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                      Pumping power

The pumping power is the product of the
flow volumetric flow rate of the pressure
drop.

The flow volumetric flow rate can be
calculated by energy balance.

The pressure drop is the summation of the
kinetic head, the static head, the MHD
pressure drop and the friction pressure drop.



                           Volumetric flow rate

The coolant volumetric flow rate can be
calculated by

      Q = V(rho)(Cp)(DT)

For most coolants, the volumetric heat
capacities are very similar.

The coolant volumetric flow rate per unit MW
is just inversely proportional to the coolant
DT.

The average (rho)(Cp) for most materials is
1800 Kj/m3-C.

The volumetric flow rate per MW thermal
power is 0.56/DT m3.



                    Coolant Pressure Drop

The coolant pressure drop is the summation
of the following terms:

1. Kinetic head  = 0.5(rho)(V2)

2. Static head = (rho)(H)

3. MHD pressure drop   Unknown

4. Friction pressure drop     small



                               Reference Case

Material density   Assuming the material is
Sn, with a density of 6500 Kg/m3.

Assuming the coolant velocity is 10 m/s.

Assuming the total height, H,  is 20 m.



                         Pressure Drop Estimate

Kinetic head  = 0.5 (rho)(V2) = 0.32 MPa

Static head = (Rho)(H) =  1.3 MPa

MHD pressure drop   Unknown  We will
assess the maximum allowable.

Friction pressure drop    small



                      Allowable Pressure drop

Assuming allowable pumping power is 200
MW for a 5 GW thermal power plant, or 0.04
MW/MW of thermal power.

The coolant volumetric flow rate is 0.56
M3/DT per MW of thermal power.

The pressure drop is 1.62 + MHD pressure
drop.

The V(DP) has to be < 0.04, or

      0.56/DT(1.62 + DP[MHD]) has to be < 0.04.



                          Conclusion

If coolant temperature rise is less than 23C,
the MHD pressure drop has to be less than
zero.

If the coolant temperature rise is 100C, the
maximum allowable MHD pressure drop is
5.5 MPa.

If the coolant temperature rise is 200C, the
maximum allowable MHD pressure drop is
12.7 MPa.

Even if we do not have any pressure drop
caused by velocity and height, and with a
coolant temperature rise of 200C, the
allowable MHD pressure drop is 14.3 MPa.

The 3-D MHD effects and the Hartmann effect
can not exceed this limit.


