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Teziperature calculations for a 295 
element ZrH reactor at fuel element spaclngs from 
O.OlO" to 0.065" showed a very small dependence 
of reactor tecĝ erature on element spacing. It 
was found that one variation m coolant channel 
area (2 zones) was sufficient to satisfactorily 
shape the radial flow profile for the core. 
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I. Introduction 

A lattice spacing trade study was required to determine the 
optimum spacing for the 295 eleaent ZrH reference reactor. The element 
to element spacings are to be maintained by fins on each fuel element. 
Large spacings result in higher KaK film heat transfer coefficients 
than tight spacings. This results m lower fuel teziperatures and less 
temperature ripple circucferentially around the elements. The larger 
spacings also allow higher fins on the fuel elesients which, in turn, 
promote more channel to channel mixing. The mixing tends to smooth out hot 
and cold channel effects. The larger spacings are limited by nuclear 
requirements (excess reactivity and reflector control) of the reactor. 
It IS also desired to keep the Reynolds numbers of the individual channel 
flows above the laminar and critical flow regimes. However, for constant 
fuel element diameter auJ the sace total coolant flow the Reynolds number 
IS insensitive to element spacing. Pressure drop was not a critical item 
in the study since the^P for the core configurations considered was only 
1/4 to 1 1/4 psi. 

The following basic rules were set for the trade study 
conf1gurations. 

Reactor power 600 kw 
Outlet tempsrature 1200^ 
Inlet temperature 1065**F 
Number of elements 295 
Nominal assembly clearance 0.002" 
Cladding material Incoloy 800 
Cladding ID " 0.550" 
Minimum clad thickness ' 0.015" 
Gas gap width 0.0055" 
Fin pitch 5.5 inches/turn 
Core edge No heat loss 

The desired radial temperature profile has equal maximum fuel 
temperatures for all elements. Temperature conxrol was performed by shaping 
the coolant flow profile, which was achieved by varying the flow channel 
areas. Tor this study the channel area variations in each configuration 
were made by increasing the fuel cladding thickness. An alternate method 
would be to maintain the cladding thickness at 0.015" and increase both 
the fuel slug and cladding diameter. From a thermal hydraulic viewpoint 
the results would be the same for either method if the radial power profile 
remained constant. The actual radial power profile for variable fuel 
slug diameter !» flatter tl̂ an the one for variable cladding and it peaks 
up at the zone boundaries where the fuel diameter increases. 
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a> 
Calculations were performed with the CE^ 2 
1/12 (30 ) repeating section of a hexagonal core, 
profiles <2) 
assumed that the tube fins were 50% efficient̂ '̂ '' in producing cross flow 

program which treats a 
Axial and radial power 

for the calculations are shown in Figures 1 and 2. It was 

between adjacent coolant channels. Fin efficiency is defined as the 
ratio of actual coolant cross flow to the cross flow calculated assuming 
all cool2.nt locared between adjacent fin wraps crosses into the neighbor 
channel at the points where the fins cross over. 

Since It IS not practical to tailor each flow channel Individually 
to achieve the desired flow profile the core was divided into zones with 
the individual flo» channel areas equal to one another within each zone. 
An example of a four zone core is shown in Figure 3. 

II. Results and Discussion 

A. Nominal Spacing , ' ^ 

The basic runs for the trade study investigation are listed 
in Table 1. The table shows the assembly clearance between fins, the lattice 
pitch, the spacing between fuel elements, and the number of element zones 
which were used to approximate the desired flow shape. The last column 
of the table lists the outer fuel ring for each zone. Fuel and coolant 
tes^eratures for the 0.630"and 0.610" lattice pitch cases are shown in 
Figures 4 and 5. Peak fuel temperatures for all the Table 1 runs are 
shown in T<ible 2. Peak fuel temperatures are plotted as a function of 
average spacing and number of zones in Figure 6. The constant spacing 
cases (1 zone) were not plotted because of the high peak fuel temperatures 
which result with no flow shaping. From Table 2 we find the highest peak 
fuel temperature for case 7 (1 zone) is 63°F hotter than for the four zone 
case 1. The one zone case would becoae of interest if the power profile 
were flattened by nuclear means such as a varied uranium loading, for 
which a uniform flow profile would suffice. 

From Figure 6 we see that peak fuel temperature is not a 
strong function of element spacing. The main cause of the spacing depend­
ence IS the variation in KaK film coefficient, which increases as the 
fuel spacing increases. Since the NaK fil- is only a small part of the 
total heat transfer resistance a change m the film coefficient has only 
a small effect. Even the number of zones by which the ideal flow area 
IS approx:.mated does not have a large effect on the maximum peak fuel 
temperature in the core. Fiĝ Jre 6 shows a 15°F temperature drop in going 
from 2 to 4 zones for the core. 

imm 
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The data in Table 2 includes the mariimim NaK temperature 
difference across an individual fuel element at the zxme boundaries. The 
maximum differences '̂ ccur at the reactor outlet. With reference to Table 1 
we see trom the Table 2 results that the cross element AT's are an inverse 
funct.ion of element spacing. Jbis effect results from the direct relation-
sh;.p cf mixing with fin height, with the larger fins being »sed to obtain 
the larger spacings. Table 3 shows fuel temperature and cross element A T 
data for the same cases as in Table 2 but with the assumption of no 
mter-channel coolant mixing. Comparison of the values in the two tables 
shows that mixing has little effect on peak fuel temperatures, but is 
quite effective in reducing the coolant temperature^T's around an element. 
Many of the cross element AT*s increased 50 to 100% from the nominal mlxing 
to the no mixing case. 

B. Clustered Elements 

Additional calculations were performed to determine the hot 
channel effect of a three element cluster under different spacing conditions. 
Three adjacent fuel elements were assumed to move together until their fins 
touched. The fuel rods were assumed to reiaain centered (or randomly 
positioned) wirhin tLs cladding tubes. The amount of movement thus 
depended upon ais^r.bly clearance, or fin to f m spacing originally allowed. 
The result is tnen one small channel common to the three clustered-^liements aiyd 
twelve enlarged cba-.-els around the clvister. Figure 7 shows the increase 
in cross element A " as a function of the initial element spacing and 
assembly clearna'^e r^sqiarison of the mixing and no mixing curves xn 
Figure 7 show tJ- .^ficial effects of mter-channel mixing. 

C. Asymmetrical Fuel Slugs 

The effect of asymmetry of fuel slugs inside the cladding was 
also investigated. Fuel slugs in three adjacent elements were moved off-
center to the side of their common coolant channel. For no mixing assumed, 
the cross element AT at the outlet for the three affected elements 
increased 60°F over the symmetrical case. For nominal mixing this AT 
increase is only ?°F. Again, the importance of inter-channel mixing 
IS evident. With the three elements clustered in addition to the 
asymmetry condition, the cross element AT increase is 11°F instead of 9'*F. 

D. Tradeoffs "> 

Based upon the above results. Figure 4 and Figure 6, the two (2) 
zone configuration is most appropriate for the reference reactor core. The 
15*̂ F penalty in fuel temperature for the 2 zone over the 4 zone core is not 
significant when balanced against the advantages in manufacture, quality 
assurance, and assembly of a core with two types of fuel elements instead of 
four types, 

FORM 719-P RKV. B-69 
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For element spracings greater than O.OlO" as considered here 
the only significant spacing effect is the hot channel A T caused by element 
clustering. With the small assembly clearances (^.004") presently being 
considered, and wi^h mter-channel mixing, the cross element^T is small, 
less than 10°F estimated from Figure 7. Actually, wa would hesitate to 
use spacings less thar» 0.020" where each fin is only 0.008" to O.OlO" high 
depending upon the assembly clearance. Fins smaller than this probably 
will nox provide enough mixing to sufficiently reduce hot channel and 
cross element A T's. Above this minimiuD there is little advantage gained 
m thermal hydraulic characteristics by going to the larger spacings (other 
than the required spacing increases to obtain the proper zoned areas). 
Nuclear characteristics improve as the reactor becomes more compact, irtiich 
makes the smallest allowable spacing most desirable. Typical spacings in 
a 2 zone core would be 0.020" for the outside zone and 0.040" for the 
inside zone. 

Recent work has indicated the requirement for minimum 
cladding tube thickness of 0.025" and an initial radial gap width of 0.006" 
for the fuel elements. Figures 8 and 9 show peak fuel and coolant outlet 
temperatures for two cases with these changes Included. Figure 8 shows the 
reference 2 zone core case with 0.02" and 0.04" spacing. Figure 9 shows 
a case where the peak fuel temperature was decreased 7**F by lowering the 
spacing in the outer core zone to 0.014". Not only is the 0.014" spacing 
below the minimum desirable but the cross elementAT'S at the zone boundary 
are quite large (•«'20°F). The gradient in coolant outlet temperature 
can be seen m Figure 9. The configuration of Figure 8 is thus the better 
of the two and is representative of the design currently being formulated. 
The peak to average of the radial power profile was reduced to 1.32 for these 
last two calculations. This is m line with the flattening effect observed 
when the variable channel areas are obtained by varying the fuel slug 
diameters instead of the claddin^ thickness. 

III. Conclusions 

The ideal flow profile can be satisfactorily approximated by a 
two (2) zone core with flow channel areas constant within each zone. For 
the snail assembly clearances,_^0.004", presently being considered the 
magnitude of the average fuel element spacing has very little effect 
upon peak fuel temperature and coolant temperature gradients even when 
considering cluster effects. These conclusions rely on the presence of 
considerable inter-channel mixing between the finned fuel elements. The 
prediction of this mixing effect is highly uncertain and the above 
conclusions will require re-evaluaticn after the results of the experimental 
mixing tests are known. 
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