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BACKGROUND & OBJECTIVE

BACKGROUND
x ITER

A One of the largest scientific projects
A Commercial use of fusion energy
A Cryogenics extensively used

x The Cryogenic Fore Pump
A First partin the roughing pump syst
A Collect and compress hydrogen . 4
A Cooled by supercriticalliquid helium \-l-i_ LeEuaee

— Fig. Z. The initial design of the cryogenic fore pump
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Fig. IT. The ITERTokamak Fig. 3. The simplified ITER fuel cycle flow diagram
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OBJECTIVE
X Physics
A Adsorption of hydrogen
A Simultaneous transport process (species,

>

momentum, and energy)

Hydrogenhelium gas mixture at cryogenic
temperature

X Engineering

> > >

>

Explain experimental data
Identify key variables

Develop numerical models and solve highly
coupled nodinear equations

Design and predict. pump perfO(_ nce

Fig. 4. The ITER cryogenic system



INVESTIGATION

| NVESTIGATION

) 1m
Helium coolant

(Supereritical or liquid) |

X Th e ad SO rptIO n Hydrogen isotope molecules are adsorbed on pump surface Stainless steel
A Deposition of hydrogen molecule ; pup—— S
L ] Hydrogen gas with | ‘ " o g . e . 1 -
A Adsorptlon energy & rate trace amount of helium | j 1 5em Ees, Y - = e, . °..
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x The transport phenomena —
A G aseous m|Xtu re (Qupl_eIfiirLilllill‘:T}(())l‘i]lli](tlui 0 ) : Density of hydrogen isotopes decreases because of cryosorption effect. Helium coolant
A Radial adsorption Fig. 6. A drawing of the pump configuration Fig. 8. The first intuition of the pump
A Simultaneous transport process
% Control volume of helium coolant Control volume of hydrogen flow

The numerical model

A Five variables (Temperature, pressure, Outlet helium coolant flux (Cz | z) \\\\.\ ‘;‘f I:nlct helium coolant flux (Cz |z + dz) r |-M Z’sz +2M,,, =0.
density, velocity, and composition) | / " dz -
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A Changing parameters (e.g. thermal / | dM, v _
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Fig. 5. A lllustration of Gassurface interaction
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Fig. 7. A differential control volume and analysis
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Fig. 9. The interaction of Kland He with a cold surface
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RESULTS & FUTURE PLAN

RESULTS FUTURE PLAN
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Fig. 10. Pressures as a function of axial position

Fig. 14. H molar fraction as a function of axial position
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