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Convective Liguid Layer

e 1D “Shallow water” (R >> h) equations
in cylindrical geometry

d(hVg) _ 0 (continuity)

d
VS 1dp
R pdr
Vo dVp __ 1 dp

R do  prdg 98"~ Fiicion (€-mom)

+gcosé (r- mom)

* Final equations

Vg = p/h

p(r,0) = (OVQZ/R— gp cosé’)r —h)
dh _~ Rgh33in6’ + Rhslzfriction
dé gh®sin@ +q2

h = thickness

p = pressure

Vg = velocity

Jo = flowrate

re = cyl.coord

R = arc radius

g = accel.gravity
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Friction Teemsfor Lithium in Toroidal B Field

Ve ocity will be laminarized by MHD if: g
Har= Brw |—
PV

Har /| 741078 Re = Vhlv

Re B = hiw
oci il be inviscid * » fow i w = width
Velocity will be inviscid “Hartmann” flow if: o = elect.cond.

5 P = density
Har f°>30 v = kin.visc.

The friction term for laminarized, inviscidartmann velocity profiles in insulated
channels is:

E _ 2|/qo Ha-|-
friction = 2
hw

The friction term for laminarized, parabolielocity profiles is:

3uq
Friction = h—30




Lithium Flow Profiles

 V,hremain constant over 10 m flow e
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* Fow remains adhered by centrifugal acceleration 10x gravity
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Effect of Reduced Channel Width on Lithium Flow Profile

* Flow is slowed to %2 original velocity B_6T
w=1m
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Turbulent Friction Termsfor Flibe

Vel ocity profile for flibe will be turbulent

Turbulent friction term using the Darcy-Wei sbach formulafor non-circular open
channels gives.

_ fao

gh°

Friction

friction factor (f) for smooth pipes 1 2log(Re./f)-0.8

It

From tables, f = 0.018 for dightly rougher pipes

N. Morley APEX Meeting, UCLA, Jan. 12-14, 1998



Flibe Flow Profiles

* hincreases dlightly due to friction force, causing drop in velocity

h, =6 cm
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» Flow remains adhered by centrifugal acceleration 10x gravity
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Liquid-Filled Porous WallConcepts

» Flow equations with porousfeed in
cartesian geometry

d(uh
(dX) = Vin(X)
2
d(;]xh) = gh-v;,u—3uv/h

* Veocity islow, flow islaminar

* Results:
Lithium: possible to generate 0.5 mm film over 1-2 m modules moving at ~1 nvs.

Thiswill in some some convection polodially.
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Lithium Flow Profile over Porous Substrate

Vip = 0.5 mm/s
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