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The velocity is decreased from 3.96 to 2.71 ft/sec in the average channel and
from 4.55 to 3.12 ft/sec in the maximum power channel. The wetted perimeter

is decreased from 2.17 to 1.86 ft.

From the changes in hydraulic characteristics, the film coefficient for
heat transfer (h) is reduced from 7500 to 5000‘Bt;u/hr-ft2-°F, a decrease of 35%.
The effects of this change in heat transfer on fuel temperature are reflected in
Section VII-E. The pressure drop across the core with the five-rod elements
is maintained close to that with the seven-rod clusters. A larger percentage of
the drop occurs across the orifice plate, which permits more accurate flow con-
trol by orificing sizing. Experimental pressure drops across the '\}arious parts
of the five-rod fuel element are illustrated in Figures 30 and 31, At an average
flowrate of 3.3 1b/sec, the drop across the fuel element with 3/8-in. holes in

the orifice plate is 1.4 psi compared to 0.28 psi without the orifice plate.
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Figure 30. Core Pressure Drop vs Channel Flowrate
E. FUEL TEMPERATURES
The maximum central fuel temperatures and the maximum surface fuel

temperature have been calculated to be 1190 and 1010°F respectively in the

L max1mumpowe r cha.nnel unde_r/pqrrpal ope rating conditions of 20 Mwt, If hot

channel conditions exist, the maximum central fuel and fuel surface temperatures
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may increase to 1255 and 1085°F respectively. Axial fuel temperature distri-
butions are shown for the 34 five-rod elements in Figure 32 and for the 31 seven-
rod elements in Figure 33. The calculations for these numbers are based upon

the following conditions:

" S Reactor Power (Mwt) 20 5
s — Sodium Flowrate (1b/hr) 4,4x10
® :2:':‘5: Reactor Outlet Temperature 960
’ L AP = 1.6 psi (oF)
6 Reactor Inlet Temperature (°F) 500
s Heat Loss fromthe Reactor (%) 1
R " 0-€psl Axial Peak-to-Average Power 1.24
§ ) Radial Peak-to-Average Power 1.15
; Hot Channel Factor 1.16
g ’ Heat Generated in Fuel (%) 90.0
2 High temperature limitations for the
fuel are established by eutectic formation
thresholds at the fuel cladding interface
as follows:
o , ThFe 1580°F
02 03 04 05 06 07 08 05 10
ORIFICE HOLE SIZE (in) ‘ ThCr 2230°F
~ Figure 31. Orifice Hole Size vs ~ ThNi 1830°F
Channel Flowrate (five-rod cluster) Th - 7.6 wt% U 2000°F
(weak reaction
‘ only)

The maximum surface fuel temperature of 1085°F is well within these limits.
The beta-gamma phase shift in thorium is very slight at 2800°F, well above the
maximum central fuel temperature of 1255°F. Phase changes in thorium-
uranium fuel are discussed in Reference 19. No geometrical. differences re-

sulting from phase changes of uranium in Th - 7.6 wt% U fuel have been observed.

These parameters are design objectives. The actual temperatures for fuel

and sodium will be controlled within limits compatible to the impurities inthe

sodium.
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Figure 32. Axial Fuel-Temperature Distribution for 34 Five-Rod Elements
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Flgure 33. Ax1al Fuel Temperature Dlstrlbutlon for 31 Seven Rod Elements
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