" '54-3000-030 (1 ~6l)

A m—’/_]/
ARC-GE RICHLAND, WASH, . A FICATION )
( CLASSI <

TO BE USED ON UNCLASSIFIED AND OFFICIAL USE ONLY DOCUMENTS.

DOCUMENT NO.
UNCLASSIFIED)
i (CLASSIFICATION HW-76115
GENERAL @D ELECTRIC T
HANFORD ATOMIC PRODUCTS OPERATION - RICHLAND,WASHINGTON Jan. 2, 1963 % 7 7
FITLE 1SSUING FILE
CALCULATIONS OF THE SURFACE HEAT FLUX AND FUEL TEMPERATURES
- FOR PRTR MK-I PuOy-UO2 FUEL ELEMENT WITH SEGREGATED PuOp
AUTHOR
F. R. Zaloudek and G. M. Hesson _*
DISTRIBU':'I:IION
NAME BUILDING AREA _ NAME BUILDING AREA
1. FW Albaugh - 328 300
2. JK Anderson 1707-D 100-D
3. TW Ambrose 3706 300
L. JA Ayres 1704-K 100-K
.1 5. JM Batech 1707-D 100-D
6. DL Condotta: T8 700
~T. EA Evans | : 325 300
8. DJ Foley 31h 300
9. JC Fox . 328 300
10. MD Freshley 308 300 _
11. HE Hanthorn 328 300 §
12. H. Harty 28 300 FaA \ i
-{13. GM Hesson 1707-D  100-D - REFERE%{!E ﬁ@?{ |
1k. DR Koberg 309 300 RECEIVED 300 AREA *
15. WR Lewis 309 . 300 JAN 2 5 1963
16. WJ Love ' T62 © 700 K oice 1o
17. LT Pedersen 309 300 =i 19
18. RH Purcell 309 300 TECHNICAL INFORMATION FILES
19. WD Richmond 309 300 '
‘{20. WE Roake 325 300
| 21 WK Winegardner - 328 300
‘122. NG Wittenbrock 328 300
25. FR Zaloudek 1707-D  100-D
24-28. Extra
- 129,300 File
“1-30. Record Center
DISCLAIMER
: - ROUTE TO PAYROLL NO. This report was prepared as an account of work sponsored by an agency of the United States =
- Government. Neither the United States Government nor any agency thereof, nor any of their ——
) 42, A/ 7 é‘,‘ employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
: - - bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or  __|
- L process disclosed, or represents that its use would not infringe privately owned rights. Refer-
; = = ence herein to any specific commercial product, process, or service by trade name, trademark,
s o _C:ﬁ/ / manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- |
) ) 39 mendation, or favoring by the United States Government or any agency thereof. The views
17/4- 7 )_:5/2 @r{‘ mn» 5 /L and opinions of authors expressed herein do not necessarily state or reflect those of the
: Uhnited States Government or any agency thereof. ]




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document.




UNCLASSIFIED -1- HW-T6115 °

CALCULATIONS CF THE SURFACE HEAT FLUX AND FUEL TEMPERATURES
FOR PRTR MK-I Pulp-UGCp FUEL ELEMENT WITH SEGRECGATED PuOp

F. R. Zaloudek and G. M. Hesson

ZINTRODCCTION

The methods used to fabricate the present loading of PuOp-UOp fuel elements
for the Plutonium Recycle Test Reactor have resulted in alternating bands of
high and low PuOp concentration along each rod of the 19-rod elements. These
bands are repeated every 1/2 or 1 inch along the length of the rod, depending
on whether the loading of the oxides was done in 160 or 80 increments. This
non-uniform distribution of PuOp results in alternate regions of high and low
heat generation rates with a direct influence on surface heat flux and fuel
temperatures. Since the heat generation rates in the regions of high PuQp
are as much as six times greater than the rates for a uniform distribution,
calculations have been performed to determine the maximum values of heat flux
and fuel temperatures that would result. Such calculations are reported here.

STMMARY

Calculations were performed to determine the local surface heat fluxes and
fuel temperatures in & rod of a PRIR 19-rod cluster PuOp-UGp fuel element

in which the PuCo enrichment is segregated into narrow bands as a result

of the incremental loading process used to fabricate the fuel. The results
indicated that peak to average flux ratios of 2.37 could occur for fuel rods
loaded in 80 increments (1 inch total band length) if no mixing of the Pula-
bearing powder occurs with the UOp powder. This would result in maximum hest
flux of 660,000 Btu/hr-sq £t for a fuel element operating at a tube power

of 1200 KW. For a rod loaded in 160 increments (1/2 inch total band length),
the peak heat flux ratio was calculated to be 1.35 (475,000 Btu/hr-sq £t for
a 1200 XKW fuel element). These heat flux ratios as well as fuel temperatures
are shown in Figures 1 through L for two different values of maximum PuOp
concentration.

DISCUSSION

in the fabrication of UOp-Pu®p fuel for the Plutonium Recycle Test Reactor,
an incremental loading technique is employed to charge the T0p and Pulp
povders into the cladding tube prior to the vibrational compaction cr swaging
processes. As it is presently performed, this incremental loading technique
consists of the simultaneous dumping of small quantities of two powder mix-
tures into the tubes which will later serve as the fuel cladding. One of
these powder mixtures comsists of U0p to which 5 per cent by weight of Pulp
has been added. The second powder is entirely UCy. The fine fractions of
the resulting fuel mixture are contributed primarily by the first mentioned
powder mixture, and the medium and large fractions are contributed by the
second. These incremental losdings are repeated until the tube is full,

and it is then ready for the compaction process. The gquantities of the two
powder mixtures are adjusted so that it takes either 80 or 160 incremental
loadings to-fill the tube. This means that each incremental load will
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contribute either about 1 inch or 1/2 inch of fuel to the completed fuel rod
assembly.

Ideally, a perfect mixing of the two component powders should occur during
the loading and subsequent compaction processes resulting in a uniform

0.48 weight per cent PuOp enriclment over the entire length of the fuel rod.
However, such perfect mixing has not been attained in practice. Autoradio-
graphs of several campleted fuel rods have provided evidence of non-uniformity
of PuOp concentration in the axial direction and also radially to a lesser
extent. Regions of high PuOp concentration along the length of the fuel rod
ahd adjacent regions of low PuOy concentration correspond in frequency and
length to the supposed pattern of the incremental fuel loadings; that is,
either 80 or 160 regions of high PuOp concentration generally occur along
the length of the fuel rod. Preliminary destructive tests have indicated
peak PuQp concentrations as high as 1.5 per cent by weight.

These regions of high Pu0y concentration along the length of the fuel rods
are also regions of high heat generation when the fuel elements are in the
reactor. PuQp concentrations of 1.5 per cent will produce specific powers
more than double that of the nommal 0.48 per cent concentration, and 5 per
cent concentration will produce approximately 6 times the specific power of
the uniform case. However, surface heat fluxes will not be increased by
corresponding amounts, since a redistribution of some of the heat generated
in the region of high Pu0p concentration to the regions of low concentration
will be effected by conductive heat transport. '

Conventional numerical methods employing the "relaxation'" technique were !
used in this computer study of the heat conduction within a PRTR fuel rod. [ﬂ
Since the actual variation of the PuOp concentration is influenced by
essentially random disturbances occurring during loading and compaction

of the fuel powder, no attempt was made to consider observed special varia-
tions in PuOp concentration in these calculations. Instead, hypothesized
distributions of the "step-function" nature were assumed such that all of

the Pulp was collected in bands of either 5 or 1.5 weight per cent concen-
tration. These bands were assumed to be surrounded by regions of U0y en-
tirely devoid of PuOp. Both 80 and 160 uniformly spaced bands were con-
sidered to exist along the fuel rod length. This is consistent with the
autoradiographic observation mentioned earlier. Also, for control purposes,

a uniform 0.48 weight per cent PuOp was considered.

Physics calculations indicated that the following specific powers can be 3{
expected from each region ol specified Pulp concentration:* I

5.00 w/o Puds - 73.68 KW/ft
1.50 w/o PuOp - 26.26 KW/ft
0.48 w/o PuOs - 12.29 KW/ft
0.00 w/o Puds - 6.60 KW/t

¥R. E. Peterson, Personal communication, Dec. L7, 1962.
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Using this information, the axial variation of the specific power was con-
structed. Since the segregation of the PuOp results in the development of

a greater average specific power than obtained in the case of uniform dis-
tribution, these axial variations were altered somewhat by reducing both the
peak and minimum specific powers by the same percentage to obtain an average
specific power of 12.3 KW/ft. This takes into account a 1.3 axial and a

1.1 radial peaking factor. The resulting axial distributions of specific
power referred to the case of uniform PuOp concentration is given in Figure 1.

A film coefficient of 5000 B/hr/ft2/F was assumed to occur at the heat trans-
fer surface, and an interfacial contact coefficient of 2500 was assumed to
bcour between the core and the Zr-2 cladding. The thermal conductivity of
the core material was assumed to remain constant at 1.5 B/br/ft/F, and that
of the cladding was assumed to be 8 B/hr/ft/F.

Due to the symmetry of the specific power distributions, it was possible to
decrease the extent of the system mathematically considered to a 1/2-inch
length of fuel rod for the case of a 160 increment rod and a 1 inch length
for a 80 increment rod. ;

Since the results obtained by the numerical method of "relaxation' approaches
that produced by an exact solution as the number of incremental 'relaxation
volumes" is increased, the system considered was divided into as many incre-
ments as consistent with the time available for this analysis. Accordingly,
the 1/2 inch length section was divided into 60 incremental volumes (6 radial
divisions and 10 longitudinal divisions) and the 1 inch length section into

120 incremental volumes (6 radial and 20 longitudinal divisions).

A heat balance was written for each jincremental volume taking into account

the heat generated within the volume and that conducted into or out of the

yolume from adjacent incremental volumes. The resulting system of 60 (or 120) 1“
equations were solved simultaneously by an iterative or "relaxation" technique
with the aid of the IBM 7090 computer. The results of these camputations

yielded detailed internal temperature distributions as well as surface heat

flux information for the system considered.

The calculated axial distributions of the surface heat flux for a typical
rod in the PRTR 19-rod cluster PuOp-UOp fuel element with various non-
uniform distributions of PuOp are given in Figure 2. In these curves, the
local surface heat fluxes were referred to that which occurs on a rod with
the normal uniform distribution of 0.48 per cent by weight of PuOp; that is,
about 280,000 B/hr/ft2. '

First, consider the case of the 5 per cent peak PuQp concentrations charac-
terized by curves in Figure 1. These would correspond to the situation if
absolutely no axial mixing occurred between the two constituent powder
mixtures during loading and compaction. For an 80 increment rod, the calcu-
lations indicated that a peak heat flux of 2.37 times the normal value would
occur; that is, a peak local heat flux of more than 660,000 B/hr/f%2 would
be produced by a fuel element developing 1200 KW. This is considerably
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greater than the present reactor boiling burnout limit of 400,000 B/ar/ft2.
For a 160 increment rod, the peak local heat flux for this maximun Puls
concentration would be 1.45 times normal or about 405,000 B/hr/ft2.

For a peak PuOp concentration of 1.5 per cent and a specific power distribu-
tion given by curves (2) and {4) in Figure 1, the calculations indicated
peak local heat fluxes of 1.70 and 1.35 times the normel value for the 80
ahd the 160 increment rods respectively. These correspond to peak local
peat fluxes of 475,000 B/hr/ft= and 378,000 B/hr/ft2. These values are
possibly more indicative of actual fuel element behavior since the peak

PuO, distributions approximate those values determined by actual destructive
tests of campleted fuel rods as.discussed earlier. .

Figures 3 and 4 are representations of the calculated axial centerline tem-
peratures and mean cladding temperatures for the cases considered. Although
the curves presented in these figures are for a specific power of 12.3 KW/ft,
they may also be used for other specific powers by simply multipiying the
given value of {Temperature - coolant temperature) by the ratio of the new
specific.power to the value 12.3 Kw/ft. ‘This is permissible because the
calculations considered temperature-independent thermal conductivity.

()Gt ntet

. R. Za(ffgek, Engineer

1, . /
‘/;/ ‘/////,/1 ,/ ‘\;‘Ii"i"r:‘.'..- - :““.h' """//

G. M. Hesson, Engineer
Thermal Hydraulics
HANFORD IABOFRATORIES
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