measurements (cf. Figure 2) and additional 
information (such as age) for 1774 men and 2208 women. 
  

 
Figure 2. Points of various length measurements (adapted from Gordon et al.14) 
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Subsequently linear regression analysis for the dependency of length and circumference measurements with 
respect to stature (body height), body weight and age were performed. These three influencing factors were chosen 
because of their ease to be measured, compared to more difficult / time consuming measurements of other body parts 
(lengths or circumferences). 

B. The Internal Body Composition Modelling 
As described above in subsection II.B, the internal buildup and tissue distribution within the Wissler Human 

Thermal Model is leaving questions about the decision why E.H. Wissler has chosen the representation coded into the 
Fortran code of his model. 

The author identified three topics to be addressed concerning the internal body composition: the size of the organs 
/ tissues (e.g. weight of an organ), the location of the various tissues within each body part / element of the model (e.g. 
location of the liver within the abdomen) and the overall representation of the organs in relation to one another. 

First of all the size of the organs / tissues was analyzed by performing a wide spread literature review in order to 
gain information about the various organ weights. As the V-HAB project is intending to use the reworked Wissler 
Thermal Model for the simulation of astronauts, who are of various ethical backgrounds, can be both male and female 
and of various age (18 to 60+) and since the Wissler Thermal Model has the ambition to be a general purpose human 
thermal model it was decided to take all these parameters into account. Data was collected for the main tissues within 
the human body (which are mainly the ones used within the Wissler Thermal Model): Blood, Bones, Active Bone 
Marrow, Inactive Bone Marrow, Brain, Fat, Heart, Kidneys, Liver, Lung, Muscle, Skin, Spleen, Visceral (e.g. 
intestine, pancreas etc. combined). Ethnicities included into the research has been: Caucasian, Japanese, Indian, 
African American, mixed American population, Aboriginies, Venezuelan, Jamaican and Chilean. Additionally organ 
size deviations over various body weights was (underweight, normal weight, overweight, obese) studied and compared 
to the values currently used with the Wissler Thermal Model. 

Second the location of the various tissues within each body part / element of the model was identified and – if 
needed – reworked (cf. Figure 3 and Figure 4), based on the volume within each body element, the shell sizes, the 
organ volume / weight, and the location reported via cross-section pictures such as the ones published by Eycleshymer 
and Schoemaker15 in order to identify a more precise tissue location and tissue mixture for each node within the 21 
body elements. 

Third the overall representation of the organs in relation to one another has been reworked, as it was discovered 
that due to physical properties being different to other literature sources organs were volume wise differently 
represented (cf. lung volume in subsection II.C) leading to a changed heat conduction paths, and / or heat distributions. 
 

 
Figure 3. Central Trunk – Old buildup as by E.H. 

Wissler 
 

 
Figure 4. Central Trunk – New buildup as by J.P. 

Weber 
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C. Extension of Physical Property Database 
As described above in subsection II.C, the Wissler Human Thermal Model is using many of the physical property 

values reported / used by Fiala et al. Fiala in turn used values for his model reported by three different sources16–18. 
For these references, it has to be noted that especially the data of Chato16 contain many values reported not only for 
human but also animal tissue, and sometimes values for thermal conductivity are given to be applicable for both at the 
same time. Additionally, though using more references for the analysis of human tissue values, Werner and Buse18 
stated that the data reflects “uncertainty of physiological data, which is due to many facts. Such as spatial distribution 
within one organ, […]. Many data have even been estimated only from animal experiments” and Gordon17 also stated 
that “some data on human tissue has been obtained, but only data obtained from laboratory animals is available for 
many vital organs”. 

A general problem within tissue data assessment with the intention of applicability and transferability to human 
tissue is, as can be shown above, that a lot of the published data is sometimes solely gained from animal experiments, 
as tissue needs to be fresh if in vitro analyzed or in vivo if possible. Additionally there can occur differences between 
methods used to gain the same physical property, which has to be taken into account additionally and the number of 
samples with which a physical property was determined. 

Because of this the author decided to perform an extensive literature research to gain an extended database of 
physical property values for the main tissues within the human body (which are mainly the ones used within the 
Wissler Thermal Model): Blood (which is not a dedicated tissue within the Wissler Human Thermal Model, though 
being about 5-6 [kg] in the human body), Bones, Active Bone Marrow, Inactive Bone Marrow, Brain, Fat, Heart, 
Kidneys, Liver, Lung, Muscle, Skin, Spleen, Visceral (e.g. intestine, pancreas etc. combined). A main focus has been 
placed on including nearly solely values reported for humans and not animals (only where not otherwise possible 
animal tissue was included). Additionally great effort has been placed upon including various measurement techniques 
to rule out method side occurring measurement errors and on creating a great number of values reported for each 
physical property for each tissue time (a sufficient n for average value estimation across different authors). 

IV. Analysis and Simulation 
 As part of the assessment, analysis and rework process various parts of the passive model of the Wissler Human 
Thermal Model have been touched - physical properties were changed and the external and internal buildup was 
remodeled. In order to show the effect of each of these one by one added changes on the predictive capability of the 
thermal model the same experiment / simulation was carried out using three different stages of the model within the 
rework process. The first is the original model as received from E.H. Wissler, the second is the original model in 
which only the material properties were adjusted (named NP for “new properties”) and the third is the reworked model 
using both the new material properties as well as the rebuild internal and external geometry and tissue composition 
(named NG & NP for “new geometry & new properties”). Additionally for the NG & NP model code the equilibrium 
constant BETA describing the completeness of the equilibrium between the capillary blood and the surrounding tissue 
was adjusted to a more complete value compared to the original and NP model. This change in the variable BETA is 
resulting in a greater heat conservation towards the inside of the body and as (1 – BETA) reflects the degree to which 
blood temperature approaches local tissue temperature in capillaries. 
 The simulation is based on an experiment performed and published by Saltin et al.19 The simulated subject has the 
same characteristics as the male subject “PM” within the published study: VO2MAX = 4.2 [l/min]; height = 1.89 [m]; 
weight = 84 [kg]; age = 22 [years] and an assumed skinfold thickness of 14.6 [mm]. As in the study, the subject will 
cycle at 25, 50 and 75% of his maximal oxygen consumption (maximum metabolic rate), with an airspeed of 0.2 [m/s]. 
The mechanical efficiency during exercise phases within the simulation is assumed to be 25% and at rest 5%. The 
ambient temperature for the show simulations is 20 [°C] at an humidity of 40 [%]. The subject is seminude, wearing 
a T-shirt, underwear, walking shorts and shoes. 
 The test sequence will consist of three 30 minute long exercise periods at the above described progressively 
increasing VO2 rates. Each exercise period is followed by a also 30 minute long resting period. Before the exercise is 
started the subject will be exposed for 15 minutes to the environmental conditions. 

A. The Esophageal Temperature Prediction 
Figure 5 shows the predicted and measured esophageal temperature curves for the three model codes and the 

published data of Saltin et al. The orange, original model, plot is predicting the core temperature with the greatest 
offset error of all three simulated codes (a reason for this offset – in its magnitude indicating actually hypothermia – 
might be that the original model was used, as received, by only changing input parameters within the model’s input 
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file and neither changing other parameters within the model’s code nor adjusting parameters for core temperature fit) 
while showing the same trend as the original data of Saltin et al. shown by the light blue curve. Compared to this the 
green plot is showing the prediction of the NP model and compared to the original model codes prediction a more or 
less constant offset difference of 0.3 to 0.4 [°C]. This difference is a result of the heat generated within the different 
tissues resulting in a slightly larger metabolic heat generation in the NP code. 

In contrast to this the plot using the new geometry and new properties (NG & NP) shows the same overall pattern. 
Compared to this the green and orange plot, “ditches” within the core temperature prediction occur at the beginning 
of each exercise phase. While these “ditches” are more pronounced at lower exercise rates and strongly visible for the 
models using a lower value for BETA, it can be seen that same but smaller “ditches” also occur within the graphs of 
the original and NP model predictions of the core temperature. 
 

 
Figure 5.  Esophageal Temperature at 20°C Ambient Air Temperature 

B. The Mean Skin Temperature Prediction 
Figure 6 shows the predicted and measured mean skin temperature curves for the three model codes and the 

published data of Saltin et al. It can be observed that the less modified model stages (original and NP) show larger 
differences between the model’s prediction and the actually measured data of Saltin et al., while the stronger modified 
models show strong correspondence with the measured data. The original model is predicting the mean skin 
temperature at low workloads quite good but starts to overestimate the mean skin temperature with the beginning of 
the second exercise phase. This seems to be the result of the higher value chosen by E.H. Wissler for the equilibrium 
constant BETA resulting in a different heat exchange from the inside of the body to the outside and therefore resulting 
in lower core temperatures but much higher skin temperatures during exercise phases as anticipated when comparing 
the results to literature data. Compared to the original model, the NP model shows not only a higher mean skin 
temperature during rest (beginning of the simulation phase) (about 2 [°C] higher than the subject reported by Saltin et 
al.) but also during exercise phases. In comparison to this the red plot of the NG & NP model shows good 
correspondence with the experimental data especially at higher workloads, as the predictive values for the mean skin 
temperature at both higher and lower workloads are generally less than 0.5°C to 1.0°C off. 
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Figure 6.  Mean Skin Temperature at 20°C Ambient Air Temperature 

C. Discussion 
Taking the results from the previous two subsections great predictive qualities of the NG & NP model can be seen 

especially for the mean skin temperature. This highly modified model bases its better predictive capability on the 
better internal and external buildup of the model, during which heat is more precisely generated within the human 
body (better definition of the external and internal buildup), while at the same time better conserved (higher core 
temperature predictions) and brought to the outside (better trend shown of the mean skin temperature) of the human 
body during exercise and resting periods. This is assured by the difference of the NP to the NG & NP model code 
showing that the pure change of tissue properties does not lead to the improvement in the human body prediction but 
rather the combined changes made in body measurement prediction, the formulation of the internal element 
composition definition and the tissue properties. 

While there are some effects being observed which require further investigation, such as the effect observed during 
the simulation of the esophagus temperature, showing “ditches” in the predicted temperature at the beginning of 
exercise phases. A reason for this seems to be the calculation procedure of the blood temperatures itself but further, 
more detailed investigation on this side is needed as this is part of the active model and was therefore not part of the 
scope of this rework so far. But it shows yet again the tight linkage between a well-defined passive and active model 
for human body thermal behavior prediction. 

V.    Conclusion 
 The aim of this revision has been the optimization of the passive model of the Wissler Human Thermal Model. A 
widespread literature review was conducted leading to a deeper and more profound knowledge about tissue properties, 
tissue weights and tissue distribution within the human body. This enabled the author to conduct a wider assessment 
and deeper analyzation of the Wissler Human Thermal Model’s passive model’s buildup leading to the discovery of 
several questions within the model’s code. To name the main questions, there is no dedicated blood tissue, a clearly 
underestimated body height and no clear documentation where certain tissue properties are taken from and why these 
values are used. 
 Furthermore the assessment and analysis of the geometric buildup of the model led to another change of it. A 
statistical analysis based on a large database enabled the author to establish more precise body measurement prediction 
functions. 
 The final step of this revision has been to compare the original Wissler Human Thermal Model with two different 
modifications of it modified by the author (cf. section IV).  
 It could be shown that a more precise internal and external buildup definition of the human body is leading to more 
precise and better thermal predictions. Arising thereby it can be concluded that the better and more profound the 
available data is the more precisely the human model can be built, increasing not only the predictive capability of the 
model but also increasing the accuracy in its prediction. This should lead to much more confidence in the model and 
therefore increased use of the modified model in future. 
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It shall be noted that this paper was intended as a clearly topical, progress stating paper without going too deep 
into each topic of the rework. As the work concerning the adaptation of the Wissler Human Thermal Model for the 
V-HAB project is an ongoing process, future work will include the full rework of the model code for male as also for 
female subjects, an analysis of a new dataset of anthropometrical data (as the 1988 survey is already 30 years old) and 
an extension of the assessment, analysis and rework towards the active model (e.g. blood flow predictions / 
simulation). Furthermore the author is intending to cover each of the within this paper reported topics of sections III.A 
through C with dedicated papers in order to give each topic enough coverage. 
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