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KATRIN experiment

WGTS (Windowless Gaseous Tritium Source)

v/ Determination of input parameters (injection pressurergiuin gas to
maintain a stable Tritium column density)

v/ Description of the behavior of Tritium flow due to the varaats in
temperature, acoustical waves, isotopic compositiorsgiree of
Krypton, etc.

/ Problems associated with the pumping system.



Separation phenomenon in the tritium source

Gas mixture subjected to gradients of pressure, temperatuzoncentration
— Species tend to separate leading to a non-uniform contemi@Eong the
source.

KATRIN experiment:

v/ Tritium purity: 95% to 98%
Isotopes: Hydrogen, Deuterium, etc.

v/ Krypton mode
A small concentration of Kryptonl()—° to 10~*) is added to the
tritium in order to calibrate the mass spectrometer.

— In the experiment is necessary to maintain a stable Tritialmon density.
— In the Krypton mode it is important to know the distributiohkaypton
along the source.



Separation phenomenon in the tritium source

Binary gas mixtures:
v/ Hydrogen-Tritium (T=30K)
v/ Krypton-Tritium (T=120K)

The density and concentration distribution along the sewgdetermined by
using the methods of Rarefied Gas Dynamics.

Boltzmann equation
Methods of RG
DSMS (Direct Simulation Monte Carlo method)

All my work is based on the solution of the Boltzmann equdtion



Boltzmann equation and its models

v/ Integro-differential equation which describes the evolubf the
distribution function of molecular velocities.

v/ All macrocharacteristics of the gas flow (pressure, bullbey,
temperature, etc) are determined via distribution fumctio

v/ Even with a great computational infra-structure, to soheBoltzmann
equation is a very hard task!

v/ For practical calculations mathematical models are ussdriplify the
collisional term of the Boltzmann equation and reduce the
computational effort significantly!!



Main parameter of RGD

Knudsen number (Kn) which characterizes the degree of gas rarefaction.

A mean free path of gas molecules
Khn=— = —
a  characteristic length of gas flo

Rarefaction parameter () which is given in terms of measurable quantities.

o =

a 1 B
¢ Kn’ P’ m

(P pressure of the gas

Measuble quantities ;. : viscosity of the gas

TR | vo : most probable molecular velocity



Regimes to the gas flow

Hydrodynamic regimeKn < 1)
All the equations of continuum mechanics are valid to désctine gas
flow.

Free molecular regime<p > 1)

The mean free path of gas particles is so large in comparisihrtie

characteristic scale of gas flow so that the intermolecufiisons can
be neglected.

Transitional regimeKn ~ 1)
The medium cannot be considered as a continuous medium
The intermolecular collisions cannot be neglected.

Boltzmann equation or DSMC (Direct Simulation Monte Carlo)
method.



Gas rarefaction at WGTS

Along the WGTS the gas rarefaction changes from:

Hydrodynamic regime- transitional— free molecular regime

It is Impossible to describe the gas flow by using the well know
Navier-Stokes equations.

Therefore, the Boltzmann equation is used to describe théd@a since it is
valid for arbitrary degree of gas rarefaction!!



Scheme of the problem and input parameters

X |

Injection

v/ VerylongtubeX > R (¢ =10m, R = 4.5 cm)

v/ Injection Pressuré;,,
Hy + 15 at30K — P, = 335Mbar
Kr 4+ T5 at120K — P;,, = 13.8ubar

v/ Atthe tube exit the pressure is very low (0.04F;,,)
v/ Molar concentration of the mixture at the injection point

Hydrogen-Tritium— C;,, = 0.05 (5% of Hydrogen)
Krypton-Tritium — C;,, < 1 (107° to 10~%)



Scheme of the problem and input parameters

v/ Rarefaction parameter at the injection point

T 2KT

Along the source the rarefaction parameter decreasesaft@@ction of
gas mixture varies from hydrodynamic regime to free molacul
regime)

We are interested in determining:
v/ The density distibution of species in the mixture

v/ The column density and concentration

/2 N
N, = Ng(x)dr, C.o = = :
—2/2 ( ) : N1 + N

a=1,2



Main idea

Phenomenological relation:

Ji=) AX;
J

J;: thermodynamic fluxes (mass flow rate, heat flux, diffusior,feic)

X ;: thermodynamics forces (gradients of pressure, tempesatu
concentration, etc)

A;; (9, C): kinetic coefficients which depend on the rarefaction patamd
and concentratiod’ of the mixture

Definition of thermodynamic forces: (concentration gratke

R dnq X R dns
= = 9 — —

ny dx’’ no da’

X1



Main idea

System of differential equations:

~n [m(Cip) R dn; dns
=\ o) [A“n—la U Awa]
~n [m(Cip) R dn; dno
Y e [Aﬂn—la = A%a]

whereA;; depends on the rarefaction paraméetand concentratiod’ of the
mixture.

To determine the density profiles (z) andns(x) you just need to solve the
system of differential equations!!!

T . . L .
,Q" RQ The first step is to calculate the kinetic coefficients, A2, Asq, Ass.



Main idea

|. Calculation of the kinetic coefficients;; (4, C')

v/ Itwas based on the McCormack model to the Boltzmann equation
v/ Assumptions:
Diffuse scattering of gas species on the surface.

Intermolecular interaction model of rigid-spheres.

v/ This step takes a long CPU time
Hydrogen-Tritium mixture— 432 combinationss, C')
Krypton-Tritium mixture— 336 combinations ofd, C')



Main idea

ll. Solution of the system of equations

Boundary conditions:

v/ Injection point ¢ = 0):

ny = Cmnm and Nno = (1 —

v/ Tube exit ¢ = £/2)

ny =0 and ny = 0




Results for the mixture H, + 15 at 30K

Density distribution ofH,; and75
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Column density of the
mixture| N = 4.97 x 107 /cm?

Colum density
of Hs | N7 = 0.24 x 107 /cnm?

Colum density
of T5| Ny = 4.73 X 1017/Cm2

The column density of; is 5.4%
lower than that for a pure tritium,



Results for the mixture H, + T5 at 30K

Local concentration of Hydrogen
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Column concentration of the mixturé€’.,; = 0.049

v/ The separation phenomenon is negligible for the mix#dgels.

v/ Hs is the lightest isotope df; so that for the other isotopes the
separation phenomenon will be weaker than in the mixtiéels.



Results for the mixture Kr + 75 at 120K

The concentration dKr at the injection point is very small

Since(;,, < 1 — simplifications were made so that the results are valid for

arbitrary injection concentration.

Relative concentration of Krypton

C/Cin

The column concentration
Ccol = 1.06 x Czn .

The column
concentration oKr is 6% higher
than its value in the injection point.

For the mixtureKr-T5 the separation
phenomenon cannot be neglected!!



Conclusions

v/ By considering 5% of{, in the Tritium gas the column density of
Tritium is affected (5.4% lower than in a situation of pur&itim).

v/ In the Krypton mode, since the concentratiorkefat the injection
point is very low, there is no influence in the Tritium columengity.

v/ The separation effect is negligible for the mixtuig-7; but it cannot
be neglected for the mixtuder-15.

v/ Since the separation phenomenon is stronger for a mixtutrelamger
ratio of molecular masses, the influence of such a phenomeilidre
weaker for the other isotopes 0%.



Current research

Ternary gas mixture: Hydrogen-Krypton-Tritium at 120

| hope to have some results soon!
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