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ABSTRACT

The salt injection experiment was performed in an
alternating wire-wrapped, triangular-array bundle to
study the coolant mixing behavior pertaining to alternating
wrapped wires.

Results show that the coolant mixing 1is much enhanced
in the subchannels for this type of bundle compared to the
in-phase wire-wrapped bundle currently used in the LMFBR
design. A strong interaction between the coolants 1in the
edge and the interior subchannels at four assembly faces
(where the alternating wires give 180° out-of-phase con-
figuration) has also been observed.

After calibrating the input parameters for the sweeping
flow of the COBRA-IIIC/MIT code against this experimental
data, the code is employed to predict the coolant temperatures
for a skew-powered alternating wire-wrapped blanket assembly.
Comparing the code results with the SUPERENERGY code predicted
coolant temperature data for an in-phase wrapped assembly
under identical operating conditions, 1t 1is observed that the
hot spot temperature for the alternating wire-wrapped
assembly is less than that for the in-phase wire-wrapped
bund%e by 5% (normalized to the hot spot axial temperature
rise). ’

ii



ACKNOWLEDGEMENTS

The authors would like to express their sincere
~gratitude to the undergraduate assistants Jim Hawley, David
Liu and Michael Mitsock for their tireless assistance in
data acquiéition.

Mr, Ray Johnson and Mr. J.A. Caloggero are thanked
for their assistance and advice on the construction of the
éxperimental apparatus and instruments.

The authors also wish to thank Mr. Mike Corradini
and Ms. Jacqueline Humbert for their editing and proofreading
of this report.

Thanks are also due to Malka Grinkérn and Ginny
O'Keefe for their typing.

Sponscrship of this work through.the Energy Research

and Development Administration is also acknowledged.

Siii



NOMENCLATURE

Swirl flow parameter, input to SUPERENERGY code

Salt concentration for suhchannel i
Cgram—salt/lbm—water)

Effective salt concentration of the injection
subchannel at the injection position .
(gramesalt/lbm-water)

Dimensionless salt concentration, defined as
/c
1

Suﬁcﬁannel flow rate for subchannel i (1bm/hr)
Injectton subchannel flow rate (1bm/hr)

Average sweeping flow from subchannel 1 to
subBchannel ] over one wlre wrap lead length
(18m/Breft }

' Effective enhanced eddy diffusivity, input to

SUPERENERGY code
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CHAPTER 1
INTRODUCTION

The current wire wrap configuration in LMFBR assemblies
.(EBR-I, FFTF, and CRBR) is counterclockwise and in-phase,

as shown in Fig. (1-1). The simplicity of construction and the
satisfactory coolant mixing capability make this wire wrap
configuration attractive. Neverthelesé, a severe duct
temperature gradient and a severe coolant temperature gradilent
caused by the high power skew are inherent in the assemblies
close to the fuel-blanket interface. This suggests an
investigation into other wire wrap configurations which hight
'alleviate‘this'temperature gradient as a contributor to duct
and fuel pin bowingAbehavior.

A preliminary study with a series of the dye injéctioni
experiments of differen: wire wrap cdnfigurations has been
performed at WARD (Ref. 1) Results indicated that the
alternaping wire wrap configuration proposed by C.E. Ockert
(Ref. 2) in July, 1975 (as illustrated in Fig. (1-2), may
enhance the cross assembly coolant flow, either potentially
decreasing fhe-hot spot coolant temperature or alleviating
the crossflat duct temperature difference in a high power
skew assembly. However, the study by WARD is not detailed
enough to draw any conclusion on the above two aspects.

There 1s, therefore, an incentive to further explore the flow
characteristics of the alternating wire wrap configuration by

performing.a series of salt injection tests with saline

-1-



solution injected at different.subchannels'aﬁd différent

depths from the bundle exit. The fesults of these operations

are discussed and analyzed in this report. Additionally, a
qualitative comparison of the salt mixing capability of this ,
alternating wire wrap configuration and the conventional

in-phase wire wrap configuration is made to assess the

. advantages associated with the alternating wire-wrap

" thermal-hydraulic design application.

The computer code COBRA-IIIC/MIT (Ref. 3) was used in
this study and was calibrated against the experimental data.
It should be noted that due to the simblicity of the
wire-wrap model used to construct the code, it does not
predict the salt concentration mabs well. Consequently, no
attempt has been made in this report to utilize the code to
quantitaﬁi#ely assess the detailed coolant mixing behavior

of this alternating wire wrap assembly. Nevertheless, we '

‘made a “sample” computer run Tor an ‘@ltéernating wire wrapped skewed =

power generating assembly to demonstrate, in a conservative way,

its overall mixing capability relative to that of a normal, in-

phase wire wrapped-assembly.



CHAPTER 2

EQUIPMENT SETUP

The hydraulic test loop used in this experiment 1s the .
same as that used for the CRBR blanket mock-up test (Ref. 4).
The geometric characteristics of the test section afe kept the
same as the CRBR blanket mock-up. Only the wire wrap con-
figuration is modified from the 4 inch léad in-phase
configuration to the configuration illustrated in Fig. (1-2a)
The key geometric parameters of the test bundle are listed in
Table (2-1),

It~shou1d be noted that the wire wrapped configuration ét
thé bundle exit plane of our experimental mock-up diffefs from
that originaliy proposed by Mr. Ockert. His original design
requires that every wire terminate in a position at the bundle
exit plane in such a way as to 1lie on the normal to one of
the six faces. The wires in our experimental mock-up, on the
other hand, terminate dat the exit plane in such a way as to be
located at the nine o'clock position of each rod. (Refer to
Fig. (1-2a)), The difference between these two configurations
" will result in different wire intervals (1.e.,-the-distance
‘between the axial locatlons at which two opposing and
adjacent wires cross the subchanne} gap) in his and .our
designs. Figs.(2-1) and (2-2) illustrate the gap wire intervals
in Ockert's bundle and in our bundle for two different»types
of gaés between the interior and edge subchannels. It is

clear from these figures that the gap wire intervals of the

-3-



6pposing wires in Ockert's bundle are alternatively 1/3

and 2/3 of thé wire lead length for both kinds -of gépsi

and that those in our bundle are alternatively 1/6 and

5/6 of the lead length in the gaps depicted in Fig. (2-1)

and alternatively 1/2 and 1/2 of the wire lead length

in the gaps depicted in Fig.(2-2)., Since the sweeping

flow diverted by one wire from subchannel to subchannel is
believed to be independent of the wire intervals (experimental
data for the in-phase wire wrapped assembly fluid mixing
summarized in Ref. (5) has demonstrated this point}, the
difference in the wire wrapped configuratlons in this respéct
and under this assumption would not cause large differences in
the basic sweeping fiow behavior of either bundle (his or ours).
Even if this were not so, we will show that the total sweeping
'flow from one subchannel to another over one wire lead length
for both bundles will nevertheless remain the same. This 1s
mainly because the two different wire intervals are axially
alternating in nature. Therefore, if the sweeping flow through
the gap were decreased in the shorter gap wire interval, then
the sweeping flow would be correspondingly enhanced in the
longer gap wire interval. Therefore, these two effects

would cancel each other out and make the total sweeping flow
over one wire lead length remain the same for both bundles.

The salt injection system and data acquisition system are
utilized as discussed in Ref. (6). The saline solution is
injecfed at a pre-selected subchannel and depth from the
 pundle exit while the water is flowing through the bundle. The

gram-salt, r .. cacn subchannel is detected

salt concentration (1bm-water

U=

[

S



‘at the bundle exit by utilizihg the on-1line microprocéssor system
déveloped in reference (6).. This data ¢an be consequently reduced
to a dimensionless form by dividing the exit region salt concen-
tration levels for each subchannel by the initial subchannel salt
concentration, éo, at the injection position. s is evaluated

from the following formula

e.m
c_ = 1
o}
o
wher'e-ci = salt concentration of subchannel i at
the bundle exit
my = axial average subchannel flow rate of
subchannel i
m, = subchannel flow rate at the injection

position of the injection subchannel.
(where m. is derived from the flow-split data of a
separaté experiment (Ref. T7)).

The experimental results discussed in this report can be

expressed either in the dimensionless form or nondimensionless

mg-salt )

form (lbm—water

However, since the dimensionless salt concen-
tration is independent of the amount and the concentration of the
saline solution injected, only the dimensionless salt concentra-
tion maps are used in the subsequent discussion.

Ibﬂshould be noted that the subchannel geometric charac-
teristics, such as subchannel area, hydraulic equivalent diameter
and wetted perimeter, for'thrée'different types of subchannels,
i.e., interior, edge and corner, are determined under the assump-
tion that the bundle tolerance is equally distributed between two

(%)

fuel rods and the rod and the bundle wall. . Under thisAassump—



tion, the subchannel geometric characteristics are:

.Intefior Subchannel

Area = 0.0251 inch2
Hydraulic diameter = 0.1196 inch
Edgé_Subchannel

. . p)

Area = 0.0525 inch

Hydraulic diameter = 0.153 inch
Corner Subchannel

. 2

Area , = 0.0133 inch

Hydraulic diameter = 0.0874 inch

The-pressure drop data and the flow split data(u), which

are sUbsequent;y used in conjunction with the pressure drop data
in the determination of the subchannel friction factor, are mea-
sured at differeht'times with several intermediate disassembly

and assembly of the bundles. Use of the above geometric charac-
teristics to reduce all the éxperiﬁental data 1is based on the
assumption that the tolerance remains equally distriﬁuted through-
out the entire experiment. This assumption is essentially true
~when the bundle total tolerance is relative small and all the

edge rods are likely to be pushed against the duct wall by a clus-
ter of the interior rods which are more or less bowed through the

fabrication -and handling process.
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The ldcatiéns of the pressure taps are chosen such that
fhe effect of.the dynamic head in the static pressure drop deter-
mination can be eliminated. This 1is accomblished by éetting the
distance between two pressure tap instrumentation planes by a
multiple of the wire lead length. Therefore, the dynamic head
effect on the pressure drop reading can be cancelled out when
the pressure drop reading is obtained as a difference between
two static pressure readings at two elevations.

The range of the Reynolds number over which the pressure
drop data were taken is limited by‘the pump capacity at the high
Re end and by thé'accuracy of fhe static pressure gauge at the |
low Re end. The specifications of the instruments We used in
this experiment are listed below:

(1) Main flow meter (Fisher Porter Co. Model No. B3565-
7-3-GD-BSY), 0 ~ 200 GPM.

(2) Flow meter installed on the by-pass flow loop (Fisher
Porter Co., Model 10A3567A), O ~ 37 GPM.

(3) Pump-Motor Sets (Bell and Gossett Co., Catalog No.
2-1/2A 7AB, 1510 Type B), 300 GPM @ 180 ft.

(4) Pressure Gauge - Two ITT Barton gauges (Series No.
277-57466 and 277-57467); ranges from 0 to 150
inches of H,0 and O to 400 inches H,0. One ACCO
Helicoid Gafige; 0 to 150 psi; accuricy + 1/4 of 1%.
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CHAPTER 3

EXPERIMENTAL RESULTS

Three 1njectidﬁ subchannels were chosen in this work, as
shown in Fig. (3-1). The salt transport mode differs for the
subchannels around each injection subchannel. For instance,
the‘wire wraps tend to diffuse the saline solution to the
peripheral interior subchannels when the saline s&lution is
injected at a center subchannel (subchannel 1 inAFig. (3—1)),
On the other hand, the saline solution injected at subchannels

2 and 3 is either diverted deeply into the interior subchannel
by the 180° out-of-phase wire wrap configuration or diverted to
the downstream region of the swirl flow by the in-phase wire
wrap configuration.

Test runs‘with these injection subchannels were'performed
at different Reynolds numbers and injéction.depths. The
dimensionless salt concentration for these test runs are
documented in Appendix A. The identification number'of these
test runs is tabulated in Tables (3911, (3—2), (3«3), and
(3-4). Table (3-1) tabulates all the ﬁest runé at a given
injection dépth, but with different Reynolds numbers, Tables
(3-2), (3-3), and (3-4) tabulate all the test runs at a certain
Reynolds number, but at different injection depths for injectlon
subchannels 1, 2, and 3 respectively. The depths at which.tﬁe
saline solution is injected for these three subchannels are
larger than two leads so that the salt diSéribution development

versus axial length can be clearly observed,
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Experimental error involved in the detefmination of the
dimensionless salt concentration for each subchannel has been
analyzed in Ref. (8). This error i1s engendered by the uncer-
tainties of the éait concentration measurement and the flow split
parameters, which is used t§ reduce the salt concentrationndata
to its dimensionless form. The analysis showed that the maxiQ
mum expected errors are 5;12 and 25% for the magnitude of the
dimensionless salt concentration data for saline solution injected

at center and edge subchannels, respectively.
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CHAPTER 4

INTERPRETATION OF EXPERIMENTAL DATA

Because of the unusual salt distribution patterns, as
observed frbm the experimental results documented in Appendix
A, a brief interpretation of these exﬁerimental results is |
useful to aid understanding of the salt mixing mechanism.
This section 1is divided into three sub-groups corresponding
to three different kinds of salt distribution patterns. The
Afirst kind of salt injection pattern 1s associated with
injection subchannel 1. The second and third kinds of
injection patterns are assoclated with injection subchannels

2 and 3 respectively.

&

4,1 Experimental Data of InjJection Subchannei 1

As figures (A-1) to (A-5) show, the salt distribution
pattern is relatively independent of the Reynolds number.
This indicates that the sweep flow diverted by the wire wraps
is proportional to Re for'Re > U367, .the lowest Re under
investigation. Thils feature can be proved by resorting to

the salt transport equation as follows:

dc#
= = Z—Ei c¥ - c¥! for subchannel i (4-1)
X jmy Ul J
where c§ = dimensionless salt concentration for
subchannel 1
wij = avefage sweeping flow over a lead
mi = subchannel flow rate
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Since the salt distribution map is independent of Re’ the -

dimensionless salt concentratlons cg and‘cg and the net salt
ac§ .

transport, 3’ between subchannels must be independent of

W
Re' This then leads to the parameter E%l being independent
i

of Re and, ln turn, Wij being proportional to my . Since the

subchannel flow rate my is linearly proportional to the
bundle R , we thus have demonstrated that the sweeping flow will
be proportioﬁal to the bundlefs Reynolds number if the
dimensionless salt concentration map is independent of the
~ bundle Re. |
Another interesting characteristic of these figures is
that the salt diffusion in the interior subchannels 1s not
enhanced in the expected direction (marked by the dotted
arrows) along which the wire wraps_tend to divert the saline
flow. (Refer to Fig.(4-1) for the relationship between this
expected preferred flow direction and the wire wrap config—
urations.) This effect is mainly due to the fact that the
enhanced flows in the adjacent strips of subchannels move in
opposite directiods. Thus the saline solution is prevented
from penetrating too far along the preferred directions due
to fluid mixing between these strips. Filgure (4-2) demonstrates
this effect by a series of graphs which simulate the sélt
‘mixiﬁé process between and along the strips. In Fig. (4-2),
a cluster of subchannels with alternating enhanced directions

are employed. Initially, the saline solution is completely



confined in subchannel 4,4 (i.e., the subchannel which lies
in column b énd strip 4 as shown in Fig. (4-2a). After a step
forward downstream the saline solution in subchannel L,4 1is
partially diverted to subchannel 3,4 and mixed with sub-
channels 4,3 and 4,5 as shown in Fig. (4-2b).

The diversion and mixing processes inbturn will result
in the salt distribution paﬁtern shown in Fig.~(u;2c); Here,
it is clear that the saline solution 1s nof restricted to
ﬁoving along strip 4, but rather diffuses 1into the adjacent
strips. This diffusion prevents ﬁhe saline solution from
Apenetrating too far along the prefefred flow direction into

the low salt concentration region.

4.2 -Experimental Data of Injection Subchannel 2

Injection subphannel 2 is one of the edge subchaﬁnels for
which the out;of—phase wire wraps tend to divert the edge sub-
channel flow iInto the interior suéhannels. Almost all the
saline solution injected into this subchannel is di&ertéd into
the interior subchannels, as shown in Figs. (A-6) to (A-10).

The spider shape salt distributiqn pattern is mainly due
to the alterﬁating directions of_the'enhanced flow strips.
The legs of the salt confilguratlon occur in the subchannel
strips with the enhanced flow directions toward the injection
subchannel. This 1s because the saline solution which exists
in these coolant strips tends to move toward the injection
subchannel and thus accumulates around the high salt congentra-

tion region. On the other hand, the saline solution in the



subchannel strips with the preferred‘flow direction towafd

the center of the bundle is diverted and smeared into the low
concentration region. As a result, the saline solution
accﬁmulates in the strips with the enhanced flow toward the
injection subchannel, and the low concentration solution
exists in the stripé with the preferred flow toward the center

of the bundle.

4.3 Experimental Data of Injection Subcharnel 3

Injection subchannel 3 i1s one of the edge subchannels 1in
which the in-phase wire wraps tend to divert the saline
solution into the neighborine edge subchannels. This
transport mechanism i3 somewhat similar to the swirl flow
mixing in the normal in-phase wire wrapped assembly.

Figures (A-1]) to (A-15) show the saline solution dist-
ribution maps for different Reynolds numbers with respect to
the salt injection subchannel 3. From fhese graphs, we can
see that the salt distribution seems to be independent of the
Reynolds number for this injection subchannel. The direct
proportionality of.the diversion crossflow for the subéhannels
can be directly derived from this fact.

The saline solution injected into this subchannel is
mostly swept into the subchannels locatéd in the regions on
both sides of the injection subchannel, In the downstream
region of the swirl flow (located on the right hand side of
the injection subchannel), the saline.sblution is transferred

into the edge subchannels by the preferred flow directed there.
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HoWever, in‘the upstream region of the swirl flow (located on
the left side of tﬁe injection subchannel), the saline solution
penetrates into the neighboring interior subchannel because of
_the strong edge-interior mixing interaction induced by the 180°

out-of-phase wire wraps.
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CHAPTER 5

COMPARISON OF THE DEVELOPMENT OF SALT CONCENTRATION
PATTERNS BETWEEN ALTERNATING WIRE-WRAPPED ASSEMBLY
AND IN-PHASE WIRE-WRAPPED ASSEMBLY

The ealt concentration distribution develops in the
direction of fluid flow starting from the position of saline
solution injecfion. For instance, at the level of the injec-
tion, the saline solution is largely confined to the injection
subchannel; however, in the downstream regions, the saline
solution has diffused into the subchannels around the injectien
subchannel. By studying the deQelopment of salt concentration
maps, the behavior and capability of the coolant mixing mechanism
can be clearly understood. Accordingly, experimental salt con-
centration data at diffefent injection depths with respect to
three injection subchannels were taken. It is worth noting
that the experiments were performed by varying the injection
depths and monitoring the salt concentrations for each subchannel
at the bundle exit. This is in contrast to varying the salt |
concentration measurement plane with a fixed injection depth.

A difference between salt concentration development patterns is
expected for these two measurement schemes over the first lead
because the wire orientations with respeet to the injection loca-
tion will generally differ. However, the development patterns
will be similar if the distance between the injection position
and the measurement position is larger than one wire-wrap lead

length.
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The main objective §f this chapter is to study the salt
concentration development patterﬁs of'anAalternating wire
wrap assembly by comparing the experimental results of such an
assembly with the results predicted by SUPERENERGY/DRV (Ref, 6)
for such an in—phase wire wrapped assembly under the same
experimental operating conditions, This discussion is
presented in the next three sections for three different salt
concentration patterns corresponding to three injection
subchannels.

5.1 Development of Salt Concentration Maps of Injection
Subchannel 1 '

The experimental data corresponding to injection sub-

channel 1 (dimensionless salt concentration) are illustrated
in Figé. (A-16) to (A-32) with respect to different injection
depﬁhs. The'coverage between highest and lowest. injJection
depth 1s more than two wrap leads. These figures are reported
here in a different way than they were in Figs. (A-1) to (A-5);
the map has been rotated 60o c;ockwise. The rotatibn can be
observed by comparing the directions of the enhanced flow
between the two sets of figures, i.e., (A-1) to (A-5) and
(A-17) to (A-33), respectively. The difference of the shapes
of the 0.5 dimensionless salt concentration isothermal contour
‘between the two sets of figures is simply due to the rotation
of the printout scheme.

| The crossflat dimensionless salt concentrations at two
different injection depths are plotted 1n Fig. (5-1) to

‘illustrate the development of a one dimensional salt
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concentration contour (crossflat along the preferred flow
depth) vs. the axial 1éngth (injection depth). From this
figure, it 1is cléar that the salt soiution’at the center
region diffuses into the peripheral low salt concentration
region as the injection depth increases. This feature reveals
that the alternating wire wraps perform the same function in
the diffusion of the salt as do the in-phase wire wraps.

To compare the saline solution mixing effectiveness of the
alternating wire wraps with that of the in-phase wire wraps, the
computer code SUPERENERGY/DRV is used. With this code we pre-
dicted the dimensionless salt concentration for'éach subchannel
of an in-phase wire wrapped assembly to have identical bundle geo-
metric and operational parameters to those of the alternating wire-
wrapped assembly. The code input mixing parameters ei (infphase)

and C, are obtained experimentally for the 61-pin blanket mock-up

1
%
(Ref. 5-2), i.e., €, = 0.35 and C, = 0.375, again using the same

1
geometric parameters as those of the alternating assembly mock-up.
The results of the code prediction are documented in Appendix B.
The crossflat one-dimensional salt concentrations predicted by
SUPERENERGY/DRV for the in-phase assembly are plotted at the
injection depths of 16 and 23.5 inches in Fig. (5-2). Comparing
Figs (5-2) and (5-1), 1t can be observed that the dimensionless
salt concentrations for the center interior subchannels are
much higher than those of the alternating wire-wrapped assembly.
In addition, the salt concentrations for the edge subchannels

are lower than those of the alternating wire-wrapped assembly.

This implies that the alternating wire wraps have better salt
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(or heat) mixing capabilities than those of the in-phase wire
wraps. These differences between the mixing capabilitiés of
the two types of assemblies can be characterized by an effect-

ive value of e} (call it-eiA) for in-phase assemblies. This
effective value is ﬁhe one which_givés the smallest difference
‘between the salt concentration levels for the in-phase wire
wrapped assembly (predicted by SUPERENERGY/DRV) and the
alternating wire wrapped assembly along a crossflat line for a
certain injection depth and bundle Reynolds number. Thus the
physical meéning of the parémeter siA is an artificial enhanced
eddy diffusivity (for the in-phase wire wrapped assembly),
which can produce the same coolant mixing effectiveness'of the
in-phase wire wraps as that of the alternating wire wraps.

This eiA’ which has been evaluated by’calibrating the code
SUPERENERGY against the salt concentration data at injection
depth 16 inches and Ry = 9134, is 2.56 times higher than ei
(in-phase) obtained eiperimentally from the 61 pin in-phase
mock-up. The salt concentration distribution pattern of an
in-phase wire wrapped assembly at ei = eiA is compared against
the experimental data, as Fig.(5,315hows. This figure
indicates that the E{A of the in-phase wire wrap assembly can
provide a similar salt concentration to the experimental salt
concentration profile obtained in the alternating wire wrapped
assembly.

From the above discussion, we can then conclude that:

1) The saline solution around the interior subchannel

is diffused (or diverted) into the peripheral low
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concentration region; and

2) The mixing capabilitylof the alternating wire wréps
is much mofe‘éffective than fhat of the in-phase
wire wraps,

5.2 Development of Salt Concentration Maps of Injection
Subchannel 2 "~ = ' '

The éexperimental data corresponding to injection sub-
channel é (dimensionless salt concentrations) are illustrated
in Figs. (A-3%) to (A-48), at the different injection depths
reported in Table 3-3. At the ihjection depth 13.5 inches
(as i1llustrated in Fig. (A-35)), the saline solution has been
well diverted into the interior subchannels., This indicates
that a strong edge-interior coolant mixing takes place at the
edge subchannels which have the 180o out-of-phase wire wraps.

As the injection depth increases, the saline solution
tends to penetrate deép into the interior subchannels through
the process of the preferred flow. At the injection depth 25
inches, as Fig. (A-48) illustrates, the highly~concentrated
saline solution almost reaches the_edge.subchannels on the
other side of the bundle,

The salt concentration patterns in the in-phase wire
wrapped assembly corresponding to the same injection subchannel
and the same injection depths employed in this task are pre-
dicted by SUPERENERGY/DRV, and reported in Appendix B 1in Figs;
(B-18) to (B-39). As these figures show, most of the saline
soiution is kept iIn the edge subchannels, In addition, the

major transport process transferring the saline solutlon along
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the assembly duct wall is the swirl flow in the edgé.sub—
channels, This transport process 1s totally.aifferént from
the one :that causes the diversion of thé saline solution in
the alternating wire wrapped assembly,

The salt concentration maps for the two assemblles are
. compared side by side in Fig. (5-4) at three different
injectioﬁ'depths.' In this figure, we can observe the
followlng: |

1) More saline solution is transferred to the half of

the assembly in which the injection did not take
place (i.e.,, the half of the assembly which does
not include the injection rod, as-illustrated in
Fig. (11)), iﬁ the alternating wire wrap assembly
than in the in-phase assembly, at a given injection
depth,

2) The saline solution is totally transferred into the

interior éubchannels.in the alternating assembly
and is accumulated around the edge subchannels in the
in-phase assembly,

To quantitatively evaluate the mixing capability of these
wlire wrap éssemblies, we evaluated over a two lead length
distance the total dimensionless salt concentrations trans-
ferred to the half of the assembly in which the injection did
not take place. This can be done by measuriﬁg the extra salt
which crosses the imaginary dotted line (as shown in Fig.(5=5))
at the center of the assembly for the two different injection

depths. (Refer to Figs.(5-4a) and (5<4c)). The results
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indicate that: the ratio of the dimensionlésé salt transfer

in the alternating wire wrapped assembly to that of the
‘in—phase wire wrapped assémbly is 1.89. This number indicates
that the codlant mixing capability of the alternating wire
wraps to divert the saline solution from one side of the
bundle to the other side of the bundle is about two times

more effective than that of in-phase wire wraps. It must be
remembered that the above conclusion only holds when the
injection subchannel has 180o out-of-phase wire wraps (i.e.,
for injection subchannel 2 vs. 3).

5.3 Development of Salt Concentration Patterns of Injection
Subchannel 3

The experimental data corresponding to injection
subchannel 3 (dimensionléss salt concentrations) are
illustrated in Figs. (A=50) to (A-72). The injection depths
‘under investigation are from 13.5 to 27.0 inches asAshown
in Table (3-4).At the -injection depth 13.5 inches, when the
saline solution reaches the bundle exit plane, it hasalready
been diverted into the edge subchannels located on the two
sldes of fhe injection face. The swirl flow induced by the
in-phase wi}e wraps around the injection subchannel transfer
the saline solution into the downstream edge subchannels..

The saline solution existing in the axilally upstream edge
subchannels is transpofted there by the preferred flow, which
diverts it from the interior subchannel to the upstream edge
subchannels. As thé injection depth increases, the saline

‘'solution in the edge subchannels tends to be re-diffused into
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the interior subchénnels, by the preferred flow mixing process.
By comparing the dimensionless salt concentration maps'of the
alternating wire wrapped assembly to those of the in-phase
wire wrapped assembly at this particular injection subchannel
(as shown in Fig.c}ﬁ)), it is clear that the saline solution
does not pénetrate»jnto the low concentration region in the
alternating wire wrapped assembly as effectively as it does

in the in-phase wire wrap assembly. This feature is in
contrast to what has béen discussed (Sect. (5.2)) for
injection subchannel 2.

The quantitative comparison of thé coolant mixing
capability of these two kinds of assemblies can.be done by
measuring between two wire wrap leads the amount of
dimensionless salt concentration.transferred into the non-
injected half of the assembly for each kind of assémbly.
Resﬁlts show that thére is three times more salt penetrating
into the non-injected half of the in-phase assembly than

into the non-injected half of the alternating assembly.
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CHAPTER 6

PREDICTION OF SUBCHANNEL TEMPERATURES IN A'HEATED;
_ALTERNATING WIRE WRAPPED ASSEMBLY

' The -discussion so far has been based on the saline
solution mixing'experimental data, The effect of this
particular coolant mixing pattern on the subchannel coolant
temperatures in a heated assembly should be investigated in
Order'to assess its application in the LMFBR design,

In general, there are three methods td predict the
coolant temperatures in a heated assembly from salt con=
centration experimental data, The first method is to inject
the saline solution at all the positions axially along all
the subchannels. With the injected saline solution
simulating the heat added to the subchannel coolant, one can
superimpose the salt concentration patterns at the bundle
exist corresponding to all the injection positions and yield
equivalent coolant temperatures (at the bundle exit) with all
the fuel pins heated., The second method 1s in the princible
the same as the first, but it reduces the experimental data
needed, by identifying a small number of injeétion sub-
channels which are sufficieﬁt to model all the typeS'of
subchannels existing in the bundle.

The third method is to calibrate the related input
parameters of a code which has a buillt-in sweep flow bhysical
model for each wire across each gap against the experimental

data. The coolant temperatures are calculated by the code
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"with the calibrated input parameter. _This methodAis more
indirect than therther two because the tehperature prediction
reiies on a compute£ code in which some physical models are
still 1In question, |

In this task, the third method is employed to predict

the coolant temperatures of aAskewed power heated bundle, The
reasons for discarding the first and second methods are as
follows:

1) The first method 1s much more laborious than the
third method. By the first methéd, about 400
man-days are needed , at a roughAestimate, to
accomplish this task compared to 30 man-days by the
third method.

2) The second method is also much more laborious than

.the third method.: We know that the salt distribution
pattern at the bundle exlt plane differs dependihg
on which injection subchannel 1s used. However, 1if
the bundle_ié axially cut in half, the salt
distribution pattern resulting from a salt
concentration injection at any one injection
subchannel is identical to the salt distribution
pattern that would result from an injection at the
symmetrical subchannel. Therefore, the second
methbd permits measuremenf of the salt distribution
patterns in only one-half of the assembly, i.e., that

part of the assembly which includes the injection
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rods. (See Fig. (5-5) for the location of this half

of the assembly.) This method would thus invblve

200 man-days of work to accomplish the coolant

temperature prediction of a heated assembly.

The computer code COBRA-IIIC/MIT (Ref., 3) is employed

here to predict the subchannel coolant temperatures in a
heated alternating wire-wrapped assembly. This computer
code eﬁploys physical models identical to those used in
COBRA-IIIC (Ref. 2), but a different numerical scheme to
solve the conservation equations. The input "DUR" in the
code is.calibrated against the dimensionless salt concentration
data corresponding to the injection subchannel 1 (center
interior subchannél); There are two reasons for calibrating
the code against only the interior subchannel data.
Not only did the develpper'of the code suggest that a constant
effective fraction of lead length be employed for ény gap
throughout the assembly; but also thét the mixing data we
took do not provide enough information to calibrate the
sweeping flow input parameters for two different kinds of edge
subchannel gaps, i.e., the gaps through which pass the
180° out-of-phase wires, and the.géps through which pass the
in-phase wires. The prediction results with this calibrated
input "DUR" are then compared with the coolant temperature
results predicted by SUPERENERGY (Ref. 9), of.an in-phase
wire wrapped assembly under the same thermalfhydraulic

operational conditions. The details of the comparison are
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discuﬁsed in Sect. (6.2)

The first section of this chapter; Séct. (6.1), is
devoted to'the'calibration'ofAthe computer code and the dis=-
cussion on the validity of thé code in the alternatiﬁg wire-

wrap assembly thermal-hydraulic calculations.

6.1 Calibration of Computer Code

The dimensionless salt concentratioﬁ data corresponding
to injection subchannel 1 and injection depth 16 inches, as illus-
trated in Fig. (A-2), is used to calibrate the input parameter
- "DUR" df(COBRA—IIIC/MIT. This parameter governs the magnitude
of total sweep flow diverted by the wire wrap crossing the sub-
channel gap. The relationship between the total sweep floﬁ and

the parameter "DUR" is presegted as follows (Eg. (32), Ref. (3)):

= = P-Dj« *
Woorar, = “rorce 4% F ”P[ Ai] DUR™m
where
WTOTAL = total sweep flow caused by the
wire wrap crossing the gap between
subchannel i and its surrounding
subchannel (lbm/hr).
wFORCE = diversion cross-flow per unit'length
over the axial increment AX.
AX = axiallincremenf (node); specified by
the user.
Ai = subchannel area
P-D = gap width
p = rod pitch
m, = subchannel flow rate (lbm/hr)
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The physical meaning of this pafameter, DUR, is that 1s
repfesents the effective fraétioh of_a lead over which é
constant.sweep flow is diverted from one subchannel to another.

The least méan square technique is employed in the
célibration. This technique requires that the optimum input
parameter "DUR" corresponds to the minimum value of the

following parameter LMS:

=

LMS = } [c* - T*J
i=subchannel

where ci = dimensionless salt concentration
T; = dimensionless temperature, defined as
Ty = Typ
T - T,
o

. in

T is the inlet temperature of the hot water
injection channel

[y
mn

subchannel identification number

=
"

all subchannels in bundle

The value of LMS as a function of the sweep flow input
parameter, DUR, in the code calibration, is 1illustrated in
Fig. (6~1). From this figure, it 1s clear that the optimum
-value of the sweep flow input parameter is 0.19. With this
calibrated input parameter, the dimensionless temperatures
aré computed by the code. The results are illustrated in
Figs.(6—2),(6—3),&uﬁ.(6—ML Figure (6-2) is the dimensionless

salt mixing results with the saline solution injected at the
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center interior subchannel, Figs. (6;3) and (6=4) show the
dimensionless temperature results with the saline solution
injected at‘injection subchannels 2 and 3 (as defined in
Fig. (4=1), respectively., Comparing these COBRA predicted
results with the experimental data as illustrated in
Figs. (6=5), (6-6), and (6=7), the following facts can be
observed: |

1) Injection subchannel 1:

The code predicts that the saline solution will
be transported more effectively in the direction of
enhanced flow than does the experimental data.

The dimensionless salt concentrations are
distributed more uniformly than predicted by COBRA
using calibrated sweep flow input parameter., - In
other words, the cede underestimates the coolant
mixing capability of the alﬁernating wire wrap due
to its inherent deficilency.

2) Injection subchannel 2:

The code underestimates the cooling mixing
capability with the salilne solution injected at
this particular subchannel. (This cen be observed
by comparing Fig. (6-3) with Fig. (6=6).

3):\Injection subchannel 3:

‘The codevpredicts that the saline solution
penetrates into the interior subchannels which are
close to the 1njection'subchanhel, with a pre-

ponderance of the salt in downstream. with respect
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to the local swirl flow), subchannels. Tﬁe
experimental data shows a large portion of the in-
Jected saline selution is swept into the dowﬁStream
edge subchannels buc does not penetrate radially into
the interior subchannels,

The code underestimates the coolant mixing
capability since the experimental data, as
illustrated in Fig. (6-7) shows that the saline-
solution can be transported very deeply into the low

- concentration region (downstream edge subchannels),

From the above observations, we can conclude that the
COBRA code cannot predict exactly the coolant mixing process
inherent in an alternating wire wrapped assembly. The code
tends to underestimate the.cooling mixing capabllity, due to
the inherent deficiency in its sweep model, It is employed
neverﬁheless since is considerably quicker to use than thev
other two methods, keeping in mind that it will conservatively.
predict the coolant temperatures in a heated alternating
wire wrapped assembly, The word "coneervatively" means that:
the predicted coolant temperatures may possess more adverse
features, such as high hot spot coolant temperatufe and
~larger duct wall temperature differential, than realistically

occur.
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6.2 Comparison of Subchannel Coolant Temperatures Between
Alternating Wire Wrapped Assembly and In-Phase Wire
Wrapped Assembly 4

In order to compare the coolant mixing effect on the
duct wall temperature gradients between these two diffefent
types.of aséemblies, a severe power skewed operationél
condition is analyzed in the code calculatidn. The input.
radial power factors for all the fuel rods, as input data to
the code, are illustrated in Fig. (6-8). These values are the
same as those of one-of the outer blanket assemblies 1n CRBR
(Ref. 10). This power skew 1s supposed to be the highest among
all the CRBR fuel and blanket assemblies.

The operational conditions and geometric characteristics
of the model éssembly used in the calculation are listed in
- Table 6-1.

The subchannel coolant temperatures of the alternating
wire Qrapped assembly, under the aforementioned operational
condition, are predicted by COBRA-IIIC with‘the input sweep
flow mixing coefficient, "DUR",-equal.to 0.19, Meanwhile,
the coolant temperatures of the in-phase wire wrapped
assemblylare predictéd by SUPERENERGY with its input mixing
paramekers calibrated by the experimental salt concentration
results (that 1s, the mock-up with the same geometric
characteristics used in the code calculation). The cross-.
assembly coolant temperatures in a line of maximum power skew.
of these two different assemblies are illustrated in Fig.(6-9);

the peripheral subchannel coolant temperatures are illustrated
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1h Fig. (6-10), These coolant temperatures are plotted .
correspondingAto the assembly mid-plane, which is 22.5 inches
from the assembly inlet with a 45 inch heated length. The
primary reasons for not calculating the coolant-temperature
at the bundle exit, i.e., at 45 inches from the bundle inlet,
are as follows:

1) Long computer running time and limited core storage
space prevent the calculation. The 22.5 inch case
with 0.5 inch axial interval already requilres 700K
core storage (where 900K is the limit of the computer
facllity we used) and a very long running time. It
is not practical (even if it were possible), to run
a U5 inch case to obtain the exit temperature
information.

2) The hot spot temperature difference between the
alternating wire wrapped assembly and the in-phase
wire wrapped assembly is almost linearly proportional
to the subchannel axial iength. This characteristic
has been observed from the computer reSults with
the subchannel length less than 22.5 inches. It is
thus reasonable to deduce the hot spot temperature
‘difference at the bundle exit blane from the results
we.obtain at the assembly mid-plane.

As can be observed in Fig.(6-9); the coolant temperatures
around the assembly hot spot for the alternating wire wrapped
assembly 1e less than those for the in-phase wire wrapped
_assembly. This is due to the strong coolant mixing effects

between the interior subchannels, and between the edge
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subchannels and interior subchannels. As a consequence, the
coolant températures of the edge subchannels, in both hot and
céld sides, increase due tq}this‘enhanced mixing. The hot
spot coolant temperature of the alternating wire wrapped
assembly, however, is 6 ﬁo 7OF lower than that of the in-phase
wire wrapped assembly. This leads to approximately a 12
to 14°F hot spot temperature decrease at thg exit piane of
the alternating wire wrapped éssembly; This is 5% of the
total hot subchannel axial temperature rise.
Figure (6-10) illustrates the peripheral subchannel coolant
temperatures on six faces of the assemblies, Faces 1 and 6
are hot faces while faces 3 and 4 are cold faces. As can be
observed in this figure, the shapes of the temperature of
these two types of assemblies are qu.ite different. This is
because there is a lack of lateral swirl_flow causing
- face-to-face coolant mixing in the alternating wire wrapped
assembly. As a result, the edge subchannel temperatures of
each face resemble the coolant temperatures of the neighbor-
ing intefiof subchannels. The difference between‘the maximum
énd minimum peripheral coolant temperatures for the two
assemblies; however, remains small, This means that the net
duct deflection caused by the differential thermal expansion
will be approximately the same. It is worth noting that the
temperature gradients on faces 2 and 5 of the alternating
. wire wrapped assembly are greater than those encountered
in the in—pﬁase wire wrapped assembly. This may result in

higher thermal stress on these two faces,
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6.3 Discussion ©f Predicted Results

The 5% hot spot coolant temperature decrease,oflthe.'

. ﬁalternating wire wrapped bundle at the bqndie exlt compared
to that of the in-phase wire wrapped assembly is a
conservative estimate, The temperature differences between
the edge and the interior subchannels of the downstream half
of the axial assembly is larger than those of the ﬁpstream
half. The enhanced mixihg phenomenon between the edge and

- interior éubchannels in the alternating wire wrapped assembly
can lower the hot spot temperature more in the,downstfeam

" half of the assembly than in the upsfream half of the
assembly. Using the 6-7°F difference of the hot spot
tempefature at the bundle mid-plane between these two -
assemblies to estimate an actual hot spot temperature
difference of 12;1HOF at the bundle exit is conservative. 1In
other words, the predicted hot spot temperature difference
between these two assemblies at‘the bundle exlit plane may be
larger than the 14°F estimated in the prey}ous section.

In addition, the code COBRA-IIIC always underestimates
the'cdolanp mixing‘capability in areas around the three types
ofjinjection subchannels, as mentioned .in Chapter 3.
Therefore,-it is expected that the actual hot spot temperature
decrease, compared to that of the in-phase wire wrapped
assembly, may be larger than the amount discussed above.

The peripheral temperature span, i.e,, between the -
maximum and minimum peripheral coolant temperatures, is

expected to be less sensitive to the assembly's. capability
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" of enhanced edge-interior coolant mixing.. The reason 1s that
as the mixing capability between the edge and interior sub-
channels increases, the edge coolant temperatures of both

the cold and hot sides will be increased by convection of
more hot fluid from the interior subchannels, Thus, the
peripheral temperature span for an actual heated alternating
wire wrapped assembly will not be too different from that

which we have predicted here,
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CHAPTER 7

GENERAL CONCLUSIONS

Given the discussion and analysis of the previous

sections, the design application of the alternating wire

wrapped assembly in the LMFBR can now be presented. The

advantages and disadvantageé of the alternating wire wrapped

assembly,'dompared to the in-phase wire wrapped assembly,

can be classified in the following three subgroups:

1)

2)

Coolant‘Mixing

The alternéting wire wrapped assembly provides
more effective coolant mixing in the interior sub-
channels and between the edge and interior sub-
channels. This results in a ldwer hot spot
temperature (5% difference) than that in the in-phase

wire wrapped assembly.

Duct Wall Structural Integritx

SinceAthe maximum and minimum peripheral coolant
temperatures for an alternating wire wrapped assembly
and an in-phase wire wrapped assembly are about the
same, the total duct wall radial deflections due to
thermal bowing for each will be about the same.
However, the average temperature difference between .
the hot faces, i.e., faces 1 ahd & (refer to Fig. (1=2)
for the face identification number), and the cold

faces, i.e., faces 3 and 4, is larger than that of
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the in-phase wire wrapped assembly, as illustrated

in Fig. (6-10).

Fuel Pin Integrity

Siﬁce the coolant temperatures for the interior
subchannels of the alternating wire wrapped assembly
are lower in magnitude than those of the interior
subchanneis of the in-phase wire wrépped assembly,
both the thermal induced and irradiation induced
bowings of the fuel rods will be iess severe than
that occurring in the in-phase wire wfapped assembly.
The numerical magnitudes of these effects have been
conservatively estimated using the COBRA IIIC/MIT code.
The sweep flow model in this céde is not formulated to
effectively deal with the alternating wire wrap configura-
tion. Because of the exploratory nature of this investi-
gation, and the modest performance gains associated with
this configuration, it was not deemed worthwhile at this

time to reformulate an effective sweep flow model.
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—-- Fuel Pin and Wire Wrap (With Counter-
\ Clockwise Direction)

FIGURE 1-1 In-Phase Wire %“rap Configuration
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éZfi:) - Fuel.pin and wire wrap (wire wrap twisting direction

is indicated by arrow)

FIGURE 1-2a Alternating Wire Wrap Configuration (Bundle Exit
Plane, Mock-up)
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FIGURE 2-1 Wire Intervals in Gaps between Interior and Edge Subchannels (Type 1)
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<:::> Fuel Pin and Wire Wrap Lirec:tion

““““““ * Preferred Flow

\ : Injection Charnel

FIGURE 4=1 InJectlon Positions in the Alternate
Wire Wrap Bundle :
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TABLE 2-1"
. Test Section Geometric Parameters

Wire wrap lead 4 inch

Rod diametef , ‘  0.50 inches
Wire diameter : 0.0314 inches
Bundle length 5 foot

Flat to flat distance.

(as-built) . 4.275 inch

Flat to flat tolerance 0.022 inch
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TABLE 3-1
Test Runs at a Given InjJectlon Depth and Different Reynolds Numbers

INJECTION SUBCHANNEL No. 1

INJECTION SUBCHANNEL No. 2

INJECTION SUBCHANNEL No. 3

Test Run R Injection Test Run Re Injection Test Run Re Injection
No. € " Depth No. Depth No. Depth
1 12,164 16" 6 12,,1641 20.5" 11 12,164 21.5"
2 9,981 16ﬁ 7 9,981 20.5" lé 9.981 21.5"
3 8,109 16" 8 8,109 20.5" 13 18,109 21.5"
4 6,238 16" 9 6,238 20.5" 14 6,238 21.5"
5 4,367 16" 10 4,367 20.5" 15 i, 867 21.5"




TABLE 3-2

Test Runs at Re = 9134 and Different Injection
Depths for Injection Subchannel 2

INJECTION SUBCHANNEL 1

Re = 9134

Injection Depth = Variable

Test Run  INJECTION DEPTH Test Run | INJECTION DEPTH
No: ‘ : No.
16 | 16.0" e - 20.5"
17  16.5" 25 " 21.0"
18 | 17.0" 26 22.0"
19 17.5" 27 ~ 22.5"
20 18.0" - 28 - 23.0v
21" 19.0" 29 23.5"
22 19.5" 30 2l .5
23 T 20.0m | 31 25.5"
| 32 26.5"
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TABLE 3«3

Test Runs at Re = 9134 and Different Injection Depths for Injection Subchannel 2

INJECTION SUBCHANNEL 2

Rez 9134

INJECTION DEPTH = VARIABLE

Test Run . | Test Run

No. Injection Depth " No. Injection Depth
33 13.5" | 4o : 15.0"

34 .50 : 41 19.5"

35 15.5" 42 : 20.0"

36 16.5" » 43 23.0"

37 17.5" | by 23.5"

38 .~ 18.0" 45 240"

39 - 18.5" 46 25.0"




TABLE 3-4

Test Runs at Re = 8822 and Different Injection
Depths for Injection Subchannel 3

INJECTION SUBCHANNEL 3

R = 8822
e

Injection Depth = Variable

Test Run INJECTION DEPTH | Test Run INJECTION DEPTH
No. No
47 13.5" 58 19.5"
.48 14.0" 59 20.0"
49 14.50 . 60 20.5"
50 15.0" 61 21.0"
51 15.5" 62 21.5"
52 16.0" 63 22.0"
53 16.5" 64 22.5"
54 17.5" | 65 23.0"
55 18.0" 66 24.0"
56 18.5" 67 25.0"
57 19.0" 68 26.0"
69 27 0"
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TABLE 6-1

Bundle Geometric Characteristics and :
Operational Conditions in Code Calculation |

Geometric characteristics:

wire wrap lead 4 inch
rod diameter 0.50 inch
wire diameter 0.0314 inch
bundle length - 22.5 inch

flat to flat distance 4.275 inch

Operational conditions:

MBTU |

average rod heat flux 0.117 —=
hr ft
total bundle flow rate 6149.8 %%E
axial power profile flat
radial power factor as illustrated -
in Fig. 20
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APPENDIX A

i

Dimensionless Salt Concentration Data

In this appendix, the dimensionless salt concentration
experimental data are presented. Section A.l1l contains the
dimensionless salt distribution maps for three injection
subchannéls at a serles of different Reynolds Numbers.

Section A.2 contains the dimensionless salt distribution

maps for the interior injection subchannel, injection sub-
éhannel No. 1, and a given Reynolds Number, but at a series of
injection depths. Sections A.3 and A.4 contain the dimension-
less salt distribution maps for the injection subchannels No. 2
and No. 3 respectively. ~The daﬁa presented in thesg two sectlons
are at a given Reynolds Number and a series of injection

depths.

The 0.5 dimensionleSé salt concentrafion contours are
plotted on all the maps to aid the understanding of the salt
distfibution. In addition, the enhanced flow paths are marked
on all.the maps presented in this Appendix to illustrate the
orientation of the data with respect to the enhanced flow direc-
tions. fhé injection subchannel is marked as a box on each

map.
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APPENDIX A.1l

DIMENSIONLESS SALT CONCENTRATION MAPS AT
DIFFERENT REYNOLDS NUMBERS FOR
THREE INJECTION SUBCHANNELS

-6l
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Figure A.l

-65=



SALT CONCEXTEATINS DISTRIBUTION MAP:

DIMENSIOKLESS EATTOS OF SALD CONCENTRITION*G.OY
MIXZ20.C1 ' A

BUNDLE R.E. : 6238

AXIAL LEVEL (IN.) : 156.GC

IxJ. SULCHANNEL ;
MESSHALANCE RATIO

4.(

o — —— — —

Figure A.2
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Figure A.3
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InJection Channel No. 1
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SALT CONCENTEATTON DISTAINRUTTION HAR:
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Figure A.12
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APPENDIX A.Z2

- DIMENSIONLESS SALT CONCENTRATION MAPS AT
DIFFERENT INJECTION DEPTHS FOR INJECTION SUBCHANNEL
NO. 1 - :
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(:::) Fuel Pin and Wire Wrap Direction

~======-3= Flow Preferable Path

Injection Charinel

Figure |6 Injection Positions in the Alternate
Wire Wrap Bundle :
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SALT CONCENTRATION DISTRIBEUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX01.01

BUNDLE R.E. ¢ 9134
AXIAL LEVEI (IN.) : 16.00
INJ. SUBCHRANNEL : 6

FLOW SPLITES A :
X1= 0.8650 X2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 0.976

0.0 0.0 0.1

Figure A,17 .

!
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX01.02 ' :

AXIAL LEVEL (IN.) : 16.50
INJ. SUBCHANNEL : 6

FLOW SPLITS :
X1= 0.85650 X2= 1.2800 X3= 1.28C0

MASSBALANCE RATIO : 0.999

b
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Figure A.18
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SALT CONCENTRATION DISTRIBUTION MAP:

"DIMENSIONLESS RATIOS OF SALT CONCENTRATION®*C,01.
MIX01.03

BUNDLE R.E. ¢ 9134
AXIAL LEVEL (IN.). : 17.00
INJ. SU3CHANKEL : 6

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 1.004
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Figure A.19
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" SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX01.04 : ,

BUNDLE R.E. : 9134
AXIAL LEVEL (IN.) : 17.50
INJ. SUBCHANNEL : 6

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 1.045

\

Figure A.20
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.C1

MIX01.05 :
3134

BUNDLE R.E. :
' AXIAL LEVET (IN.) : 18.00
) INJ. SU2CHANNEL : 6 '

FLOW SPLITES
X1= 0.6650 X2= 1. 2800 X3= 1.2800
MASSBALANCE RATIO : "1.091

0.0
\
0.1

\

Figure A.21
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RRTIOS oF S!LT CONCEVTRATION*O 01

MIXO1.U6

BUNDLE R.E. : 9134
AXIAL LEVELl (IN. ) : 19.00
INJ. SUBCHANNEL : 6

FLOW SPLTITS
X1= 0.8650 X2="1,2800 X3= 1.2800
MASSBALANCE RATIO : 1.116

Figure A.22
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SALT CONCENTRATIO& DISTRIBUTTON MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
¥MIX01.07

' BUNDLE R.E. : 9134
AXIAL LEVEL (IN.) : 19.5
INJ. SUBCHANNEL : 6

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 1.119

Figure A,23
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SALT CONCENTRATION DISTRIBUTION ¥AP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX01.08 ‘

BUNDLE R.E. : 9134
AXIAL LEVEI (IN.) : 20.0
INJ. SUSCHANNEL : 6

FLOW SPLITS e
X1= 0.8650 X2= 1.2800 ¥3= 1.2800
MASSBALANCE RATIO : 1.102

Figure A.24
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SALI CONCENTRATIOR DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0,.01
MIX01.09

BUNDLE R.E. o+ 9134
AXIAL LEVEL (IN.) : 20.5
INJ. SUBCHRNNEL : 6

FLOW SPLITS :
1= 0.8650 X2= 1,2800 X3= 1.2800
MASSBALANCE RATIO : 1.100
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\ \
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Figure A.,25
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX01.10

BUNDLE R.E. : 9134
AXIAL LEVEL (IN.) : 21.0
INJ. SUBCHANNEL : 6

FLOR SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2800

MASSBALANCE .RATIO : 1.112
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1

Figure A.26

=91~



SALT CONCENTRATION DISTRIBUTION ¥AP:

DIMENSIONLESS RATIOS-OF SALT CONCENTR.ATION*0,.01
MIX01.11

BUNDLE R.E. : 9134
AXIAL LEVEL (IN.) : 22.00
INJ. SU3CHANNEL : 6

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 1.128

0.1 0.0 0.1 0.

\

\ \
2.50722.1
\

\

Figure A.27
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SALT CONCENTRATION DISTRIBUTION “AP:

DIMENSIONLESS RATIOS OF’SALT CONCENTRATTON*0,.01
¥IX01.12

BUNDLE R.E. $ 9134
AXIAL LEVEI (IN.) : 22,5
INJ. SUBCHANNEL : 6

FLOW SPLITS H
1= 0.8650 £2= 1.2800 ¥3= 1.2800
MASSBALANCE BATIO : 1.152

A\ \
15011 1.1
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\
\
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\

Figure A.28
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I

SAL1T CONCENTRATION 'DISTRIBUTION KAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX01.13 :

BUNDLE R.E. : 9134
AXIAL LEVEL (IN.) : 23.00
INJ. SUBCHANNEL : 6

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 1.160
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Figure A.29
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SALT CONCENTRATION DISTRIBUTION *AP:

DIMENSIONLESS RATIOS OF SALT CONCEN*RATIOV*O 01
MIXC1.14 :

BUNDLE R.E. : 9134
AXTAL LEVEL (IN.) : 23.5
INJ. SU3CHRANNEL : 6

FLOW SPLITS ’ :
X1= 0.865C X2= 1.2800 X3=-1.280C0
MASSBALANCE RATIO : 1.190

Figure'A.BO
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SALT CONCENTRATION DISTRIBUTTON MAP:

DIMENSIONLESS RATIOS‘OF SALT CONCENTRATION*0.01
MIX01.15 : '

BUNDLE R.E. : 9134
AXIAL LEVEI (IN.) : 24,5
INJ. SUBCHANNEL : €

FLOW SPLITS :
X1= 0.8650 X2= 11,2800 X3= 1.2800
MASSBALANCE RATIO : 1.168

\
\

Figure A.31
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*N,01
MIX01.16 .
3134

BUNDLE R.E. : -
AXIAL LEVEL (IN.) : 25.5 % )
INJ. SUBCHANNEL  : 6

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.28C0
MASSBALANCE RATIO : 1.169

Figure A.32
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0,01

MIXG1.17.

BUNDLE R.E.

AXIAL LEVEL (IN.)
INJ. SUBCHANNEL
FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2820
MASSBALANCE RATIO : 1.171

9134 ‘ S
26,5 2t.5
- 0

142
A\ ‘\ \\ \\ \
0.5 \1.u. 1.7 d.6 0.8 olu
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Figure A.33
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APPENDIX A.3

DIMENSIONLESS SALT CONCENTRATION MAPS AT
DIFFERENT INJECTION DEPTHS FOR INJECTION SUBCHANNEL
: NO. 2

N
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(:::) Fuel Pin and Wire Wrap Direction .

———mwe—ee=5 Tlow Preferable Path

Injection Charinel -

Figure34 1Injection Positions in the Alternate
Wire VWrap Bundle :
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SALT CONCENTRATION DISTRIBUTIOY HAP:

DIMENSICNLESS RATIOS OF SALT CONCENTRATION*0,.01
MIX07.03 :

BUNDLE R.E. : 9134
AXIAL LEVEI (IN.) : 13.5
INJ. SUBCHANNEL ¢ 120

FLOW SPLITS s
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 0.870

0.1 0.

\

3
0

Pigure A,35
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- SALT CONCENTRATION DISTKIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION#*HN,01 -
MIX07.02 - :

BUNDLE R.E. : : 9134
AXIAL LEVEL (IN.) : 14,5
INJ. SUBCHANNEL : 120

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 0.873

c.0 0.0

\

Figure A.36
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SALT CONCENTRATION DISTRIBUTION ¥AP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
¥MIX07.01 A

BUNDLE R.E. : 9134
AXIAL LEVEL (IN.) : 15.5
INJ. SUBCHANNEL : 120

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIOC : 0.879

Figure A.37
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX06.03

" BUNDLE R.E. : 9134
AXIAL LEVEI (IN.) : 16.5°
INJ. SUBCHANNEL : 120

FLOW SPLITS - H
X1= 0.&650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 0.908

0.2

Figure A.38
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATTON*O 01

MIX06.02

BUNDLE R.E. : 9134
AXIAL LEVEL (IN.) : 17.5
INJ. SUBCHANNEL ¢ 120

FLOW SPLITS
X1= 0.8650 X2= 1. 2800 X3= 1.2800
MASSBALANCE RATIO : 0.898

Figure A.39
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SALT CONCENTRATION DTSTRTEUTTOY “AP:

" DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
H1X06.01 ‘ .

BUNDLE R.E. : 9134
AXIAL LEVEL (IN.) : 18.00
I8J. SUBCHANNEL ¢ 120

FLCW SPLITS :
X1= 0.3650 X2= 1.2800 X3= 1.2800
YASSBALANCE RATIO : 0.878




SRLT CONCENTRATION DISTRIBUTION 4AP:

DIHENSLOVLLSS RATIOS OF SALT CONCENTRATION*0.01
MIX05.03 :
BUNDLE R.E. : 9134
AXIAL LEVEL (IN,) : 18.5

INJ. SURCHANNEL : 120

FLOW SPLITS :

X1= 0.855C X2= 1.23800 ¥3= 1.2800
MASSBALANCE RATIO : 0.883

Figure A.4}
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION#*0.N1

-MIX35.02 .
9134

BUNDLE R.E. :
AXTAL LEVEI (IN.) : 19.0
INJ. SUSCHANNEL : 120

FLOW SPLITS :
X1= 0.8650 X2="1.2800 X3= 1.2800

MASSBALANCE RATIO : 0.900

Figure A.42
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS GF SALT CONCENTRATION*0.01

MIX05.01

BUNDLE R.E. : 9134
AXIAL LEVEI (IN.) : 19.5
INJ. SUBCHBAHNNEL : 120

FLOW SPLITS
L1= 0.6650 X2= 1.2800 X3= 71.2800
MASSBALANCE RATIO : 0.892

0.1 0

\ \

\
‘' 0.0 1%.3 4.6 0.5 0.2 3.1

—), 4
Vo3 oo o2 u.1‘ 3.9

Figure 2.43
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SALT CCNCENTRAfION DISTRIBUTION ¥AP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.C1
MIXC4.03 ' :

BUNDLE R.E. : 9134
AZIAL LEVEILI (IN.) : 20.0°
INJ. SUBCHANNEL : 120

FLOW SPLITS : ‘
X1= 0.8650 X2Z2= 1.2800 X3= 1.280C0
MASSBALANCE RATIO : 0.935

Figure A,44
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SALT CONCENTRATION DISTRIBUTTON MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATTON*0.C1
"MIX03.01

BUNDLE R.E. : 9134
AXIAL LEVEL (IN.) = 23.00
INJ. SUBCHANNEL : 120

FLOW SPLITS :
X1= 0.8650 X2= 1,2800 X3= 1.2800
MASSBALANCE RATIO : 0.922

\ \ N \
001 \1100 1.5 .9 13.1
\ ‘\ \ \
g, Y.0\ 10.7 2.0 ‘6.0 [0%0
\ \

\ \ \ . \\
0.1 ) 8.2 10.9  4.7f Q.0

N\ 2.1 6.9 5.3 4.5 0.4
\ \ » \ \ \
\ \ \ \ \ '
8.7 . 9.2 2.1 1.3 0.0
\\ \\ . \ \ \
A
\ Oou Oou \500 006 \OOO 2\05

Figure A.45
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SALT CONCENTRATION DISTRIBUTION HAP:

DIMENSICONLESS RATiOS‘OF SALT CONCENTRATION*0.01
MIX03.02 ‘ ‘

BONDLE R.E. ¢ 9134
AXTAL LEVEL (IN.) : 23.50
INJ. SU3CHRANNEL : 120

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE BRATIO : 0.954

Figure A.46
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SALT CONCENTRATION DISTEIBUTION %AP:

DIMENSIOGNLESS RATIOS OF SALT CONCENTRATTION*0.01
MIX03.03 : . , .
BUNDLE R.E. 9134

AXIAL LEVEL (IN.) : 24.00

INJ. SURCHANNEL : 120

FLOW SPLITS :

1= 0.8650 X2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 0.942

0.0 O.

Figure A.47
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SARLT CONCENTRATION DISTRIBUTION MAP:

DIMNENSIONLESS RATIOS OF SALT CONCENTRKTIONtO.b1

MIX04.02"°

BUNDLE - R.E. : 9134

AXIAL LEVEI (IN.) : 25.00
INJ. SUBCHANNEL ¢ 120

FLOW SPLITS
1= 0.8650 X2= 1.2800 ¥3= 1.2800

MASSBALANCE RATIO : 0.935
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APPENDIX A.4

DIMENSIONLESS SALT CONCENTRATION MAPS AT DIFFERENT
INJECTION DEPTHS FOR INJECTION SUBCHANNEL
© NO. 3

~115<



@ Fuel Pin and Wire Wrap Direction

—— e e e e F&ow‘Preferable Path

InJectibn Charnnel

Figure A-4{Injection Positions in the Alternate
Wire Wrap Bundle
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SALT CONCENTRATION DISTRIBUTTON MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATTION*C.01
MIX15.01 ' ' :

BUNDLE R.E. : 8822
AXIAL LEVEL (IN.) : 13.50
INJ. SUBCHANNEL : 120

FLOW SPLITS :
{1= 0.8650 ¥2= 1.2800 X3= 1.2800

HASSBALANCE RATIO : 0.996
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Figure A.50
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SALT CONCENTKATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OFASALT CONCENTRATION*0.01
MIX15.02

BONDLE R.E. : 8822
AXIAL LEVEL (IN.) : 14.00
INJ. SUBCHANNEL  : 120

FLOR SPLITS
X1= 0.8650 %2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 0.991
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Figure A.51
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SALT CONCENTRATION DISTRIBIUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0,.01
MIX15.03 : o
BUNDLE R.E. : 8822
AXIAL LEVEIL (IF.) : 14.50
INJ. SUBCHANNEL s 120
FLOW SPLITS :

X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 0.973
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Figure A.52
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SALT CONCENTRATION DISTRIBUTIOX MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX15.04

- BUNDLE R.E. , : 8822
AXIAL LEVEL (IN.) : 15.00
INJ. SUBCHANNEL : 120

FLOW SPLITS :
1= 0,9650 X2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 0.977
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Figure A,53
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS
MIX16.01

BUNDLE R.E.

AXIAL LEVEL (IN.) .
INJ. SUBCHANNEL
FLOW SPLITS

OF SALT CONCENTRATION*0,.01

3822
120

X1= 0.£650 %¥2= 1.2800 X3= 1.2800

MASSBALANCE RATIO

0.0

1.011
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Figure A.54
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0Q.01
NIX16.02 :

BUNDLE R.E. : 8822
AXIAL LEVEL (IF.) : 16.00
INJ. SUBCHANNEL : 120

FLOW SPLITS :
X1= 0.8650 Z2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 0.995
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Figure A.55



SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*O;O1
¥IX16.03 '

" BUNDLE ER.E. : 8822
- AXIAL LEVEI (IN.) ¢ 16.50
: 120

INJ. SUBCHANNEL
FLOW SPLITS o : :
X1= 0.8650 X2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 0.987
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Figure A.56
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMZNSIONLESS RATIOS OF SALT CONCENTRATION*0.01
¥IX16.05 :

BUNDLE R.E. : 8822
AXTAL LEVEL (IN.) ¢ 17.50
INJ. SUBCHANNEL : 120

FLOW SPLITS : A
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 0.989
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Figure A,57
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SALT CONCENTRATION DISTRIBUTION ¥AP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0,01
MIX17.01 .

BUNDLE R.E. : 8822
AXIAL LEVEI (IN.) : 18.00
"INJ. SUBCHANNEL s 120

FLOW SPLITS .8
X1= 0.8650 X2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 1.019
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Figure A.58
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INJ.

FLOW SPLITS

SALT CONCENTRATION DISTRIBUTION MAP:

NSIONLESS RATIOS OF SALT CONCENTRATION*0.01

7.02 :

LE R.E. . ¢ 8822

L LEVEL (IN.) : 18.50
SU3SCHANNEL - ¢ 120

X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 1.021
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Figure A.59
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF. SALT CONCENTRATION=*0.01
MIX17.03

BUNDLE R.E. : 8822
AXIAL LEVEL (IN.) : 19.00
INJ. SUBCHANNEL : 120

FLOW SPLITS :
£1= 0.8650 X2= 1.2800 ¥3= 1.2800
MASSBALANCE RATIO : 1.015

5.7 \

Figure A.60
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS

MIX17.04

BUNDLE R.E.-
AXIAL LEVEIL (IN.)
INJ. SUBCHANNEL
FLOW SPLITS :

e eo o

OF SALT CONCENTRATION*0.01

8822
19.50
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X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 1.022
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Figure A.61
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- SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01

BUNDLE R.E. s 8822
AXIAL LEVELI (IN.) : 20.00
INJ. SUBCHANNEL s 120

FLOW SPLITS
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 1.021

0.0 0.0 0.1 0.0 0.1 0.0 G.1 0.1
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Figure A.62
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SALT CONCENTRATION DISTRIBUTION MAP:

DIHENSIO&LESS RATIOS OF SALT CONCENTRATION*0,01
¥IX18.01

BUNDLE R.E. : 8822
AXIAL LEVEL (IN.) : 20.50
INJ., SUBCHANNEL ¢ 120

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 X3= .1.2800
MASSBALANCE RATIO : 0.981% o
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0.1 0.0 0.0 0e1 0.0 0.0 0.0

Figure A,63
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SALT CONCENTRATION DISTRIBUTION ¥AP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION=*0.01
MIX18.02.

BUNDLE R.E. : 8822
AXIAL LEVEL (IN.) : 21.00
INJ. SUBCHARNEL s 120

FLOW SPLITS
1= 0.865C X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 0.991
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Figure A.64
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-SALT CONCENTRATION DISTRIBUTION HAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION®*0.01
MIX18.03 -

BUNDLE R.E. ‘ ¢ 8822

AXIAL LEVEL (IN.) : 21.50

INJ. SUBCHANNEL ° ¢ 120

FLOW SPLITS - s

X1= 0.8650 X2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 0.976

Figure A.65
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SALT CONCENTRATION DISTRIBUTION MAP:

DIHENSIONLESS RRTIOS OF SALT CONCENTRATION*0.01
4IX18.04 '
BUNDLE R.E. : 8822
AXIAL LEVEL (IN.) : 22.00
INJ. SUBCHAKNEL ¢ 120
FLOW SPLITS , ‘
X1= 0.8650 X2= 1. 2800 X3= 1.2800
MASSBALANCE RATIO : 0.972
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Pigure A.66°
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SALI CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX18.05

BUNDLE R.E. . : 8822
AXIAL LEVEIL IF.) : 22.50
INJ. SU3CHANNEL : 120

FLOW SPLITS s '
X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 0.974
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Figure A.67
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.01
MIX19.01 :

BUNDLE R.E. : 8822
AXIAL LEVEIL (IN.) : 23.00
" INJ. SUBCHANNEL ¢ 120

FLOW SPLITS :
X1= 0.8650 X2= 1.2800 %3=.1.2800
MASSBALARCE RATIO : 0.984
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Figure A.68
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SALT CONCENTRATION DISTRIBUTION MAP:

DIHENSIdNLESS RATIOS OF SALT CONCENTRATION*0.01

MIX19.02

BUNDLE R.E.

AXIAL LEVEL (IN.)
INJ. SUBCHANNEL
FLOW SPLITS

8822
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MASSBALANCE RATIO : 0.986
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Figure A.69
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT CONCENTRATION*0.O01
MIX19.03

BUNDLE R.E. : 8822
AXIAL LEVEL (IN.) : 25.00
INJ. SUBCHANNEL s 120

FLOK SPLITS
X1= 0.8650 X2= 1.2800 X3= 1.2800

MASSBALANCE RATIO : 0.973
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Figure A,70
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"SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSICONLESS RATIOS OF SALT CONCENTRRTfON*0.01

FLOW SPLITS

MIX19.04 ' : -
AXIAL LEVEL (IN.) : 26.00
INJ. SUBCHANNEL : 120

X1= 0.8650 X2= 1.2800 X3= 1.2800
MASSBALANCE RATIO : 0.978
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Figure a.71
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SALT CONCENTRATION DISTRIBUTION MAP:

DIMENSIONLESS RATIOS OF SALT COVCEVTRATION*O 01
MIX19.05

BONDLE R.E. : 8822
AXIAL LEVEIL (IN.) : 27.00
INJ. SUBCHANNEL s 120
FLOW SPLITS

X1= 0.8650 X2= 1. 2800 X3= 1.,2800
MASSBALANCE RATIO : 0.986
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// END )
Figure A,72

JCF VIO OFERATING SYSTEM VERSION 2 REVISION 222 6/13/76 GENERRTED 12/17/7
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APPENDIX B
PREDICTION OF DIMENSIONLESS SALT CONCENTRATION FOR THE
IN-PHASE WIRE WRAPPED ASSEMBLY

To compare the development of the salt distribution
pattern of the alternating wire wrapped assembly with that of
the in-phase wire wrapped assembly, SUPERENERGY/DRV is employed.
Experimentally calibrated input parameters are used 1n this code
to predict the dimensionless salt concentration maps at the dif-
ferent injedtion depths used in the experiment for the in-phase
wire ﬁrapped assembly. Two injection subchannels are used in the
.prediction. One of them 1s the center interior subchannel and
the other is an edge subchannel.

Section B.1l contains the dimensionless salt concentration
maps for the center interior injection subchannel (mérked as a box),
and Section B.2 contains the dimensionless salt concentratioﬁ maps
for the edge injection subchannel (also marked as a box), at
different injection depths. Two constant dimensionless salt
concentration contours, i.e., 0.5 and 3.0, are plotted on all the
maps to aid the understanding of the development of the salt dis-

tribution pattern versus the subchannel axial length.
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APPENDIX - B.1
Dimensionless Sélt Concentration Maps at Different

Injection Depths for a Center Interior Injection Subchannel

(In-phase Wire Wrapped Assembly)
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SALT‘CONCENTRATION DISTRIBUTION MAP CALIBRATED 8Y SUPERENERpY‘

DIMENSIONLESS RATIOS UF SALT CGNCENTRATIQN * 0.01

AXTAL LEVEL (IN.) = 16.0-
INJ. SUBCHANNEL = 5
REYNOLDS NUMBER = 9134.0

Figure B.1l
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SALT CONCENTRATION DISTRfBUTIUN MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS UF SALT CONCENTRATION * 0.C1

AXTAL LEVEL (IN.) = 16.5
INJ. SUBCHANNEL = 5
REYNOLDS NUMBER = 9134.0

0.0

Figure B.2
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS OF- SALT CONCENTRATION % C,.C1

AXIAL LEVEL (IN.) = 17.0
INJ. SUBCHANNEL = 5
REYNOLDS NUMBER = 9134.0

Figure B.3
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSTONLESS RATIOS UF SALT CONCENTRATION * 0.CL

AXTAL LEVEL (IN.) = 175
INJeo SUBCHANNEL = 5
REYNOLDS NUMBER = 9134.0
0.0 G2 0.0 ¢.0 G.C 0.0

Figure B.4
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SALT CONCENTRATLON-UISTRIBUTION MAP\CALIBRATED 8Y SUPERENERGY

\

DIMENSIONLESS RATINS OF SALT CONCENTRATION * 0,01

AXTAL LEVEL (IN.) = - 180
INJo SUBCHANNEL . = 5
REYNQLDS NUMBER = 9134.0

Figure B,5
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SALT CONCENTRATION OISTRIBUTIUN MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS UF SALT CONCENTRATION #* C.C1

AXIaL LEVEL (INe.) = 19.C
INJ. SUBCHANNEL = 5
REYNOLDS NUMBER = 9134.0

el
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENS IONLESS RATIOS OF SALT CONCeNTRATION * €,01

AXIAL LEVEL (IN.) = 19.5
INJ. SUBCHANNEL = 5

REYNOLDS NUMBER = 9134.0

0.C

.C

Figure B,7
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRAfED BY SUPERENERGY

DIMENSIONLESS RATINS OF SALT CONCENTRATION % 0,01

AXIAL LEVEL (IN,) = : 20.C
INJo SUBCHANNEL = 5

REYNOLDS NUMBER = 9134,.(

Pigure B,8
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS
AXIAL LEVEL (IN.)
INJ. SUBCHANNEL
REYNOLDS NUMBER =

OF SALT CONCENTRATION * 0,01
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Figure B.9
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SALT CONCENTRATION DISTRIBUTION MaP CALIBRATED BY SUPERENERGY
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AXIAL LEVEL (IN.) = 21.0
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Figure B.1l0
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SALT CONCENTRATIUN DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS OF SALT CONCENTRATION * (.Gl
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INJ. SUBCHANNEL = 5
REYNOLDS NUMBER = 9134.90

Figure B.1ll
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY
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Figure B.1l2
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS OF SALT CONCENTRATIDN.* 0.01
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Figure B.13
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY
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Figure B,1l4
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY
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Figure B.15
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SALT CONCENTRATION DISTRIBUTION MAP-CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS OF SALT CONCENTRATION =* 0.01

AXTAL LEVEL (INJ) = . 2545
INJ. SUBCHANNEL = 5

" REYNCLDS NUMBER = 9134,.,0

D.C

J.0

Pigure B.16
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY
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APPENDIX B.Z2

Dimensionless Salt Concentration Maps at Different
~Injection Depths for an Edge Injection Subchannel

(In-phase Wire Wrapped Assembly)
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS OF SALT CONCENTRATION * 0.01
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Figure B,18
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SALT CONCENTRATION DISTRfEUTION MAP CALIBRATED BY SUPERENERGY
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“Figure B.19
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SALT CONCENTRATION DISTRIBUTION MAP CALiBRATED_BY SUPERENERGY
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Figure B.20
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Figure B.21
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS OF SALT CONCENTRATION * .Gl

"AXTAL LEVEL (IN.,) = 154y
INJs SUBCHANNEL = 115
REYNOLDS NUMBER = 8822.C
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Figure B.22
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS OF SALT CONCENTRATICON # .01

AXIAL LEVEL (IN.) = 15.5
INJ. SURBCHANNEL = 115
REYNOLDS NUMBER - = 9134.7

Figure B.23

-165= "



SALT CONCENTRATION DISTRIBUTIGN MAP CALIBRATED BY SUPERENERGY
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Figure B.24
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS OF SALT CONCENTRATION #* J.0l
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Figure B.25
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED 8Y SUPERENERGY
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Figure B,26
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY .
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Figure B.27
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SALT CONCENTRATION ODISTRIBUTION MAP CALIBRATEC BY SUPERENERGY
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Figure B.28
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIUS OF SALT CONCENTRATIUN * 0.01

AXTAL LEVEL (IN.) = 2C0.C
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REYNULDS NUMBER = 3134.0

Figure B,29
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. SALT CONCENTRATION DISTRIBUTIUN MAP CALIBRATED BY SUPERENERGY
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Figure B.30
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_SALT CONCENTRATION DISTRIBUTIUON MAP CALIBRATED BY SUPERENERGY
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Figure B.31
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY
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Figure B.32
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SALT CDNCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIOS OF SALT CONCENTRATION * J.Cl
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Figure B.33
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SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY

DIMENSIONLESS RATIUS UF SALT CONCENTRATION * C.C1

AXIAL LEVEL (IN.) = 23.0
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REYNCLDS NUMBER = 9134.0C

Figure B.34
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SALT CONCENTRATIOM DISTRIBUTION MAP CALIBRATED BY. SUPERENERGY

DIMENSIONLLSS RATIOS UF SALT CONCENTRATION * 0.01
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Figure B.35
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CSALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY
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Figure B.36
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Figure B.37

-179-

LENGTH
27.000

DUCT TH.

STRIBUTION MAP CALIBRATED BY SUPERENERGY

GAP TH.



SALT CONCENTRATION DISTRIBUTION MAP CALIBRATED BY SUPERENERGY
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Figure B,39
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