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ABSTRACT

Using & simplified model, caleulations have been made con-
cerning the possible affects of voids upon the pows: depzity in
ORR loop experimenta, It is concluded that ths power density
may be markedly increased if voids and channels are plugged with
moderator material such as graphite or heryllium.
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STUDIES OF IMFROVEMENT OF POWER DENSITY IN ORR LOOF3

- M. L.-Tobias and D. R, Vondy

General Discussion

'Dehpite the fact that fluxes obtainsble ip the ORR ere mich higher than
theose in the LITE, it has been found that fuel solution loops in the ORR do
ot displey B markedly Increased pover density compared vith those uysed in
the LITH. The principad point of contrest betmen these loops appears to
l_ie in one importent construction difference, nemely, that the fuel solution
containers in the LITRE were surrounded by graphite wheress thc;se in the ORR
are not; Further, there exists an alr gap &bout 1/2 inech thick ‘hétwen the
outer sheil and the fuel sclution contalner vhich was not present in the
loops used earlier. Behind the fuel contalner, neutron reflection is af-
furﬂe:li anl:.r by the piping ard cther har-iwarg associsted with the Tuel loop
vhich are heariiy interspersed with air gaps. It sppeared that the power
in the loop was being lowered by tvo initerconnected effects. First, the air
gaps may 1cm§r the reactor flux in the loop vicinlty due to neutron streaming
through these passsges, &nd second, fission neutrona generated in the fuel
coartainer are poorly reflected and moderated h;;,r surrounding material because
of the high percentage of nearby vuiﬁ Epacs,

Only the second of these effects has been studied here, but the re;aults
show substantinl 1mprmrem.ant in power density is possible if the voids are
replaced by moderator materisl. The Inllov.ih.g gimple nr.:dél of the actual
gituation was used. TFirst, the fuel container was teken to be & 3-in.~dia

¥ B-in.-long cylinder of 10 g l.]235 in HQCI surrcunded by a half-in. gap.




The derdvative of the flux wes taken to be zero on the far side of the gap,
and the flux was assumed zero on the container face away from the reactor.
The boundary conditicn at the face in contact with the reactor was that of
a constant flux, with the ratio of the fasi t¢ elow fluxes used 85 8 param-
eter, The nuclesr calculations weres two-group diffusion calculsticns which
were handled in two waye vwhich gave results in good apreement., In the flrst
wey, it was assumed that the effect of the vold of the half-inch gap was the
same a2 if the void vwere homogenetiely dispersged inm the fuel solution., The
second way likewize disperees the void throughout the fusl solution, but
uses the methods of Behrensl stiepe the geometry effects s well as the dilu-
tion eﬁ'acts of the veid are imeluded. In sdditien, the effect of placing
a graphite or beyxyllium reflector & inches thick ggaipst the eylinder face
away from the reactor were computed. The resglts ere showa in Fig. 1. It
i5 seen that the aversge power density per unit thermal fluw at the resctor
face varies linearly with fast-to-thermal fluxt ratie, Thie ratio i1z in the
neighborhood of 2 for the ORR btut varies with the reactor configuration ueed
for an axperiment and ie quite variable with position es well. The void
fraction in the present case is of the crder of 40%, sc that good agreement
is feund botween the results of Behren's thecry and the simple dilution
mwethod. The best reflector from the stendpeint of power improvement is
clearly beryllium. However, graphiie would probably be preferred becauze of
the relative gase with which it way he uesed.

The questlon of whether any benefit may be obtained from surrcunding the
loop with heavy water insteed of light water {as ai present) has also been
examined. Agein on the basis of & crude model of the actual situation, the

variation of power per undt thermal flux hae been determinsd as & function of




fast=-to-~slow flux ratio at the reactor face. Referring to Fig. 2, light
water ie seen to be superior at high values of this ratio while heavy water
is better at low values. Hear a ratic of 2, the powsrs obtainsbles are quite
closa. In any caese, no very great advantage 1s 1ikely to be cbtained by
using heavy water.

Detalls of the equatione used for determining the void effects may be
found in Appendix I. The treatment of the proolem of the uss of heavy wnier
in place of light wmter is dlscussed in Appendix IX.



.i.__..“. L

-

LT

iy

i

. ur

|_{.

i

1

+
L1
.
o
u
x;
-

. um
mu
of
]
2
Z3
>
]
[}

L
i DNETIGEM GAAPH PARER
12X 10 FER INCH

-

HO 340

T el vl - = rhr— - - - ———n— - -
i i-LieImag, =4 5032 e .M
COCLASETI I, ]
[HINE R EEEEE -
o ,
1
i o
1 F
h
. F,
i
i .
N > i F M |
...... ..._FJJ..-F \. ..._1
y | £ L AT A Pl
P A LA LT i v A
—ﬂ 4 A X T 1% N ¥
= A FETUIH R P
H oty
= r =
4
1__- _.“. F. F 4
i . 7
H Fu
R 7
|
4 ¥,
A
T 1 4
‘4 ¥ = 7
Fai \ y
[ i F o r .
el e - t\
A [N
A -
\ L
% h_w
I i A
1.0 A M F -
| A \___\ \‘._. -
T .M_
[mm P
- 1 ..‘.1.
e i \_-‘
-
. 1 %.h\ ol ol
%‘ R P Wl
rANN . o
as ¥ o 7 ANNWRES o R mx
¥ H 1 L '
i -
7 - Zi sl
1.” T
fin 2 i
" [
L %‘ ' =
35 H . )
L B 2y
7 i ﬁ
F Fa H _ (%I ! |
Fan _ | i)
ANy T =
4 Yy i r
\...._\. L= = — =)
' an = 1 tu..lﬁ. b
d \ 1 1 -
A1 37 | == ]
F, . Lo : "
P A lﬁ an]
ot A i




"-‘HJ
Camiaa

a.-"‘.il.-.t '.I.

uTW TED

Ny dld

Pig. 2. Brigcs of dgsarusgr fajecent Yo loup Fuel Teuk

b F 1
b
i
N
K =
= X T
b
]
b
)-r
.‘f
J.F b
Y LY
h
-
AN
] o
_v._f Jm
X T
[y M
b
i J
. * T
__
. n—l.
L. ]
f 1
! L oy :
. ; T ! :
] H Y T |
I K EN _ -
X, [~
b k' _-I-ﬁ..
| | | ™
] : e i
i f \ N
| N
I
g P
u 1 ﬂ.__. .._r.
.
; 2 b YA
M,
sy
I
kY P,
N, m
rﬁ_. 1 -l“ ﬂ
L f - o
L 3 ey ™
] ¥R NN §gvYA . CHEMIE Wdd S X O
O HIDILIID FNIDNT Wha¥e H4ad'vHDE NIOZIIEA L01- GFE GM




Appendix I. Two-Group Diffusion Theory Applisd to &

Cylirdricul Fuel Containing Region Subject to
Certein Simplifying Boundary Conditions

Congider a two-region cylinder as in Fig. 3. If one assumes that the

eylinder is insulated redially, the diffusion equations reduce to thoee of
slab geometry. The sversge power

\\\\\'\\\&_\\\\\\\\\\\F density in region 1 will be found in
Eﬂ -
M..-r--" T, /ﬁ.; g gbra ad terma of R, the ratio of fast-to-
= =
E 1 28 %.70 thermal flux, and the thermel flux it-
= o T,
o E gelf at the reactor face. The fluxes
FUEL CONTAINER
T T T st the reflector end will be coneldered
— L T- 0 — z=ro. Let x be the axial distence frem
Fig. 3. GSchematic Diagram the reactoar face. Then, neglecting fast
of Pusl Locp
group sbsorptions and flesslons
dF.'
fl £ o
Iy 2 " et i g -
2
a= g
81
Dst t I By - Ig Py = O

4:1:1:E

2
Azsuming that E—g - B # and that vE, ¥ Ig (approximetaly true under the
dx

conditlons of this problem) the solutions for the case of no reflector are:

jﬁn = A {a=x} + C sinh v {a-x}

’651 = 5A {a=-x)} + S, C pinh v {a-x)




vhere v F.V ;&.-‘- n_?&
‘n
TRy
B )
SEu_;_Fl — 5 - - D‘E
By = Dg ¥ g1

If one is given R, the ratio of the fast=to=thermal flux, at x = 0, and

the thermal flux at' zero then

52 R «1
A s A g (0)

-Sl}a

Bl R=-1 4 ()
c = \
(8.~ 8,) sinh va
The average power density in the cylinder per unit thermel fiux at X = 0

may be sxpressed as follows:

gﬂi_r I:Elm.p E(qoshva-l)]

~ Q 2. va

Since A and C contain ﬁsl {(0) as a factor, this ratio is independent of the
‘thermsl flux level at the reactor face.
For the csse of a mﬂector st t]::—.e ‘eylinder face opposite the reactor,

the fl'ux Equﬂ.tim:t_s are

ﬁlﬂt D+ Ex+ Feinh ¥ x4 G cosh yx

ﬁiﬂ: sl[n+Ex]+52[F§1nhvx+chsnux]



B - Hsinh_dﬁ fT-ﬂ
e = 53331:11_:&] % .(T.-.x}+-rsinh ‘V Ezi* (T-;xl

Iﬁtﬂﬂiﬂgﬁmmﬁﬂﬂx=ﬂ,nm{imaﬂﬂyiﬂm. The re-

malning constants may be found from the four equations:

ﬁﬂ(a, = ﬁm{a]
Dy B (e) = Dp, Fp(e)
B (a) = g (a)

Dy B (a) = Dy, FL(a)

Caleulatlions were performed for a concentration of 10 gm 023'5 per liter in E[2D
at 280°C. The following basic constants were used for the fuel containing
region

a, cylinder length = 8 inches = 20.3 cm

Eq = -0.0211, I = 0.0285

vL, = 0.0212

Dy = 1.54

‘_DSI = 0.2T6




-1lf =

For the grephite apd beryllium refiectors, the constants were;

M Beryliium
Dy, em 0.83 0.49
Dy, cm 0.9 0.7
Zs cm=L 2.57 x 103 5 x 1073
Zy en™t 1.92 x 20~ 1.17 x 107
Ten 15.3 cn {6 inches}

The fue=l reglon constants were modified in two ways to show the effect
of a surroonding vold region. The first method wves a sipple depsity reduction.
The secopd followed the prescriytion gliven by Behrene by which the diffusion
length is coryected by the formular

2 o
L _ 21 SN
5 = 1+034 e—(ﬁ)” A +%ﬂ

r = 2 V/S

ratlio of void volume to waterisl wvolune

)
a

surface ares of void
= mean free path

[
u

geonetry factor, taken as 1.726 based on information
in Behrena' paper.

Both the fast and slow group diffusion lepgths were corrected by this

formula.




Appendix IL, . Conslderation of Effect ol Ue flea Wat_er
in Jlace of Light Water as e Moderator Surrounding o
the Experiment '

As this problem vas burdensome to solve by direct analysis, it was treated
numerically. The fuel and moderator regions were described by a 9-point mesh

in slab geometry as in Fig., 4. Reglon A iz the fuel region end B is the re-

T 1 - flector. The fluxes are given at pointe
016 IEUE_. __SI IOD_’:— l, 7, and 2, and the;r are zerc at 5, 9,
l A t B 3* and 10. Thereisanaxi_sufsmtryto
1 3 |I B o the left of points 1, 3, end 5, and to the
"Tﬁ '“;'_—J s 5 right of 2, &, and 10. Using two groups
: £ 5 T} of neutrons and writing six dif:t_‘aren;:e
Mg, 4, Disgram of Mesh, All equation balances arcund each point,-one

dimensions in com,
may solve for the six fluxes at polnts 3,

8, and 4 in terme of the given data. The equation for the thermel flux at point

3 would be

- Py - 8 P - Bg - 8
Day SleEi{ﬁ‘Oﬂ}*Dsn Ellc:.J.ﬁﬂ g * Tgp TEB;'E-_"S'; 10.16

°s3 2 ilﬂ.IEI = Pay _-SIEYG_ :
+ gy By (5.08)(10.16) + B B, 2 (10.16)
- Ty Ay (0026)(5.08) - B by £ (10.26) = o

The balance is based on the volume enclesed by the dotted line which is half

way between mesh points.

geb
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