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1.0, ABSTRACT 

This report covers an experimental investigation of the stability of 
the berylli~ reflector assemblies to thermal stresses expected in the 
high flux pile. 

. 
Assemblies were subjected to thermal stresses which would result from 

heat fluxes 4.5 times greater than anticipated in the reactor during' opera-
tion. Fifty cycles of alternate heating to 4.5 times the maximum expected 
reactor level and sudden cooling produced no cracking or failure •. 

It is concluded that the berYllium reflector assemblie,s are ad~quately 
::It able to thermal s1;resses which would r~sult from heat. fluxes 4.5 times 
greater than. will OCcur in th~ high flux reactor a~ presently designed~ 

011 this basis, ~ t is believed that the cooling requirements per 
as~embly maY be safely reduced by at least one half. 

2.0 INTRODUCTION . . . .----

It was the purpose of this investigation to establish the stability 
of the beryllium reflector assemblies to thermal conditions in the high 
flux pile during operation. It was proposed, further, to determine how 
severe thermal conditions the assomblies would withstand before failure. 
The first objective was carried to qompletion •. The second objeotive was 
not reached :in that the ass(;)l\1bl:i,es we:re not ruptured. a0-w0ver, experi
mental resu'.1ts obtained :tndio~te ~hat the assemblies are thoroughly 
adequate since therm~l flu~es a~9 stresses several times more severo than 
expeoted in the pile were proQuceq. 

3.0 THEORETICAL 

It was proposed in the design of the beryllium reflector for the high 
flux pile that the heat generated from neutron coll~sions and gamma ray 
absorption within the assemblies be removed by water flo~ing through holes 
whioh were distributed uniformly through the lateral cro~s section. Four 
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cylindrical holes were 'located in the interior of each assembly and the 
equivalent of five additional holes in the fprm of slots were placed around 
the periphery of the assembly. For purposes of calculating temperature and 
stress distributions through the assemblies, it was assumed that each cross 
section was composed of a number (f) cylindrical heat drainage areas, each 
area surrounding a cooling hole. 

The mathmetical case of an infinitelY long cylinder beatedi.' l1n:tfc:hi1y 
throughout with heat removed from the surface of an axial hole reasonably 
fits the assumed conditions. 

3~1 Temperatur~-fg]terns 

The t~~perature gradient across a cylinder wall in the above case is 
defined as~ 1: 

(1) T = ..9-
2K 

[R2 Rn Ria - (_li2 2 ..:TI 
where Q: heat production rate per unitvolUma~B'l'U/(ft3)(hr). 

'f K = thermal conductivity .. BTU/(hr) (ft2)(9F)/(ft) 

'. 

,~ 

.' 

R = heat drainage radius = ft 

a :. radius of cooling hole .. ft 

In the current design case' the maximum value of Q in the beryllium as 
stated by Heinberg (Mon P-272) is 4 cal/( sec) (cm3) ." The maximum value of 
Q oCcurs at the center of the longitudinal beryllium-reactor interfac~.' 
The heat production rate drops rapidly with distanee into the beryllium. 
At a distance of one inch from the interface where the first 1/8 inch 
d'iame:ter cooling holes are located the production rate i~ 2.5 eal/(sec,) 
(cm3) and is 1.8 cal/(sec)(cm3) at a distance 2 inch~s from the interface 
as calculated by J. A. lane., It may be concluded 'that an average rate 
value of abo~t 2.5 cal/(sec)(cm)3. would more nearly represent the heat 
production,in the refloctor; however, for a basis of the experiment the 
most severe case was assumed •. 

When Q is 4 cal/(sec)(cm3) [162 x ;1.04 BTU/{hr) (ft3) ] ; 

K = 0.4 cal/(cm2)(sec)(oC)/cm [97 BTU/(hr){ft2)(D:F)/f~ 
R = 1.49 cm (0.049 ft); 

a = 0.15 cm (0.0049 ft). 

T is calculated to be 36DF (20°0). 

; 
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It was not feasible to experimentally obtain the value of T by measure
ment, but rather to determine th~ cooling water rate and temperature rise 
ot the water. The heat flux at the cooling hole surface becomes: 

H:; ...Q Tf (R2 ... a2) ;: _.Q... (R2 ... a2) 
21(' a' 2a 

H;: 392,000 BTU/(hr)(ft2) or 29.5 cal/(sec)(cm2) 

, The equivalent total heat ge~eration in two experimental cases becomes 
90 BTU/min and 143 BTU/min respectively for ?l inch and 8 inch long 
cylinders with coqling holes 0.125 inches in diameter, and is calculated 
as follows: 

q ~ ;92 x lq3,BTU/,hr2(ft2) x 1;.8 x 10-3 ft2 " 60' ," "'" " 

q: 90 BTU/min 

~ factor, ql, is now calculated as the ratio of the experimental value 
of heat removed, QE, to the design value of heat to be re'moved, q. 

"i t""') 

,/" I~ C!E 
'q':;'"'-q"" = =,... ~ n .. ,,,. _____ #. ( 'IL min ;: .JtQL;: 4.5 

'--' -- j -' ' 90' 

3.2 str~ss Pattera§: 

The c?se of norm!:}.l stresses in long hollow cylinders has been con
sidered by Timoshenko\4). His general equations were 'fitted to the specific 
case of uniform(g,ating throughout with coolin~ at the surface of an axial 
hOle, by Brigg~ , , the equations arrived at being: 

(4) 6r = ° 
(5) 6 2 ( ~ Pl) , ,t:; !a,2-~ .. 

8K (I ... V ) 

( 6) 
.. /: 

bE::: ~Jt 

where 6 r, 6tl 6E are radial, tangential, and longitudinal stresses 
respectively in Ibs./in2• . 

E = Youngs ~od~u~, lbs/in2 

a = linear cooffiGient .. of thermal expansion per "F 

v = ;Poisson( s Ratio. 

A 
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At tho inner surfaceo! the cylinder, stresses attain a maximum and 
.are the only onces e onsidered in this paper. The function, ~PlJ is 
defined at this location as: 

,{tp4 in p. ~ 3P4 + /tp2.,. 1 
p2 ,-. 1 . 

where P= R/a = 1.49 cm/.15 em = 10 for the design case. 

Experimental cylinders used had values of P equal 9.4 and 13 • . 
The experimental cylinders were heated uniformly on the outside sur

face and cooled at the surface of an axial hole. For thE case of a cylinder 
the same general stress equations apply regardless of the .method of heating 
provided the proper temperature function is used. For a cylinder heated 
on the ·outer surface with heat removed from the surface of an axial hole 
the function becomes: 

(7) T _ ..lL fin .1L =: glp2 .. 1)82 In..JL 
... .. 211: k a .., 2k' a 

where H = heat transferred, BTU/(hr)(ft. of length) 

(8) 

(9) 

and the stresses at the surface of th~ axial hole are: 

6r: 0 

6t = E a Q a2 
~.. 8K(1 -\i} ( <P P2 ) 

(10) 6E = 6t 
where \l> P2 = 4 p2 .Rn P .,. 2p2 + 2 

A sample calculat.ion provides thE) method of obtaining a 
. 6 actual/ 6 normal. 

~~-
6 normal 

. J., 0: iL.7.Ql a2 (<p P2) 
8K (1- V r 

E 0: Q-...... a2::r--(,...<P-PJ.~) 

-SK (I-V) 

stress factor, 

~ PI is calculated as 1500 when P is 13, as for the 

test piece and <P P2 = 590 when P is 10 as in the design 

ca~e. 

6a£jL~ = (O~ {4.7Q) ~QQL :;: 
normal (0 ( Q) (596) 

12 
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4.0 EXPERIMENTAL 

Test work was conducted on two beryllium oylindorsithe'first being 
8 inches long, 1.17 inches in outside diameter and with a·0.125·inch 
diameter axial hole. The second oylinder was 5 inohes long, 1.p2 inches 
outside diameter and 0.125 inches inside diameter. The cylinders were 
heated at the outside surfaces by induction •. The frequency of: tho induced 
field was of the order of 100 KO; hence, beat was supplied only to a thin 
surface layer of the cylinder, The time required to bring the cylinders 
to maximum temperature was about 1 minute. The axial hole surf~ce was 
water cooled. The water flow and temperature rise of the water were re
corded for calculation of total heat transfer across thecylinde~ walls. 

In the theoretic~l cylinder no heat flows along the-longitudinal axis; 
however, for a practical case of a oylinger of finite ~ength some heat flow 
in this directioll. oannot be eliminated. The test pieces were end mounted 
and insulated to reduce end effeots in the temper~ture pattern to a minimum. 
Further, the induction coils extended ~yo.nd the cylinder ends. 

'!-Jater flow- was measweci by a ca~ibrate4 rotameter with a r$nge of 
.2 "" 12 lb/min. ~he cooling w~ter floVl was 9 1bs/min. 'l'empe:ratures were 
indicated by S~andf.ll-d mercury therr.tpmetcfs which w(?re located well outside 
of the induced field. (Sec Figure 1). . 

5.0 RESULTS 

Tabulated be;Low are tpe q' factor and stress fac·tor results from two 
test runs. 

Design 

Test A 

Test B 

Number 
Thermal 
C.ycles 

-.. 
100 

50 

Heat ~verage 
Flux q I Factor 
grU/ft.2xlO;3 _ ...... __ 

392 1.0 

1180 3.0 

1840 4.7 

P = Ria Average 
stress 
Factor 

10.0 1.0 

9.4 3.6 

13.0 12.0 
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Values of stress are calculated using a constant value of Youngs 
Modulus.. It is doubtful that the modulus does remain constant in light 
oftha known value of ultimate strength of beryllium which is about .30,000 
psi. Calculated stresses from' data in test B are of the order of 90,000 
psi, and about .30,000 psi for test A. These data would predict failure of 
'test pieces. Such has obviously not happened. For this reason, specific 
values of stress have not been reported but 'rather a stress factor for 

. comparative purposes orily ~ It may be seen that stresses 12 times larger 
are calculated for test B than for design thermal conditions. 

The point of greatest emphasis is that heat fluxes which were respect
ively .3~O.and 4.7 times greater than expected to exist in the reflector 
assemblies closest to the reactor were induced into the test cylinders$ and 
no failure or cracking occured. . 

'~.o QQliC~USIONS AND. RECO.MMENDATION . . . . 

. It.is·conpluded that the beryllium reflector assembJ,ies are adequately 
stable to thermal stresS8t'J which YJould result from heat fluxes 4.5 times 

, gret;lterthan presontlydesigned into the high 'fJ,ux reactor. 

, 'On this basieit 'is believed that the cooling requirements per 
, Rflsembly !nay be reduced by at least one half. 
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