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MODEL TESTS OF THE SODIUM DISTRIBUTOR
FOR THE SODIUM HEATED STEAM GENERATOR

by: G. D. Lindstrom

ABSTRACT

PURPOSE

The objectives of this program were to develop a sodium distributor that pro-
vides uniform flow distribution entering the superheater and a flow pattern that
does not result in high velocity fluid impingement on tube surfaces. It was also
necessary to determine the general extent of cover gas entrainment and establish a
m1n1mum liquid 1eve1 for acceptable performarcé.

J——

BRIEF OF TESTS

Performance tests were conducted with water in a 1/3.23 scale plastic model.
Becalise"of the requirements for similitude ifi modeling, subsurface and surface flow
conditions had to be studied separately rather than simultaneously. Also, the dis-
tributor had to be proof-tested in two slightly different physical environments to
match those in the prototype steam generator. Water flow distribution was deter-
mined by velocity measurements, visual observation and photographic Tecords. Pres-
sure drop data was obtained where necessary.

RESULTS AND CONCLUSIONS

A distributor arrangement was developed that performed satisfactorily in the
water model. This distributor will meet the requirements set forth for the proto-
type steam generator. This conclusion is justified because of the adherence to
model scaling criteria during the program.

RECOMMENDATIONS

It is recommended that:

(1) The distributor arrangement developed in the test program be installed
in the prototype steam generator.

(2) The sodium level be kept at least 10 inches above the distributor dis-
charge plane in the prototype steam generator.

(3) Before installation of this distributor in the full-size steam generator,
model tests be conducted to establish the proper number and placement
in the superheater annulus.
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INTRODUCTION

The test work described in this report is related to a BGW Contract from
the Atomic Energy Commission to develop a large sodium-heated steam generator
of improved design. This steam generator is to be available for use in the AEC
Sodium Reactor Development Program which has the overall objective of developing
reliable, economical, large central station nuclear power plants. The contract
calls for designing of a prototype steam generator with associated Research &
Development work.

To assure satisfactory performance and trouble-free operation of sodium-
heated steam generators, uniform distribution of sodium over the heat transfer sur-
face is considered essential. High local velocities from the distribution system
can cause vibration and wear failures of superheater tubes. To prevent such fail-
ures, the incoming sodium must be distributed uniformly over the full circumference
of the tube bundle while reducing the high velocity of the sodium in the downcomer
pipe to the relatively low velocity of the sodium in the tube bundle. In addition
to this, the incoming sodium must be distributed into the sodium pool with a minimum
of surface disturbance to prevent carrying cover gas down into the steam generator
and eventually into the sodium pumps.

In connection with the development of sodium-heated steam generators, the
Fluid Mechanics Section of the Alliance Research Center undertook the development
of a sodium distributor using water-modeling techniques. This development began
in January of 1965. '

The objectives of the program were as follows:

a) Develop a sodium distributor arrangement that provides uniform distribution

entering the superheater as determined by visual inspection of the model

and photographic records.



b) Establish visually and photographically that the distributor does not
result in high-velocity impingement on tube surfaces that might lead to
vibration problems.

c)~ Determine visually the general extent of cover gas entraimment and estab-
lish a minimum liquid level for acceptable performance from this stand-
point.

The prototype steam generator arrangement is shown on Figure 1. Its design
is such that the superheater section can be modeled by itself without regard to
the remainder of the steam generator. Also, the superheater tube supports are
arranged so that they form solid barriers that separate the superheater section
into four distinct 900 quadrants for sodium flow, each having its own sodium down-
comer pipe and distributor.

In the full-sized steam generator the superheater is also separated by the
supports; however, there are eight 450 sectors instead of the four shown in the
prototype.

In the tests covered by this report, the model simulated a 900 sector of the

prototype superheater section at a prototype-to-model scale ratio of 3.23.

RESULTS

1. The distributor shown in Figure 19 provided relatively uniform water distri-
bution in the model with no high-velocity jets in the region of the tube
bundle (Figures 20 and 21).

2. The model distributor did not create surface disturbances to entrain the air
cover gas if the water level was maintained at least 1% inches above the
distributor discharge plane (Figure 22).

3. The final distributor with only a minor alteration (Figure 19) operated satis-

factorily both in the full and reduced sectors, as shown in Figure 22.



CONCLUSIONS

1. The distributor shown in Figure 24 will provide relatively uniform sodium
distribution within the superheater annulus of the prototype steam generator
with no high-velocity impingement on the superheater tubes. This conclu-
sion is justified because at v, = 1.8 Vb*, the Reynolds number ratio (Rep/Rem)
was sufficiently close to unity to ensure that the subsurface flow conditions
of the prototype will be similar to those in the model.

2. The prototype sodium distributor will result in a relatively calm surface and
cause no cover gas entraimment if the sodium level is maintained at least 10
inches above the sodium discharge plane. This conclusion is justified because
at Vh = 0.55 Vﬁ the Froude number ratio (Fep/Frm) was unity. This will ensure

N that the surface conditions of the prototype will be similar to those in the
model.

3. The sodium distributor shown in Figure 19 can be readily extrapolated to
larger or smaller sizes according to Figure 24. Because of the different
configuration of the superheater section of the full-size steam generator,
the number and placement of the sodium distributors may differ from that used
in the prototype. The distributor design, however, will remain essentially

the same.

RECOMMENDATIONS

It is recommended that:

1. The distributor shown in Figure 24 be installed in the prototype steam generator.

*V_ = Sodium Velocity in each Prototype Downcomer - 11.7 ft/sec @ 145,750 1b/hr
(full load)

Vﬁ = Water Velocity in the Model Downcomer




2. The sodium level be kept at least 10 inches above the distributor discharge

plane.

3. Before installation of this distributor in the full-size steam generator,
model tests be conducted to establish the proper number and placement in the

superheater annulus.,

DESCRIPTION OF TEST EQUIPMENT

Since the operation of any distributor is dependent on the configuration of
its surroundings, a model of the superheater annulus had to be constructed. As
stated in the Introduction, it was permissible to limit investigations to a 90°
sector with a single downcomer rather than to model the full annulus and its flow
distributors. It was necessary, however, to obtain satisfactory results of the
distributor operation both in a full 90° sector and a 90° sector with 30° at one
end of the sector occupied by riser tubes (Figure 3).

A water model of a 900 sector and a distributor with its downcomer pipe was
built to a scale ratio (EE%E%E%PEJ of 3.23. A removable bundle of tubes was used
to simulate either the full-open sector or the reduced sector as required.

The dimensions used to locate the distributor with respect to the water level
and the tube bundle were chosen as the minimum that would be found in the prototype
(Figure 3).

The test apparatus shown in Figure Z was an open loop with water being pumped
through the model to a drain. The water flow was controlled by a hand valve and
measured by a rotometer, The model outlet was throttled to hold the simulated
sodium level as required.

To match the gas-liquid density ratios of the prototype steam generator, the
model was constructed so that it could be pressurized to 5 psig. This pressure was

measured with a Bourdon-tube pressure gage.



Velocity measurements within the model were made with a miniature turbine

meter as shown in Figure 4.

TEST PROCEDURE

In the development of the sodium distributor, several factors had to be in-
vestigated. Because of the requirements for similitude in modeling, subsurface
flow conditions and surface flow conditions of the distributor had to be studied
individually rather than simultaneously. More specifically, viscosity and gravity
effects had to be studied at different flows. The calculations and explanation
for this requirement are given in the Appendix.

To test a given arrangement after it was installed in the model, three condi-
tions had to be set simultaneously. These were flow rate, cover gas pressure, and
liquid level. The flow rate and liquid level were controlled by inlet and outlet
valves, respectively, while a pressure regulator was set to maintain the cover
gas pressure.

The objectives set forth in the Introduction were the controlling criteria in
judging distributor performance. The performance characteristics of a distributor
design were determined visually, with photographic records being made where appro-
priate. With air bubbles or plastic tracer, it could be determined if there were
any high-velocity jets that might cause erosion and/or vibration of the tube bank.
The amount of surface disturbance at maximum and minimum levels was observed along
with the presence or absence of cover gas carry-under.

For the more promising arrangements, pressure-drop data were recorded at various
flows. For these measurements, static pressure was recorded at a set location in
the inlet pipe. The difference between this static pressure and that obtained for

an open-end pipe at the same flow conditions gave the distributor pressure drop,

‘ excluding pipe friction,



A velocity profile for final arrangements was obtained at the tube bank level

with the meter described under Test Equipment.

DISCUSSION

As in all modeling work, the test program and flow conditions were established
on the basis of similarity ratios. The variables were examined with the test ob-
jectives in mind in order to specify the parameters to be investigated. A detailed
discussion of these parameters and an evaluation of each is given in the Appendix.

To match the similarity ratios, it was necessary to study the conditions con-
trolled by the surface parameters and the subsurface parameters separately. To
investigate subsurface flow patterns, the model was operated at the maximum flow
rate possible with the existing facilities. This resulted in a downcomer velocity
equal to 1.8 times the full-load prototype velocity. The model Reynolds number at

> which is 14.5% of that for full-load flow in the

these conditions was 1.82 x 10
prototype. Despite the lower Reynolds number in the model, the flow conditions in
the prototype will be similar, since both the model and the prototype flows are well
into the turbulent zone (see Appendix, page iv - ''Viscosity Control' for substanti-
ating statements and data).

The similarity criterion relating inertial and gravity effects with the be-
havior of the liquid surface is the Froude group. For the model Froude group to
match that of the prototype, it was necessary to establish the flow such that v, =
.55 Vb. Tests were conducted to satisfy this requirement.

One other condition required simulation. In the prototype, argon cover gas
is pressurized to 20 psig. To simulate this, the model was pressurized to 5 psig
to establish the same gas-to-liquid density ratios as the prototype.

For these criteria, the development of a satisfactory distributor was accomp-

lished in the steps discussed below.



' The first step in the development was a test of the very simple cylindrical
distributor shown in Figure 5 to determine the magnitude of the problem. Results
of these tests showed high-velocity subsurface jets with disturbed surface condi-
tions and excessive air entrainment at reduced liquid levels as shown on Figure 5.

Following this, an arrangement utilizing a horizontal distributor pipe was
designed and tested. As deficiencies in this design became apparent, modifications
were made to correct them. This resulted in arrangement 6H, which performed satis-
factorily in the full sector (Figure 13). The individual steps involved are shown
in Figures 6 through 12, and detailed remarks concerning the performance of each
arrangement are given in Tables 1 and 2.

While arrangement 6H performed satisfactorily in the full sector, when reduced
in size to fit into the reduced sector the resulting velocities became proportion-
ately higher. These higher velocities confined in a smaller space resulted in
excessive surface disturbances and subsurface jets.

Preliminary investigations were made of several alternative types of distribu-
tors. These afe shown in Figures 15, 16, and 17, and the performance of each is
described in Tables 3 and 4. The most promising of these, the diffuser-type shown
in Figure 17, was thoroughly analyzed. Minor modifications were needed to correct
some of its deficiencies, and these are shown in Figures 17 and 18 with comments
on performance in Tables 4 and 5. The modifications included breaking the diffuser
about its vertical centerline and assembling with an included angle of 160° between
the two halves to provide a better fit in the curved sector. This was necessary
to provide flow patterns that did not induce eddy currents beneath the distributor.
Another modification that was necessary was the use of perforated end plates, when
the distributor was operating in the full sector, and solid end plates, when

‘ operating in the reduced sector (Figure 19). The solid end plates prevented tube

impingement, and the perforated end plates allowed the fluid to fill the full



sectors. The final diffuser with modifications as shown in Figure 19 meets the
design criteria specified at the onset of the program.
The subsurface flow patterns of the model at the maximum flow obtainable

v

m 1.8 Vb) are shown in Figure 20. The velocity data shown in Figure 21 verify

the visual results shown in Figure 20.

The surface conditions are shown to be calm in Figure 22. The conditions for
these photographs are those that were used to simulate the Froude number criteria
th = .55 Vb). As can be seen, the lowest level of the fluid is 1% inches above
the distributor discharge plane. To provide some safety margin, however, it is
recommended that in the prototype the liquid level be kept at least 10 inches above
the discharge plane.

Pressure drop results for the model are shown in Figure 23 along with an
extrapolated curve for the pressure drop through the prototype sodium distributor.
It can be seen that at the nominal full-load flow there will be a pressure drop
through the prototype distributor of 1.86 psi.

This distributor design is such that it can be readily extrapolated to larger
and smaller sizes if needed. A detailed drawing of the prototype distributor to
be used is shown in Figure 24. This same design can be used in the full-size steam
generator; however, it will be necessary to investigate the number and placement of

the distributors since the sectors in the full-size superheater annulus are dif-

ferent from those in the prototype.

Submitted by: /% % Approved by: W

G. D. Lindstrom 677 J. H. Kidwell
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Arrangement Figure Sector
1 5 Full
2A 6 Full
2B 6 Full
3A 7 Full
3B 7 Full
3C 7 Full
3D 8 Full
3E 8 Full
3F 8 Full

TABLE 1

Change from Previous Arrangement

Horizontal legs added to distribute
fluid to extremes of sector.

Half round perforated plate was added
over the fluid discharge area.

Two discharge areas were provided to
lower the fluid velocity.

Internal perforated plate baffles
added vertically.

Internal perforated plate baffles
added horizontally.

Half round perforated plate was
added over the discharge areas (inner
baffles removed).

Stepladder internal vanes were added
(half round plate removed).

Half round plate replaced.

Results

At Vp = V,, the surface was relatively
undisturbed but high velocity subsurface
jets extended to the superheater tubes.

The high inlet velocity carried to the
ends of the distributor and up to the

liquid surface. This resulted in ex-

treme surface disturbances.

The high velocity fluid propagated thru
both plates at the extremes of the legs.

Poor internal distribution allowed jets
to disturb the surface.

The baffles acted like vanes and turned
the high velocity jets both up toward
the surface and down toward the super-
heater tubes.

Best of any so far. The surface was
calm but poor distribution of fluid
created large eddy currents below the
distributor.

Internal eddy currents were present
which created uneven distribution in
the sector.

The stepladder vanes turned the inlet
flow greater than 900 - most of the
flow went out the top.

Same general flow pattern as 3E still
present.
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Arrangement Figure Sector
3G,H,I 9 Full
4 10 Full
5 10 Full
6A,B,C,D Full
6E 12 Full
6F 12 Full
6G 12 Full
6H 13 Full

TABLE 2

Change from Previous Arrangement

Several arrangements of internal baffles
were added to reduce local velocities.

An offset inlet was used to create an

_ internal vortex flow.

A high pressure drop internal manifold
with holes was baffled with perforated
plate.

A round internal manifold was fahgi-
cated.

Solid sides and perforated plate half
rounds were added around the manifold.

A 51% open flat perforated plate was
added. -

Vertical baffles were added between the
flat plate and the half round plate.

The baffle was removed and the flat
plate changed to 35% open.

v

Results

The addition of baffles only moved the
areas of high velocities and eddy cur-
rents. Maldistribution was still
present.

Centrifugal force on the spinning fluid
created high velocity jets out of the
perforated cylinders.

Best so far. But uneven distribution
was present along the length of the
manifold.

Corrections were being made from flow
measurements to obtain even flow out of
the distributor manifold holes.

Flow was taking place out of the extreme
top and bottom of the half round perfora-
ted plate. This created eddy currents.

The full area of the half round was
still not being used efficiently.

The fluid was concentrated into more
distinct fluid jets by this addition.

This produced an acceptable flow distri-
bution and an undisturbed surface. This
arrangement was acceptable for use in the
full sector.
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Arrangement Figure Sector
7A,B,C,D Reduced
7E 14 Reduced
7F,G 14 Reduced
8A 15 Reduced
8B 15 Reduced
8C 15 Reduced
9 16 Reduced

TABLE 3

Change from Previous Arrangement

The manifold was shortened to a 459 arc
keeping the same number and size of
holes as Arrangement 6H.

The distributor was assembled identi-
cally to Arrangement 6H.

Raschig rings (random packed cylinders)
were added between the flat and half
round perforated plates.

Large volume cylinder, partially
perforated was built around a short
straight manifold.

Perforated plate shielding was added
around the manifold.

An intermediate perforated tube was
added to change the path of the fluid
flow.

The imner manifold legs were attached
to the distributor pipe at an angle
to fit the curved sector. Also the
volume between the inner and outer
cylinders was filled with Raschig
rings.

Results

This was the first trial in the reduced
sector. Distribution out of the short
manifold was considerably different than
that out of the long manifold. Correc-
tions to hole sizes were made from flow
measurements to obtain uniform discharge
along the manifold.

The same flow through this smaller dis-
tributor produced high velocity regions
which disturbed the surface and created
subsurface eddy currents.

These packings produced uniform distri-
bution out of the distributor. The
surface was calm and there were no high
velocity jets. This arrangement would
meet the objectives of the program.

This produced jets which disturbed the
fluid surface considerably.

This only reduced the velocity of the
jets slightly.

The velocities were still too high. Also
the straight distributor created high
flows near the sector walls and thus sub-
surface eddy currents.

The random packings (Raschig rings) occu-
pied too much volume therefore the high
velocities were not reduced.



¥ JT9VL

Arrangement Figure Sector
10A 17 Reduced
10B 17 Reduced
10C 17 Reduced

and
Full
10D 17 Full
10E 18 Full
and
Reduced
10F 18 Reduced

TABLE 4

Change from Previous Arrangement

A simple vaned diffuser was tried.

A flat perforated plate was added across
the discharge area.

A half round perforated plate was added
onto the discharge area. Solid end
plates were used.

The solid end plates were changed to
perforated end plates.

The distributor was built as though
folded around a vertical center line
to fit the curved sector better.

The flat and the half round perforated
plates were added using solid end
plates for the reduced sector and per-
forated end plates for the full sector.

To more easily fit into the sector, the
model was reduced in size slightly.

Results

This resulted in very little surface
disturbance but the discharge pattern
was upset.

The discharge pattern was improved but
some eddy currents were created which
disturbed the surface.

Visual observation showed that the surfac
was calm and no high velocity jets were
present. Velocity measurements in the
full sector showed large subsurface eddy
currents with up flow at the ends of the
sector.

This reduced the eddy current velocities.
However, the straight discharge area bein
closer to the sector walls in some region
tended to create eddy currents.

The best results so far were obtained witl
this arrangement, however, there were stil
some minor upset flow conditions in the
fluid below the distributor.

This reduction changed the flow pattern
slightly. Further improvements were
desired.
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Arrangement Figure Sector
10G 18 Reduced
10H 19 Full

Final and
Reduced

TABLE 5

Change from Previous Arrangement

The flat perforated plate was removed.

The flat perforated plate was replaced
1/3 of the way down the half round.
Solid ends used for the reduced sector
and perforated ends used for the full
sector.

Results

It was readily apparent that the single
half round perforated plate on the dis-
charge area was not sufficient for good
distribution.

There is negligible surface disturbance
in the model and the discharge pattern
is as uniform as can be expected. This
is true at all flows and for both the
full and reduced sectors. The fluid
level can be dropped very low (see
"Results'" for Fluid Height Restrictions).
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FLUID MODELING AS IT APPLIES TO THE SODIUM DISTRIBUTOR

To assure satisfactory performance and trouble-free operation of Sodium
Heated Steam Generators, uniform distribution of sodium over the heat transfer
surface is considered essential.

In connection with the development of sodium heated steam generators, the
Fluid Mechanics Section of the Alliance Research Center has undertaken the
development of a sodium distributor using water modeling techniques.

The objectives of this program are as follows:

a. Develop a sodium distributor arrangement that provides uniform distribu-

tion entering the superheater, as determined by visual inspection of
the model and photographic records.

b. Establish visually and photographically that the distributor does not
result in high velocity impingement on tube surfaces that might lead to
vibration problems.

c. Determine visually the general extent of cover gas entrainment and
establish a minimum liquid level for acceptable performance from this
standpoint.

The following pages present a discussion of modeling in general, and show how

pertinent criteria apply in the development of a sodium distributor.

Modeling is based on principles of similarity dealing with the relations be-
tween physical systems of different sizes. In more precise terms, it can be stated
that spatial configurations of a physical system are determined by ratios of quan-
tities within the system itself and are not dependent upon the size or nature of
the units in which these quantities are measured:

‘ The four major similarity states are:
(1) Geometric
(2) Mechanical

(3) Thermal
(4) Chemical



Geometric similarity is best defined in terms of correspondence. Two bodies
are geometrically similar when for every point in the one body there exists a
corresponding point in the other. The prototype and full-size distributor will
be extrapolated from the model in this manner.

Mechanical similarity comprises static or static-force similarity, kinematic
similarity, and dynamic similarity. Each of these can be regarded as an extension
of the concept of geometrical similarity to stationary or moving systems subjected
to forces. Static similarity is concerned with solid bodies and is of no importance
with respect to the sodium distributor. Kinematic similarity is concerned with
solid or fluid systems in motion and is thus applicable to our problem. It can be
said that geometrically similar moving systems are kinematically similar when cor-
responding particles trace out geometrically similar paths in corresponding scaled
intervals of time. Since the distributors of the prototype and the full-size unit
are to be geometrically similar to the model and the velocities in the distributor
are being held identical with those required in the larger units, kinematic simil-
arity will be maintained. Dynamic similarity, which is concerned with the forces
that accelerate or retard moving masses in dynamic systems, is of direct importance
in fluid flow systems. It has been found that geometrically similar moving systems
are dynamically similar when the ratios of all corresponding forces are equal. In
fluid systems, such as the system involving the sodium distributor, the principal
forces acting are pressure, inertia, gravity, viscosity, and surface tension.

Thermal similarity is concerned with systems in which there is a flow of heat.
In our system, heat is transferred only by the bulk movement of matter. No appre-
ciable temperature differences are present and thus thermal similarity is of no
concern for this model.

Chemical similarity is concerned with chemically reacting systems in which the

composition varies from point to point. This is also of no concern to our model.

i1



Similarity between geometrically similar systems can be specified in terms
of criteria which are ratios of measurements, forces, or rates within each system.
Since these are ratios of like quantities, dimensional analysis can be used to
establish these criteria. This is a mathematical technique for expressing the
behavior of a physical system in terms of the minimum number of independent vari-
ables and in a form that is unaffected by changes in the magnitude of the units of
measurement. The physical quantities are arranged in dimensionless groups consist-
ing of ratios of like quantities such as lengths, velocities, forces, etc., which
characterize the system.

The physical variables that influence the isothermal flow of a fluid are:

1. Fluid Velocity v
2. Linear Dimension L
3. Force F
4. Density 0
5. Viscosity U
6. Surface Tension o

7. Acceleration of Gravity g
Using dimensional analysis, the equation of motion of an isothermal fluid flow

which is applicable to the sodium distributor must have the form

2 2
¢)< F ’ v L P » eV L N L>= const.
p v2 L2 u o Lg

where the function ¢ is undetermined. These groups are all well known in connec-

tion with fluid dynamics and are given the following names:

1) F = AP pressure coefficient, which is the ratio of pressure to

o V2 L2 o v2

inertial forces.
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2) vLop
u

= Reynolds number, which is the ratio of inertial to viscous forces.

2
3) pv_ L Weber group, which is the ratio of inertial to surface tension

forces.

2
4) E?— = Froude group, which is the ratio of inertial to gravitational forces.
g

For homologous systems (geometrically similar) the three dimensionless groups,
Reynolds number, Froude group,and Weber group, are mutually incompatible. That

is, in any geometrically scaled system whether larger or smaller than its prototype,
it is impossible to satisfy all of the similarity criteria at the same time. For
this reason, it is necessary to establish the principal criteria and to investigate
them singly or in combinations if possible. The required relations between corres-

ponding velocities and corresponding lengths are:

1. Reynolds number VA %

2. Froude group v /L
1
3. Weber group Vo=
VL

This leads to three principal subdivisions of the fluid dynamic regimes which may
be described as viscosity-controlled, gravity-controlled, and surface-tension con-
trolled. These shall be discussed individually with respect to the modeling of the

sodium distributor.

VISCOSITY CONTROL

The viscosity-controlled dynamical regime is one of the most important. Reynolds

number is the criterion to be used to model a viscosity-controlled process. Reynolds

6

nunber through the 12-in. nom. inlets of the full size unit is 4.96 x 10°. For the

Lin. nom. inlets of the prototype the Reynolds number is 1.26 x 106*, and through

*Full load Reynolds number [inlet velocity (Vp) = 11.7 ft/sec]
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the 1-inch nom. inlet of the model the Reynolds number is 1.82 x 105 (at v,
= 1.8 vp). Although this appears drastically different, it is quite suitable
for modeling techniques.

When the Reynolds number in a flow system exceeds about 10,000 and the system
consists mainly of rough pipes, bends, and irregular changes of section rather
than long smooth channels, the flow pattern and friction factor, f, become substan-
tially independent of Reynolds number. In these circumstances, a model can often
give accurate information even though it is operated at a Reynolds number very much
below that of the prototype, provided always that the value in the model exceeds
10,000(1). In geometrically similar envelopes with corresponding velocities, the
fluid flow patterns will also be geometrically similar(z).

The preceding principle of similtude pertains mostly to flow within a solid

boundary such as inside the Sodium Distributor.

GRAVITY CONTROL

In liquid systems, gravity control is found where a free liquid surface is
subject to disturbance. In such a case, the Froude group is the criterion of
similarity. This criterion can be achieved by decreasing the model distributor
inlet velocity to 55% of that in the prototype (see page vii).

In order to retain the ratio of the density of the cover gas to that of the
working fluid, the air over the model surface must be pressurized to 5 psig. This
criterion is being met.

When these criteria are met the flow requirements for liquid surface modeling

will be satisfied.

. (1)Johnston, and Thring, "Pilot Plant Models and Scale Up Methods', 1957.

(Z)This has been investigated by the Alliance Research Center and has been veri-
fied. Attached to this writing is a photograph of a duct turn test set up and
a graph showing the results of variation of velocity profile with various
Reynolds numbers and fluids.



SURFACE TENSION CONTROL

The effects of surface tension are predominant when two immiscible liquids
are agitated together. The Weber number is the criterion used for comparison.
Since the surface of the sodium in the steam generator is to be undisturbed there
will not be any effect such as stated above. Even at that, the ratio of the proto-

type to the model is almost unity (see page viii).

GEOMETRIC SIMILARITY

Modeling is used extensively in many industries. For example, the ship building
industry models large ships at scales up to 1/100. B&W conducts model studies of
large boilers at a scale of 1/48. The sodium distributor being 1/3.2 geometrically
scaled is much closer to full scale than most models are.

A 900 sector model of the sodium heated steam generator was chosen for testing
since the tube supports of the prototype segregate the flow areas into four separate
vertical channels.

The following pages give the similarity ratios between the prototype and the
model. Also attached is a photograph showing the distributor, model set up, and
one proposed distributor model at various conditions.

The values used in calculations are as follows:

PROTOTYPE (p) MODEL (m)
Inlet pipe dia. D (in) 3.548 (ID) 1.097 (ID)
Fluid density p (lb/fts) 50.3 (sodium) 62.4 (water)
. . 138.9 x 10 661 x 10
Viscosity u (1b/sec ft) @ 1140°F @ 70°F
. 3 .081 argon @ .075 air @
. 156 or less 72.8 @
Surface tension ¢ (Dynes/cm) @ 1140°F ( 70°F
. . 11.7 @ 11.7 @
Fluid velocity v (ft/sec) 145,750 lb/hr) 17,300 1b/h1)
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FLUID CONDITIONS*

Vm = 1.8 Vp

Rem = ,145 Rep

(viscosity control)

*(Shown with air bubbles
being introduced)

1:3.23 Scale Model of
Proposed Sodium Distributor
Shown in Operation in the
Reduced Sector Model

SURFACE CONDITIONS

m
Frm =1,0 Frp

V. =0,56V
P

(gravity Control)

30 Mwt PROTOTYPE STEAM GENERATOR SODIUM DISTRIBUTOR

FIGURE Al




e e

FLOW PATTERNS OF A DUCT TURN
(4" x 4" WATER MODEL AT
REYNOLDS NUMBER = 13,100)

FIGURE A2




$ OF AVERAGE VELOCITY
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- WATER Re = 13,100
—— - WATER Re = 25,000
——--——--— WATER Re = 50,000
- ———  WATER Re = 75,000
—:c——..— WATER Re = 87,500
o AIR Re = 780,000
(NOTE: Air Model was 12" x 12'")

Water Model was 4'" x 4"

VELOCITY PROFILE FOLLOWING A
DUCT TURN AT VARIOUS REYNOLDS
NUMBERS WITH AIR § WATER

FIGURE A3



