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Presenter Notes
Presentation Notes
Good morning everyone,
My name is Sunny Laddha and in this presentation I would like to show you how we use numerical simulations to validate and calibrate gas flow experiments. These experiments are performed under the framework of the CoPhyLab project, which is an international consortium for cometary research. It is funded by the main agencies of Germany, Austria and Switzerland.

http://www.cophylab.space/
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GAS FLOW IN GRANULAR MEDIA

= Motivation:

= Understand cas flow through (porous) granular media

= Aim:

= Determine material specific parameters
+ functional dependencies (e.g.: average grain diameter d,, porosity ¢...)

= Model:

= Diffusion law with pressure dependent coefficient
= . Dy + p5 V
J = RT\ T, p
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Presenter Notes
Presentation Notes
So why are we interested in gas flow through granular media? Well, cometary activity is driven by the escaping gas from sublimating ices that are mixed with porous refractory material. So understanding this process is a key part for understanding comets as a whole.

The aim of this project is to determine the specific parameters of analogues, which characterize the gas flow. Furthermore, we are also interested in their functional dependencies on the material properties, such as the average grain diameter or porosity.

The mathematical model we use has the form of a  diffusion law, with a pressure dependent coefficient. It relates the pressure gradient across a sample to the molecular flux J passing through it. Here the material specific parameters are the Knudsen diffusion coefficient Dk and the viscous permeability B.
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GAS FLOW EXPERIMENT
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= Viscous permeability B

= Knudsen diffusion coefficient D,
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Schweighart et al. used the setup shown in this image to measure these parameters. Inside a vacuum chamber, the sample was placed in a cylindrical container connecting two compartments and held in place by a sieve. The chamber was evacuated by a pump connected to the lower compartment, while a defined gas flow was introduced in the upper compartment. The pressure on either side of the sample was monitered by multiple sensors.

For the evaluation, the steady state pressure difference across the sample was matched against the corresponding gas flow, yielding the aforementioned parameters.
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Glass Beads (GB)

= 11 size groups, 45 pm to 4.3 mm

= Analogues
«——— = Asteroid
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Presentation Notes
Before considering sublimation, it is necessary to properly understand gas flow through a dry porous medium. Therefore, several refractory materials were analysed. Glass beads of 11 size groups, with diameters ranging from 45 microns to 4.3 mm, served as well defined reference samples. Here it is important to mention that below a diameter of about 250 microns the beads became irregularly shaped.

With analogue materials, generally all grains are very irregularly shaped. As the interlocking of angular grains favors the creation of randomly large pores, the preparation of homogenous packings is very difficult.
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FEM SIMULATIONS

= Model baseline:

= Stationary and transient studies i =0 Z Gas Flow ~» |
= Boundary conditions matching experiment ot I
B |
" |[nput: >ample
= B, Dy, €, downstream equilibrium pressure (stationary studies) Sressure N
Sensors
= Qutput: Sieve
= Steady-state and transient pressure distribution in sample
= Comparison: I
o Vacuume_l
= Equilibrium pressure upstream and downstream of sample Pump
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Regarding the numerical simulations, we chose the finite element method using COMSOL, to conduct stationary and transient studies of the pressure distribution throughout the sample. 
Thereby, the boundary conditions, such as sample dimension and amount of gas flow, were set according to the experiment. Other input data from measurements were the material specific parameters and the initial pressure or for stationary studies the downstream equilibrium pressure.
Finally, for the comparison of the simulation and experiment we looked at the equilibrium pressure in both compartments.
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INITIAL RESULTS
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Here for example, the upstream equilibrium pressure from the stationary study is compared to the corresponding measurement values from Schweighart et al. The values represent the relative deviation in percent, with the rows indicating the gas flow and the columns the sample. On average, the deviations are largest for the glass bead groups smaller than 250 µm. The main reason for this is most probably the irregular shape of the grains.
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Even larger discrepancies were observed for the analogue samples, for which in addition to the grain angularity, the wide ranging size distribution could be another factor.
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= Experiment geometry: & —
= d=40 > d=36 mm: error of Ap= 4-7 % ) — §
= d=40 = d=32 mm: error of Ap= 10-18% 2: = §
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The initial simulations assumed the sample as a uniform cylinder with isotropic properties. To account for special geometric features and effects of inhomogeneity, seperate studies were performed. For example, the sieves which hold the samples in place, contain a ring that protrudes into the samples and reduces the flow cross-section in the lower 5 mm of total 30 mm height. Depending on the average grain size of the sample, the steady-state pressure difference between both compartments can change between 4 to 7 % for a small constriction. For a large constriction, the change can be between 10 and 18 %.
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» Packing properties:
= Boundary layer with higher €
(35%—>54%)
= Error of Ap:
= >50% for largest beads
= <10 % for medium beads

= <5 % for smallest beads
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ANALYSIS OF ERROR SOURCES
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A different effect arises due to how grains settle and pack, when they are poured into a container. Along a thin layer at the container wall, roughly the width of one grain diameter, the particles cannot pack as tightly as in the bulk of the sample. We estimated a change of porosity from the average bulk value of 35% to 54% at the wall and scaled the other parameters according to analytical models from the literature.
The result was that for the largest beads, the steady-state delta p can change over 50%, for medium sized beads less than 10% and for the smallest beads less than 5%.
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SUMMARY AND OUTLOOK

= Applicability of model: |

= Error sources:

= Alternative simulation methods

= DEM - for virtual samples

= Particle codes for gas flow
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Overall, we can say that the model works well for samples with well defined grain properties, like size and shape. However, it needs refinement to accurately describe analogue materials.
With the help of simulations, we were able to quantify the effect that a constriction created by the sieve has on the gas flow. To mitigate this, we started using a custom 3D-printed sieve for further measurements.
Regarding the wall layer effect, we are currently conducting more elaborate studies using alternatives such as the discrete element method to create virtual samples. As the finite element method has ist limitations, other approaches using particle codes and virtual samples to simulate the gas flow, should also be explored.
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