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Custom Order of the Presentation 

I. Main Output 

II. Motivation and Objective 

III. Experimental Characterization of the Substrate 

IV. Numerical Model of the Substrate 

V. Analysis of the Substrate 

VI. SIMULIP Software v1.2 

VII. Conclusion 
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Main Output: SIMULIP Software v1.2 
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Motivation 

 Poor repeatability of the tests 

 Difficult to understand 

 Difficulties to improve design of cigarettes 

 

 Relatively expensive in time and money 
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Objective 

 How does the substrate influence the IP tests? 

 What are the thermodynamic properties of the substrate?  

 What are the most influencing properties of the substrate and how are they influencing? 

 Is the poor repeatability of the test exclusively due to the variability of the cigarettes? 

 In case an alternative substrate is to be used, what should its characteristics be? 
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Scientific Approach 

1. Characterize the thermodynamic properties of the Whatman Paper ® no. 2 

2. Create a mathematical model based on the physics of the problem. 

3. Validate the model against experiments. 

4. Analyze the potential influence of the substrate with the model. 

5. Analyze what the difference if would be if using an alternative substrate with the model. 
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Characterization of the substrate: Summary 
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Characterization of the substrate: Chemical Kinetics Experiments 

1. Thermogravimetric Analysis (TGA) + Shuffled Complex Evolution = Pre-exp. Factor + Activation Energy   

 

 

 

2. Differential Scanning Calorimetry (DSC) + Fitting and Integration = Heat Capacity + Heat of Reactions 

 

 

 

R2=0.9965 
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Characterization of the substrate: Air Gap Thickness 

Case Airgap  

min  (mm) 
Airgap  

max  (mm) 
 Airgap  

av. (mm) 
10 layers of W2 with LIP along 
tobacco column 

0.021 0.060 0.041 
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Modelling Approach 
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Scheme of the Thermal Degradation 
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Physical Equations and Material Data 

20
16

_S
T

24
_G

ui
nd

os
.p

df
C

on
gr

es
s2

01
6 

- 
D

oc
um

en
t n

ot
 p

ee
r-

re
vi

ew
ed

 b
y 

C
O

R
E

S
T

A



© Fraunhofer  WKI  

Boundary Conditions 

Where Tcig was obtained from the 

temperatures reported by Baker 

and reduced by a factor of 0.9 
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Numerical Implementation 

 Air gap modelled as a non-charring material with temperature dependent properties 

 

 Mesh size of 2 mm (1311 elements) and time step 0.01 seconds, tolerance x 

 

 Resolution via Finite Volume Method (FVM), implicit scheme, tridiagonal matrix algorithm. 

 

 CFD Model implemented in the research software Gpyro (created at the University of California at 

Berkeley under the sponsorship of the NASA). 
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Model Validation: Experiments 
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Model Validation: Comparison 
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Detailed Analysis: Reference Parameter 

 Absorbed heat flux function is an adequate reference for analysis and comparison purposes 
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Detailed Analysis: Parametric Study I 

 After 363 IP Simulations… 

 

 

 

20
16

_S
T

24
_G

ui
nd

os
.p

df
C

on
gr

es
s2

01
6 

- 
D

oc
um

en
t n

ot
 p

ee
r-

re
vi

ew
ed

 b
y 

C
O

R
E

S
T

A



© Fraunhofer  WKI  

Detailed Analysis: Parametric Study II 

 After 363 IP Simulations… 
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Detailed Analysis: Potential Influence of the Substrate 

 Now it is possible to state whether the substrate may have an influence or not… 

 

 

 
Potential influence 

Measured variation 
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Detailed Analysis: Summary 

Source of Variability Range of Variability Expected effect on heat 

absorbed during IP testing 

Thermophysical properties of 

substrate 

About 7% according to 

measurements 

Below 3% 

Chemical kinetics Not possible to ascertain (best 

fit) 

Could be significant if variability 

on activation energy 

Geometry 50% (on air gap) according to 

measurements 

About 33% 

Cigarette (only temperature and 

burning rate) 

10% (estimated) About 35% 
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Detailed Analysis: Comparison with Cigarette 
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SIMULIP Software 

 For the non simulated cases… 
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Conclusions 

 Thermodynamic characterization as expected except that air gap is very large and variable 

 A CFD model was created and successfully simulated the substrate during IP testing 

 According to the model:  

 Most influencing parameters: Heat Capacity, Activation Energy, Air Gap, Temperature and 

Burning Rate of the Cigarette. 

 Influence of air gap compares to that expected for the cigarette. 

 Accordingly, not only the cigarette but also the substrate could be responsible of the poor 

repeatability of the test. 

 A software called SIMULIP was developed and could be used for future IP development.    
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