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ABSTRACT

The Heat Transfer Laboratory, recently constructed adjacent
to the main Savannah River Laboratory building, was designed to
mock up nuclear heating and cooling of reactor components under
a variety of conditions. Nuclear heating is simulated by
electrical resistance heating of test sections with a 3 MW direct-
current power supply. Cooling is provided by water. Three test
stations {A, B, and C) are available for testing full-size fuel
assemblies, measuring flow instabilities, and for measuring burn-
out heat fluxes. Safeguards provided in the design of the
facility and conservative operating procedures minimize or elim-
inate potential hazards.
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HEAT TRANSFER LABORATORY
OF THE SAVANNAH RIVER LABORATORY

INTRCDUCTION

Several heat transfer laboratories using large DC power
supplies and low or high pressure hydraulic loops are in
operation in Europe and the Western Hemisphere. Three prominent
ones are at Columbia University {8 MW motor generator supply),
Battelle Memorial Institute Pacific Northwest Laboratory (1.5 MW
rectifier supply and a 3 MW motor-generator supply), and Studsuik
Research Establishment in Sweden (8 MW rectifier supply). Pre-
viously, the Savannah River Laboratory had a 0.32 MW motor-
generator supply and contracted work requiring higher power to
Columbia University.

To maintain the necessary high degree of safety in the more
complex modes of Savannah River Plant (SRP) reactor operation,
the capability of test facilities onsite needed to be expanded
to permit experimental investigations associated with flow
instability, reactor fuel design, loss-of-target accidents, metal-
water corrosion and erosion, and cooling effectiveness during
transient conditions, The new Heat Transfer Laboratory was
designed to provide these capabilities. The laboratory is located
adjacent to the Main Laboratory Building.

BUILDING

The Heat Transfer Laboratory (Figure 1) and the adjeining
electrical substation are prefabricated steel buildings erected
on concrete slabs. The substation building contains dry type
transformers available from Savannah River Plant excess. The
laboratory building is 40 feet wide, 80 feet long, and 24 feet
high at the eaves. It is divided into an office area (20 feet
long) and an experimental area (60 feet long). Figure 2 is a
floor plan of the building.



FIG. 1.  HEAT TRANSFER LABORATORY BUILDING
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FIG. 2. FLOOR PLAN OF LABORATORY
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The experimental area contains all of the experimental equip-
ment (rectifiers, pumps, heat exchangers, piping, test stations,
and control console) and a work area for assembling test apparatus.
A 12-foot by 12-foot by 57-foot-high loading tower is over omne
test station at the north end of the building. The tower contains
a hoist (1 ton capacity) for manipulating large test sections
into the test station vessel. The control console contains all
the motor, power, and valve controls and associated instrumentation.
The console and instrument rack are in an air-conditioned enclosure
for constant temperature and humidity control to protect sensitive
instruments.

A covered trench in the floor runs the length of the experi-
mental area at approximately the building center line. The trench
leads to a sump outside the building along the west wall. The
trench serves two purposes: drainage of spilled water to the sump,
and concealment of piping and electrical conduits. The trench is
designed to operate dry normally, but has the capacity to contain
the total test loop water volume in the event of a spill.

EXPERIMENTAL TEST STATIONS .

The laboratory is arranged around three experimental test
stations (A, B, and C in Figure 3) differing in capacity and
purpose. The separate test stations provide for more-efficient
use of power and flow equipment because test apparatus for one
experiment does not need to be taken off line between tests to
make way for tests with another apparatus for another study.
Because time spent in setup and preparation for a test in con-
siderably longer than the actual test time, sharing the power
supply between stations is a negligible inconvenience.

The purpose of each of the three test stations is nominally
as follows:

A - Full size assembly testing
B - Assembly flow instability
C - Burnout heat flux measurements,

These functions can be interchanged among the test stations
depending upon flow conditions required and the test section size.
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Test Station A

Test Station A (Figures 4,5} is for full size assembly tests
involving assembly flow instability, end-fitting response to two-
phase flow, steam injection into the moderator, and natural
convection heat transfer in various types of reactor components.
Test Station A is basically a tank, 3 feet in diameter, 20 feet
high, capped by a pressurized inlet header (or plenum), and repre-
senting a mockup of a portion of an SRP reactor tank, with exact
size plenum, permanent sleeves, and tank height. There are
positions for 19 assemblies: 17 are "dummies" for a normal test,
and two may be used for heated elements. The dummy positions can
provide bypass flow around the test position to maintain an
approximately constant hydraulic head across the test assembly.

Full pump flow (1200 gpm) can be supplied to the plenum,
In addition, piping for a steam quench flow or secondary flow
of up to 400 gpm is provided for the tank. Flow may be returned
to pump suction either from the top of the tank or the bottom,
depending upon the external cooling conditions to be imposed
on the test section. The tank level is controlled automatically
with a pneumatic system that regulates the water level by con-
trolling air pressure in the space between tank water surface
and plenum bottom.

Power for heating test sections may be introduced at the
top above the plenum, or through ports in the side of the tank
near the top and bottom. Six observation windows are located
at three levels. Personnel access ports are also located at
three levels to assist installation of test sections and
instrumentation.

The two positions for heated test sections are provided
with flow monitor pins at the tank bottom identical to those
in SRP reactors so that instrument readings similar to those
observed in the reactor may be obtained., Provision is also
made in the tank wall for attaching pressure and temperature
leads to the test sections for detailed measurements. End fittings
are attached to the discharge ends of the test sections to develop
signals for flow and temperature monitoring.

Test Station B

Test Station B was designed to study internal assembly heat
transfer and hydraulic characteristics, where the presence
(and/or complication) of moderator cocling is not necessary.
Typical testing includes flow instability, end-fitting characteris-
tics, and multichannel hydraulic coupling with single phase and
subcooled nucleate boiling flow.
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Permanent

- 11 -

Sleeves
T E E Plenum
Q
Flow N
in §
AN N N NAN
277 773
‘
Water / a
eve ﬂ 4
’ ’
; Tank
Flow ’
Out ;
i
A
1
/
]
E
20" 2
Observation
pee——————— 3'0" 0.D. —--—-—--*-/ Window
0
0 Access
0 Port
Port for 0
Bus connection 0
~
0
0
0
-
Flow _
Out
1 .
r = .
T ]
L —]
FIG. 4, TEST STATION A PLAN



FIG. 5. TEST STATION A

Test Station B consists of a flanged inlet header located
at elevation 23 feet and two return headers at the floor.
Connections to the DC power supply are available at elevation 17
feet and the floor. Maximum flow is 1200 gpm at 220 psi with up
to 400 gpm secondary or quench flow. Between the flanges of the
inlet and return headers, test sections may be fitted that are
limited only by the ingenuity of the experimenter. Figure 6
shows a typical test apparatus.

Instrumentation identical to that at Test Station A is

available. Permanently installed pressure and thermocouple
connections originating near test section inlet and return

- 12 -



header flanges lead to transducers and signal conditioners

in the control enclosure. Flow may be bypassed through permanent
system bypass piping to maintain constant head, or as in the
arrvangsment shown in Flgure 6, bypass features may be inherent
in the test apparatus.

FIG, 6. TEST STATION B WITH TEST
RIG IN PLACE
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Test Station €

Test Station € is designed primarily for burnout studies,
githough it is not limited to burnout tests, Compared to Test
Startion B, maximum flow is less snd the test section size is
smaller. Like Test Station B, Test Station € has the inlet and
return process water flanges and the DU power bus connection
points, Within the physical limits of the test station, any
test section may be uged, Figure 7 shows Test Station C with
a typical test section installed. Inlet headers are 16.5 feet
above the floer, and discharge headers are at the floor, Maximum
flow is 400 ppmw at 220 psi, with 80 gpm available as a secondary
or guench flow., Pressure and temperature connections leading-
Back to the control enclosure are installed at ton and bottom

of the test section.

FIG, 7. TEST STATION C WITH TEST
RIG IN PLACE



POWER SUPPLY

Blegtrical power is provided to the Heat Transfer Laboratory
from the adiacent substation. The substation contains three
1500 kva transformers reducing line voltage from 13,300 volts to
460 volts.  The 460 volt power is supplied to the rectifier units
in the lasboratory through overhead enclosed trays extending from
the substation to the laboratory. Power for lights, pumps,
instruments, and utilities passes to the laboratory through
underground conduits to motor control centers, from which it is
distributed,

Rectifier lnifs

Direct curryent power is provided by six large solid state
vectifiers connected in parallel {Figure 8). Each unit has a
maximum rated output of 0.5 MW DU at 5000 amperes. Total capacity
is % MW BC with 811 uvnits on line. Depending upon test conditions,
one or more units may be selected for use during a test,

FigG. 8. RECTIFIER UNITS
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Figure 8 1is a schematic of the rectification circuit, The
wave shape of one phase at each stage is indicated. Three phase
460 volt AC powsr from the substation transformers first passes
through silicon-controlled rectifiers (BCR),which are used to
contrel total power. After the SCR's, the current is still
alternating and is stepped down to a lower voltage by transformers
in the rectifier cabinets. 7o minimize ripple, tapped transformers
were used to enable operation near peak voltage with test
sections of various impedances. The transformer secondary may
be rapped at 38, 60, or 120 volts, For example, if the
resistance of a test section were such that 30 volts was re-
guired at 5000 ampere operation, the waveform would be nearly
pure DU if the 30 volt taps were used {i.e., ripple would be
almost zero). However, if the 60 volt taps were used with
the same load at 5000 amp, the waveform would have a high
percent ripple, causing the power generation in the test
section to fluctuate at the power frequency (360 Hz for
three phase). Instrumentation, bubble formation, and other
phenomena possibly critical re the experiment can be affected
by this escillating power.

Power is collected and distributed by bus bars made from
4 % 4 x 3/4 inch aluminum channel {Figure 10}, The busses run
the length of the experimental area: the positive bus is at
17 feet; the negative bus is in the trench. Connection blocks
are provided for attachment of flexible connectors at each
test station. Bus cooling is provided by water flowing through
the center of the bus.
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Controtied
Bgctifier r\ I\
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Tapped - - ;
Trans former ;:Z:}:i ﬁ:};i
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3 Phase 3~ phases

Comls tned

FIG. 9.  SCHEMATIC OF RECTIFIER CIRCUIT
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FIG. 10,  CROSS SECTION OF BUS BARS

Connections are made to a test section by water-copled flex-
ible busses extending from the busses to copper adapter blocks
appropriate for each test sectiom. Cooling for the flexible con-
necting busses 15 provided from the bus cocling system.

Neither the positive nor negative bus is comnnected to the
building electrical ground., This "floating" system was ’
specified for the protection afforded personnel and equipment
from an electrical short at high current, An apparatus may
become grounded at one place to building ground (for example
by contacting process water piping or rig framework) without
& damaging arc because there 1% no path back to the second
bus until a second ground occurs. Operating procedures prohibit
startup with a grounded apparatus. A ground detection device
alerts operators and shuts off the power when a ground ogeours
during a test. The necessity for two separate grounds before
an are or a shock hazard can exist enhances the system safety.

Rectifier Controls

The rectifiers are monitered and operated from the control
console. Rectifier units to be used are selected by appropriate
switches, The cutput of the combined rectifiers is controlled by
a single master control potentiometer. Power can be started and
stopped with single start and stop buttons., At a given setting,
the rectifiers hold the setpeint by internal feedback of voltage
or current, the control variable being chosen by the operator.
Rectifier power may alsc be programmed to follow any power-versus-
time curve by feeding in an externally generated voltage signal
describing the desired curve. This option can be used to simulate
resctoy power during postulated transients.

. 17 -



Bach rectifier has an individual shunt for monitoring DC
current. A voltmeter connected internally monitors the output
voltage. Experimental power data is obtained with a specially
constructed wattmeter which integrates the product of current
and voltage, including any ripple, to obtain the exact DC heating
value, Total current is obtained with a special measuring head
sensitive to the magnetic field produced by the bus.
is obtained by taps at top and bottom of the heated section,
Voltage, current, and power are displayed by digital meters
Power is also

on the master control panel for quick reference.

recorded on a chart recorder for permanent records.
of the powsr measurement is rated at 0.1% of the meter range
selected. Meter ranges span from 0.3 to 3.6 MW in 6 intervals.

CODLING WATER SYSTEM

Voltage

Accuracy

A detailed schematic of the process water flow loops is shown
in Figure 11. The intent of the design is to provide the three

test stations with a choice of cooling supply:

Max. Pumping

Rate

Pipe Diam,, in.

Test Station

1200 gpm
200 gpm
400 gpm
170 gpm

&

-

3
1

]

%

A, B
A, B
A, B
A, B

3

¥

A

C
¢ {Quench Flow)

Within these limits considerable latitude is possible, so that
many combinations of primary coolant flow, quench or secondary
flow, and test section pressure are possible at each station.

Installed equipment includes:

Three
One

{ne 1
One

One

Two

One

Two

400-gpm
90-gpm
000-gal
200-gal
20-gal
600~ Ft?
300-Ft°
20-gpm

punps at 400 £t H:0 head
pump at 200 ft Ha0 head
calibration tank

surge tank

surge tank

heat excahngers

heat exchanger

deionizers

Control valves for pressure, temperature, and flow control

Interconnecting piping

All process piping valves and tanks are stainless steel.

process cooling water header is galvanized steel pipe.
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For ¢larity, Figure 12 is presented to illustrate cooling
supply only to Test Station B. By apprporiate valving, the
other stations can be supplied in a similar manner, Im Figure 12,
primary coolant is supplied by one or more of the 400 gpm pumps
in parallel. Inlet pressure and flow are adjusted by upstream
valving and/or bypassing a part of the pump flow through a bypass
line. Valves V4 and V14 have pneumatic operators controlled
from the instrument panel. These valves also may be used to
control automatically the test section pressure and flow,
Excessive steam generated in the test section may be quenched
by introducing fiow from the 30 gpm pump system into the outlet
plenum. This quench flow maintains the required net positive
suction head for the pumps to prevent cavitation. Thus, two
loops can be in operation simultaneously with independently
controlled flow, temperature, and pressure.
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%

Primayy flow is returned to the pumps through a large
suction header via two heat exchangers arrvanged in parallel.
The flow can bypass the heat exchangers or be partially admittred
to the heat exchangers according to temperature control setpoints
of the pneuwmatic control valves. Siwilarly, the guench flow
i3 cooled by 4 smaller heat exchanger. The outlet temperature
from this heat exchanger ¢an also be held constant automatically
by a contreller and bypass valve, Various auxiliary manual
valves are located to divert flow from one station to another
and to isolatve parts of the process systen.

Process control instrumentation {which excludes special
instrumentation associated with a particular test section) is
avzilable to wonitor flow, pump suction temperature and pressure,
ard pump discharge pressure. Flow is measured by turbine meters
in each of the flow loeps, as shown in Figure 11. Four meters
are available depending upon flow loop and flow rate. Nominal
acouracy of these meters is within 1% ovér a range from 10% to
100% full scale. Flow meters are calibrated by draining water
through the meters from the calibration tank. Conductivity level

sensors are used to actuate a timer which measures the time required

to discharge an accurately known volume through the meter. Pump
discharge pressure is indicated by a Bourdon type 0-300 psi
pressure gage. Pump suction pressures are given by lower range
Bourdon gages.

Water in the process leoops comes originally from deep
wells on the Savannah River Plant site. After filling the loop,
the water 1g deionized by periodic circulation through mixed
bed detonizers. The calibration tank, the surge tank, and to
some extent the Test Station A vessel serve as surge suppressors
and head tanks for the pumps., Water level in each tank is
indicated by differential pressure gages on the control panel.

INSTRUMENTATION

Laboratory instrumentation may be divided generally into
e groups: (1) instruments for process controel and (2} iastru-
ments for acguisition of test data. Within each of these groups
the instrumentation is split between recording-type units {e.z.,
chart recorders) and display type {e.g., Bourdon gsges}. There
is some sharing of function in these divisions, where a process
control variable, such as fiow, may be used for process control
angd recorded as test data. As with the hydraulic loops, the
instrumentation was designed to obtain versatility., Switch
panels are provided to allow presentation of incoming signals
on selected recording or display devices. In addition, terminals
are provided for selecting signals leading to the console
displays and feeding them to portable recording instruments.
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Process control instrumentation was described in the
preceding section. Electrical power instrumentation was discussed
in the description of the rectifiers. Figure 13 is a photograph
of the process control console showing digital display meters
for monitoring temperatures, pressures, and rectifier power,
Pump motor contrels, valve controllers, and pressure gages are
zlso shown at the far right. The conscles also contain some
of the signal conditioning equipment and jack panels. Figure
14 shows permanently installed recording eguipment for slowly
changing variables. There are eight chart recorders: four two-
pen recorders, one single-pen recorder, and three vecorder
gontrollers. Also shown in this photograph are the flow meter
signal conditioning units and the rectifier selector pansl.

All recorders have a common off-on switch and special event
marker trigpered by the operator with a button on the main

contrel console.

Portable recording equipment is also availsble, particularly
for taking data involving fast transients. This includes
multichannel oscillographic recorders, a digital recoxder with
up to 80 channels capable of recording 20 points per second
on magnetic tape, and a high speed digital data acquisition
system with 40 channels for recording up to 30,000 points per
second on magnetic tape., An IBM 380/195 located in ‘the
Savannah River Labeoratory is available for data reduction
and analysis. Provision has been made for installation of a
remote computer terminal in the heat transfer laboratory

bullding.

FIG. 13. CONTROL CONSOLE
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RECORDER CONSOLE
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