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INITIAL EXPLORATION OF OF ROTATIONAL FLOW

  FEATURES

* NO STRUCTURE REQUIREMENT.

* MINIMUM PUMPING POWER (requires ~ 6 m/s inlet Velocity).

* TAKES ADVANTAGE OF GRAVITATIONAL ACCELERATION AND COMPLEX TOKAMAK

   GEOMETRY.

* CAN ONLY BE APPLIED FOR HIGH ASPECT RATIO TOKAMAK CONFIGURATIONS.

   SOLUTION METHOD AND ASSUMPTIONS

* A PRELIMINARY 3-D HYDRODYNNAMIC ANALYSIS OF THE CURRENT CONCEPT IS

   PERFORMED USING FLOW3-D (A TIME DEPENDENT 3-D NAVIER-STOKES EQUATION

   SOLVER FOR FREE SURFACE FLOW USING VOLUME OF FLUID METHOD)

* FLIBE IS USED AS AN OPERATING FLUID.

* NO MHD EFFECTS ARE TAKEN INTO ACCOUNT.

* DUE TO THE LARGE PROBLEM DIMENSION ALONG WITH THE REQUIREMENT OF 3-D

   ANALYSES, LARGE MESH SIZE CELL ARE USED FOR THE PRELIMINARY ANAYLSES.



A THICK LIQUID WALL CONCEPT EXPLORATION
Preliminary Probing Analyses

3-D Model of Proposed Chamber For

the Rotate Concept.
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MECHANISMS EFFECTING THE HYDRODYNAMIC
CHARACTERISTICS OF THE PROPOSED CONCEPT

A.   Toroidal flow area contraction.

       Gravity is perpendicular to the flow.

B.   Toroidal flow area contraction in the flow direction.

       Flow area contraction converges to its minimum

       value at the end of this section.

       The direction of the flow is changing gradually from

       perpendicular to parallel with respect to direction of

       gravity.

      Centrifugal acceleration pushes the fluid toward

      the wall.

C.  Constant toroidal flow area.

      Free fall.

D.  Toroidal flow area increases.

      The direction of the flow is changing gradually from

      parallel to perpendicular with respect to direction of

      gravity.

     Centrifugal acceleration pushes the fluid toward the

     wall.

E.  Toroidal flow area increases.

      The direction of the flow is changing

      gradually from perpendicular to parallel

      with respect to direction of gravity.

     Centrifugal acceleration pushes the fluid

     toward the wall.
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VELOCITY CONTOUR IN Z-DIRECTION

T: 1.55 s

T: 0.1 s
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PRELIMINARY DESIGN PARAMETERS

-Flow geometry is complex.

-Toroidal flow area varies along the flow path from inlet to the outlet section.

-Flow accelerates, decelerates, centrifugal acceleration effects the hydrodynamic

                   characteristic of the flow (there are three separate  90 o curved flow section)

CONSERVATIVE APPROACH

Assumptions for Free Surface Temperature:

- Fluid mixing during area contraction and enlargement has not been taken into account.

- The effect of change in the toroidal flow area has not been taken into account.

- Combined surface heat load 2 MW/m2 and neutron wall load of 10 MW/m2 .

- Hard Bremsstrahlung Radiation Heating.

- In heat transfer only thermal conducton is used and negligible convection term due to

   plug  flow.

ROTATE
Inlet Velocity (m/s) 6.0
Liquid Wall Thickness (m) .45 to 0.14
Inlet Flow Area (m2) 14.8
Volumetric Flow Rate  (m3/s) 88.8
Mass Flow Rate (kg/s) 1.74 105

Fusion Power (MW) 5480.
Total Pumping Power (MW) 8.0
Average Temperature Rise (K) 13.7

Fluid Surface Temperature
Leaving the Chamber:

  ~ 1540.  O C

NEED A FACTOR OF  ~  5 - 6 
HEAT TRANSFER ENHANCEMENT


