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I. State~~ent of the Problem 

This 'study vas undertaken to detemiue the .critical U.ll of a aViJIIIing 
pool type reactor vith· sta1Dleas steel substituted tor a~UIIiD\Dil in the tuel 
plates. 

Bequirements tor the reactor are: 

A. IPuel plate·s be lese than ~-by weight t102--a limitation set by 
fabrication problema. • 

B. kett-1.05 . 

C. Paver lie between 0.1 and l MW. 

II. Heat Transfer 

A. General Considerations 

(1) 

' . 
Standard ~ing·pool reactor dimensiona* vere take~ except tuel 
plates bad 5-mil bread and 20-mil meat •. ·A cosine distribution of 
paver vas assumed., This yields the fol~oving expression tor the 
heat released at 1 MW operation in a region fran -x~ x, -y-+ y, 
e ...,.z: 

Q(xyz) = {1.795 X 106 BTUh } BiD _!! BiD !Z 11-cos J(Z
6 

} 
r 15 15 l 23. 

where x, y, z are in inches and the origin lies in the center of 
the reactor base plane. 

'. 

The central element of the 5 x 5 loading serveci as the basis tor· 
design. Though the aides of the tuel elements are open, no cross tlov 
of coolant vas considered. This should make the design conservative. 

The heat output of the central element is, fran (1),·3.43 x 105 BTU/hr 

B. Natural Convection 
' 

Tvo equations vere solved for velocity: 

(2) 

(3) 

Q .= pVAcpAT x (3.6 x 103 sec/hr) 

v2 · .. {~- 1 }. ~ p . , 
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Where 
Q • heat transferred, f!ltrJ/b.r _ .. . 
p • weight densit1 of coolant, 1/tt3 
v • coolant velocity, tt/sec _._ '. 
A • area tor fluid tlov I tt2 .. . . . 

c, • specitic heat at constant pressure, B'J.'fJ/1. - ~- • 1 tor :water_ 
~t .. temperature rise of coolant through reactor, or .. 

(4) 

Pc .. weight denait1 of entering coolant, 1/tt3 
'=average weight densit1 of coolant in reactor,.#/tt3 
g = acceleration due to gravit7, t;=·,32.2 tt/sec2 _- . . _ , 
r • hydraulic radius .. tlov area/vetted perimeter, tt • 
l = average friction factor of fluld.-in reactor,._ dimensionless 

Note: f .. f(~), 
1! 

'··· , 
t .. ' . .~ 

a function of Reynold's number. 
See !Mc-Adams, "Heat Tranamission;," :P· _118 
p ~ average viscosit1 of coolant 

The Dittus-Boelter equation gave the heat 

~ .. o.023(Re)0 •8(Pr)
0

•
4 

k 

transfer coefficient h: 

where • • 
h "' heat transfer coefficient; JHU/b.r -- ft2 - or. 
D = equivalent diameter = 4r, ft 
k .. thermal conductivit1L-BTU/hr - f't2 - 0,/tt 

Re a Reynold' s number = PVD , . 
"11' 

Pr = Prandtl number = pCp 
k . 

Finall7, plate surface temperature• ~s-"cc;:mp1,1ted b7 

Q 
(5) . Ts = ha + Tf 

where 
T

8 
= surface temperature, 0, 

Tf ,. mean fluid temperature~ or 
a = heat transfer area, ft 

Figure 1 is a plot of' central plate surface temperature 1 assuming non­
boiling equations are holding, for 1 MW operation versus the number of 
plates per element. Note that under 20 feet of water, water boils at 
2390,. While obviously non-boiling equatlons do not- hold below 10 
plates per element, Figure 1 shove 10 plates per element to. be the 
minimum number for 1 MW operation and natural convection cool-~ng. 
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Fig. t. Central Plate Surface Temperature vs. Number of Plates per Element. 



Figure 2 is a plot of maxtmum power for non-boiling versus number 
of plates per element. This also shows the effect of adding a 
20-foot chimney to the 6 plate system. While -re chtmney would 
tmprove beat transfer, it would aleo'funnel Nl to the pool 
surface, creating a health problem. 

C. Forced Convection 

If coolant is forced through the core, 1 MW operation is possible 
at low numbers· of plate's per element. P'igure 3 is a plot of 
required velocity for 2300, central plate surface temperature 
versus plates per element. 

'Figure 4 gives the maximum power for non-boiling as a function of 
·velocity for 2 - 6 plate systems. 

~II.• Critical Mass 

Calculations were made on the three-~roup, three-region ORACLE code, · 
cylindrical model 19-cm radius, 96-cm beigbt,.light water reflected on the 
side. Self-shielding was not considered. P'igure 5 shows the results, and 
Table. I gi vee a summary of the resul te • 

Table I 

Summary of Results 

k = 1 k = 1.05 
k = 1 k = 1.05 Critical Invested 

Plates/element i sn/plate sniP late mass, sm mass, sn 
2 46 53 2120 244o 
3 34 39 2340 2690 
4 27 31 248o 2850 
5 24 27 2760 3100 6 20 23 276o 3170 

NOTE that ~ by weight of U eorrespond:e to -105 .81Jl 25/plate., 
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