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Introduction: High-power absorbers are necessary to 
protect the optical elements of a beamline. Gas ones offer 
a stress-free medium but with variable density, due to 
thermal gradients and pressure variation 

Figure 1. Schematic setup of a gas absorber. 

CFD model: A 2D model was set up to study the effect of 
thermal convection in the heat transfer and to obtain the 
relation between power input and central density.  

There is no hot plume ascending 
from the heated area towards 
the top of the circumference, 
and the temperature profile is 
not very distorted from that of 
pure thermal conduction. 
 
The Rayleigh and Nusselt 
numbers obtained for the 
pressure and power range of 
interest (50-500 mbar, 0-700 W) 
also show that the deviation 
from the pure conduction (Nu=1 
and low Ra) is small and can be 
neglected in a first 
approximation.  

Figure 2. Temperature (top) and  
velocity (bottom) profiles. 
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Figure 3. Ra vs Nu numbers, 
linked by constant pressure. 
The Nu number was 
normalized in each case with 
the value when only 
conduction took place. 
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Plasma model: a 1D model was set up to obtain the 
relation between power input and central density. This 
relation will be used in a pseudo-3D model taking into 
account the variation in the absorber power with the 
length. 

Figure 5. Experimental and 
model results for an initial 
pressure of 200 mbar and 

variable input power.  

Comparison and conclusion: The model results were 
compared with the experimental data available from 2010 
tests.  

The ‘plasma’ results yielded a 
much closer result to the 
experiment than the purely 
thermal ones, due among other 
reasons to the inclusion of 
radiative deexcitation, which 
does not heat the gas. 
 
Adjustment of the source 
balance between ions and 
excited species also improved 
the results, but to get a perfect 
match a Monte Carlo simulation 
of the high energy source (X-rays 
and fast electrons) is needed. 

The transport coefficients and 
electron-impact reaction rates were 
calculated from the cross sections 
using BOLSIG+  and assuming a 
maxwellian EEDF. The  heavy species 
reaction rates were taken as constant 
or as temperature dependant when 
the data was available. 
 
The source was a Gaussian centered 
around the axis, to represent the 
scattering of the X-ray beams. The 
walls of the attenuator were 
grounded and with no reemission of 
electron due to the small electrical 
field. 

Figure 4. Particle concentration 
(top) and plasma potential 

(bottom)  
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