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was used to measure pressures throughout the model. The iunlet piping was designed to
provide a {lat velovity profile at the entrance to the model. Provisions were made for
equalizing flow in the inlets and outlets. For operation with one loop, the inactive inlet
and outlet were blocked with plates installed between piping {langes,

Figure 2 is a vertical cross section of the model showing the general arrangement
of the pressure vessel, the inlets and outlets, the thermal shield, the upper and lower
plenums, the core. and the internal instrumentation.

Figure 3 is a horizontal cross section of the immodel showing the arrangement of the
thermal shield, the core fucl assemblies, and the shield-passage instrumentation.

Air, simulating reactor coolant, entered through one or both inlets at the bottom
of the model and through 61 nozzles in the top dome. The air which entered through the
29 control-rod nozzles and the 32 flux-scanning nozzles passced downward through the
annular space between the thermal shield and the pressure vessel to the inlet plenum
where it joined the flow from the inlet nozzles. About 3 per cent of the total model flow
passed through the thermal-shield-coolant passage. From the inlet plenum the coolant
passed through 30 holes in the core-support cylinder into the lower plenum below the
core and then upward through 248 uniformly orificed simulated fuel channels. Flow
from the core discharged into the upper plenum and passed out of the model through one
or both outlet nozzles.

The model core, as shown in Figure 2, consisted of two parts separaled at the
tube sheects just above the bottom flange of the model. The upper assembly contained 248
straight aluminum tubes 3/4- in, in ID and 61 in. in length each simulating a fuel chan-
nel. Each tube wus grooved at the ends for O-rings which sealed it into two tube sheets,
The tube sheets were attached atl their circumlerence to the plastic core cylinder. The
lower assembly consisted of a single tube sheet into which 248 extension tubes, each
about 16 in. long, were screwed and cemented with epoxy resin. The ends of each group
of 16 tubes were disposed over a partial sphericual surface with iis center in the fuel-
loading port directly below the center line of the group. The pressure loss of the core
wao s established by the diameters of 248 identical sharp-edged orifices, one in each tube,
These orifices are also used for flow measurement to determine flow distribution within
the core.

Each orifice was a circular disk bored with a sharp~edged hole 0.458 in. in diam-
eter and fitted with an O-ring in a groove in the downsiream side. These orifice plates:
were attached to the bottom tube sheet of the upper part of the core by two screws,
tightened for metal-to metal contact. The upstream side of the orifice plate was sealed
by encircling it with an O-ring slightly thicker than the plate. When the extension-tube
plate was installed, these O-rings were compressed between the two tube plates so that
the orifice was completely sealed against leakage. With this arrangement it was rela-
tively easy to replace orifices to change flow resistances in various parts of the core.
However, such changes were not made during this investipation. Upsiream pressure
taps were located in the extension tubes just upstrcam from the orifice. Downstream
pressure taps were located at the downstream ends of the core tubes, so that the pres-
sures measured for each orilice were, essentially. the upper-plenum and lower-plenum
pressures at the tube location under flow conditions. The instrument tubing from the
orifice pressure taps was carrvied out of the model through burst-slug detector nozzles
above the core, which avoided interference with flow in the thermal-shield coolant
channel.
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Hydrodynamic Design I

In making model studies of flow, it is desirable to have dynamic similarity of
model and prototype to insure that data from the model will accurately predict prototype <
performance. By definition, dynamic similarity is achieved when the Reynolds number
for flow in the prototype is equal to the Reynolds number for flow in a geometrically
similar model.

For the PEGCPR prototype using helium as the coolant, the Reynolds number in
the inlet nozzles, which is representative of Reynolds numbers in the upper- and lower-
plenum regions, is about 1,920,000. For the quarter-scale flow model the inlet-nozzle
Reynolds number was about 710,000 which is approximately 40 per cent of the prototype
value. At this value of Reynolds number, which is well into the turbulent range, dy-
namic similarity is assured. However, in the thermal-shield-coolant passage, prototype
helium velocities are low, and Reynolds numbers in the range of 5000 to 7000 occur,
Since these are close to the transition range, where flow effects may vary considerably
with Reynolds number, it appeared desirable to study flow in this region both with the
proper proportion of flow through the region, giving Reynolds numbers in the range of
2000 to 2800, and with greater flow to raise Reynolds numbers to match those in the
prototype.

The internal design of the model core was not geometrically similar to that of the
prototype, but was simulated with round tubes containing orifices designed to provide
core-flow distribution and pressure drop equal to those which would be obtained with .
dynamic similarity. Thus, although dynamic similarity was not achieved within the core
structure, the effects on other components of the model were the same as those which
would occur with dynamic similarity. .

Model Setup and Operation

The model was set up so that flow conditions could be closely controlled. Details
of piping and external instrumentation may be seen in Figure 1.

The inlet piping was designed to simulate the prototype piping. A flow-measuring
nozzle in each inlet and an orifice in each outlet pipe measured inlet and outlet flow
rates. A damper in each inlet and outlet pipe controlled flow. Flow through inlets and
outlets was equalized for most tests. The approach piping, carrying air at pressures to
4 psi and temperatures to 180 F', was constructed with turning vanes in the elbows to
minimize flow disturbances approaching the inlet nozzles.

Pressure taps for the 248 flow-measuring orifices in the core and for 116 static
pressures throughout the model were connected to a specially constructed manometer
board having 680 tubes each suitable for measurement of pressures of up to 160 in, of
water., The manometer board consisted of six well-type manometers, each having one
leveling tank and a number of manometer tubes. The tubes were connected to headers
at the bottom of the board and the pressures to be measured were applied at their tops.
The manometer tubes were made of translucent polyethylene plastic. In use, pressure . .
depressed the level of the water in individual manometer tubes, and the tank levels
were adjusted to suitable heights for easy reading. Kach tank level showed on one
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manometer tube, and the measured pressures were the differences in height between
this level and the reading of each tube in the manometer. Orifice differentials and
reading accuracy were such that flow measurements were reproduced to £0, 2 per cent
in successive tests.

Inlet-plenum pressures were obtained with two rings of 12 static-pressure taps,
as shown in Figure 2. Lower-plenum pressures were measured with 24 static-pressure
taps arranged in rings of 12, 8, and 4 taps. Upper-plenum pressures were obtained
with one ring of 12 static-pressure taps.

Flow directions and velocities in the thermal-shield-coolant passage were meas-
ured with cylindrical three~hole yaw probes using inclined manometers sensitive to
0.002 in. of water. In stagnation areas a hot-wire anemometer sensitive to a velocity
of about 0. 2 fps was used.

Mixing studies were conducted by injecting measured concentrations of SO, into
one inlet and determining the concentration of SO, in the air passing through each of the
248 simulated fuel assemblies in the core.

Flow patterns in the upper plenum were determined by injecting TiCly smoke into

the plenum and visually observing the flow patterns. Flow velocities and directions near
the wall were measured using a three-hole cylindrical yaw probe.

SEQUENCE OF MODEL ALTERATIONS AND TESTS

Operation of the quarter-scale flow model was begun on June 30, 1959, with a
calibration of the individual flow-measuring orifices in the simulated fuel assemblies.
In calibration, air metered by a master orifice was piped into each simulated assembly
in the model. The flow rate was varied from assembly to assembly to provide the same
static pressure at the entrance to each assembly. The reading of the measuring orifice
in each assembly was obtained from the manometer panel. This calibration provided
the orifice pressure differentials which would be obtained with a uniform pressure field
at the entrance and exit of the simulated fuel assemblies. Any deviations obtained dur-
ing model operation reflect nonuniform pressure fields.

Following calibration, Tests 5,6, 7, and 8 were run to obtain core-flow distribu-
tion, mixing, and smoke-study data with a sheet-metal core-support cylinder posi-
tioned so that one of the sixteen 3-in.-diameter holes in the bottom ring was rotated
0.7 deg clockwise from the center line of one inlet. The core-support cylinder is shown
in Figure 2.

The core-support cylinder was then rotated so that one of the 16 holes in the upper
ring was in line with the inlet. Tests 9, 10, 11, and 12 were run to obtain core-flow
distribution, mixing, and smoke-study data.

On Test 13 the core-support cylinder was positioned so that one hole in the bottom
ring was aligned with the inlet center line. The top ring of holes was blocked. Core-
flow-distribution and pressure-drop data were obtained.
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In Test 14, the position of the core~-support cylinder remained the same as for
Test 13 and the upper ring of holes was unblocked. Core-flow-distribution and pressure-
drop data were taken.

Tests 16, 17,and 18 were run with the core-support cylinder positioned so that the
center line of the inlet was midway between the center lines of the holes in the upper and
lower rings. Mixing data and core-flow-distribution data were obtained,

Test 19 was a duplicate of Test 17 run to check reproducibility of flow measure-
ments. Data for 95 per cent of the simulated fuel channels were reproduced within
*0, 2 per cent, with remaining data within 0. 3 per cent.

In Tests 20, 21, and 22 core~-flow~distribution data and lower-plenum mixing data
were obtained with the core-support cylinder rotated 2.8 deg clockwise, viewed from
above, and with the two holes in the upper ring, one nearest each of the two inlets,
blocked.

Following Test 22 an evaluation of data for all core~support-cylinder configura~
tions showed that all configurations provided good flow conditions, although some were
better than others. The configurations in which the two holes in the upper ring nearest
the inlets were blocked resulted in considerable reduction in impingement of high-
velocity jets on the bottom of the core. As a best compromise between core-flow distri-
bution, mixing pressure drop, and impingement of flow on the bottom of the core, the
configuration studied in Tests 16, 17, and 18 was selected. A plastic core-support cyl~
inder with the l-in. prototype thickness and with this optimum hole pattern was then
made and used for all subsequent studies., This cylinder was 46-3/4 in, in OD, 19-7/16
in. high, and 1/4 in. thick. A ring of 16 equally spaced holes of 3-in, diameter was
located with centers 7-3/4 in. above the bottom of the cylinder, and a second ring of
holes was located with centers 15-1/2 in. above the bottom. The holes in the upper ring
were staggered so that they were located halfway between those in the lower ring, and
two of them, one nearly in line with each inlet, were omitted to avoid jet impingement
on the bottom of the core. The cylinder was oriented so that a hole in the bottom ring
was displaced 1/128 of the circumference, or 2. 81 deg, from the center line of the inlet,
in a clockwise direction as viewed from above, as their orientation improved perform-
ance over that for Tests 16, 17, and 18,

Following installation of the plastic core-support cylinder in the model, Tests 23
and 24 were run to obtain core-flow=-distribution data for operation with one andtwo loops.

Test 25 was run to determine the amount of mixing occurring in the lower plenum.
In Test 26 the thermal-shield-coolant flow rate was varied from 0 to 5 per cent of
model flow to determine the effect of shield-coolant flow on core~flow distribution., No

measurable effect was found.

In Test 27 a study was made of transition from two-loop to one-loop operation to
check the effect on core-flow distribution and flow stability.

Tests 28 and 29 were run at reduced flow rates to measure the changes in core-
flow distribution and pressure losses resulting from reduced model Reynolds numbers,
No effects were found,

. *
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Upper-plenum flow studies using TiCly smoke to obtain flow patterns and using a
‘ yvaw probe to measure velocities near the surface of the dome were run with both one and
two loops operating in Tests 30, 31, 32, and 33,

3 Flow velocities and directicns in the thermal-shield-coolant passage were meas-
ured in Test 34 using a coolant-flow rate such that the shield Reynolds number equaled
that in the prototype with a coolant flow of 3-1/2 per cent of reactor flow with two loops
operaling.

In Test 35 shield coolant velocities and directions were measured at a Reynolds
number equal to that obtained in the prototype with 2-1/2 per cent shield flow for two-
loop operation.

e EeesR e s e

| Test 36 was run with the same coolant-flow rate as Test 34 except that only ocne
loop was operating. Since the prototype one-loop flow rate is assumed to be one-half of
the two-loop flow rate, the shield Reynolds number equaled that in the prototype with a
coolant flow of 7 per cent of reactor flow.

Test 37 was run to obtain shield-coolant velocities and directions for operation
with one loop at a shield-coolant-flow rate of 3-1/2 per cent of model flow.

In Test 38 flow velocities were measured near the surface of the bottom dome in
the inlet and lower plenums for operation with one loop.

» In Tests 39 and 40 thermal-shield-coolant velocities and directions were meusured
with two loops operating using shield-coolant-flow rates of 3-1/2 per cent and 2-1/2 per
cent of model flow, respectively.

Test 41 was run to measure flow velocities and directions in the lower plenum ncar
the junction of the bottom dome and the core-support cylinder with two loops operating.

Test 42 and 43 were run to measure flow velocities and directions in the thermal-
shield~coolant passage using a hot-wire anemometer probe in areas where no measure-
ments could be obtained with a conventional three-hole yaw probe.

Test 44 was run to obtain shield-coolant velocities and directions for one-loop

operation at a shield-coolant-flow rate of 2-1/2 per cent of model flow.

RESULTS OF MODEL STUDIES

Core~Flow Distribution

The core of the model contained 248 simulated fuel channels as previously
. described.

Each simulated fuel assembly in the model included an orifice which provided the
core pressure drop and served as a flowmeter. Upstream and downstream orifice

pressure taps were connected to a 680-tube water manometer, shown in Figure 1, In
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each test, orifice pressures were used to compute flow-distribution data by calculating

the flow through each orifice using coefficients obtained from an in-place calibration, ‘ .
dividing each flow by the average for the core, and expressing the results as percentage

of average flow for the core. These calculations were made using a digital computer.

Figure 4 is a plan view of the core showing the identification numbers of the simu-
lated fuel channels. Shading of annular areas is used to aid in tracing numbers, and has
no physical significance.

Figure 5 is a map of the core in which channel locations are marked with the value
of flow through each channel for two-loop operation. The greatest deviations from
average flow were +1.0 per cent in channels 164 and 208, and -0. 8 per cent in channel
125.

Figure 6 is a map of the core showing core-flow distribution for one-loop opera-
tion. In this test, flow for each channel was within +1.3 and -1.4 per cent of the
average flow for the core.

Core-flow-distribution studies were made at two reduced model flow rates. The
lowest flow rate was 70 per cent of full model flow. Within the limits of data accuracy,
flow distribution in the core was not affected by the reduction in Reynolds number of
about 30 per cent.

In the model, core pressure loss was 75 per cent of over~all model pressure loss,
In the prototype, the core loss is about 95 per cent of the over-all loss. Therefore, P
core-flow distribution for the model should be affected more by pressure gradients in
plenum spaces than that for the prototype. That is, the model data are somewhat
conservative. .

Mixing Studies

Mixing studies were conducted by injecting measured concentrations of SO, into the
Loop 1l inlet, and determining the concentration of SO, in the air passing through each of
the 248 simulated fuel assemblies in the core. The SO} was supplied from a pressurized
gas cylinder. Because of the extremely low volume of SO, required, it was mixed with
a much larger volume of compressed air, and the mixture was injected into the inlet
piping. The injector consisted of five 1/8-in. aluminum tubes having 21 holes, 0.021-in,.
in diameter, located at the centers of equal areas. It was located 19 ft upstream of the
model inlet in a horizontal run of pipe. With this arrangement, mixing ahead of the
model was such that the deviations from the average concentration of about 10 ppm of
502 measured at the model inlet were always less than 5 per cent. The accuracy of
mixing data from the model core would be similar,as all factors influencing accuracy
are present in data taken at both locations.

Samples of air from each of the 248 simulated fuel assemblies were bled continu-
ously from the upstream pressure taps of the flow-measuring orifices through the
manometer tubes previously used for pressure measurement. These were detached
from the manometer headers and allowed to vent air continuously. A sample for analy- . .
sis was drawn from each manometer tube in turn, and analyzed immediately in a Titrilog,

which recorded the concentration of SO2. With this procedure, it was possible to
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traverse the entire core in about 1 day with frequent checks of inlet concentration and of
background level in the second inlet, which nominally contained no SO;.

The Titrilog, which was used to measure 503 concentration, is manufactured by
the Consolidated Electrodynamics Corporation. In this instrument, SO, is titrated with
electrolytically generated bromine at a potentiometric balance point. A feedback ampli-
fier controls the rate of generation of reacting bromine above a set reference level so
that it is at all times equal to the rate of absorption of SO, in the titration cell. The
current flow in the titration cell serves as a measure of SOZ concentration. The in-
strument scale has a range of 0 to 10 ppm of SO, with a reading accuracy of 1.5 per
cent of full-scale reading. The threshold sensitivity is 0. 1 ppm; about 10 sec is required
to reach equilibrium after a change in concentration.

The Titrilog and associated gas-control equipment are shown on the table in
Figure 1. Directly above the Titrilog, at the top of the figure, is the SO2 injector in-
stalled in the L.oop 1 inlet piping.

Figure 7 shows mixing data obtained with SO2 injected into the inlet of Loop 1, The
figure represents a cross section of the core of the flow model with numbers indicating
the percentage of flow in each simulated fuel channel coming from Inlet 1, the traced
inlet. With perfect mixing in the lower plenum a value of 50 per cent would be obtained
in every channel. It will be noted, however, that the highest concentrations were found
near the traced inlet and that concentrations decreased with distance from the inlet, A
maximum value of 76 per cent was found,

Studies of Thermal-Shield-Coolant Flow

As shown in Figure 2, the thermal shield is a heavy liner separated from the pres-
sure vessel by a coolant passage which, in the model, is 0,25 in. wide. The prototype
shield is heated by core radiation and by heat transifer from the 1200 F helium in the
upper plenum, and cooled by helium admitted through annular passages surrounding each
of the 32 flux~scanning nozzles and 29 control-rod nozzles located near the center of the
top dome. This passes downward through the shield-coolant channel to the inlet plenum
and mixes with helium from the inlets. The shield coolant is supplied from an external
system in which it is cooled and decontaminated. In order to avoid local overheating and
resulting distortion of the thermal shield, if is necessary that the entire surface be
swept by coolant at adequate velocity., Accordingly, flow velocities and directions
throughout the coolant passage were studied.

Dynamic similarity in shield-passage studies requires special consideration
because of the range of Reynolds numbers involved. Prototype values of Reynolds
numbers vary from 5000 to 7000 if shield coolant is 2.5 and 3.5 per cent of reactor flow,
respectively. These percentages of model flow result in model Reynolds numbers of
2000 and 2800, which are in the transition range. .Accordingly, model studies were
carried out at both the proper percentages of total flow above, and at higher flow rates
providing full prototype Reynolds numbers. It was found that flow patterns varied with
shield-coolant flow rate, because of interaction between the shield flow and flow passing
upward into the shield passage from the inlet plenum. A stagnation region was found in
every test. The location of this stagnation region varied with the amount of shield-
coolant flow; with high flow rates the stagnation region was near the bottom of the shield
passage, and with low flow rates it was near the top of the passage. The nature of the
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stagnation region, and its effects on local heat transfer, appeared similar for all flow

rates. Thus, the test condition most closely representing the actual flow and velocity ‘
distribution in the thermal-shield-coolant passage appears to be that in which the pro-

portion of total model flow passing through the shield passage is equal to that for the

prototype. .

In the model studies, shield-passage air was supplied by an air compressor, so
that flow rate could be varied. Air velocities and directions in the shield passage were
measured using a three-hole yaw probe, but in earlier tests it was found that neither
velocities nor directions of flow could be measured in the stagnation regions. This was
partly because all velocities were so low as to be near the lower limit of sensitivity of
the yaw probe, and partly because velocities were in the form of local turbulence which
was variable in direction. A hot-wire anemometer probe of high sensitivity and having
a directional characteristic was made and used for subsequent tests at the higher flow
rates. With this probe it was possible to measure turbulence levels in the stagnation
regions equivalent to substantial velocities, but no directional effects could be observed.

Figure 8 is a data plot showing the directions and velocities of air flow in the
thermal-shield-coolant passage with two loops operating. The shield-flow rate was 8.5
per cent of the total model flow rate, so that the Reynolds number in the model shield
passage was equal to that for the prototype with 3.5 per cent of reactor flow passing
through the shield passage. Arrows are at yaw-probe locations and indicate flow direc-
tions; numbers indicate flow velocities. Velocities of helium flow in the prototype are
0. 266 times the air-flow velocities shown. As can be seen in the figure, flow is down-
ward everywhere except for stagnation regions immediately above the inlets, where up-
ward flow from the inlet plenum meets downward flow in the shield passage.

Figure 9 shows the flow pattern in the shield passage with two loops operating
with 6.4 per cent of model flow passing through the shield passage to provide a model
Reynolds number equal to that in the prototype with 2-1/2 per cent shield flow. Veloci-
ties in the prototype shield passage are 0.244 times those shown. The flow is downwazrd
everywhere with a uniform velocity except in the stagnation regions directly above the
inlets where upward flow from the inlet meets downward flow in the shield passage.
Yaw-probe readings could not be obtained at the two measuring points above the inlets
due to rapidly fluctuating flow directions.

A comparison of Figures 8 and 9 shows that the change in Reynolds number did
not affect shield-coolant-flow patterns except near the inlets, where the change in down-
ward velocity changed the locations of the stagnation regions separating upward and
downward flow; this would appear to be a momentum effect dependent upon the relative
velocities of upward and downward flow, rather than a Reynolds number effect.

Figure 10 shows flow directions and velocities in the shield-coolant passage for
one-loop operation with 12 per cent of model flow though the shield passage, At this flow
condition the model Reynolds number is equal to the prototype Reynolds number with
7 per cent shield flow, With only one loop operating, flow directions throughout the
shield passage are affected by the upward flow from the operating inlet and the area of
upward flow extended more than halfway up the cylindrical portion of the passage.

From these studies it was apparent that additional tests with the shield-flow rate ‘
at the proper percentages of model flow rate were needed. In this case the shield ’
Reynolds number would be about 30 to 40 per cent of prototype value for two-loop




FIGURE 8.

FLOW PATTERNS IN THERMAL-SHIELD-COOLANT PASSAGE WITH FLOW RATE
OF 8.5 PER CENT OF MODEL FLOW FOR TWO-LOOP OPERATION

Arrows indicate flow direction and numbers indicate air velocity . fps.

Heliwmn velocitics are @, 200 times air velocities,
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FIGURE 9. FLOW PATTERNS IN THERMAL-SHIELD-COOLANT PASSAGE WITH FLOW RATE
OF 6.4 PER CENT OF MODEL FLOW FOR TWO-LOOP OPERATION

Arrows indicate flow direction and numbers indicate air velocity, fps,

Helium velocities are 0, 244 times air velocities.
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FIGURE 10,

LOOP 1 LOOP 2

FLOW PATTERNS IN THERMAL-SHIELD-COOLANT PASSAGE WITH FLOW RATE
OF 12.0 PER CENT OF MODEL FLOW FOR ONE-LOOP OPERATION

Arrows indicate flow direction and numbers indicate air velocity. fps.

Helium velocities are 0, 246 times air velocities,
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operation and about 60 per cent of prototype value for one-loop operation, and would
range from 2000 to 2800. .

Figures 11, 12, 13, and 14 show shield-flow patterns with shield-flow rates of
2-1/2 and 3-1/2 per cent of model flow. To moxre fully explore the arcas where upward -
flow occurred, 24 additional yaw-probe holes were added in the model. Flow velocities
and directions were measured, where possible, with three-hole yaw probes, but at some
locations no yaw-probe reading could be obtained due to rapidly fluctuating flow direc- :
tions. At these points, velocities were measured with a specially built hot-wire anemom-
eter; in most cases no flow direction could be determined. The minimum velocity
measured at any point was 2.5 fps which occurred with a shield-flow rate of 2-1/2 per
cent of model flow with two loops operating. This is equivalent to a helium velocity of |
1.6 fps in the prototype.

From the studies with model shield Reynolds numbers equal to prototype-shield
Reynolds numbers it was found that half-symmetry existed. Therefore in the shield
studies made with the correct percentage shield-flow data were taken at only half the
shield measuring points. Measured data are shown as solid arrows. The dotted arrows
show assumed velocities, based on hali-symmetry, where velocities were not measured.

Figure 11 is a development of the thermal-shield passage showing the directions
and velocities of air flow with a shield-flow rate of 2-1/2 per cent of model flow with wwo
loops operating. The upward flow area extends about three-fourths the height of the
core, Flow directions could not be determined at the measuring locations shown without
arrows. The minimum turbulence level measured in the stagnation area was equivalent
to a velocity of 2.5 fps which is equivalent to a helium velocity of 1.6 {ps.

Figure 12 shows the flow patterns obtained with a shield-flow rate of 3-1/2 per .
cent of model flow for two-loop operation. As with 2-1/2 per cent flow all areas
appeared to be adequately cooled.

Figure 13 shows flow directions and velocities for one-loop operation with shield
flow of 3-1/2 per cent of model flow. The area of upward flow extended up to the outlet
nozzle. The minimum turbulence level measured in the stagnation area was equivalent
to a helium velocity of 0.9 fps based on an assumed one-loop flow rate of 2. 135 x 105 1b
per hr.

Figure 14 shows the coolant-passage-flow patterns obtained with a shield flow
rate of 2-1/2 per cent of model flow for one-loop operation. The area of upward flow
over the open inlet extended up to the center line of the outlet nozzle. The minimum
turbulence level measured was equivalent to a helium velocity of 0. 8 fps.

Comparison of Figures 8, 9, and 10 with Figures 11, 12, and 13 shows that the
flow patterns in the thermal-shield passage are probably not appreciably affected by
Reynolds number even though they were in the transition range. The shift of the eleva-
tion of the stagnation regions, where upward flow trom the inlets meets downward flow in
the shield passage, appears to be a momentum effect. The downward velocity of the
shield coolant appears to have a much greater effect than any variations in shield-
passage friction which might occur in the transition range.
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FIGURE 11. FLOW PATTERNS IN THERMAL-~SHIELD-COOLANT PASSAGE WITH FLOW RATE
OF 2-1/2 PER CENT OF MODEL FLOW FOR TWO-LOOP OPERATICON

Arrows indicate flow direction and numbers indicate air velocity, fps.

Helium velocities are 0, 63 times air velocities.
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FIGURE 12,

FLOW PATTERNS IN THERMAL-SHIELD~-COOLANT PASSAGE WITH FLOW RATE
OF 3-1/2 PER CENT OF MODEL FLOW FOR TWO-LOOP OPERATION

Arrows indicate flow direction and numbers indicate air velocity, fps.

Helium velocities are 0, 66 times air velocities,
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FLOW PATTERNS IN THERMAL~-SHIELD~-COOLANT PASSAGE WITH FLOW RATE
OF 3~1/2 PER CENT OF MODEL FLOW FOR ONE-LOOP OPERATION

Arrows indicate flow direction and numbers indicate air velocity, fps.

Helium velocities are 0,40 times air velocities,
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FLOW PATTERNS IN THERMAL-SHIELD-COOLANT PASSAGE WITH FL.OW RATE
OF 2-1/2 PER CENT OF MODEL FLOW FOR ONE-LOOP OPERATION

Arrows indicate flow direction and numbers indicate air velocity, fps.

Helium velocities are 0. 34 times air velocities,

¥



25

Upper-Plenum Studies

Upper-plenum flow was studied for both one-loop and two-loop operation to deter-
mine the flow patterns in the upper plenurn and the velocities at the inner surface of the
thermal shield. The flow patterns were determined by visual observation using TiCly
smoke as a tracer. Air velocities near the surface of the dome were measured using a
three-hole yaw probe of conventional design.

Figure 15 shows the flow patterns in the upper plenum of the model with two loops
operating. The diagram in the upper right corner is a development of one quadrant of
the dome showing flow directions and velocities measured 1/4 in. from the inner surface
of the thermal shield. From the figure it can be seen that the flow in the upper plenum
has a toroidal pattern with flows upward in the center and down near the wall. Superim-
posed on this is a slight clockwise (looking down) rotation probably carried up through
the core from the lower plenum. As a result, a large part of the flow takes a helical
path into the outlets. Velocities were measured near the surface of the top dome at six
locations in one quadrant. Air velocities measured 1/4 in. from the wall varied from
35 to 69 fps. The corresponding helium velocities in the prototype would be 0. 835 times
these values, ranging from 29 to 58 fps. The smoke studies also showed that the maxi-
mum velocity sweeping the wall occurred in the quadrant where measurements were
made.

Figure 16 shows the flow patterns obtained in the upper plenum with one loop
operating. Looking down, the fluid in the quadrant adjacent to, and clockwise from the
operating outlet flowed directly into the outlet. Fluid in the remaining three guadrants
flowed clockwise around the plenum into the outlet in a torodial pattern. As for two-loop
operation, the highest surface velocities occurred in the quadrant where measurements
were made. The air velocities varied from 22 to 43 fps measured 1/4 in. from the wall.
The corresponding helium velocities would be 0.57 times the air velocities, and would
range from 13 to 25 fps.

Lower~Plenum Studies

Velocity and direction of flow were measured in the inlet plenum and the lower
plenum near the junction of the core-support cylinder and the bottom dome for operation
with one loop and two loops. These studies were run to obtain surface velocities near
this junction, which are needed to compute heat-transfer rates and resulting thermal
stresses in the junction region.

Figures 17 and 18 show a cross section of the bottom of the modeland developments
of the inner surface of the bottom dome and the outside of the core-support cylinder.
The data were obtained with conventional three-hole yaw probes at a distance of 1/4 in.
from the surfaces. In the figures, arrows are at yaw-probe locations and indicate flow
directions; numbers indicate flow velocities.

Figure 17 shows the flow patterns obtained with two loops operating. In the inlet
plenum, air velocities varied from 88 fps on the surface of the core-support cylinder to
15 fps near the right inlet. In the lower plenum the velocity varied from 27 to 15 fps.
The ratio of helium velocity to model air velocity is 0.61.
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Quadrant A-8
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Quadrant A-B
Surface Velocities, fps

Section A-0-8 Section A-C
Flow Pattern Near Wall

FIGURE 16, FLOW PATTERNS IN UPPER PLENUM
WITH ONE LOOP OPERATING

Arrows indicate flow direction and
numbers indicate air velocity, fps.

Helium velocities are 0,57 times
air velocities,
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Figure 18 shows the flow directions and velocities measured with one loop operat-
ing. Velocities in the inlet plenum varied from 128 to 51 fps and in the lower plenum
the variation was from 35 fps to a value below the lower limit of the yaw probe, which is
about 3-1/2 fps.

Transition Studies

In the prototype there is the possibility that under some conditions, with two loops
operating, the flow rates through the two loops will not be equal. To investigate the
effects of unequal flow through the two loops transition from two-loop to one-loop opera-
tion was studied in the model. The flow was varied from 100 per cent through one loop
to 50 per cent through each loop in nine steps. At each step the water manometers
showing all model pressures were checked for pressure fluctuations and for changes in
core-flow distribution. With 80 to 90 per cent of model flow through one loop the fluc-
tuations in core-orifice differentials increased to about %0, 7 per cent irom a normal
fluctuation of about £0. 4 per cent. Otherwise, the model operated normally under all
test conditions.

Pressure-Lioss Studies

In the air-flow model of the PEGCPR, air simulated the flow of helium in the pro-
tovype. In order to convert losses measured in the model to prototype conditions, the
differences in density and velocity must be properly accounted for. This can be done
readily by converting air-flow data to dimensionless terms suitable for use with helium-
flow conditions. This is done in this report by expressing pressure losses as headlosses
or loss coefficients, which are obtained as the ratio of the loss to some appropriate
velocity head, in consistent units. That is, the loss coefficient may be defined as:

AP
C=‘-q——,

where
C is the loss coefficient
AP is the pressure differential
. . v
q is the velocity pressure, p—_
2g
g is the gravitational constant
V is the velocity through the reference area
o is the fluid density.
If the losses are expressed as loss coefficients based on local velocities in the
flow region, they are independent of scale, velocity, and fluid properties, so long as the

Reynolds number is well into the turbulent range and no change in the mode of flow
occurs.

. *
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In analyses of pressure-loss data from the PEGCPR flow model, loss coefficients
based on local velocities were determined. The pressure of the air passing through the
model changed from about 19 psia at the inlets to about 14.7 psia at the cutlets with a
resulting density change. Therefore, the loss coefficients were computed using local
density. Predicted protoiype pressure losses were then calculated using the local loss
coefficient. These pressures are additive and can be used {0 predict over-all losses.

In general, all losses are expressed as differences in total pressures at points of
measurement. Total pressures were computed from measured static pressures and
computed velocity pressures.

To compute pressure losses the model was divided into six regions. A discussion
of each loss and its determination follows.

Region 1 extends from the inlet nozzle to the inlet plenum. The air entered the
model through two 5. 81-in. -diameter nozzles spaced 180 deg apart and flowed in both
directions around the inlet plenum. At points about halfway betwecen the inlets the
streams from the two inlets met and formed stagnation points. The static pressures at
the stagnation points were used as the total pressure in the inlet plenum.

Region 2 extends from the inlet plenum through the core-support cylinder to the
lower plenum. The highest static pressure on the surface of the dome inside the core-
support cylinder was used as a total pressure.

Region 3 extends from the lower plenum to the upstream orifice pressure taps in
the core tubes which simulate core fuel channels, The total pressure upstream of the
orifices was calculated using the average static pressure and a computed velocity
pressure.

Region 4 extends from upstream to downstream orifice pressure taps.

Region 5 extends from the downstream orifice pressure tap near the outlet end of
the tube to the upper plenum. The total pressure in the upper plenum was assumed equal
to the static pressure measured on the top dome directly above the core.

Region 6 extends from the upper plenum to the outlet nozzle. The total pressure
in the outlet nozzle was computed using a measured static pressure and a computed
velocity pressure.

Table 1 lists the experimental loss coefficients obtained from the air-flow model,
Loss coefficients are reported for three flow rates when operating with two loops and
for one flow rate with one loop operating. A comparison of the data for two-loop opera-
tion shows that the losses are independent of Reynolds number within the limits of
accuracy of the measurements.




TABLE 1. LOCAL PRESSURE-LOSS COEFFICIENTS MEASURED IN MODEL
Flow Area on Which
Local Lioss Coefficient Experimental Local Model Loss Coefficients for
Is Based Indicated Inlet Nozzle Reynolds Number
Description Area, Two Loop One Loop
Region of Loss Location ft2 7.10 x 105 6.46 x 103 5.35 x 105 10.8 x 105
1 Inlet loss Inlet nozzle, per 0.184 0. 86 0.85 0.85 0. 84
nozzle
2 Core-support- Core-support 1.473 3.11 3.15 3.33 4.28
cylinder loss cylinder holes
3 Core-tube-~ Core-tube 0.761 0.93 0.90 0.95 0.97
entrance loss flow area
4 Orifice loss Core-tube 0.761 12. 24 12. 14 12.01 12.03
flow area
5 Core-tube- Core-tube 0.761 0.71 0.70 0.69 0.74
exit loss flow area
6 Outlet loss Outlet nozzle 6. 196 0.12 0.12 0.13 0.13

(A




PROTOTYPE PRESSURE LOSSES

The predicted pressure losses in the prototype were determined as the product of
- the local loss coefficients, from Table 1, and the appropriate prototype local velocity
pressure. The calculations were based on the following prototype operating conditions:
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Coolant Helium
Two-loop flow rate, lb per hr 4.27 x 10°
One-loop flow rate, 1b per hr 2.135 x 105
Inlet pressure, psia 315

Inlet temperature, F 510

Qutlet temperature, F 1050

Since axial-flow compressors will be used in the prototype installation, the one-
loop flow rate will be between 50 and 55 per cent of the two-loop flow rate. Thus for
calculation purposes one-loop flow rate was assumed to be one-half of the rated two-loop
flow rate.

Table 2 summarizes the predicted prototype pressure losses excluding the fuel-
region pressure loss. In the model the fuel-region pressure loss was simulated with
orifices having approximately the correct pressure drop, considered as a loss coefficient
based on velocity in the model inlets. However, the actual pressure loss for the fuel
assemblies is to be measured in another program. From the table it can be seen that
the inlet loss is a major porition of the total reactor loss excluding fuel-region losses.

TABLE 2, PREDICTED PROTOTYPE PRESSURES LOSSES BASED ON MODEL DATA

Flow Area Used in Obtaining

Local Velacity Pressure Predicted Prototype Preswure
Description Area, Loss(3), psi
Region of Loss Location {12 Two Loop One Loop
1 Inlet loss Inlet nozzle 2,948 0.30 0.29
2 Core~support- Core -support - 23,56 0,07 0.02
cylinder loss cylinder holes
3 Core-tube - Core -tube 3g.11 0,01 0.002
entrance loss flow area
5 Core-tube- Core-tube 34,88 0.01 0.003
exit loss flow area
6 Outlet loss Outlet nozzle 3.142 0, 05 0,97
L
Total (excluding fuel-region loss) 0.45 0,385

. ‘ (a) Based on total helium flow of 4,27 x 105 Ib per hr for two-loop operation and 2,135 x 105 1b per hr for one-loop operation.
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