
s
o
u
r
c
e
:
 
h
t
t
p
s
:
/
/
d
o
i
.
o
r
g
/
1
0
.
7
8
9
2
/
b
o
r
i
s
.
1
0
7
7
8
3
 
|
 
d
o
w
n
l
o
a
d
e
d
:
 
1
7
.
4
.
2
0
2
4

See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/316583029

Gas	flow	in	the	near-surface	porous	boundary
layer	of	the	67P/Churyumov-Gerasimenko
using...

Conference	Paper	·	April	2017

CITATIONS

0

READS

40

8	authors,	including:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

Rosetta	Mission:	Osiris	and	Giada	instruments	View	project

CaSSIS	Telemetry	Conversion	View	project

Chariton	Christou

Heriot-Watt	University

10	PUBLICATIONS			4	CITATIONS			

SEE	PROFILE

Kokou	Dadzie

Heriot-Watt	University

44	PUBLICATIONS			258	CITATIONS			

SEE	PROFILE

Nicolas	Thomas

Universität	Bern

619	PUBLICATIONS			7,728	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Chariton	Christou	on	29	April	2017.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/316583029_Gas_flow_in_the_near-surface_porous_boundary_layer_of_the_67PChuryumov-Gerasimenko_using_micro-CT_images?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/project/Rosetta-Mission-Osiris-and-Giada-instruments?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/CaSSIS-Telemetry-Conversion?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chariton_Christou?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chariton_Christou?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Heriot-Watt_University?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chariton_Christou?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kokou_Dadzie?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kokou_Dadzie?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Heriot-Watt_University?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kokou_Dadzie?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nicolas_Thomas3?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nicolas_Thomas3?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universitaet_Bern?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nicolas_Thomas3?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chariton_Christou?enrichId=rgreq-0467b8107e56708787e410503b88e099-XXX&enrichSource=Y292ZXJQYWdlOzMxNjU4MzAyOTtBUzo0ODg1NzI3NDM2MjI2NTZAMTQ5MzQ5NjIyNzg5Ng%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Geophysical Research Abstracts
Vol. 19, EGU2017-2679, 2017
EGU General Assembly 2017
© Author(s) 2017. CC Attribution 3.0 License.

Gas flow in the near-surface porous boundary layer of the
67P/Churyumov-Gerasimenko using micro-CT images
Chariton Christou (1), S Kokou Dadzie (1), Nicolas Thomas (2), Paul Hartogh (3), Laurent Jorda (4), Ekkehard
Kührt (5), James Whitby (6), Ian Wright (7), and John Zarnecki (8)
(1) Heriot-Watt University, Edinburgh, United Kingdom (c.christou@hw.ac.uk), (2) Physikalisches Institut, University of
Bern, Switzerland, (3) Max-Planck-Institut fur Sonnensystemforschung, Justus-von-Liebig-Weg 3, 37077 Göttingen,
Germany, (4) Aix Marseille Université, CNRS, Laboratoire d’Astrophysique de Marseille, UMR 7326, 13388 Marseille,
France, (5) DLR Institut für Planetenforschung (DLR-PF), Rutherfordstraße 2, D-12489 Berlin, Germany, (6) Amanuensis
GmbH, Guerbestrasse 17, CH-3125 Toffen, Switzerland, (7) Planetary and Space Sciences Research Institute, Open
University, Walton Hall, Milton Keynes, MK7 6AA UK, (8) International Space Sciences Institute, Hallerstrasse 6, CH-3012
Bern, Switzerland.

While ESA’s Rosetta mission has formally been completed, the data analysis and interpretation continues. Here, we
address the physics of the gas flow at the surface of the comet. Understanding the sublimation of ice at the surface
of the nucleus provides the initial boundary condition for studying the inner coma. The gas flow at the surface of the
comet 67P/Churyumov-Gerasimenko can be in the rarefaction regime and a non-Maxwellian velocity distribution
may be present. In these cases, continuum methods like Navier-Stokes-Fourier (NSF) set of equations are rarely
applicable. Discrete particle methods such as Direct Simulation Monte Carlo (DSMC) method are usually adopted.
DSMC is currently the dominant numerical method to study rarefied gas flows. It has been widely used to study
cometary outflow over past years .1,2. In the present study, we investigate numerically, gas transport near the
surface of the nucleus using DSMC. We focus on the outgassing from the near surface boundary layer into the
vacuum (∼20 cm above the nucleus surface). Simulations are performed using the open source code dsmcFoam
on an unstructured grid. Until now, artificially generated random porous media formed by packed spheres have
been used to represent the comet surface boundary layer structure .3. In the present work, we used instead Micro-
computerized-tomography (micro-CT) scanned images to provide geologically realistic 3D representations of the
boundary layer porous structure. The images are from earth basins. The resolution is relatively high - in the range
of some µm. Simulations from different rock samples with high porosity (and comparable to those expected at 67P)
are compared. Gas properties near the surface boundary layer are presented and characterized. We have identified
effects of the various porous structure properties on the gas flow fields. Temperature, density and velocity profiles
have also been analyzed.
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