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ABSTRACT

This report prescnts a descriptive plan of tests for the Systems Effects Task of the
Full-Length Emergency Cooling Heat Transfer Systems Effects tests (FLECHT
STASET). This task is designed to produce experimental data which can be used to
address issues related to natural circulation cooling modes in a pressurized water reactor
(PWR). The natural circulation tests were planned in direct response to the accident at
Three Mile Island. The tests consist of natural circulation and reflux condensation
cooling experiments using electrical heating rods to simulate current nuclear core arrays
of PWR and PWR fuel vendors. The FLECHT SEASET systems effects test facility with
ascale factor of 1/207 with respect to a four-loop 3411 MWt PWR was used. |he
facility was designed with all elevations identical to those of a PWR. Two full-height
steam generators with active secondary side heat removal are also part of the system
design. All tests were conducted with a cosine axial power profile. The data obtained
from these tests will be used to evaluate the effects of components and systems
parameters during natural circulation cooling modes.
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GLOSSARY

This glossary explains definitions, acronyms, and symbols included in the text which
follows.

Analysis -- The examination of data to determine, if possible, the basic physical
processes that occur and the interrelation of the processes. Where possible, physical
processes will be identified from the data and will be related to first principles.

Average fluid conditions -- average thermodynamic properties (for example, enthalpy,
Quality, temperature, pressure) and average thermal-hydraulic parameters (for example,
void fraction, mass flow rate) which are derived from appropriately reduced data for a
specifie* volume or a specified cross-se..ional area

Axial peaking factor -- ratio of the peak-to-average power for a given power profile

Blocked -- a situation in which the flow area in tre rod bundie or single tube is purposely
obstructed at selected locations so as to restrict the flow

Bottomn of core recovery (BOCR) -- a condition at the end of the refill period in which

the lower plenum is filled with injected ECC water as the water is about to fload the
core

Bundle -- a number of heater rods, including spares, which are assembled into a matrix

with CRG-type rods, using necessary support hardware to meet the Task Plan design
requirements

Carryout -- same as carryover

Carryout rate fraction -- the fraction of the inlet flooding flow rate which flows out
the rod bundle exit by upflowing steamn

Carryover -- the process in which the liquid is carried in @ two-phase mixture out of a
control volume, that is, the test bundie



Computational methods -- the procedure of reducing, enalyzing, and evaluating data or

mathematical expressions, either by hand calculations or by digital computer codes

Computer code -- @ set of specific instructions in computer language to perform the

desired mathematical operations utilizing appropriate models and correlations

Computer data acquisition system (CDAS) -- the system which controle the test and

records data for later reduction and analysis

Computer tape -- magnetic tapes that store FLECHT SEASET data

Core rod geometry (CRG) -- 8 nominal rod-to-rod pitch of 12.6 mm (0.496 inch) and

outside nominal diameter of 9.50 mm (0.374 inch) representative of various nuclear fuel
vendors' new fuel assembly geometries (commonly referred to as the 17x17 or 16x16

assemblies)
Correlation -- a set of mathematical expressions, based on physical principles and
experimental data but resting primarily on experimenta! data, which describes the

thermal-<hydraulic behavior of a system

Cosine axial power profile -- the axial power distribution of the heater rods in the CRG

bundle that contains the maximurn (peak) linear power at the midplane of the active
heated rod length. This axial power profile wili be used on all FLECHT SEASET tests as

a fixed parameter,

Data -- recorded information, regardless of form or characteristic, of a scientific or
technical nature. It may, for example, document research, experimental,
developmental, or engineering work, or be usable to define a design or process or to
procure, produce, support, maintain, or operate material, The data may be graphic or
pictorial delineations in media such as drawings or photographs, text in specifications or
related performance or design type documents, or computer printouts, Examples of
data include research and engineering data, engineering drawings and associated lists,
specifications, standards, process sheets, manuals, techrical reports, catalog item
identifications and related information, computer programs, computer codes, computer

data bases, @nd computer software documentation. The term data
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does not include financial, administrative, cost and pricing, and management
information or other information incidental to contract administration,

Data validation -- a procedure used toc ensure that the data generated from a test meet
the specified test conditions, and that the instrumentation was functioning properly
during the test

Design _and procurement -. the design of the system, including the specification
(corsistent with the appropriate Task Plan) of the material, component, and/or system
of interest; and the necessary purchasing function to receive the material, component,
and/or system on the test site. This does not preclude Contractor from constructing

components and systems on the test site to meet requirements of the Task Plan,

ECC -- emergency core cooling

Entrainment - the process by which liquid, typically in droplet form, is carried in a
flowing stream of gas or two-phase mixture

Evaluation -- the process of comparing the data with similar data, other data sets,
existing models and correlations, or computer codes to arrive at general trends,
consistency, and other qualitative descriptions of the results

Fallback -- the process whereby the liquid in a two-phase mixture flows countercurrent
to the gas phase

FLECHT -- Full-Length Emergency Core Heat Transfer test program

FLECHT SEASET -- Full-Length Emergency Core Heat Transfer - Systems Effects and
Separate Effects Tests

FLECHT SET -« Full-Length Emergency Core Heat Transfer - Systerns Effects Tests
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Heat transfer mechanisms -« the process of conduction, convection, radiat

for example, vaporization, condensation, boiling) In a8 controi volume

“-rm"u'!l’ al -- conjectured or supposed. It is understood that this program 1Is con
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T,,Pa' site -- the |ocation of the test facilities where tests will be conducted
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SECTION 1

SUMMARY

As part of the NRC/EPRI/Westinghouse Full-Length Emergency Cooling Heat Transfer
Separate Effects and Systems Effects Test (FLECHT SEASET) heat transfer and

hydraulic prognm,( 2

a series of natural circulation tests were conducted cn a test
facility whose dimensions are scaled to those of current PWRs with a scale factor of
1/307. The purpose of these tests is to identify hydraulic and heat transfer phenomena
during natural circulation, to provide a data base for code assessment, and to evaluate

the results obtained in other scaled natural circulation tests.

Thermal-hydraulic phenomena such as reflux condensation and natural circulation have
received increased interest because of the Three Mile Island (TMI) accident, and can be
effectively studied in the FLECHT SEASET facilities.

This document describes the data requirements, instrumentation plan, facility
description, test matrix, .nd methods of data reduction and analysis for Task 3.2.7,
Natural Circulation Cooling Task, in the FLECHT SEASET program.

In this program, the existing FLECHT facility(Z) was modified to accept a new heater
rod bund!e whose dimensions are more typical of the PWR fue! rod array sizes currently

in use by PWR vendors, and an upper plenum more typical of present PWR upper plenum
geometries,

Sufficient instrumentation was installed in the test facility that mass and energy
balances can be computed from the data. In addition, the instrumentation was developed
to allow the calculation of average thermal-hydraulic conditions in the systermi. This

information can be used to develop or verify thermal-hydraulic natural circulation models.

I. Conway, C. E., et al,, "PWR FLECHT Separate Effects and Systems Effects Test
(SEASET) Program Plan," NRC/EPRI/Westinghouse-1, December 1977.

2. Cleary, W. F., et al., "WLECHT-SET Phase B System Design Description,"
WCAP-8410, October 1974,



SECTION 2
BACKGROUND AND TASK OBJECTIVES

2-1. BACKGROUND

Since the Three Mile Island accident, an increased interest has developed in different
long-term postaccident cooling modes. Cooling modes of primary interest are
single-phase natural circulation, two-phase flow natural circulation, and reflux
condensation circulation, The FLECHT SEASET systems effects test facility offers the
capability to conduct natural circulation tests, since the elevations are maintained at
full height and the primary system is power/volume scaled, with a scale factor of 1/307,
such that the proper heat sources and sinks exist in the facilities.

In addition, one of the unique advantages of *his facility is the extensive instrumentation
available in the steam generators, which can provide detailed characterization of their
behavior during various natural circulation cooling modes.

As with any scaled test program, some compromises exist. These scaling compromises
are identified in this document and, where possible, suggested actions to address this
concern are discussed. It is believed, however, that regardless of scaling effects, the
proposed tests will add significantly to an understanding of the thermal-hyaraulics ot
reflood, reflux boiling (condensation), and natural circulation, and shoula be pursuea as
part of the FLECHT SEASET program.

2-2, TASK OBJECTIVES
The objectives of the natural circulation tests in the systems test facility are as follows:

== To provide a single-phase and two-phase natural circulation data base over a range of

rod bundle powers such that natural circulation calculations can be verified

== To examine core cooling transitions between single-phase, two-phase, and reflux

condensation

2-1



.- To examine system response and stability in a two-phase or reflux condensation
mode, and in particular, characterize the steam generator behavior in these cocling

modes

2-2



SECTION 3

DATA REQUIREMENTS

Data requirements are determined by the task objectives presented in paragraph 2-2 of
this report and by contract commitments as presented in the work scope for the Systems
Effects Task (appendi» 7). In order to meet the task objectives, test facility
instrumentation must be designed to ~rovide sufficient data for calculating the following:

-- Mass and energy balances around each loop component

== Global and local thermal-hydraulic conditions to assess models used to interpret
natural circulation phenomena, and to identify flow and heat transfer regimes
during natural circulation and reflux condensation cooling modes

Table 3-1 summarizes the basic data which had to be obtained, using instrumentation
that would allow the above calculations to be made and hence accomplish task
objectives and task work scope. A more detailed description of bundle and system

instruimentation is presented in section 6,



TABLE 3-1

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION TESTS
BASIC DATA TO BE OBTAINED

Desired Data

Means of Measurement

Location

Cladding temperature

Heater rod thermocouples

Inside surface of heater rod cladding at
various axial and radial bundle elevations

F luid temperatures

Fluid thermocouples, heated

thermocouples, and bare thermo-

couples

Injection lines; test section plena; and bundle
at various elevations: downcomer, crossover
pipe, steam generator inlet and outlet plena;
tube primary side and secondary side at
various elevations; broken and unbroken cold
legs; and accumulators

Housing temperatures

Wall thermocouples

Housing and plenum outside surfaces

Steam generator temperatures

Wall thermocouples

Steam generator plena, tubesheet, tubes, and
snell surfaces at various elevations

Piping and other component
temperatures

Wall thermocouples

Downcomer, crossover pipe, injection lines,
hot legs, cold legs, at various elevations

Injection flow rates

Turbine meter and rotameters

Injection lines, both gas and liquid

Reflux flow

Rotameter

B

Hot legs just before the hot leg test vessel

Test section flows

Bidirectional turbo-probe

Crossover pipe
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TABLE 3-1 (cont)

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION TESTS
BASIC DATA 7O BE OBTAINED

Desired Data

Means of Measurement

Location

Static pressures

Static pressure transducers

Test section upper plenum, steam generator
secondary side, dcwncomer extension,

steam generator seccndary side orifice flow-
meters, accumulators, cold leg, UHI, and
gas injection lines

Rod bundle aP

DP cells

Every 0.30m (iZ in.) along the axial length of rod

bundle, overall AP across the 3.66 m (144 in.) length

of the bundle

LLevels

DP cells

Downcomer; test section upper plenum at
various elevations and overall; steam gen-
erator inlet and outlet plenums, primary
side inlet tubes at various elevatior.s, and
overall secondary side; accumulators; hot
leg risers; and pump loop seal downhill legs

A across
comnpoanents

DP cells

Crossover pipe, test section upper plenum to

top of downcomer, overall broken and unbroken
hot legs, steam generator inlet to outlet plenums,
overall broken and unbroken cold legs test
section ground plate; upper core plate; steam
generator secondary side flow orifice plate
flowmeters; and cold leg injection location




SECTION 4

SCALING

4-1. INTRODUCTION

The FLECHT SEASET systems effects test facility was originally designed for low-
pressure reflood systems effects testing. The nominal design of the facility was for
0.41 MPa (60 psia), which would be representative of a high-pressure PWR
containment during the calculated reflood transient. However, when the Three Mile
Island accident occurred, the priority of testing was rearranged and it was desired to
modify the test facility to investigate natural circulative cooling modes typical of a
small-break loss-of-coolant accident. The small-break transients of interest,
however. are at much higher pressures [4.1 to 8.3 MPa (600 to 1200 psia)) than the
FLECHT SEASE \ .est facility was designed for. Therefore, lower-pressure effects of
the FLECHT SEASET tests must be considered as well as scaling effects of the test
apparatus.

The basic approach in scaling the FLECHT SEASET facility was to make it a scaled
simulation of a 4 x 4, 3425 MWt Westinghouse PWR to the fullest extent possible.
This Westinghouse plant has many characteristics which are similar to the other PWR
vendors' four-loop designs, such as core, upper plenum, downcomer, ECC injection
location, and core power distribution. The other PWK designs go have different loop
configurations and/or steam generator designs than the Westinghouse design. These
differences in loop design are shown in figures 4-1 through 4-3. The Westinghouse
four-loop design (4 x 4) uses four hot legs, four steam generators, four reactor coolant
pumps, and four co!d legs returning to the vessel. The Westinghouse design uses
U-tube steam generators. The Combustion Engineering (CE) and Babcock and Wilcox
(B&W) designs use two hot legs feeding two steam generators with four reactor
coolant pumps and fou- cold legs returning to the vessel (2 x 4 configuration). The CE
design uses U-tube steam generators; B&W uses once-through steam generators. The
following paragraphs discuss the diiferences between the Westinghouse 3425 Mwt

PWR and the Combustion Engineering 3817 MWt and Babcock and Wilcox 3820 MWt
designs,
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The cold leg pipe sizes of the CE and B&W designs are close to those of a
Westinghouse PWR. Diameters and flow areas are given in table 4-l. The area
scaling differences for a CE and B&W design are 19 and 4 percent, respectively,

The differences in the loop seal length between the Westinghouse, CE, and B&W
designs would affect the flow resistance when the loop seal is empty. This change in
flow resistance can be accounted for by analytical techniques. The scaled flow area
differences are 6.7 percent less flow area for the CE design and 6.5 percent more for
the B&W design (table 4-1).

The scaling requirements to preserve flow regimes, physical parameters, and physical
phenomena are not necessarily compatible. Therefore, it is necessary to make
compromises to best meet the objectives of the program. Since these tests are not a
demonsiration, they need not include all details of a prototypical PWX response to a
hypothetical accident so long as the results are representative of the basic
phencimena which could occur.

4-2. DIFFERENT SCALING APPROACHES

Most of the FLECHT SEASET reflood systems effects test facility had been designed
and some of it had been constructed before the decision was made to investigate
small-break, loss-of-coolant, and natural circulation cooling modes. Therefore, the

original facility scaling logic for reflood tests had to be examined to see if it was still
valid for small-break accident simulation,

Orniginally, in the FLECHT Systemns Effects Tests Programs,(l) different scaling
rationales were examined to determine the appropriate basis for the reflood systems
effects tests. Linear scaling and volume scaling were examined. Using linear scaling,

& model of the prototype would have the thermal hydraulic pressures occurring on a

reduced time scale relative to the prototype. Linear scaling was investigatea for the

I." Cadek, F. F., et al., "PWR FLECHT Systems Effects Tes<ts Program Plan,"
WL AP-7906, April 1972,
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TABLE 4-1

COMPARISON OF VENDOR DESIGNS

(a)

Westinghouse

Combustion

Engineeri nq(h)

Babcork & Wilcox'C)

Cold leq piping

D:ameter [m (in.)]
Area [m? (ft2))
Scaled flow area [ﬂ)
Percent difference ©

)( ftz)]

Loop seal piping

l"‘namete{ [m (ln.)]

Area [m (f12 )i

Height [m (ft)]

Scaled flow area [r 2 (ftz)]
Percent difference ©

Hot leqg piping

Dlameter [m (in.)]

Area [m? (ft2)]

Scaled flow area [ne )(ftz)]
Percent difference ©

0.698 (27.5)
0.3832 (4.125)
0.00124 (0.0134)

0.79 (31)

0.487 (5.24)

2.7 (9.0)
0.00158 (0.0179)

0.74 (29)
0.426 (4.59)
0.00138 (0.0149)

0.76 (30)

0.46 (4.9)

N.00148 (0.0159)
(18.7)

0.76 (30)

0.456 (4.91)

1.8 (6.0)

0.00148 (0,0159)
-6.5

1.07 (42)

0.894 (9.62)

0.00291 (0.0313)
110.1

0.71 (28)

0.397 (4.27)
0.00129 (0.0139)
3.7

0.81 (32)

0.518 (5.58)
3.26 (10.7)
0.00168 (0.0181)
6.5

0.97 (38)

0.331 (7.87)

0.00238 (0.0256)
71.8

2pOFY

4 x 4 3425 MWt PWR

2 x 4 3817 MWt System B0 desian

2 x 4 3820 MWt 205 design

Based on scaling ratio of 307:1

Percent change from Westinahouse secaled area




Semiscale facility.(” It was d~cided that this would distort the geometry of the test
facility since the lengths, areas, and volumes would scale as SF, (SF)Z, and (Sl'—')3
where SF is the scale factor. In the Semiscale core, the loop would have been so small
that it would have been difficult (if not impossible) to build and instrument, and
several scaling violations would have existed out of design necessity. A similar
conclusion was also reached in the LOF T scaling stn.my.(Z)
The results of the Semiscale study, the original FLECHT SEASET program plan, and
the LOFT scaling study all confirmed that the most prototypical system response
would be obtained with a volume-scaled test facility in which the lengths of the piping
and loop were the same as those of the prototype. Following the Semiscale approach,
volume scaling results in

L

'Cm = L* = | = length scale factor (4-1)
p

ql"
i : ;

v = q* = | = volumetric heat generation scale factor (4-2)
p

where

w model length
p * prototype length

q.r:\ = model volumetric heat generation rate

q'g = prototype volumetric heat generation rate

fetting LL* equal to | means that lengths, velocities, and accelerations should be the

same in the model and prototype (assuming the same fluid physical properties). Since

l. Larsen, T. K., et al.,, "Scaling Criteria and an Assessment of Semiscale Mod-3
Scaling for Small-Break Loss-of-Coolant Transients," £t GG-SEMI-51 21, March 1980,

4. Ybarrondo, L. J., et al, "Examination of LOFT Scaling," ASME Winter Meeting,
New York, NY, 1974,



the pressure and temperature range of the FLECHT SEASET tests is different from the
prototype small-break conditions, the velocities and accelerations will not be precisely
preserved for all phases of natural circulatior cooling. This aspect is care fully

described in paragraph £-3,
Using equation (4-1) for the volume ratio of the system, then

1 A
- A; - A* (4-3)

Yy - K
p ‘pXp

which is the area ratio. Thus, when the flow path lengths in the model are kept the
same as those of the prototype to preserve the real-time aspect of the experiment, the
flow areas are reduced by the scale factor. There fore, the pressure drop per unit length
will be higher in the model compared to the prototype, and the pressure drop distribu-
tion around the simulated reactor coolant loop will be different in the model compared
to a PWR reactor coolant system. In the FLECHT SEASET scaled model, the pressure
drop distribution could not be preserved; however, the overall loop pressure drop and
the pressure drop between major comnonents was preserved using removable orifice
plates. The cause of the largest pressure drop in the reactor loop is the pump; in the
test, the cause of the largest pressure drop was the wall friction. Table 4-2 compares
the PWR and FLLECHT SEASET flow areas, and table 4-3 compares the relative resis-
tances for the simulated reactor coolant loop in the FLECHT SEASET facility and in

the PWR if volume scaling is used.

Fquation (4-2) indicates that the volumetric heat generation rate would be the same in

the model as in the prototype. Again following the Semiscale approach,

qm qr;wn Vm AmLm Arn
— T eeem—— T ——— L — * ~4)
a “awVy "AL "R *A (4-4
p P P pp 0

since Lm/Lp = 1, wher A* is the scale factor for the flow area and it i~ equal to the

power ratio.
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TABLE 4.2

COMPARISON OF PWR SCALED FLOW AREAS AND SYSTEMS EFFECTS TEST FLOW AREAS'®

Flow Area (m2 -:uz)]
FLECHT SFASET Pipe N Flow Area Ratio
C amponen PwWR PWR Scaled FLECHT SEASET Pipe Size fem (in) (FS/OWR Scaled)
“ore a.76 (51.2) 0.01548 (0,1665) 0.01548 (0.1665) 0.0508 cm (0.0200 in.) wall 19.36 (7.62%) in
Lower plenum 11.098 119,46 0.0361 (0,3891)
Upper plenum 11.098 (119.46) 0.0361 (0.3891) 0.3889 (0.4176) ") 25 em (10 in.) 22.22 (8.750) .07
0.3238 (03485 sch 140 n.so
Dewncomer 4.84 (52.1) 0.01577 (0.1697) 0.0160% 10.1726) 15 em (6 in.) 14.29 (5.625) 1.02
1.3em 5 in) wall
Hot leg
o Proken 0.426 (4.59) 0.00139 (0,0149) 0.00145 (0.0155) 5 em (2 in.) sch 160 4,290 11.489) 1.04
[74 em (29 in) D)
o Unbroken 1.279 (13.7) 0.004 16 (0,0648) 0.00426 (0.0458) 7.6 em (3 in.) sch B0 7.366 (2.900) 1.02
Pump suction
o Aroken 0.487 (5,24) 0.00159 (0.91706) 0.00159 (N.0170) 6.3 em (2.5 1n.) 4,498 (1,771) 1.00
[78 em (31 in) D) sch XXSTG
o Unbroken 1.460 (15.72) 0.00476 (0.0512) 0.00477 (0.0513) 7.6 em (3 in.) sch 40 7.79% (3,068) 1.003
Cold leg
o Broken 0.383 (4,12 0.00125 (0.0134) 0.00131 (0.0160) 3.8 em (1.5 in.) sch 40 4.090 (1.610) 1.05
[70 em (27.5 in) D]
o Unbroken 1.148 (12.36) 0.00374 (0.0402) 0.00476 (0,0458) 7.6 em (3 in.) sch 80 7.366 (2,900) 1.14
Steam generator (d)
o Unbroken tubes 3.1674 (34,095) 0.01031 (0.1110) 0.01003 (0.1079), 2.2 em (0875 in.) 1.968 (0.775) 0.97
o Inlet/outlet plenums | 11,990 (129.06) 0.03906 (0,4204) 0.02162 (0,23277% | 0.127 om (0.05 in.) wall 24.29 (9.564) 0.55
25 em (10 in.) sch 80
o Broken tubes 1.05%8 (11,365) 0.00344 (0.0370) 0.00313% m.msm‘{"\ 2.2 em (0875 in.) 1.968 (0,775) 0.97
o Inlet /outlet plenums | 3.997 (43.02) 0.01301 (0.1401) 0.007411(0.0806) %' |  0.127 em (0.05 in.) wall 14.63 (5.761) 0.57
15 em (6 in,) sch XSTG

~pan7s

Based on PWR core flow area to FLECHT SEFASET hundle flow area ratio:

F pty

With 10 2.858 em (1.125 i

All 33 tubes unplugaed
Volume was scaled,
All 11 tubes unplugged

N columns [lm.l rmz (9,94 in_z\]

51.2/0.1665 = 307; PWR is a 412 - SNUIPPS,

.
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TARBLE 4-3

COMPARISON OF PWR AND SYSTEMS EFFECTS TEST LENGTHS AND FLOW RE SISTANCES'®

Length (m (ft)) Lenqgth Resistance Coefficient, K(b'c\' Elevahm(m(m mny
Ratio
Component PWR FLECHT SEASET| (FS/PWR) | PWR  FLECHT SEASET PWR FLECHT SEASET
Core 3.66 (12.0) 3.66 (12.0) 1.0 3.66 (12.0) 3.66 (12.0)
Lower plenum
Upper pienum 2.13 (6.975) 1.33 (4.375) 0.63 4.029 (13.22) 4.029 (13.22)
Downcomer 4.874 (15.99)(¢) 4.877 16.00 | 1.0 4874 15.99/® | 4877 ns.0v®
7.026 (23.05) 5.94 (15.5) 0.85
Hot leg
o Broken 6.86 (22.5) 6.25 (20.5) 0.91 0.308 3.81 4.855 (15.9%)®) 4877 6.0
o Unbroken 6.86 (22.5) 6.95 (22.8) 1.01 0,308 2.48 4.85% (15,93 4.877 N6.0)®
Pump suction
o Broken 1.3 07.0 11.66 (38.25) 1.0% 21.68 11.89 2.024 (6.64)9 2.033 (6.67)(@
o Unbroken 11.3 (37.0) 11.66 (38.25) 1.03 21.68 13.00 2.024 (6.64)@ 2.0%3 (6,679
Cold leg
o Broken 7.47 (26.5) 4.67 (15.%) 0.62 0.220 6.02 s.226 1700 | s.233 azan®
o Unbroken 8.69 (28.5) 8.61 (28.25) 0.99 1.18 717 s.226 17.0™ | sz 3z aran®
Steam generator
o Unbroken tubes 20.2(66.2) max | ~21.3 (70.0) 1.2 7.291 (23.92)" 7.291 (23,9201
17.6 (57.7) avq 7.88 8,39 )
o Inlet/outlet plenums 1.60 (5.25) max 1.14 (3.75) 0.71 5694 (10.68) 1 6.10 (20,0
o Broken tubes 20.2 (66.2) max | ~21.3(70.0) 1.2 7.291 (23.92)) 7.291 (23.92)V
17.6 (51.7) avg 7.88 8.3% r
o Inlet/outlet plenums 1.60 (5.25) max 1.14 (3.75) 0.71 5,69 (18.68) ) 6.10 (20.00'P

a. Based on PWR core flow area to FLECHT SEASET bundle flow area ratio: 51.2/0.1665 - 307; PWR is a 412 - SNUPPS,

b. Full-length scaling

c. Based on hot leg area and hot leqg density (hot leq dynamic head)

d. Based on bottom of heated length
e. Bottom of cold leg/hot leg pipe 1D; overflow height

f. Maximum height
g. 'Jbend centerline

h. Centerline of cold leq pipe

i. Bottom of tubesheet

j» Bottom of inlet plernum




If one examines the heat flux ratio, where A‘ is the heat transfer surface area,

_.z..;A.s_._.Aﬁ (4-5)

if the heat flux scaling is to be maintained as unity (q;;‘/(g = 1). Then, from equations
(4-4) and (4-5),

"A As
Do) 2w e
p p p

m
As “NWDL 4-7)
P p pp

a6n = A* (4-8)

The designer is faced with a choice of having a scaled number of heat transfer surfaces
(Nm\ and preserving the characteristic dimension of the surface (Dp), or increasing the
number of surfaces and reducing the characteristic dimension of the surface. From a
scaled experiment point of view, the proper choice is to preserve the characteristic
dimension of the heat transfer surface such that Dm/Dp =1 and

N
N_T > - (4-9)
p



Then the heater rods or steam generator tubes are prototypical, but there are fewer of
them in the model.

By preserving the diameter, lengths, velocities, and iccelerations, several single-phase
dimensionless numbers are preserved between the prototype and the model, if the fluid
conditions are the same. In the bundle and steam generator, since Dm/Dp =1, then for
the same fluid conditions the Reynolds numbers of the model and prototype are the
same, as are the Euler numbers and Prandtl numbers, where the Euler number repre-
sents the loop pressure drop or the pressure drop of a major comparent such as the
bundle, steam generator, or downcomer. As mentioned earlier, the Euler number for
the interconnectina piping would not be preserved, since the volume scaling results in
an increased pressure drop per foot for the model. Also, the pump resistance and Euler
number are not preserved between the model and prototype because in the model, the
pump resistance simulator is decreased to compensate for the increased piping resis-
tance such that the overall resistance stays the same. Thus, only the overall loop Euler

number, and the steam generator and bundle Euler numbers are preserved.

Considering single-phase heat transfer in the heat bundle (core) or steam generator,

" h
B, (4-10)
q" ~ h_ AT v
P P P

Since by equation (4-5), q,';j/%' = 1, the heat transfer in the prototype is related to the

model heat transfer as

(Tw - Tf)m
h = hm T.i.———.—.'—.-T (4-11)
P w f'p

There fore, for the heat transfer coefficient to be the same between the model and the
prototype, the physical properties of the coolant in each case should be the same as
well, as the temperature difference between the heat transfer surface and coolant, It

should be noted that, if the physical properties are weakly dependent on the absolute




value of the temperature, then the test results can be applied to other temperature or
pressure levels with little error. Therefore, for the same physical properties, with vol-
ume scaling, the Nusselt numbers remain the same. The Grashof number also remains
the same between the prototype and model for volume scaling, since the lengths are
preserved as well as the characteristic length (Dm/Dp)-

In summary, a volume scaling approach was used for the FLECHT SEASET systems
effects facility for both reflood and natural circulation tests. The scaling logic is more
precise for reflood conditions since the physical properties of the coolant in the model
and prototype are identical. Scaling compromises will occur in the attempt to simulate

the higher pressures for small break situations. This distortion is discussed in detail in
paragraph 4-3,

Therefore, the scaling logic in the FLECHT SEASET facility employs the following
criterias

The power input per fluid volume in the test bundle compared to that of an average
power fuel assembly in a PWR is preserved so that the steam generation rates will
be about the same.

The steam generator is sized to preserve the same power (or heat source) per tube
bundle flow area as that of a normal Westinghouse four-loop steam generator.

This preserves the cooling capacity of the generator and the cooling/length such
that the proper elevation heads are available for natural circulation.

== The elevations are maintained at full height and the system components are at the
same relative elevations as in a four-loop Westinghouse PWR. Since reflooding and

natura!l circulation are gravity-driven processes, all elevations are maintained at
full height so that important driving forces in the system will be simulated #nd the

dominant term in the momentum equation for each component will be pres. rved.




The real-time nature of the process was preserved so that thermal-hydraulic events
would occur on a real-time scale basis. This requires that the piping and flow paths
between components be full length so that the transport times between components

are preserved.

The basic scaling factor for the test is 1:307. This ratio stems from the selection of the
161-heater rod bundle array to simulate the PWR core, with the result that the test
bundle flow area and volume are 1/307 of the flow ar2a and volume of the standard
Westinghouse four-loop, 3425 MWt PWR core. The sizing of the other system volumes
has also been made on a 1/307 scale where possible. The energy release capability of
the FLECHT-SET heater rod bundle has also been maintained compared to an ave-age

assembly of PWR fuel rods during the reflood and small-break phases of a LOCA tran-
sient. This is accomplished by providing identical heated lengths, heater rod diameters,

and kw/ft ratings (for reflood power levels) and comparable peaking factors of each rod
compared to PWR fuel rods. The material properties of the FLECHT SEASET heater

rod are sufficient to repeatedly attain the temperature and power levels required for
heat release during the simulated transients. By fixing the component length and pre-

serving the power-to-flow area ratio, the steam velocities at different locations in the
system were preserved. Preservation of the steam velocities helped to pr=-erve the

real-time aspect of the experiment and also helped to preserve the entrainment and
liquid fallback potential in different system components, such as the bundle, upper

plenum, steam generator plena, and the hot iegs. Some compromise in local resistances
have been made; however, the total resistance is adjusted by suitable orificing so that

the total loop resistance is the same as that of a PWR,

4-3, PRESSURE EFFECTS AND SCALING FOR FLECHT SEASET TESTS

For a small-break LOCA the pressure range of interest is 4.1 to 8.3 MPa (609 to
1200 psia), which is significantly greater than the pressure capability of the FLECHT

SEASET systems effects loop. In the natural circulation test plan, three types of tests

are planned:

-- Liquid-solid natural circulation with liquid-solid steam generator secondary side
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== Two-phase primary side natural circulation with hoiling secondary steam cenerator
s de

-- Reflux condensation primary side with boiling secondary side steam generators

For the sinale-phase tests, it is expected that the effect of pressure on the Nusselt
number would be small, such that the resulting temperature rises for the model and pro-
totype would be similar. It should be noted that for the volume scaling, DmIDD =1,
Vn/Vp = 1, and it was assumed that for the Grashof number (T, - T¢ /(T - Tep =1

The resulting impact of the property differences on the expected temperature rises in
the mode! and prototype can be estimated as

" haAT "D _Nu_ kAT ° o
P PP M p p"p

where Nu could be forced turbulent convection or natural convertion. Noting that

q'.;,/o",' = 1, and assuming a DittusBoelter I expression for turbulent forced convection,

the temperature rise ratio for the model and prototype becomes

Arm (Rep 0.8 Pr 0.4 EE
AT T \Re p72 i (4-17%)
P\ m m

Similarly, for natural circulation where

Ny = 0.17 (Gr « Ppy1/8 (2)

1. Dittus, F. W,, and Boeiter, L. M, K,, "Heat Transfer in Automobile Radiators of the
Tubular Type," Univ, Calif,, Berkeley Publ. Enaq. 2, 13, 443462 (1930),

2. Eckert, E. R, GG, and Drake, R, M,, Analysis of Heat and Mass Transfer, Me(iraw-
Hill, New York, 1972,




and noting that Gr has a AT dependence, a similar expression for the heat flux ratio can
be derived to give

QG e PR ka0
Q- 174 5T = 1 el
% b (Gt o+ Pr)p Tk (AT)
where
G, = Grm/ATm

The temperature ratio then becomes

B <Gr' i \m \I/S (4-15)

Gr' -Pr

Comparisons of the Nusselt number ratios and the resulting temperatcre ratio between
the model and prototype for both forced convection and natural convection are shown in
table 4-4. There is a maximum of 25 percent variation between the expected model
temperature rise and the prototype temperature rise at a scaling pressure of 8.3 MPa
(1200 psia). For forced convection, the model temperature rise will be smaller than the
prototype temperature rise, primarily due to the Prandtl number ratio. In natural cir-
culation, the model temperature rise will be larger. In either case the difference in the
model and prototype temperature is approximately 20 percent; this is acceptable for

the FLECHT SEASET tests.

For two-phase natural circulation and reflux condensation, the heat transfer mode of
interest is condensation in the steam generator tubes. Assuming laminar film condensa-

(1)

tion on the vertical surfaces, the N lysis'"’ gives
9(ps - )of f} f «
he = 0,943 —— i ® (4-16)
. Mg sat

1. Eckert, E. R, G., and Drake, R. M., Analysis of Heat and Mass Transfer, McGraw-
Hill, New York, 1972.
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TABLE 4-4

INFLUENCE OF PRESSURE ON SINGLE-PHASE HEAT TRANSFER

AND TEMPERATURE RISE
Value at Indicated Pressure
Mode Parameter 4.1 MPa (600 psia) 8.3 MPa (1200 psia)
Forced N.Im
convection T 1,)2 1.062
p
AT
m
AT 0.796 0.747
p
Natural Nu
convection ,\-hl‘ 0.747 0.679
p
ATm
ET_ 315 1.19
p
Therefore, the wall heat flux becomes
qQ" = hc (Tsat - Tw) (4-17)
Applying the scaling criteria where the heat flux ratio is unity gives
[ 3 11/4
gp(p = p )k, h
: e a f fa
" 093 QT —— 1) (Toat * W
el : 28 L. [ (4-18)
% [ ( Yk, oh ™
gp,\0, = p_. :
0.943| —4———0-1f 19| (¢ _ 1)
“YL(Tsat - Tw) sat wp
L ap
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Simplifying the expression in equation (4-18) gives

3 1/4
3/4 o (p -p )k he u
(Toat =~ To/m frl'm %) fin 90 'p
LR f . B (°f - 0g ¢ “heg Wy
pl'p %, P P m

Assuming that the prototype is at 4.1 MPa (600 psia), the condensation wall tempera-
ture ratio [ﬁrst bracketed term in equation (4-19)] is 1.09, and at 8.3 (1200 psia) the
ratio becomes 1.25. This indicates that the condensation effects for the prototype and
model are similar and that the model will yield prototypical condensation heat transfer

data.

There is a serious discrepancy between the density of the vapor at the model conditions
and the corresponding vapor density at reactor conditions which can affect the two-
phase flow behavior of the system. Assuming that the FLECHT SEASET test facility
will simulate two-phase natural circulation and reflux condensation at a system pres-
sure of 0.34 MPa (50 psia), the ratio of the steam densities pm/"p becomes 1.092 at
4.1 MPa (600 psia) and 0.04246 at 8.5 MPa (1200 psia). Therefore, for the scaled steam
mass flow in the simulated hot leg, the resulting vapor velocity will be significantly
higher in the FLECHT SEASET mode! compared to the prototype.

The concem is that larger steam velocities in the hot legs due to the lower system pres-
sure for the FLECHT SEASET model could yield nonprototypical flow conditions or

transitions compared to the reactor for two-phase natural circulation and reflux con-
densation cooling modes. These concerns are particularly important if a transient test
is being conducted with a break simulation such that the system inventory is continu-
ously decreasing. The scaled test could continue to promote two-phase natural circula-
tion because of the higher steam velocity, whereas the PWR could be in a reflux con-

densation mode.
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A similar concern exists in the steam qenerator inlet plenum at the tubesheet., The
higher-than-scaled hot leg steam velocity could lead to a different flooding characteris-
tic for the model steam generator tubesheet compared to the PWR, Roth the hot leq
two-phase flow regime transitions and flooding behavior of the steam aenerator tuhe-
sheet are investigated next.

Examining the steam flow in the FLECHT SEASET hot legs,

. q qu L
M, = h'“ . "‘h"‘ . (4-20)
™ oy fam

where no inlet subcooling was used, and all the power generation was assumed to aener-

ate vapor.
Also in the hot leq,

. H H
¢} v
(4-21)

where the superscript HL. denotes hot leq and Ar;ﬂ- and V,;;“— are the hot leq flow area
and velocity.

Thus, solving equations (4-20) and (4-21) for the hot leq steam velocity in the model
yvields

A S A s
gt 4-22)
h, o Al
fqmm m

In the prototype, a similar reiationship can be developed:

Q™ AL
Wvi. P _pp (4-23)

h, p AL

f
Qppp



Taking the ratio yields

et AN 19 Y \fane) (2o\
‘E(‘X‘?XE)(—) (2))

Using earlier identities,

I L
) n it
"
9 Lo
i 1 1
Ap “ scale factor = 307
AH.
e -
AH-_ scale factor = 307
m
Thus,
H. h
\' fg_\/p
y* it v s (4-25)
Y qu L
p 1

This ratio becomes 8.78 at 4.1 MPa (600 psia) for the prototype and 15.59 at 8.3 MPa
(1200 psia) for the prototype, assuming a 0.34 MPa (50 psia) pressure for the model.

To preserve the steam velocity in the hot leg, only two parameters can be changed, the
volumetric heat generation rate (test power), and the hot leg flow area (Ar:n') , since

the facility scale factor and pressure were already fixed.
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The power generation in the experiment would have to be reduced by a factor of 8 to 15
below the scaled value to preserve the steam velocity in the hot leg. This would mean
conducting tests at 0.2 percent of simulated reactor power rather than the p.eferred
2 percent of simulated reactor power. The lower test power would yield lower temper-
ature rises, which would be difficult to measure. Also, unless the steam generator sec-
ondary side flow was correspondingly reduced by the same factor, the primary side heat
would all be removed at the immediate entrance of the steam generator. The measure-
ment and control problems with such a low-power test made decreasing the test power
an undesirable choice. Therefore, it was decided to enlarge the hot legs as much as
possible consistent with the test vessel upper plenum and the existing steam generator

plena. The hot leg inside diameters were increased from 42.9 to 7€.2 mm (1.689 to
3.00 in.) for the broken loop and 73.6 to 152 mm (2.9 to 6 in.) for the unbroken loop sim-

ulation. Usng these diameters to recalculate the hot leg area relative to the PWR flow
areas, equation (4-25) can be recalculated for the steam flow in the hot leg for the

model compared to the prototype. Therefore,

yrE A,

m__ _%?P 18.36 1 (6-26)
v H h,%%o.zasa 307

p

resulting in a steam velocity ratio of 2.14 at 4.1 MPa (600 psia) and 3.798 at 8.3 MPa
(1200 psia). Therefore, when the hot leg diameter is increased, the steam velocity in

the FLECHT SEASET hot legs is closer to the proper scaled value. However, the test
steam velocity is still higher than the proper scaled value.

The flow regime transition which is of interest in the hot leg is the intermittent slug-
plug to stratified flow regime. It is expected that co-current slug and plug flow would

exist in the hot leg during two-phase natural circulation. However, as mass is drained
from the system and reflux condensation occurs, eventually the hot leg will become

stratified with liquid flowing back to the core at the same time that steam is flowing in
the opposite direction toward the steam generators.
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The higher hot leg velocity in the FLECHT SEASET test facility relative to a PWR
could prolonn the intermittent slug-plug regime while the PWR hot leq would be in a
stable stratified flow regime. Therefore, to investigate the possible hot leq flow
regime effects and flow regime transitions, the work on horizontal flow reqgime transi-
tion by Taitel and Dukler(n was investigated.

Taitel and Dukler give a criterion for the transition between the intermittent (piug and
sluq) flow reaime and the stratified flow regime in terms of the superficial vapor veloc-
ity in the hot lea. The expression for the critical velocity for the transition vapor

velocity Uq is

( ( ~ 2 2] 1/2
(pf-pg)D-q-\l-rl) « Ag

. '[ oq(£)[l -2 - 1)2]1,7

c

(4-27)

P
i

-1 (oh (2h (2% 3
o 0.25 < ces ZhL'l" Zr\_-l\]-.ZhL-]\

and?i_ is h/D where h is the liquid heicht in the pipe of diameter D. FEquation (4-27)
was programmed and solved for the PWR dimensions and pressures of 4.1 and 8.3 MPj
(600 and 1200 psia) for a ranqge of ?\L values as well as for the FLECHT SEASFT facility
at 0.34 MPa (50 psia) with the larger pipe diameter.

Equation (4-27) will give the superficial vapor velocity at the transition between the

intermittent and stratified flow regimes for a given water height in the hot leq.

Values for Uq were obtained for different water heights in the hot leq for both the PWR
case and FLECHT SEASET. The hot leq superficial velocity, which is eaual to 2 percent
of core decay heat boiloff, was also calculated for the PWR and FLECHT SEASET. The

1. Taitel, Y., and Dukler, A, E., "A Model for Predicting Flow Reqgime Transitions in
Horizontal and Near-Horizontal Gas-Liquid Flow," J. Amer. Inst. Ch. Eng. 22, 1,
47-55 (1976 ..
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intersections of these two curves, for the PWR and for FLECHT SEASET, indicate the
maximum value of h or liquid level in the pipe allowed at the transition point. As dis-

cussed above, the liquid level will be lower in the FLECHT SEASET tests compared to
the PWR because of the lower pressure (and corresponding higher hot leg steam
velocity).

As . yure 4-4 indicates, the hot leg would have to be drained to 58 percent of its height
before the flow regime in the hot leq would be stable stratified flow. The corre-

sponding liquid levels in the hot leg for the PWR are 73 percent at 4.1 MPa (600 psia)
and 75 percent at 8.3 MPa (1200 psia).

This means that the FLECHT SEASET test facility will remain in two-phase natural cir-
culation with lower mass inventories as compared to the higher-pressure PWR, This

difference in transition between one flow regime and another is a result of the pressure
scaling effect and has nothing to do with the volume scaling.

Zuber' V) performed a similar analysis for the Semiscale small-break tests and also
showed that even for the same pressure (and therefore coolant physical properties), the
transition between intermittent and stratified flow does not scale with volume. This
means that no sealed facility will exactly model the flow regime transition in * .. PWR.

The other area of concem is the possible flooding effects at the steam generator tube-
sheet during the reflux condensation simulations in the FLECHT SEASET facility. The

higher vapor velocity in the hot legs and steam generator tubes could restrict the return
of the condensate to the hot leg such that a pulsing flow similar to that observed by
(2)

Banerjee " would exist in the FLECHT SEASET tests; pure reflux condensation would

occur in the PWR. Since the flow area in the steam generator tubes was not increased,

as was done with the hot legs, the steam velocity at the tubesheet is greater than the
scaled value by a factor of 8 to 15,

1. Zuber, N,, "Scaling of Two-Phase Flow Transition in Horizontal Pipes of Semiscale,"
NRC Memorandum, September 1979,

2. Banerjee, S., et al.,, "Reflux Condensation and Transition to Natural Circulation in a
Vertical Tube," presented at 1981 Winter ASME meeting, Heat Transfer Aspects of
Reactor Safety.
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The flooding characteristics of the steam generator tubesheet are assumed to obey the

Wallis flooding correlation(l) given by

ﬁ: smig=c (4-28)
where

J A
(¢

Y o (4-29)

’ Plp¢ - pg)
and

) g (/o

(=

i . (4-30)

with values of m = 1.0 and C = 0.725 for sharp-edged tubes. For no liquid downflow,
-

.Jf =0 and
-

3g ceit * ? (4-31)

Therefore,
2 Jao )
PfF P
3o = . (4-32)
crit \./09

1. Wallis, G. B,, One-Dimensignal Two-Phase F low, McGraw-Hill New York, 1969.

4-25



The value of D is the inside diameter of the steam generator tube. The critical flooding
velocity for the FLECHT SEASET test and the PWR are shown in figure 4-5, along with

the superficial steam velocity calculated for a given steam generator tube for different
decay powers in the core. As the figure indicates, at decay powers above 3 percent, the

FLECHT SEASET test facility could flood at the steam generator tubesheet.

At these higher decay powers, it ‘s speculated that the FLECHT SEASET test facility
would not operate in a stable reflux mode. It is believed that some of the steam gener-
ator tubes of the facility would oscillate between a refluxing mode, in which the con-

densate accumulated in the steam generator tubes, and a two-phase natural circulation,
in which the accumulated condensate would be pushed over the U-bend into the steam

generator outlet plenum in much the same manner as in the single-tube experiments of
Banerjee. The PWR, on the other hand, is nowhere near the flooding limit even at

5 percent decay power. Since the operating power of the FLECHT SEASET experiments
was set at 2 percent of decay power, and in addition since not ail of the decay power

.1 generate steam because some subcooling exists, it is felt that the refluxing capabil-
ity of the test facility will be nearly prototypical at low decay powers. However,
higher powers could cause oscillations in the steam generator tubes, as they wr.'d flood
then drain back into the steam generator plenum.

4-4. SCALING CONCLUSIONS

The low-pressure facility has been examined for its applicability for simulating higher-
pressure small break natural circulation cooling modes. The lower pressure in the

FLECHT SEASET facility will require lower system mass inventory to attain the same
flow regimes in the hot leg compared to the PWR, even with the larger-than-scale hot
leg diameters. Also, the FLECHT SEASET steam generators will be closer to the flood-
ing limit than those of the PWR; this could produce a delay from two-phase natural cir-

culation to pure reflux condensation, or some of the tubes could be flooded while other
tubes are refluxing. This means that if a transient FLECHT SEASET test were con-

ducted with the scaled break flow of a PWR, the time periods between the different
cooling modes in the experiment would be longer than in a PWR, since more mass would

have to be depleted from FLECHT SEASET. Therefore, in spite of volume scaling, the
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SECTICN 5

TEST PARAMETER RANGES AND REFERENCE CONDITIONS

fhree types of tests were performed under various degrees of natural circulation: |: quid
single-phase primary flow two-phase primary flow, and reflux condensation in the
primary system. The liquid single-phase natural circulation tests were conducted at
different power leveis to examine the resultis g natursal circulation flows, pressure drops,
and bundle temperature rises. Reference test conditions for these tests are shown

table 5-1. Liquid single-phase natural circulation tests were also be conducted with a
superimposed cold leg injection transient to see how cold leg injection of colder water,
relative to the primary system temperature, affects tne natural convectior loop flow.

water was injected into the cold leq when the

The resulting transient behavior of the syster

ide  transients on induced

f

varying the secondary side I

stable condition. The area of

It readjusts to a new se(

jenerally
thos expecte
for the tw

tion, and the effect




TABLE 5-1

REFERENCE TEST CONDITIONS FOR NATURAL CIRCULATION
AND REFLUX CONDENSATIONTESTS

Parameter Initial Conditions
System pressure 0.69 MPa (100 psia)
Bundle power (percent of full power) 0.2-0.6-1.0-2.0
Coolant aT subcooling at lower plenum 21°c (70°F)

Radial power distribution Uniform
Axial power shape Cosine
Steam generator secondary side Circulating
-- Pressure Ambient

-~ Fluid temperature Ambient

--  Flow Reference(a)

a. Reference flow is that steam generator secondary side flow needed to obtain

steady-state natural circulation at reference conditions.
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The effect of noncondensible gases will also be examined by injecting ther) into
the primary system. The effect of these gases will be to reduce the steam
generator heat transfer such that the primary system will undergo & transient untii
a8 new equilibrium is reached.

The range of initial test conditions for all these tests are listed in table 5-2.

Correspondence regarding test parameter ranges is reproduced in appendix C.
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SECTICN 6

TEST FACILITY DESCRIPTION

6~ 1. FACILITY LAYOUT

series was congucted

. g . (1)
he FLECHT facility in which the FLECHT-SET Phase B test

was used as the basic configuration for this task. However, the test facility was

wW '

modified in order to conduct natural circulation and reflux condensation tests, as sh
isometrically in figure 6-1 and in a layout form in figure 6-2. The main modifications

are as follows:

Ihe broken cold ieq is connected directly to the downcomer in order to provide a

s flow path for natural circulation.

op piping has been iIncreased in diameter t approach maommentu flux

)untercurrent steam-water flows during reflux condensation.

vertiow tanks, which simulate a portion of a large break during

0. | will be used as essurizer

nass inventory.

a heat source.

ribe facility ¢ ymponents h as the test sec

jenerators and st n generator
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plenum is capped with a bolted flat head from which instrumentation leads are brought

In the design of the FLECHT SEASE i upper plenum three phenomena were determined

to be important to preserve two-phases flow behavior:

yteam velocities at the upper ve nlate and in the upper plenum

Phase separation efficiency of the upper plenum internals

Froth layer buildup and sweepout through the hot legs

)ities are maintained by preserving the upper core plate and upper plenu flow area

itios. By preserving the steam velocities, the flooding pt.2nomena in the upper plenum

that the flooding

and alt the upper ore plate should be preserved. ytudies show

nhenomenon is independent of nesmetry if the equivalent diameter of the flow channel is
} ] i

large enough. These studies are presented in appendix D ror the t

Lhe nimum ow=channel equivalent diameter was deter

varation efficiency of the upper plenum depends mainly on the size

between internals, and the number of rows of internals.

internals are of basically two shapes cylindrical (support colun

i
Hased on st 'S done Dby Forteus and at LAOLL

internals of the f { E ASE upper plen

netry only. nhese studies showed Lhe trainment

cylindrical and square internals to be nearly identical. Further

that the deentrainment characteristics of liquid on a rod were

rs3urized Water Reac jpper Head Injection Air-Water

idies,” NRC-0193-4, September 1977

wunication, N. Lee with W, Kirchner,

it Phenomena

Xth wWater i<e




side cooling system, pump loop seal piping and cold leg piping, downcomer, pressurizer,
coolant injection system, and noncondensible gas injection and sampling system,

Table 6-1 lists all the test facility main components including lengths, flow areas, fluid
volume, and metal weight associated witl, each component.

6-3. Test Section

The low mass housing together with the lower and upper plenums constitutes the test
section, as shown in figure 6-3. The low mass housing, shown in figure 6-4, is a
cylindrical vessel of 193.7 mm (7.625 in.) 1D and 4.78 mm (0.188 in.) wall thickness
constructed of 304 stainless steel rated for 0.52 MPa (60 psig) at 816°C (1500°F). The
wall thickness, which is the minimum thickness allowed by Section | of the ASME Builer
and Pressure Vessel Code, was chosen so that the housing will absorb and hence release
a minimum amount of heat as cumpared with the rod bundle. The inside dia neter of the
housing was made as close to the rod bundle outer dimensions as possible, to minimize
excess flow area. The excess flow area is further minimized by solid triangular fillers,

as shown in figure 6-5,

This design is very similar to that ~¢ the unblocked housing, with the exception of
elimination of the windows and the slight lengthening to accominodate the different
beater rod design. In addition, a complete set of "dummy" pressure taps was added 180
degrees from the |3 original taps to help relieve the unsymmetrical thermal stresses
introduced by having taps on only one side. There is also a tap near the 0 m (0 in.)
elevation to purge steam from the injection point in the downcomer and thus heat the

crossover leg and the lower plenum before initiation of flooding.

The lower plenum design is essentially the same as that used in previous FLECHT and
FLECHT-SE T tests, as shown in figure 6-6.

6-4, Upper Plenum

The upper plenum is constructed of 254 mm (10 in) sch 140 pipe (SA106 GRB) flanged on
both ends with 15 and 9 em (6 and 3.5 in) noziles attached fer hot leg connections. The
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FLECHT SEASET NATURAL CIR

SYSTEMS EFFECTS TESTF
Length/Height
Component [m (ft))

TEST SECTION
Heated length:
-- Housing (empty) 3.66 (12)
-- Heater rod bunale(d) 3.66 (12)
Heater rod extension and ground
terminais 0.204 (0.669)
Ground plate 0.032 (0.104)
Instrument ring 0.067 (0.221)
Upper core plate 0.076 (0.250)
Upper plenum
-- Vessel (empty) 1.334 (4.375)
== With columns and guides 1.334 (4.375)
-~ Column only (10) 1.318 (4.323)
Lower plenum
-- Vessel including ?u)ndle

extension below 0 0.629 (2.063)
-- Heated length
-- Downcomer lower elbow(c) 0.892 (2.928)
-- Crossover leg including turbo-

probe spool, flexible spool,

and lower plenum nozzle 1.722 (5.651)
HOT LEGS
Unbroken loop 6.7 184 (22.042)
troken loop 5.9524 (19.529)
UNBRUOUKEN LOUP STEAM GENERATOR
Inlet sioe
-- Plenum 0.8111 (2.661)(€)
-- Tubesheet 0.0954 (0.313)
== Uphill sice tubes 10.515 (34.497) 0.

Active length
Iviost representative
Active volume

T ~0oQan0Ce
L . " s 0

Including deaa volun:= metal weights

Incluges thimbles, steam probes, fillers and grids
A representative fiow area cannot be defined.

inclucges pipe section below bottom of heated lenyun elevation and elbow
Based on minimum flow area, including flow straightener
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TABL
FLECHT SEASET NATURAL CiRCU|
SYSTEMS EFFECTS TEST FAC

Length/Height
Component [m (fv)]

UNBROKEN LCOP STEANM GENERATOR (cont)
Outlet sige
-- Downhill sige tubes 10.515 (34.497) 0.0
-- Tubesheet 0.9954 (0.313) 0
- Plenum 1.143 (3.750)(€) 0.0
Secondary side including tie rods
and shell baffle olates (6) 10.429 (34.217) 0.0
BROKEN LOOP STEAM GENERATOK
Inlet side
-- Plenum 0.9260 (3.038)(e) 0

Tubesheert 0.0698 (0.229) 0.0
-= Uphill side tubes 10.533 (34.557) 0
Outlet sige
-- Downhill side tubes 10.533 (34.557) 0.0
-- Tubesheet 0.0698 (0.229) 0.0
-- Plenum I.143 (3.750)(e) 0.0
Secondary side including tie 10,410 (34.154) 0.0
rods and baffle plates (6) - - 0.0
UNBROKEN LOOP PUMP LOOP SEAL
Downhill leg
-- Steam generator exit nozzle 0.286 (0.938) 0.0
-- Downhill pipe 3.4122 (11.195) 0.0
Horizontal leg
-- lLarge pipe 1.737 (5.699) 0.0
-- Flowmeter spool 2.197 (7.208) 0.0
Uphill leg 3.1388 (10.298) 0.0
BROKEN 1.O0OP PUMP LLOOP SEAL
Downhill leg
-~ Steam generator nozzle 0.273 (0.896) 0.0
-= Downhill pipe 3.4384 (11.281) 0.0

Active length

Most representative

Active volume

Including dead volume metal weights

TTO -0 0
e« & & s

Includes pipe section below bottom of heated length elevation and elbow

Includes baffles, tie rods, shell, flanges, and end cap



6-1 (cont)
ATION AND REFLUX CONDENSATION
ITY COMPONENT DIMENSIONS

Fluw Area Fluid Volume Metal Mass
imAft2)) [m3 (ft3)) [kg (1b))
736  (0.1048) 0,024 (3.6 164) 236.7 (521.9)
736  (0.1048) 0.000929 (0.0328) 70.07 (154.5)
50 (0.2637)(¢) 0.02527 (0.8923)(9) 112.5 (248.1)(h)
328 (0.5735) 0.5728 (20.2250) 2165.5 (4775.1)(M)
71 (0.0938)") 0.008963 (0.3165)(9 52.33 (115.4)M
334 (0.0 360) £.0023 (0.0082) 25.3 (55.8)
334 (0.0360) 0.035256 (1.2449) 81.49 (179.7)
334 (0.0 360) 0.035256 (1.26449) Bl49 (179.7)
334 (0.0360) 0.00023 (0.0082) 25.3 (55.8)
71 (0.0938)(D 0.008722 (0.3080)(9) 48.8 (107.6)(N)
063 (0.2221) 0.2193 (7.7449) 891.94 (1966.8)(1)
57 (0.0061) . - - -
348 (0.0375) 0.000997 (0.0352) 10.7 (23.6)
77 (0.0513) 0.01628 (0.5747) 41.2 (90.8)
77 (0.0513) 0.008278 (0.2923) 34, | (75.2)
190 (0.0204) 0.004 165 (0.1470) 25.5 (56.2)
477 (0.0513) 0.0 1496 (0.5284) 54,46 (120.1)
i
F
113 (0.0122) 0.000309 (0.0109) 3.5 (7.8)
148 (0.0159) 0.0051 (0.1793) 76.46 (168.6)

6-9
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TA
FLECHT SEASET NATURAL CIRC
SYSTEMS EFFECTS TESTF

Length/Height

Component [m (ft))
BROKEN LOOP PUMP LOOP SEAL (cont)
Horizontal leg
-- Large pipe 2.490 (8.169) 0
-- Flowmeter spool 1.422 (4.667) 0.
Uphil! leg
-- Large pipe 2.762 (5.063) 0
COLD LEG
Unbroken loop 8.3037 (27.243) 0
Broken loop 6.7525 (22.154) 0
DOWNCOMER
Downcomer extension [above ‘
5.09 m (16.7 ft) elevation) 0.6224 (2.042) 0
Downcomer [ from bottom -1
of heated length to 5.09 m |
(16.7 ft) elevation) 5.0865 (16.688) 0.




luid Volurmn

¢
LN
1

d
> (ft

'V.Pt(‘-i rv“na;)(
(kg (Ib)]

0.00395%6
0.000968

0.004390
0.000479

(0.1397)

(0.0342)

(0.1550)

0.0169)

(139.9)
(29.6)

(158.2)
(9.3

0.035389
0.008935

0,01 10¢

(1.2496)
(0.3155)

(369.6)
(73.6)
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Figure 6-3, FLECHT SEASET Natural
Circulation Test Section
Assembly (sheet 1 of 4)
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Circulation Test Section
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Fiqure 6-4, FLECHT SEASET Natural
irculation Low Mass

Housing
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SOLID FILLER

MEATER RO
BUNDLE STATISTICS

MOUSING INSIDE DIAMETER 194 0 mm
HOUSING WALL THICKNESS 478 mm
ROD DIAMETER 9 50 m~
THIMBLE DIAMETER 120 mo
RODMTICH 1286 mm 0496 n
CRUSSSECTIONAL FLOW AREA 1548 mm? 23989 in 2
FILLER DIMENSIONS WA X8 mm 0766 in X0 340 in
1HTATER RODS

BLE

R

] 825 in
0.188 in
0374 in
Q474 in

FLECHT

S ASE T Natural

irculation
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Figure 6-6. FLECHT SEASET Natural
Circulation Lower Plenum




relatively independent of rod diameter where the diameter was greater than 50.8 mm
(0.78 in.)

The phase separation efficiency of the plenum internals could be calculated by applying
Gardner's formula.'"’ Applied to the design of the FLECHT SEASET upper plenum, this
correlation showed that four rows of internals resulted in a separation efficiency of

almost 100 percent. Thus the separation efficiency of the prototype internal is matzhed
by the FLECHT SEASET upper plenum internals.

The design of FLECHT SEASET upper plenum is shown in figure 6-7. The height of the
upper plenum is iess than that of the prototype upper pienum [i.33 m (52.5 in.) versus
2.13 m (857 in)l. Flow pattern calculations indicated that there is a8 dead zone above
the hot leg nozzles. This dead zone may increase the effects of phase separation by
condensation on the walls and droplet deposition on the internals of the plenum. To
prevent this, it was desirable to shorten the upper plenum. The flow area of the plenum
is preserved but the volume is not. The height to the bottom of the hot leg nozzles is
maintained to preserve the potential for froth buildup on the upper core plate.

Other features of the upper plenu'n are as follows:

== The hot leg nozzles are positioned at an angle of 96 degrees on the centerline
(figure 6-8).

== The upper plenum contains 10 cylindrical internals arranged in the array shown
in figure 6-8. The internals, 12.64 mm (1.125 in.) in diameter, are attached to
the upper plenum top flange and to the upper core plate as shown in figure

6-3. Construction details of these columns are shiown in appendix £, figure E£-2.
-- Penetrations (windows) near the nozzles allow for optical probe and photography.

-- Connections for differential pressure cells along the plenum height ailow

determination of froth height.

l. Moore, M, .., et al.,, Two-Phase Steam Flow in Turbines and Separators,
Hemisphere Publishing, Washington, DC, 1976.
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6-5. Upper Core Plate

The upper core plate serves two purposes: it provides support for the upper plenum
internals, and it atomizes droplets entrained from the core before they enter the upper
plenum. The core plate is 7.6 em (3 in.) thick with a flow area ratic typical of the
prototype plant. The upper core plate dimensions are shown in figure 6-9. As previously
stated (paragraph 6-4), the upper core plate dimensions preserve the steam velocities
and should give a flooding phenomenon similar to that of the prototype plant.

6-6. Test Bundle

A cross section of the bundle is shown in figure 6-5. The bundle represents a section of
a 17 x 17 fuel assembly. All dimensions representative of a 17 x 17 fuel assembly are
preservec in the test bundle. These include the fuel rod pitch and the fuel rod
diameter. The bundle comprises 161 heater rods (111 uninstrumented and 50

instrumented), 2 instrumented thimblez, 14 steam probe thimbles, and 8 triangular fillers.

Details of the heater rod design are shown in figure 6-10. In this figure, groups 6 and 12
are uninstrumented rods, and groups 7. B, 9, and 10 are instrumented rods. The
thermophysical propeities of the heeter rod materials are listed in table 6-2. The heater
rods are of the single-ended design, in which the upper end of the heated element is
grounded to the cladding by a solid conductor, which in turn is connected to a common
ground plate by either a four- or a single-nickel terminal. The single-ended design was
needed to provide better scaling and simulation of the upper plenum and its internals.
However, with this design, the cladding thermocouple leads can only be brought out

through the lower end. The heater has a maximum capacity of 8 kilowatts at 270 volts ac.

The bundle fillers are split and pin-connected at the midspan between grids. Filler
detail drawings are given in appendix E. The fillers are welded to the grids to maintain
the proper grid spacing. The fillers are employed to reduce the excess flow area caused
by the cylindrical housing and the bundle square pitch array. The bundle excess flow
area is 4.7 percent with fillers and 9.3 percent without fillers. The bundle area in a
plane without grids is 0.015478 m? (23.989 in.2). The bundle grids are of the simple

eqg-crate design. The grid straps are made from stamped Inconel straps 0.38 mm (0.015

6-28
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Fiqure 6-7, FLECHT SEASET Natural
irculation Upper Plenum

sheet 2 of 3
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FLECHT SEASET Natural
Circulation Upper Plenum

(sheet 3 of 3)

Figure 6-7.
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COLUMN

UPPER PLENUM 2858cm (1.1267) DIA
0.26 m (10”) SCH 140 180° (10 HOLES)
[027m (10.76") 0D x -

152em (67)

NOZZLE
B

OUTLET NOZZLE
488m (192”) ELEVATION

Figure 6-6. Upper Plenum Hot Leqg Nozzle and Intemal Column Arrangement
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J

thick with hemispherical dimples to center the heaters and maintain the bundle ro

in.
piteh of 12.6 mm (0,496 in). The grids further reduce the bundle area by about 22

percent. Grid detail and drawings are inciuded in appendix

The bundle thimbles are 304 stainless steel jubes with an outside diameter of 12.0 mm
(0,474 in) and 091 mm (0.036 in.) wall thickness. Most of the ihimbles are
instrumented with aspirating steam probes, and bare and heated fluid and wall

thermocouples. Thimble design details are included in appendix E.

wround Plate (Fuel Nozzle Simulator

|

jround plate for the single-ended heater ro is of the systems effects facility
milate the end nozzle of PWR fuel assembly. The ground plate flow area to
y ratio is typical of the PWK fuel rod nozzle flow area tc core flow area re

i
<

late (figure 6-11 is a flow area 0.011498m" (17.821 in,

’

enerators

jenerator

for the

previously pluqgqged

iDes were needed
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area scaling relationship, because of increasing the heater rod bundle

HT SEASET systeins effects task. The tube chosen to remain
in figure 6-12. This tube was selected because It would be most
edge effects of the shell on the steam generator secondary side and

inlet plenum on the primary side.

ations were incomorated for the natural circulation test series. A |5
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was added t the unbroken loop steam generator plenum for the

e onnect it This was the largest possible nozzle that could be

the inlet plenum (figure 6-13). A nozzle was also added to the top of

f the steam generator to permit circulation of coolant during

e
imentation rima with multiple radial penetrations was 13 ided between
inge and the lower plenum section for Dbringing )ut primary side
tea enerator - The ste ienerator used for the broken looj
f it or | AL Or ust INn Lthe iT -5 Phase B test program.
etall f nstru | f the generator.
t e ade t inform the broken loop steam generator to tf
a jenerator. All tubes in the broken loop steam generator were
ea the flow area to the scaled flow area. An Instrumentation ring
1N it primary side instrumentation. Tw sight glass nozzles were
f the stea ienerator. An 8.9 cm (5.5 In) nozzle was adde
3 howr fiqure 6-15 for the broken loop hot leg connection. A
! t ft e jary side ot the stea jenera LO pe it
lant ring testing
Ar'y f YOI wsten
i 1atl erie f tests, a se gary siae irculation system wa 100
werators, as shown in figure 6-16. This syste ‘onsists of an expansior
verpressure for syste ressure control by inlet and letdowr
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The closed loop has two canned motor pumps to circulate water through 5 em (2 in.)
separate and 8 cm (3 in) common lines. Flow control is by 1.3 and 5 em (0.5 and 2 i)
pilot-oparated valves. Flow enters the bottom of the secondary side through existing
nozzles and exits through new nozzles added to the head of the steam generators, and

goes through a heat exchanger before returning to the pumps. The flow is measured with
orifice plate flowmeters.

The secondary side cooling system can also be operated as an evaporation cooler
(boiling). The generated steam exiting through the top of the steam generator secondary
side can either be condensed or dumped to atmosphere. When the system is operated
with boiling at a constant water level, the steam is condensed in the secondary side heat
exchanger and gravity-fed back to the steam generator shell side. During "boiloff"
tests, when the secondary side is allowed to go dry, the steam is condensed in the same
manner but the condensate is dumped to drain. The makeup water injected during
recovery and refilling of the secondary side is preheated to 93°C (ZOOOF) to minimize
thermal shock of the steam generator tubes and shell.

6-12. Downcomer, Downcomer Extension, and Lower Plenum Crossover Leg

The downcomer and downcomer extension assembly is connected to the lower plenum
crossover leg for the purpose of delivering reflood water to the test section lower
plenum at a flow rate hydraulically scaled to that of a PWR plant. The layout of this
piping system is shown in figure 6-2. The downcomer and downcomer extension assembly
is a vertical run extending approximately 6 m (20 ft) abo e the bottom of rod bundie
heated length (reference elevation). The downcomer, which consists of the lower 4.88 m
(16.0 ft) of this section, was fabricated of carbon steel tubing having an inside diameter
of approximately 14.29 cm (5.625in). These dimensions provide both volumetric and
hydraulic scaling to a PWR. The downcomer .3 used to develop the hydraulic head
needed to force reflood water into the test section.

The downcomer extension is the 0.91 m (3.0 ft) upper extension of the downcomer.

Details of the downcomer and downcomer extension design are shown in figure 6-17,

group l. The downcomer extension was fabricated of 16.83 cm (6.625 in) diameter
tubing with 1.3 em (0.5 in) thick walls and six 15 cm (6 in) pipe flanges. Since the UD of
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the tubing was the same 15 cm (6 in.) nominal pipe, standard fittings could be used. This
extension is shown having four nozzles, but only two were used during natural circulation
series tests. These two nozzles are the 7.6 cm (3 in) penetration, which is used to
connect the downcomer to the simulated unbroken loop cold leg piping, and the 3.8 cm
(1.5 in) nozzle, which is connected to the broken loop cold leg. The other two nozzles
were capped with blind flanges during these tests. In addition, a gate valve was installed
at the bottom of the downcomer, as shown in figure 6-2, to isolate the downcomer and
provide a flow path for the circulating pump in case forced circulation in the primary

side is needed.

Attached to the bottom of the downcomer is the lower plenum crossover leg piping, as
shown in figure 6-2. This section was fabricated of carbon steel tubing having an inside
diameter of approximately 14.29 cm (5.625 in.). Also used in this line is & 90-degree long
radius elbow, a specially designed spool piece to house the turbo-probe, and a flexible
rubber hose. The spool piece consists of two weld neck flanges welded to a 7.6 cm (3 in.)
tee sertion which houses the bidirectional turbo-probe. This turbo-p.ube was used to
measure both forward and reverse flow into and out of the test section. Details of the
spool piece construction are shown in figure 6-16, group 3. The ruboer hose connects the
crossover leg to the lower plenum and allows for downward thermal expansion of the test
section. rhe horizontal run of the lower plenuin crossover leg is 2.3 m (7.5 ft) long,
including the turbo-probe. A 3.8 cm (1.5 inch) nozzle located in the elbow of the
crossover leg was used to inject the coolant water from the accumulator for all
reference reflood tests This penetration is attached at a 90-degree angle to the

crossover leg to dissipate the dynamic head of the injection Tlow.

6-13. Loop Piping

The loop piping consists of two flow paths representing the unbroken, or intact, and the
broken loops of a PWR. As stated before, the system was originally designed to conduct
reflood experiments. For this reason, the unbroken loop represents the three intact
lops of a PWR during a hypothetical loss of coolant accident, and the broken loop
repre. »nts the loop where the break occurs. However, for the natural circulation tests,
the broken loop is not connected to the containment tank simulating a break, but is

connected to the downcomer extensior to cnmplete the circuit and provide an
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uninterrupted flow path from the upper plenum, through the steam generator, the loop
pump seal, and the cold leg, to the lowncomer extension. The layout of these loops is
shown in figure 6-2.

All the loop piping components are fabricated with carbon steel pipes rated at 1.03 MPa
(150 psi) and 316°C (600°F).

In the unbroken loop, 15 cm (6 in.) sch 40 piping connects the upper plenum to the steam
generator inlet plenum. The hot leg has two spools, one of which could accommodate
advanced two-phase flow instrumentation. The other spool could be replaced with a
glass pipe section to visually determine flow regimes during two-phase flow and reflux
condensation cooling modes. However, this glass pipe section can only be operated at
pressures below 0.48 MPa (75 psia) and 149°C (300%F).

The pump loop seal piping downhill and uphill legs were fabricated with 7.6 em (3 in.) sch
40 pipe. The horizontal section is a 5 em (2 in.) sch 80 pipe spool with a flanged
connection for installing a bidirectional turbine meter spool. The uphill pipe section has
flanges for a orifice plate, which could be used to adjust the unbroken loop flow
resistance.

The unbroken loop cold leg consists of 7.6 em (3 in.) sch 80 piping. It has two

penetrations for cold leg injection, and short pipe spools for installing flow check valves
if necessary.

The hot leg and cold leg were purposely sloped toward the upper plenum and downcomer
extension to ensure that the liquid film flowing countercurrently during reflux
condensation tests would flow back to these components. The hot leg has a total slope
of 11 em (4.5 in.) and the cold leg is sloped 19 cm (7.5 in.) over its entire length.
Dimensions and fabrication details drawings are included in appendix E. Special
consideration was given in aligning the bottom of the pipes and gaskets at the flange
connections in order to minimize the damming effect of various pipe spools by trapping
water, which could prevent accurate measurements of the condensed liquid film height
and flowrates during reflux condensation tests.

The broken loop piping has a configuration similar to that of the unbroken loop. The

broken loop hot leg is made of 9 cm (3.5 in.) sch 40 pipe. Its flow area is about one-third
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that of the unbroken loop to maintain the proper scaling. The loop seal downhill and
uphill piping consists of 6.3 cm (2.5 in) extra strong (XXSTR) schedule pipe. The
horizontal leg has alsc a reduced diameter pipe spool with flanged connections for
installing a bidirectional turbine meter. This spool is made of 3.18 cm (1.25 in.) sch 60
pipe. The uphill leg has flanges for installing a thin plate orifice. The cold leq was
fabricated with 3.8 cm (1.5 in) sch 40 pipe. This section of piping does not have
penetrations for cold leg injection like the unbroken loop cold leg. The broken loop hot
and cold legs were also sloped downward toward the upper plenum. The overall slopes
are the same as those of the unbroken loop. In addition, the hot and cold leg flanged
connections were also aligned as in the unbroken loop.

O=14. Pressurizer

Accumulator no. | is used as a pressurizer during the natural circulation test. It is
connected to the crossover leg elbow at the bottom of the downcomer, as shown in
figure 6-2. The pressurizer is used to pressurize the loop primary side by means of a
feed-and-bleed gas overpressure control system. It also provides preheated water during
filling, and serves as an expansion tank and reservoir for the primary side mass depletion
during two-phase flow and reflux condensation cooling mode tests. Accumulator no. | is
a tank with a 61 cm (24 in) outside diameter and 5.72 ¢m (2.25 in.) inside diameter; it is
about 6.1 m (20 ft) long. it has a capacity of about 1.5 m (400 gal). The 2.5 cm (I in)
sch 40 connecting line (injection) to the crossover leg has a bidirectional turbine meter

to monitor flows in and c't of the pressurizer.

6-15. Cold Leq and UHI Coolant Injection System

The system provides preconditioned water during cold leg and UHI injection effects
tests. The injection locations are shown in figures 6-2 and 6-3. The coolant is supplied
by a l.14 m} (300 gal) tank via a 2.5 cm (1 in.) sch 40 line and a 0.008 to 0.08 m}/min (2

to 20 gal/min) turbine meter. Nitrogen overpressure in the accumulator provides the

necessary driving head to attain the required injection rates.
6-16. Boiler

The facility steam supply is a 1.23 mw (125 bhp) steam boiler. The unit has a thermal
output rating of 1,225,500 w (4,184,000 Btu/hr) and an equivalent steam rating of 1956
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kg/hr (4313 Ib/hr) at 100°C (212°F). The boiler is of the package firetube des'gn
equipped with a combination gas/oil burner, modulating fire capabilities, and automatic
controls. Design and construction of the boiler is in accordance with the ASME Code,
Section 1. Design pressure is 1.14 MPa (150 psigl. The unit was operated at
approximately 0.79 MPa (100 psig) for all tests. At this operating condition, outlet
steam quality is rated as better than 99.5 percent. The steam supply was used during
shakedown hydraulic tests to determine flow resistances around the primary side piping,
and for purging the primary side of noncondensible gases (air, helium) during filling
operations. The steam supply line layout drawings are included in appendix C.

6-17. GENERAL INSTRUMENTATION DESCRIPTION

The data required on this task consist of temperature, power, flow, level, differential
pressures, and static pressure. The temperature data ware measured by type K
(Chromel-Alumel) thermocouples using 66°C (150°F) reference junctions, The
thermocouple locations are divided into two groups: test section bundle and loop.
Bundle thermocouples consist of heater rod, thimble wall, steam probe, and fluid
thermocouples. The heater rod thermocouples were monitored by the Computer Data
Acquisition System (CDAS) for surface temperature and overtemperature. The loop
thermocouples measure fluid, vessel wall, piping wall, insulation, steam qenerator
primary and secondary side, and tube wall temperatures.

Power input to the bundle heater rods was measured by Hall-effect watt transducers.
Power input to the bundle heater rods was measured by dual watts/rms, volts/rms, and
amps/rms transducers with an accuracy of + | percent full scale for volts and amps, and
+ 2 percent for power. These transducer systems include two sets of stepdown potential
and current transformers. The scaling factor of the transformers were accounted for

when the raw data (millivolts) were converted to engineering units.

The system pressure measurements were both static and differential. The pressure
transducers were balanced bridge strain gage devices and capacitance diaphragm
devices. The differential pressure readings measured level in the vessels and the bundle
and pressure drops across selected horizontal pipes. Standard thermoacouple calibration

table entries and the corresponding coefficients were used to compute the temperature
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values. All other channel calibration files were a straight-line interpolation of
calibration data. The sloge, intercept, and zero for the least-squares fit of a straight
line to the equipment calibration data were computed for each channel and entered into
its calibration file. The software used this straight-line formula to convert millivolts to
engineering units. Figure 6-18 presents a schematic diagrarn of the computer hardware

interface.

Flows were measured by turbine meters, rotameters, bidirectional turbine meters, and a
turbo-probe. The turbine meter was the primary flow measurement because of its high
accuracy and range. It was a standard turbine ineter with a preamplifier and flowrate
monitor to convert the pulses from the turbine blades to flow rate in gallons per
minute. The rotameters measured condensed liquid film flowrates during the reflux
condensation tests. The rotameter float displacement was converted to an analog signal
so that the flow measured by the rctameter could be recorded by the data acquisition
system. The bidirectional turbo-probe was used to measure the downcomer flow into or
out of the bundle. The turbo-probe was installed in the downcomer crossover pipe to
measure the velocity of the water in that pipe. The turbo-probe flowrace monitor analog
signal was proportional to the speed and direction of flow in the downcoiner crossover
pipe. Calibration of the turbo-probe by the manufacturer provided data conversion
from millivolts to gallons per minute for the turbo-probe analog signal. Bidirectional
turbine meters monitored flows in the unbroken and broken loop pump loop seals, and
measured reverse flows if they occurred. A bidirectional turbine meter, also installed in
the line connecting the pressurizer to the crossover leg, was able to measure flow in

both directions during prirnary side mass depletion or mass increase modes.
6-18. DATA ACQUISITION SYSTEM

Primarily, three types of recording systems monitor the instrumentation on the FLECHT
SEASET facility. The data acquisition systern consists of a SEL 32/77 computer,
Consolidated Control Corporation (CCC) data logger, and multiple stripchart pen
recorders. Figure 6-19, the facility instrumentation schematic diagrams, can be used in
conjunction with table 6-3 to locate and identify all the facility instrumentation

monitored by the data acquisition system.
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6-19. Computer Data Acquisition Svstem (CDAS)

The CDAS is the primary data collecting system used on the FLECHT facility and
consists of a SEL 32/77 computer and associated equipment. The system can record 576

channels of analog input data representing bundle and system temperatures, bundle
power, flows, and absolute and differential pressures. The computer is capable of

storing data scans for each of the 576 analog input channels.
The computer software has the following features:
-- A calibration file to convert raw data into engineering units

-- A preliminary data reduction program which transfers the raw data stored cn a disk
to a magnetic tape in a format compatible for entry into a Control Data

Corporation 7600 computer

--  Program F-LOOK, which reduces raw data into engineering units; program FVALID,
which prints out key data used in validating FLECHT SEASET runs; program PLOT,
which plots up to four data channels on a single graph. All three programs are

utilized to evaluate test runs.

In addition to its role as data acquisition system, the computer also plays a key role in
the performance of an experimental run. Important control functions include control of
injections, flow, and power as well as termination of bundle power in the event of an
overtemperature and/or overpressure condition. Table 6-4 lists the instrumentation

recorded on the CDAS.

6-20. Data Logger

The CCC data logger is a microprocessor-based data logger which can record on either
21-column paper or digital magnetic tape. The paper readout feature is used to monitor
loop heatup, . d the digital magnetic tape recorder stores data during a test. Data are
recorded in engineering units from either standard conversion tables or thermocouples

and RTDs, or from preprogrammed calibration files for pressure and flow. Input signals
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TABLE 6-3

FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS OVERALL INSTRUMENTATION LIST

Component /Instrument ation

Number of Channels Used

CDAS

CcccC

Stripchart
Recorder

TEST SECTION
Rod Bundl e:

Heater rod thermocoupl es

Bare thermocoupl es

Heated thermocoupl es

Thimble thermocoupl es

Ground plate fluid thermocoupl es
Ground plate wall thermocoupl es

Power:

Primary
Rec sidant

Housing:

Wall thermocouples
Irsul ation t hermocoupl es
Differential pressure cells

L ower plenum:

Fluid thermocouple
Wall thermocouple
Irsulation thermocouple

Upper plenum:

Pressure

Differential pressure cells
Wall temperat ure

Core plate fluid temperat ure
Care plate wall temperat ure
Irsul ation temperat ure

w
bt Pt ot W W W »—.-Ia:\ou

e R ™

NN
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TABLE 6-3 (cont)

FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS OVERALL INSTRUMENTATION LIST

Component/Instrumentation

Number of Channels Used

CDAS

cCC

Stripchart
Recorder

UNBROKEN LOOP

Hot leg
Fluid thermocouple
Wall thermocouple
Insulation thermocouple
Flow (rotameter)
Differential pressure

Pump loop seal:
Fluid thermocouple
Wall thermocouple
Insulation thermocouple
Flow
Differential pressure cell

Cold Leg
Fluid thermocouple
Wall thermocouple
Insulation thermocouple
Flow (rotameter)

BROKEN LOOP

Hot Leag:
Fluid thermocouples

Wall thermocouples
Insulation thermocouples
Flow (rotameter)
Differential pressure

Pump loop seal:
Fluid thermocouples
Wall thermocouples
Insuiation thermocouples
Flow
Differential pressure

19
10

-

17
10

1

—— N\ AN

-
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TABLE 6-3 (cont)

FLECHT-SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS OVERALL INSTRUMENTATION LIST

Number of Channels Used

Component/Instrumentation

CDAS

CCC

Stripchart
Recorder

Cold Leg:
Fluid thermocouples
Wall thermocouples
Insulation thermocouples
Flow (rotarneter)

UNBROKEN LOOP STEAM GENERATORS

Inlet side:
Primary fluid thermocouples (steam probes)
Tube wall thermocouples
Secondary side fluic thermocouples
Shell wall thermocouples
Insulation thermocouples
Primary differential pressures(@)

QOutlet side:
Primary fluid thermocouples (steam probes)
Tube wall thermocouples
Secondary side fluid thermocouples
Sheli wall thermocouples
Insulation thermocouples
Primary differential pressures

Secondary side cooling system:
Fluid thermocouples
Static pressures
Differential pressures (overall)
Differential pressure (orifice plate)

= N N0

23
25
25

21
15

S

— e N N

pumcpp— N

— - )

a. Including inlet-outlet primary side a°
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TABLE 6-3 (cont)

FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS OVERALL INSTRUMENTATION LIST

Number of Channels Used

Stripchart
Component/Instrumentation CDAS e Recorder
BROKEN LOOP STEAM GENERATOR
Inlet side:
Primary fluid thermocouples (steam probes) 22 -- 1
Tube wall thermocouples 27 -- --
Secondary side fluid thermocouples 27 - --
Shell wall thermocouples 2 4 --
Insulation thermocouples l 4 --
Primary differertial pressures(a) 3 3 --
Outlet sice:
Primary fluid thermocouples (steem probes) 20 - I
Tube wall thermocouples 19 -- --
Secondary side fluid thermocouples 14 -- --
Shell wall thermocouples 2 4 --
Insulation thermocouples | 4 --
Primary differential pressures 1 1 --
Secondary side cooling system:
Fluic thermocouples 2 -- 2
Static pressures 2 2 1
Differential pressure (overall) | 1 |
Differential pressure (orifice plate) | 1 1
Downcomer:
Pressure 2 2 1
Differential pressures 2 2 2
Fluic temperature 2 -- |
Wall temperature 2 -- --
2 o 1.8

Insulation Temperature

Crossover leq:
Flow (bidirectional turbo-probe)
Fluid temperature
Wall temperature
Insulation temperature

——— —

a. Including inlet-outlet primary side AP
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TABLE 6-3 (cont
FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS OV§ RALL INSTRUMENTATION LIST

Number of Channels Used

Stripchart
Component/Instrumentatior CDAS Recorder

MISCELLANEQO

Accumulator no. | (pressurizer
Pressure
Differential pressure level
Fluid temperature
Wall temperature

Accumulator no. 2
Pressure and cold leq injecti

Differential pressure (level
Fluid temperature!!
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TABLE 6-4

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST
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TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

CHANGEL 9 MEATER %70 T/C LR & KANGE®U=,000 ODco

CHaN =L 9 4EATER 23D T/C 6F5=C RANGEIJ=1000 Dcw

CHANNEL 10 4cATER 200 T/¢C 0€5=7 kanbetv~ivww Db
CHANNIL 11 4EATER 20D T/C SES=7 hhneetd=luel DEG
CHANNEL 12 4EATER 00 T/C TJ6=C KANGLE1)=1000 Oc6
CHANNEL 13 ASATFR 200 T/¢C 1CHe -0 mAnoctu=luie DEG
CMANNEL 14 HEATER 200 T/C 606-0 KANGelu=loWw VEG
FHINNEL 1% HEATER 200 T/¢C Ego=-0 KANGEI0=1000 Dew
FHANNEL 16 HEATER Q0D T1/C E56=0 RANGE W=1uil Ve
CHANNEL 17 HEATER 20D T/C SFo=¢ KANGE tU=Lv 00 DEG
FHANNEL 18 AFATER ROD T/C Tk?=C RANGe 19=ivll LEG
CHANNEL 19 4SATER Q00 T/C T6Y=0 kaNGE 19=1lueC DEG
CHANNeL 20 HMEATER ROC T/C SL7-C KANGE1D-1000 DEG
CHANNZL 21 4SATER 20D T/C EAT=-C kANGEII=Llubd DEG
CHANNEL 22 4EATER 200 T/¢C EHT=6 KANoe#d=luvsl VEG
CHANNEL 23 4ZATER 20D T/C SLT=¢ KANGEIVU=1000 De6
CHANNEL 264 4YEATER R0D T/C eca-¢ KANoEfu=luwl vEL
CHANNEL 25 4EATER R0D T/C 5F8=-0 KANocto=lull DEG
CHENYEL 26 HEATER Q0D T/C 7J9-3 KANoc10=10C0 DEG
CHANNEL 27 HAFEATER RCD T/C Tt9=3 kANGEID=10CV VEL
CHANNEL 28 AEATEK 20D T/C 7x10-0 XANGEID=10LL bEG
CHANNEL 26 REATE® 200 TrC 1(G1C=0 KANog tu=10C0 OEG
CHANNGEL 30 HEATER ROD T/C PCl1l=-v kKANoe 1J=1C0L0 wt G
CHMNYZEL 31 4SATER ROC Y/ 5Fll=v RANGEIu=lulL DEW
CHANNFL 32 ABATER R0D 7/C 74116 KiNoe10=-1000 ULEG
CHBNJIEL 33 HEATER «30 T/C TEll=-8 kAN tU=Luu0 wveb
CHANNFL 34 9ARE T/¢C T15-¢C KiNoc 1u=50L VEG »
CHAMNEL 35 HeATED T/C T65=C kAnoctu=20C LEG F
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST
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STA=C3  1INBRK
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STA=03 UN3KX
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STA=CS UNBRX
STA-0% UNBRX
ST4-05 UNBRK
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kANoc 10-200
KANGE10=390
RANoLt9=20v0
hANGEIU=OLL
KANwE1U=20C
KANGEID-200
KANG E 1=300
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TABLE 6-4 (cont)
FLECHTS;ASETNATURALCHRCULATKWJAND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

CHANNTFL T/¢C STA<05 UNBRK LLJP mul RANLe1U=50)
CHaNNTL T/C STA-C® UNBRK Ludr M1 RANGEty=50"
CTHMANNEL T/C STa=068 UNARK LOJP mOT KANGL IY=500
CHANNEL T/C STA=-0ec UNBRK Ly0P mII RANGE10-500
CHANNEL ¢ 0 STA-0& UNSIX LLJr wWOT RANGLI =500
CHANNEL . $Ta-0¢ UNBRK Lud? M1l KANuEty~300
CHANNE L C STA=0& UNBRK ((uP KANGE1U-%00
FHANNE ' 0 C STa=C7 UNBRK WP RANGEIQ=50N
CHANNE ( ! STa=uT7 UNBRKXK LyOv RANGE10-500
CHANNFE] g STA=08 UNaRK v RaNot10=-50n
CHANNEL 5 )1 ( C1a=-0¢F JNIR ¥ KANGLIQ=5T)
CHANNE | P ! C 1406 UNI R KANuEIU=5y)
CHANYNEL 3 ) LU . STA-0S UNBR’X ) RANGt 9=%500
CHANNEL 1P ¢ 1L C $T.=1¢ UNALK Ure wHJl KANLE1U=5N)
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TABLE 6-4 (cont

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

CHANNEL L ' LP SEAL
CHANNEL LF SEAL
CHaNNEL
CHANNEL . UN3Y L Jdur RANGL10-500
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6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST
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TABLE 6-4 (cont)

REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

FLUID
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FLUID
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FLUTD
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WP Stal
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TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

BOT FLUID 71/C  §TA=-44
TAP FLUID T/C . Ta=43
83T FLUID T/C  STA=4:
TOP FLUID T/C STa=4e¢
TOP waALL TIC STa=4e
80T FLUID T/C STA=4¢
30T waLl 170 STa=4e
33T INSUL  T/C  STa=4e
TAOP FLUID T/C STa=47
fop waLl 1c $Ta=47
TIP INJIL  T/0 STaA=4?
337 FLUID T/C STa=e7
397 waALL 170 SVa=&7
TOP FLUID T/C STA=4B
TP waLl 170 STa=st
39T FLUID T/C STa=4@
307 waLlL 1/C  STa=4e
BIT INSJUL  T/C  STa=4r
CILD LeG InJ IN FL T/C
ACCUN | FL T/C
EXIT NDZ up PR

INLET 2LAN ST PR

INLET daLL T/¢C

QUTLY PLNN ST Fn

OUTLT sdaLL T/C

INL TUBE waLL T/C

SRK LuuP CuLld

BRK LUOP LOLD

BRX LOCP Culo

BRK LUUP cuLd

BRK LOUF CuULv

8RX LOLP CuUlv

IR LUUP Cuiv

SR LUCP 0w

IK LOUOP CoLv

dRX LOOP Cuty

IRK LOWP CuULL

$RY LLuP (OLD

ARN Luufl UL

BRK

Luur Culd

ARK LUUF OO

BRX LuuP 0L

BRK LulF LULD

ARK LUuP JL

LEG
Leé
LEG
Leb
LEw
vEo
LEG
Leé
439
LeG
Leé
Lt e
Leb
Liv
LEG
LeG
LeG

LEL

UNBRK Ldu? LJILD b

UNBRK | LuP

JNBRK LOur T

UNBRX LuOr T

UNBRX LLGP T

UNBRX LCOP T

FT UNBRK Luly

INL
INL
INL

INL

TLAE Wall T/C
TUde WallL T/
SEC SIDE F=14C

Stl SIOt F=T/4C

© O © o 2

FT UNBkK
FT UNBKK
FT UNBKK

FT UNBKK
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LUuP
Luge
Laur

L0or

GeN
wiN
GEN
wEN
37
Fa
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5T

al

ol LeG
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RANGL10~500
RANGETI =500
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KANGEIU=50N
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KANuEI1Y=5010
KANGEIQ=50N
KANGEL Q=500
RANGEI9=5N0
KANGE1u=500
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KANGE Q=500
KANuE1Q=300
RANGLIU=300
RANGEI Y=50N
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CHANNEL
CHANNEL
CHANNEL
FHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHAMNEL
CHAMNFL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL

CHANNEL

219
211
212
213
214
215
216

218
219
220
221
222
223
224
225
226
227
<28
225
239
231
232
233
234
235
236
237
238
239

INL
INL
INL
INL
INL
INL
INL
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Nt
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Il
INL
INL
INL
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INL
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L

TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

SEC SIDE F=T/C
SEC SIDE F=-T/C

TU3E wmALL T/C
TUIE wall T/C
TL3E waAll T/C
TUBE wall T/C

SEC SIDE F=T/C
SEC Sice F=T2C
SEC 3Ivk F=T/C

TUSE wall T/C

TL3E wALL T/C

Tuse waLll T/C

SeC SIDE F=T/C

SeC Slut F=T/C

SeC SIVE F=-T/C

SEC SICE F=-T/C

PRI ST PR

PRI T PR

PRI ST PR

PR{ ST PF¥

SEC SI1DE F=-T/C

SEC S10c F=T/C

SEC FL TIC

SEC SiDE F=T/C

TUSE waLL T/C

TUBE wall T/C

Tude WALL T/C

Tus: wall T/C

SEC Ssve F=1/C

SEC SIDE F=T/C

0 kT
g k3

5 FT

o5 FT

«d FY

5 FT

s% FY

«d FY

«d FY
1 FT
1 FT
1 &
1 FT
1 FT
1 FT
1 FT
1 FT
1 FT
1 FT
1 FT
1.5 FT
15 FT
1¢5 FT
15 FT
2 FT
2 FT
2 FT
2 FT
2 T
2 FT

UNBRK LOwP 31

UNBkk LOGP ST

UNBKR LUWP T

UNBKK LOuP T

UNBrK LULP 3T

UNERR LUuP 31

UNBEK LJuP 5T

UNBkK LOWP T

UNBRK Ldur T

UNBRK LOWP T

UNBRR LULLP o1

UNBRK oLL? T

UNBRK LulP ol

UNpkk LulP ol

UNBRK LduP 5T

UNBkK LuuP 37

UNBRK LULP §T

UNBKkK LCUP T

UNgrK LULY 1

UNBKK LOLP T

UNBRK LOLP T

UNgRK LULP of

UNBRK LUw? o7

UNork LUlP T

UNgke LuCP 3T

UNBRK LOLP o7

UNBEK LOuP LT

UNBRK LUur
UNpeK Lulr

UNBRK L OuP
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GEN
GEN
GEN
GEN
Gen
GeN
GEN
GEN

GeN

GeN
GeN
GEN
GEN
6N
GEN
GEN
GeN
UL
GEN
GEN
GEN
GeN
GEN
GEN
GEN
GEN
GEN
GEN

GEN

24
3l
102
o8}
119
127

32
YR
115

i26

L9
23
33
327
EFRV)
323

329

il
24
34
e
116
2l
12y

4L

H=7

A=n

0-501
N=500
0=-500
0-507
0=-500
0-500
0-57
0-500
0=500
0=-501
0-500
0-501

0-507

C=,2 0-530

E=v
H=1
8=-6
C=4

U=4

A=4
C=5
c=0
H=7

8-3

H=9
A=4

L=2

0-501
0-500
0-510
0-599
0-50n
0=50n
0-5030
0-500
0=50n
0-500
0-500
0-50n
0=50n
0-500
0=500

N=-£00



TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

CHANNE | . 34 FT UNBkK
FHANYEL 2 S FT UNbxK
FHANNEL 2 ; UNBER
CHANNE 3 ; ¢ 5 UNB KK
FUaNYy T TLL C INBRK
CHANYE . JNERR
CHaNNTL . : 3 INGKK
CHANNE - HINBrK
CHANYEL 2458 . SIDE FT UNowK
CHANNGE I S . UNpkX
CHANNF 1 § I UNBxK
CHANNE 2¢ | 1 UNERK
CHANNE : ‘ v 5 ¢ "INogkK
FHANNE] 53 1| S P § ¢ UNBKK
CHINNEL 2% B UNERK
CHANNEL 5 } £ C F UNpkR
CHANNG 56 i £C ( UNBRK
CHANNE 1 UNBKkK
CHANNG 2586 L SEC g UNBnK
CHaNNE NL SEC I 10 UNBXK

UNERK

UNBKK




TABLE 6-4 (cont)
ECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

CHANNEL ) SEC SIDE r=T/C 27 FT UNBxK Lulr ot ( N=55%
CHANYEL PRy >7 27 FT UNbkr LOUF T . 0=50N
CHMANNEL 7 PRI ST PR 27 FT UNexk LOLP T 0=520
CHANNE L PEL ST P& FT UNoxk LOUF T ) 0N=59n
CHANNEL $T PR FT JNGRK LOuP 21 =50)
CHANNEL 2 ) C FT UNpxxk LOUY a1 . n=500
CHANNEL 2 { § & C , FT UNBKK wulr T 0-501
CHANMEL 2 FT UNBer LLLP 3T 0-30)
CHANNEL ) JB < : FT UNBRK LUWP T 0-500
CHANNFL 277 3 f FT UNBRK (uu? 5T > 0=500
CHANNFL 3 g 2 FT UNBRX Luw? ST

CHANNEL 279 ] S FT UNpan 7

CHANNEL UNBaK al
CHAMNEL 28 ) § . Jnekk LD 5
CHANNT L ) { - R UNB KK > 1
CHANNTL ] p S UNBAK 7
CHANNTL f | C JNERK 3!
CHANNEL 2B L C 1 FT UNpkk of
CHANNEL 7 E 3 FT UNBrK 37
CHANNEL ST PP FT UNBRK 31
CHAMY L 7 ) < % | PR FT UNBEK a7
CHANNEL 2 { 51 PR FT UNBKK 57
CHAMIFL shll Y/C FT UNBKK 31
CHANNFL G ) UBE wall T/C FT UNERK >7
CHINNEL SIDEF-T/C ET UNBKNK 27
CHANVEL L WALl T/C FT UNBRK a1
CHANNTL ) U wALL T/C FT UNERK 2l
CHANNEL wAll TsC FT UNbBRK 31
CHANNEL wAll 1/C ¢ FT UNpuK 51

CHANNEL ] tEC SIDEF=T/C FT UNBRK 31




CHANVEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANYFL
CHANNEL
CHANNEL
CHANNFL
CHANNE L
CHANNFL
CHANMETL
CHANNG L
CHANNE
CHENNG L
CHANNEL
CHANNEL
CHANNE L
CHANNEL
CHANYFL
CHANNEL
CHANNEL
CHANNFEL
CHANNEL
CHANNEL
CHANNEL
CFHANNE L

CHANNEL

298
299
300
n1
302
303
304
ics
3T
c?
3ce
309
310
ER DY
312
313
ER R
315
316
ER
318
319
329
321
322
323
324
325
326
327

TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TE5TS

CDAS INSTRUMENTATION LIST

GUTL PRI ST e
OUTL PRI ST ¥R
QUTL PRI ST pr
QUTL PRI ST PB
OUTL TUu3e wALL T/C
JUTL TUIE WALL T/¢C
QUTL TU3IE wALL T/C
QUTL TURE wALL T/C
JUTL SeC SIDeF=T/C
QUTL PRI ST PR
JUTL PRI ST PR
QUTL PRI ST Pk
JUTL PRI ST #w
JUTL Tude wALL T/¢C
JUTL SEC SIDEF=T/C
JUTL 5¢ SI0EF=T/C
OUTL TUIE waLL T/C
JUTL SEC S4DF F=T/C
JUTL SEC SID: F=1/¢
QUTL SeC SIDE F=Y/(C
JUTL PRI ST PR
JuTL PRI 5T PR
NUTL PRI ST ¥R
ACCUN 2 F=T/C
INL TUuds waLL T/C
INL Tusce daLl T/C
INL TUBE walL T/C
INL SEC S1DE F=T/C
INL SEC SIDE F=T/C
INL StC SIDE F=T/C

2 FT
2 FT
FT

2 ¢T
1 FT
1 FT
1 FT
1 FT
1 FT
1 FT
1 FT
1 FT
1 FT
5 FT
o3 €1
5 FT
0 FT
9 FT
8 =y
I
S FT
L) FT
o L |
«25 FT
«25 FT
025 FY
«25 FT
o25 FT
«25 FT

UNBRK LOCP
UNBaK LuUL"
UNgnrn LGLP
UNBKK L JOP
UNBRK LOCP
UNBRK LOur
UNBRR LOUP
UNBxK (OL¥
UNowxk LOLP
UNgxK LulP
UNBRK LULP
UNpkK LQOu?
UNBeK L Jyu?®
UNErK LLLY
UNBRK LowP?
UNBRA LULDLP
UNbrn (OLP
UNokR LuwP
UNBra LOuP
UNBKK LJuP
UNork LGULP
UNBRK Luur

UNBRK LJur

BRK LUJP 5T

BPK LJJP §1

BRK LudP §1

BRK LOOP 1

BRK LuuP §1

BRr Ludr S

6-89

sl
al
St
a7
3T
a7
al
ST
1
a7
al
sl
3T
>1
sl
P
al
al
o
a1
a7
o1

51

GLN
LN
i
GEN
GEN
GEN
GEN
GeN
GEN

WEN

GEN
Gen
GuN
GEN
SN

GEn

GEN

GeN

g3

GEN

GEN

GEN

30.
w7
7
v
136
140
14

v

e
le
e
33

e

5S¢
14
41
4y
35
33¢C
3le
305

73
69
4t
A9F
76

1a

b=s

N=2

LES LL
0-5u)
0=500
0-500
0-50)
0-5n0
0-509
0-509
0-5010
0-50n
f=500
0=50%
0-5n0)
I=50)
0=500
=597
0-50)
0=500
0=5nn
0-500
0=500
f=50"
0=500
N=50n0
r=-500
0-500
0-500
0~-50n
0-53)
0=500



TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

CHANNEL 328 INL Tusc wall T/C 1 FT BRn LOUP 3T GEN 54 A=> 0-500
CHONNEL 329 INL Tude waLl T/C 1 FT BEK LOOP 37 Gen 40 (=4 3-50)
CHANNEL 33C INL TUB: waLL T/C 1 FT BRX LuJP 51 GEN 45 =« 0-509
CHANNEL 331 INL SLS SIDE F=T/C 1 FT Ban Ldu? a1 Gen 2vT  8=0 0=50M
CHANNFL 332 IML SEC S10e F=T/C | FT ARR LJJ? 3T GeN 5t 0=-3 0-500

CHANNEL 333 INL SEC SIOF F=T/¢C 1 FT BRK LuuP ST GeN L1k F=o 0=500

CHMANNEL 3346 INL PRI ST PP 1 FT BPK LJuP 5T GEN W (=3 0=5M
CHANNEL 335 INL PRI A | PR 1 FT 33n LUJ? ST GeN il13 8-=3 0-5))
CHANNEL 338 INL PRI 51 PR 1 FT BRr LOUP 3T =N Llc A=7 0-=500
CHANNEL 337 INL TU3E wall T/ 2 FT BRK LOJP 5T uEN 53 A=5 N=5nN
CHAYNFL 338 INL TL3® wall Y/ 2 FT BRR LJJP 5T oEN v o=+ 0-500
CHANNFL 339 [NL TUu3: wall Y/C 2 FT BER LUJP 5T GkN 4y =4 J=5N0,
CHANNEL 340 INL SEC SIUE F=T/( 2 FIT BRr LOJP 51 oEN 15 B=6 0-50)
CHAMNEL 341 INL SEC SIDE F=-T/C 2 FT BRK (uJP 5T GLEN 24A)l U=3> 0-5))
CHANNEL 342 INL SEC SIDE F=T/C 2 FT 8RR LUJP ST uEN 10 F=b6 0=50)
CHANNEL 343 INL PR] >T PP 2 FT BRx LOJP 3T GEN 10 Cen =509
CHANNEL 344 INL PRI ST op 2 FT BRK LOJP 3T GEN 106 ©=3 0-50"
CHANNEL 345 INL PRI ST PR 2 FT BRea LOJP 5T GEN lue A=7 0-59)
CRUMNEL 346 INL TUSE wall T/C - FY BRK LJJ? 3T GeN 59 A=3 0-500
CHANNEL 367 INL TUsE waLl Y/C - FY BRn LJJ? 5T GEN 71 L=4 0-502
FHANNEL 348 INL TUBE saLl T/C - FT BEK LUU”Y ST eeN 26 t=4 0=50)
CHANNEL 349 INL SEC SIDE F=T/0 & FT BRx LOOF 5T GEN 6F B=o 0-%00
CHANNEL 359 INL SEC SIDE F=-T/ & FT BRK LJydP ST GtN 25A2 D=5 0-500
CHANNEL 351 INL SEC SIULE F=T/C - FT BRK LUOP? ST GEkN 26 F=o 0-50N
CHANNFL 352 INL PRI ST PR - FT ARk LUJd? o1 GEN lv2 C=g 0-500
CHANNEL 353 INL PRI ST P - FT 8Rr LOJP ST GEN 1486 8-3 0-500
FHAMMEL 354 [NL PRI ST PE « FT BFPK Lud¥Y 3T GeN 119 A=7 0-500
CHINNEL 355 INL TUusz wall 1/C 6 FT B8Qx Lud? 5T Gew v A=3 0=50N0
CHANYEL 356 INL TUAF wall T/C ¢ FT 8Fn LUJP ST oW 6 (=4 0=500
CHONNEL 357 INL TU4T wall T/¢C 6 FT 3%k Lud¥ ST GEN L c=& 0=5¢C
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CHANNEL
CHANNE L
CHANNEL
CHANGEL
CHANVEL
CHANNEL
CHANNEL
CHAMNEL
CHANNT L
CHANNEL
CHANYEL
CHANNEL
CHANNEL
FHaNNE
CHANNEL
CHANNEL
CHANNEL
FHANNEL
CHANNEL
CHANNE L
CHANNEL
CHANNEL
CHANNFL
CHANNEL
CHANNEL
CHANNE L
CHANNEL

CHANYEL

369
379
371
2
e
174
375
17e
I
178
179
80
181
182
183
384

jes

INL
INL
INL
INL
INL
INL
InL
Nt
INL
InL
INL
INL
INL
INL
INL
INL
INL
INL
INL
INL
INL
INL
INL
INL
INL
INL
INL

INL

TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

SEC SIDE F=T/C
SEC SIDE F=-T/C

SEC S10e F=T/C

PRI ST ok
PRL.-SF M
PRI ST PR

TU3E gall T/¢
TU3E wall V/¢C
TUdc wALL T/C
SEC SIDE F=1/¢C
SEC SIDE F=T1/C
SEC SIOF F=T/C
PRL 5T Pk
PRI ST pe
PRL ST PR
TUBE wall T/¢C
TuB: wall T/C
TUBE wall T/¢C
SEC SIDE F=T/C
SEC SIDE F=T/C
SEC SI0E F=-T/C
PRI ST PR
PRI ST PR
PRI ST PR
Tud: wall T/C
Tud: wALL T/C
TUsS watLl T/¢C

StC SI1DZ F=T/C

6

v
10
10
12
10
10
10
10
i0
20
20
20
20
20
20
15
15
27
27
27

27

(31
3
3]
F1
T
Fr
Fi
FY
Fr
3]
Fr
£1
Fr
1
Fr
FY
Fr
F1
ET
Fr
Fi
T
Fr
FY
£1
FY
FY

T

BRK
IRK
Ban
LLEN
LEX S
BRK
Rk
LLEY
BRK
ELES
BRN
BRx
BREK
BRK
EL R
BRK
LR
BRK
LEE
BRA
ARK
LERY
LLEN
BRK
ARK
LLE
ELE

fan

6-9|

LiJe
LUy
LuuP
Luae
Lugr
e
Laae
Luae
e
LJJv
Lude
LJup
LGae
LOuv
Luoe
Laae
LauP
Lour
LdJe
Loav
Loup
LuJe
LUur
Laae
Ldur
LJJP
LudP

Lale

a7
31
al
2l
sl
2l
al
al
37
2T
al
51
st
St
>1
a7
a7
ST
P |
a1
a1
ST
al
a1
30
a7
3l

aTl

bun
GEN
GEN
GeN
wEN
GEN
GEN
GEN
GEN
GeN
GEN
GeN
GEN
GEN
GEN
GEN
GeN
GEN
GEN
beN
weh
wEN
GEN
GeN
GEN
GeN
GEN

GeN

43n
44l

47L
o0
o0
04

.
-

29
23
e
33H
20A
15¢
loe
164
67
72
3o
16w
290
A4N
15¢
lseo
149
3o
s
27

28

F=o

C=o

6=

e=s

0-501
0-500
0=500
0-501
0-501
0-500
0=%00
0-500
0-50n
0=50)
0-507
0=-501
0=509
0-500
0-500
0-509
0-500
0=500
0A=509
0-50)
=520
0-500
0-521
0-50)
I-591
0-500
0-59)
C=-599




FHANNEL
CHANNEL
CHANNEL
CHINNEL
CHANNEL
CHANNEL
CHANNFL
CHANNEL
CHANMEL
CHANNEL
CHENNTL
FHANNEL
CHANNTL
CHANNEL
CHANNEL
CHANNEL
CHANMEL
CHANNEL
CHANNEL
CHANNEL
CHAMYEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL

CHANNEL

388
87
3es
386
390
391
392
393
3194
395
196
387
198
399
400
401
402
403
404
L% ]
408
407

408

410
411
412

TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

Nt
IAL
INL
INL
INL
INL
INL
INL
INL
INL
INL
quTL
JuTL
JUTL
quTL
UTL
ouTL
WrTL
ouTL
JuTL
WTL
JUTL
JuTL
JuTL
JuTL
JuTiL
guTL
JuTL
QuTL

ouTt

REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

Se §
S¢C §
PRI
PRI
PRI
TL3E
Tuse
Tus:
SEC S
SeC §
SEC §
PRI
PRI
PR
TUE
Tu3E
Sel
SEC
PRl
PRI
PRl
TuaEk
TUBE
Tusde

SEC

PRI
Prl

Tuit

10c F=T/C 27
10g F=T/C 27
ST PR 27
ST PR 27
ST PP 27
waAll T7C 35
wALL Tr7C 35
WALL T/C 35
IDE F=T/C 25
10€ F=T/C 35
I10E F=T2C 35
3T PR &
sT PR 27
st 2 27
WALL T/C 2¢
wALL T/C 20
106 F=T/C 2C
SIDE F=T/C 20

2T PR 15

37T PR 1%
5T PR &)
wAlLl T/C 10

wALL T/C 42
wALl T/C 1C
SIDE F=1/C 1¢
SIDE #F=1/C 1C

ST PR ic
ST PE ic
ST Pk 1C
wAll T/C &

FI
Fr
FT
FT
ET
F1
Fr
3]
FT
FT
T
FT
F1
Fi
FT
FT
FY
Fr
FT
FT
T
FI
FT
FT
Fr
FT
FT
FT
ET

FY

ARn
LLEY
AR K
ARK
ARK
BRK
ARK
BRN
BRK
BRK
BRK
LR
8RK
8RN
3R K
BRK
BRK
BRn
LAY
8RN
BRR
BRK
BRr
LR
8%k
LLE N
BRAN
BRK
BR K

BRn

LuJ¥
LUJP
LJJP
LUUP
Luub
Lour
Luub
Lui?
Ludr
LuuP
LUy
LuJP
La0?
Luor
Loar
Luare
Ludre
Laup
Luub
LuuP
LuJPp
(RN
wJJP
LJup
LooeP
LuJy
Luorp
Ldav
LuQry

Laoe

31
sl
31
7
ST
>17
ST
>l
ST
sl
a1
5t
o7
a1
51
sl
5T
31
ST
51
51
st
31
al
5T
s7
sl
51
37

2l

GEn
GEn
GeN
wkn
(T3]
wEN
GEN
GEN
GEN
GiN
GEN
GEN
GEN
GEN
GEN
GEN
GLN
GEN
GEN
GeN
GEN
wEN
GEn
GLN
Geh
LEN
GeN
VEN
GEN

GEN

278
ER R

ivu

70
75
33
3C

“u

65
(-1
16°
17¢
148
15¢
451
3v
2o
3l
34l
31F
63
il1e3

17¢

&9

0=11

J=s
L=9
o=Z

k=5

0-500
0=5n9
n-50"
0-599)
0-500
0-501
0-500
0-500
0-50n
0=-500
0-500
0-5u"
0-50)

0-500
0-500
0-500
0-50)
0-509

V=il 0-500

=6
L=2
6=2
K=2

&=y

0-500
0-500
0-500
0=50"
0-5J)
0-50)3
0-50n

0-500

F=5 0=500

0=4

e

0=5J"

0-501



CHANNEL
CHANNEL
CHANNFL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHINYEL
CHANNEL
CHANNFL
CHAVNEL
CHANNEL
CHANNTL
CHANNEL
CHANNEL
cuaNNE
CHANNEL
CHANNEL
CHANNEL
CHANNFEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL

CHANNEL

qle
417
418
419
429
421
422
423
h24
425
6§26
427
428
«29
430
631
432
4«33
434
435
436
437
438
43§
440
441
442
443
T

445

JuTL
QuTL
JuTL
ouTL
JuTL
UL
quTL
JuTL
ouTL
ouTL
qUTL
auTL
QuUTL
ouTL
0uTL
JuTL
JUTL
JuTL
L
quTL
uTL
ouTL
JuTL
JuTL
ouTL
WTL
JuTL
JUTL
0uTL
WTL

TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST
TUBE WALL T/C & FT BRK LJJP ST weN
SEC SIDE F=1/C & FT BRK LUJP ST GEN
SeC SIDE F=1/C & FT BRK LUJF 5T GEN
PRI ST PR 6 FT 8RK LuJP 3T GEN
PRI ST pR ) FT BRR LUJIP 51 GEN
TUAE wALL T/C « FT 3RK LOJP 3T GEN
TudE waALL T/C & FT BRA LUJP 31 wkN
TUSE waALL T/C & FT BRK LuuP >T GEN
SEC S10c Fe1/C 4 FT BPK LUOP 31 GEN
SEC SI0E F=1/C ¢ FT BRA LUUP 5T Giw
PR ST pw 4 FT %K Lui? ST GeN
PR ST PR - FT 3RK LJIF 3T GeN
TJBE waLL TsC 2 FT 3RK LUUP 5T N
TJSE wALL TsC 2 FT BRK L iP 5T Gin
TUSE wall T/C 2 FT BRK LOJP ST GEN
SEC SIDE F=1/C 2 FT BRK LUJdr 31 GeN
Sec SIDE F=-TsC 2 FT AR (UJP AT 6N
P2 ST g 2 FT 8RR LudP 5T GeN
TJBE wALL T/C 1 FT BRK LUUP 37 GiN
TUSE waLl T/C 1 FT BRK LCJP 51 GiN
TUSE wALL T/C 1 FT BRK LUDP 3T oEN
SEC SIDE F=-T7C 1 FT BRK LJUP ST GeN
SEC SIDE F=T/C 1 FI BRK LUQP 5T GEn
PRI ST PR 1 FT BRR LUUP 5T GeN
Pxl ST PR 1 FT BRK LUUP 51 GEN
PRI 5T PF 1 FT BRK LUUP 51 wobN
TUBE wALL T/C 425 FT 8RK LuJdP 31 uwEN
TUSE dALL T/C 425 FT BRK LOuP >T GEN
TUBE wAlL T/C ,2% FT BRE LUJP 31 GEN
SEC S10€ F=T/C 425 FT BRR LUOP 5T GeN

6-93

vo
“0¢
159

154

50

FY Y
e
61
2¢
T
LYY
L
07
2¢
44
43
Z1u
120
109
v
110
63
47
57

22V

L=
6=2
A=2
0=}

L ' 8

0-500
0-50n
0-500
0-500
0-501
0-%500
0-502
0=501
v=521
0-500
0-501
0-5))
0=509
f=501
0=500

0-500
0=50"
0-52)

0=501
0-502
0-507
0=50n0
0-500
0-50%
0-500
0-509
0-50)
0-509

0-500



TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS
CDAS INSTRUMENTATION LIST

CHANNFL 446 TUTL SEC SIDE F=T/C 425 FT B9k LUDP 31 6N 23w A=5 0-500
CMANNEL 447 OUTL PRI ST pp 2 FT SRA LudP 3T GEN 114 D=1l N-500

CHANNEL 448 JUTL PRI ST PR 0 FT BRa LuuP 51 GeN 114 t=3 0-5%500

CHANNEL 449 [INL PINY ST PR BRA LuuP 3T win RANGEIU=500
CHANMEL 450 INL PINY wall TY/C SRR LOUP 5T GEN KANGEIO-500
CHANNFL 451 JUTL PLNM ST PR BRK LUJF ST GEN KANGE10-500
FHENNEL 452 QUTL PLNY walL T/C Bk LUJP 3T GEN KANuE1y=500
CHANNTL &%3 0UTL PLNM INS  T/C AP K LUJP 31 weN KANuE 1u~500
CHANNEL 656 JUTL FLANGE WL T/C BRR LUUP 31 GeN KANGEIY=500
CHANNEL 455 JUTL FLAN INS  T/C ARK Lulr 51 Gen KANGE =500
CHMANNEL 456 [N FLANGE wL  714C Ban Ludr 5T Gen  KANGEIU=500
CHANNEL 457 INL FLANGE IN> TsC SRA LUJK 31 weN  RANGe10=500
CHANNEL 454 FLUTD  T/¢C CRUSSUYER LEL KANGE1O-500
CHANNEL 459 wALL 1/¢ CauasUVeER LEL  KANLE10=500
CHANNEL 4¢) INSUL  T/C CrUSS5UVER Leb  RANuETLU=509
CHANNEL 48] HLUID T/C LOWER PLENUM RANGEL1U=500
CHANNEL 482 wALL 17C LOweR PLeNULA KANGEiv=500
CHANNFEL 483 INSUL  1/C LUsck PLeNUM KANGETO=-500
CHANNEL 466 ADUSING wall TiIc & FT 60 Oco RANGEI =500
CHANNEL 465 HOUSING waLlL T/C & FT 135 0¢e6 KANGEty=50)
CHANNEL 4656 HOUSING wall 1/C 6,25 FT 135 Dt RANGEtu=~500
CHANNEL 467 MOUSING INSUL T/C & FT SC Dee KANGEN y=%N)
CHANNEL 468 HOUSING INSUL /8 & FT 1% deo KANGE?0=500
CHANNEL 469 HOUSING INSUL  T/C 25 FT 135 uce KANGE10=500
CHANNEL 470 GRD PLATE FL e RANGE: Q=520
CHANNEL 471 GRD PLATE wALL 1/C RANGEI =500
CHANNEL 472 (ORE PLATE FL  1/C RANGEI =500
CHANNEL 473 CORE PLATE WL T1/¢ KANGETw=501)
CHANNEL 474 UP PINY wALL T7C 1P2,75¢ wo vee kANGc ! =500
CHANNEL 475 UP PLNY INSUL  T/7C 1082727 v, Dz KANGET =510
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CHANNT L
CHANNEL
CHANNEL
CHINNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHINNFL
CHANNEL
CHMANNEL
CHAMNZL
CHANNEL
CHANNEL
CHANNE L
CHANNEL
CHANNFL
CHANNEL
CHANNT L
CHANNCL
CHANNEL
CHANNEL
CHANNEL
CHANYEL
CHAMNEL
CHANNE
CHaNN s L
CHANNE,

CHANNE L

476
77
478
475
“80
481
482
483
4es
485
4886
487
4Re
4FR9
“9C
491
452
453
494
495
498
497
498
459
sce
501
502
513

S04

UP PLNM

UP PLNY

INL FLA
INL FLA
QUTL FL

MWTL FL

INJECT LINF FL T/C

ACCum

40USINS
HOUS IN3
HOUSING
HOUS InG
40USING
40US INS
HOUS ING
HOUSING
4NUSING
qNUS ING
HOUSING
HOUSING
HOUS INS
HOUS ING

HUUSING

REFLUX CONDENSATION TESTS

TABLE 6-4 (cont)
FLECHT SEASET NATURAL CIRCULATION AND

CDAS INSTRUMENTATION LIST

wAll
InSuUL
HLULD
walLl
INSUL
FLUID
wALL
INSUL
N oWaLL
N INS
AN WL

AN INS

F=T/C
o/
o/
ore
bsP
or
ore
ore
ore
/e
o/e
ore
n/e
ore

aIP

T/C 162# 135 Dee

1/C 1682¢# 135 Dew

mwe 1 FT  Uusncutex

e @ FT  OusaluMex

¢ @ FT  DumnuuNeRr

T/7C 15,83 FT  DUnNCOMeR

T/C 15483 FT  DCavyuMer

T/IC 15423 FT  DOaNCuMcx

T/7C UNBRX LONP ST weN

T/C UNBRK LOJP ST GEn

T/7C UNBRK LOOP ST GEN

T/7C UNBRK LOOP 51 Gen
INERT GaS

C-1 FT

1=2 ¢7

2=3 FT

3=4 FT

4-5 FT

5=6  FT

6-7 FT

-8 FT

€=y FI

9-1¢ F7

1C-11 FT

11=-12 ¥7

C-12 FT

164=158,75 IN

D/P 1fc,75-106,7"

In
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RANGEIO=50)
RANGEIO=507
KANuvety=500
KANGEIO=500
RaNyktv=50)
KANGE1Y=501
KANGE10-500
KANGEIu=37)
RANGc1y=509
RANGL10=500
KANGE10-5%00
RANGLIU-500
RANGEIO=500
RANGEI =501
+= g5 PSID
= ued PSTD
ved PSID
ved PSID

- d.b PSID

4= Q.5 PSID

*= 0,5 PSID

*= 045 PSID

*= 0.5 PSID

*= veb PSID

= Ve PSID

¢= 0.5 PSID

= 5w PTID

*= 1s0 PSID

+= le¢v PS1D



CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHAMNEL
CHANNEL
CHANNFEL
CHANNEL
CHANVEL
CHANNFEL
CHANNEL
CHANNFL
CHANNEL
CHANYEL
CHANNEL
CHANNEL
CHAMNEL
CHANNFEL
CHANNEL
CHANNEL
CHANNEL
CHANNFL
CHAMNEL
CHANNFL
CHANNEL
CHANYEL
CHANNEL
CHANNFL

CHANNEL

505
506
507
5Cs
509
510
11

534
535

FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS

uep
ue
ue
ue
up
DWN
DwN
407
HOT
HOT
H07
INL

JUTL PLNM

INL=0JTL PLN®

PRI
PR
PRI
PR
PRl
PRI
SEC

INL

QUTL PLNM

INL=0JTL PiLNM

PRI
Rl

SEC

TABLE 6-4 (cont)

CDAS INSTRUMENTATION LIST

PLNY
FLNY
PLNA
PLNN
PLNM
CCazr
COvER
i:6
LZ6
Leo
Les

PLNN

TJBE
Tule
TUdE
Tule
Tudc
TU3E
SIDE

PLNM

Tua:
TU3E
SIDE

-

*-

-

-

045 PSID
ved PSID
0.5 PSID
ved PSID
Sey PSID

*+=lue0 PSID

-

UNBKK UP ST GEN

UNBRK UP ST LN

Bex UP ST GENMN

BRK UP ST GEMN

LT L
Uhdr <
PLET Y
UNBEK
VRSB K
PLLELN
UNBKK
UNBRK
UNdR R

Uhdex

WOur
Laoe
(SN
LUJP
LuJP
LudP
LUJP
LLar
LudY

LouP

st
5t
ST
3!
1
S
31
s
3

P

beN
GeN
G EN
wEN
GEN
GEN
beN
GEN
GEN

BRE Ludr 3T CeN

BRK LudP
bR LOOP
K LOJ»

oRK Luub

D/P 164:475=172.75 IN
D/P 170e75=176475 IN
D/P 1T7Ea75=182.75 IN
D/p 182,75~162 1IN
D/P 1%5€,75-209 IN
pre (=198 IN
O/P 198-T0P IN
ore INL PLNN
O/P HCY LEC RISE
ure INL PLNM
0/P HLY LEG RISE
2INe=T0P
2IN,-TCP
8=-7 0-2 FT
LR 2=4 Fr
C=6 0=2 FT
C=¢ 2=6 FT
E-2 0=-?2 FY
=t 2=4 FT
0=-T0P FT
21N o=TOP
2IN o=TLP
A=6 u=2 FT
8=-¢ 2=4 FT
o=T0P FT

COLD LEG UUTL=DWNCOMER

UPSThA DWNCOMEKR CCLD LEG INJ

COLD LEG OUTL CCwACOMER

HOUS ING=DwWNCUMER CFT

oA LUJF

5T GEN
a1 LN
51 GeN
+T 6N

21 LN

UNBkr LUJP 51 GeN

BRK LLUP ST GiN

CkUsSuver LEG

6-96

5.0 PSID
t= 2.5

¢= 2.5
*= 2,5
*= 5.0
t= 5,0
¢+~ 1,0
*= 1.N
4= 1.0
*= 1.0
= 1e0
t= 1.0
+= 1.0
*= 25,0

*= 5.0

+= 1,0

- l.o

*= 25,0
*= 10
+= 1.0
+- 1.0

+= 1,0



TABLE 6-4 (cont)
FLECHTSEASETNATURALC]RCULATKNVART

REFLUX COMNDENSATION TESTS
CDAS INSTRUMENTATION LIST

CHANNEL 5 ACCUMr Y P1T RANGE1O=cuD PSTA
CHANNEL ACCUM™ 2 PT RANGE tu=2uy PSITA
CHA N, ACCur 2 DsP ¢= lue PSID
CHANNEL J UP=DWN_OMER ExT Drp = 2.0 25ID
CHaNNLL ACCur L2IN=T0P D/P ¢~ lue PSID
CHONNE L UNAKRK LubP 5T 6EN PSID
FUANYE 2 C : RRK LudP o SN - PSID
CHANNE ; DN LEC D/P UNBKK LUDH PSID
CHMANNEL = ¢ ) D/iP BaK L(uP 5 PSID
CHANNFL %45 LA 21 PSIC
CrANNe ‘ 'S £ PSTa
CHANYE

CHANNEL

CHANYE]

CHANIT

CHANYE

CHAVNEL

CHANNE -3 ) 2 C FLO4 N

CHANNG L C S10D¢ F=T/C UNBKR

CHANNE| 5 ¢ ) g Fel/7C UNBK~n

CHANNEL . . 10 F LI F=T/C BRx

CHaNNE 57 ) SeC IPE FLOW F=T/C BRK LO. GEN

CHANNF 5 & PRl b, BUNDLE POWER KANGE 1D~ W
CHANNE . REDUNDAN BUNDLE POwWER KANGEIO-1C0O
CHANNF | ¢ ’ BUMDLE Cw: RANGLIu~]lwy
CHANNE BUMNCLE RANGEIL~fyy
CHANNEL 95672 BUNDLE KANGE 1U= LU0
CHANVEL C \ JuER KANGEIOU=10V
CHANVEL

033=2.5 GPM

CHANNEL =20 62N




FMANYFL
CHANNEL
CHANNFL
CHANNE
CHANNE

CHANNE

CHANNE L

CHIVN,

CHANNEL

CHAINNEL

CHANNGEL

> A T
(=3
MADLE

FLECHT SEASET NATURAL C

-

6-4 (cont

IRCULATION AND

EFLUX CONDENSATION TESTS

TRUMENTATION LIST

CuNd LIQ

LIC

LIQ

NE LIO

PUM

LP SEAL BRICI

PUMP LP SEAL BINI

CROSSOVE# LeC

81C

SIDE NR ;¥

SIDE ORIF
FIL®»
FILM
FILM
FILM T
FI1L™ ROTA
RECTIONAL
*ECTIONAL

IRECTINAAL

FLOw ALR PI

Fruw Mk PI

uhosK LUUP
LNEx LOJr
orr LUO¥
B LLJP
UK L UJP

LABRK LuJdF
Brn

LULUF

TukduPruoc




from the loop sensors are conditioned so that the input to the analog/digital converter is

a zero to l-volt signal. These input conditioning cards are speciciized for different
types of sensors.

Three analog/digital converters were us2d simultaneously to get a system scan rate of
45 channels per second.

The CCC data logger was used for monitoring loop heatup and aiding in equipment
troubleshooting. It records key facility, vessel, and fluid temperatures and displays
them directly in engineering units. This makes the job of monitoring loop heatup more
efficient. The CCC data logger also records millivolt data from test section and loop
differential pressure cells it thus allows the operator to keep a check on the operation
and repeatability of differential pressure cells.

6-21. Multiple-Pen Stripchart Recorders

Nine Texas Instruments and two L&N stripchart recorders are used to record bundle
power, selected bundle thermocouples, fluid thermocouples, rotameter and turbine meter
flows, turbo-probe fiows, and accumulator, housing upper plenum, downcomer, pump loop
seal and steam generator level. These recorders give the loop operators and test
directors immediate information concerning test progress and warning in the event of
system anomalies. The stripcharts give an analog recording of critical data channels as
a backup to the computer. Stripcharts are alsc needed during the heatup phase of the
facility, when the computer is not available. Table 6-5 lists the channels associated with
the strip chart recorders.

6-22. FACILITY OPERATION

A detailed procedure of how each test was conducted is given in section 7, Test
Description. The procedures discussed in the following paragraphs served as quidelines

which were subject to change or modification, depending on the test facility response
and shakedown test results.
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TABLE 6-5

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION
TESTS STRIPCHART RECORDER INSTRUMENTATION CHANNEL LIST

Component Measurement Channel No.

PRIMARY INSTRUMENTATION

Pressurizer Pressure 536

(accumulator no. 1) Level 540
Fluid temperature 489
Flow (injection line bidirectional
turbine meter) 564

Rod bundle Inlet temperature (loop piping fluid T/C) 46!
Outlet temperature (ground plate fluid T/C) 470
Inlet flow (crossover leg turbo-probe) 576
Level (overall aP) 502
Heater rod temperature 7J6-0 (zone A) 12
Heater rod temperature 7£6-0 (zone A) 13
Heater rod temperature 6D6-0 (zone B) 14
Heater rod temperature 886-0 (zone C) 15

Rod bundle Primary zone A 558
Primary zone B 560
Primery zone C 562
Redundant zone A 559
Redundant zone B 560
Redundant zone C 562

Upper plenum Pressure 546
Level (overall aP) 509

Hot legs Unbroker: loop inlet temperature (steam probe T/C) 200
Broken loop inlet temperature (steam probe T/C) 125

Unbroken loop

steam generator

--Primary side Inlet fiuid temperature 201
Qutlet fluid temperature 203
Overall aP 518
Flow (pump loop seal turbirie meter) 574

--Secondary side Inlet fluid temperature 554
Qwtlet fluid temperature 555
Pressure 549
Level (overall aP) 525
Flow (orifice aP) 54|
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TABLE 6-5 (cont)

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION
TESTS STRIPCHART RECORDER INSTRUMENTATION CHANNEL LIsT

Component Measurement Channel No.

Broken loop

steam generator

--Primary side Inlet fluid temperature 449
Outlet fluid temperature 451
Overall aP 528
Flow (pump loop seal turbine meter) 575

--Secondary side Inlet fluid temperature 556
Outlet fluid temperature 557
Pressure 550
Level (overall aP) 531
Flow (orifice aP) 542

Downcomer Downcomer extension pressure 549
Downcomer extension level SH
Downcomer level 510
Fluid temperature 478

SECONDARY INSTRUMENTATION(@)

Accumulator no. 2 Pressure 537

(cold leg/UHI Level 536

injection) Fluid temperature 321
Flow (injection flow) 565

Noncondensible Pressure 551

gas injection Fluid temperature 4BhB

system Unbroken loop injection flow 552
Broken loop injection flow 553

Noncondensible gas Water flow

sampling system Water temperature
Gas analyzer output (X-Y recorder)

Upper plenum Upper plenum extension level 545
Core plate fluid T/C 472
Core plate wall T/C 473

Unbroken loop Condensed liquid film 569

hot leg flow (rotameters) 570

a. To be connected when needed
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TABLE 6-5 (cont)
FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION
TESTS STRIPCHART RECORDER INSTRUMENTATION CHANNEL LIST

Compornent Measurement Channel No.
Unbroken loop Condensed liquid film 572
cold leg flow (rotameter)

Broken loop Condensed liquid film 571
hot leg flow (rotameter)
Broken loop Condensed liquid film 573
cold leg flow (rotameter)
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6-23. Instrumentation Plan

The proper choice of instrumentation is essential if meaningful results are to be obtained

from an experimental or testing program. Therefore, considerable effort was expended

to optimize allocation of instrurmentation channels based on projected data

requirements. As previously discussed (paragraph 6-17), three types of data acquisitior

equipment are available in the natural circulation test facility:

== Computer Data Acquis tion System (CDAS)

== Consolidated Control Corporation (CCC) data logger

== Stripchart recorders

Only channels connected to the JAS are described herein. A detailed Instrumentat

channel listing appears in t

e

ble 6-4. Other channels connected to the

o3}

stripchart recorders are utilized for loop performance. Data recorded by means of
and stripchart recorders are not used directly for gata analysis and evaluati

The overall instrumentation description for the natural circulation test facility is

In table 6-5.

The CDAS has a total of 576 channels available for data storage. This represents

increase of 310 channels over the FLECHT-SET Phase B facility. In that test oro ra

the steam generators did not have enough instrumentation to determine their behavi

during testing. For the natural ciiculation tests, both steam generators were extensively

instrumented with primary side fluid, tube wall, and secondary side fluid thermoc

differential pressure cells for monit oring levels; and sampling probes for noncondensit

gas measurements.

6-244. Rod Bundle Instrumentation

The rod bundle do=s not play an important role in the natural circulation test

Compared to the reflood experiments. It is considered only as a low-power heat s urce,

and no heat transfer data will be obtained auring testing. Althouah the rod bur lle wa

)




extensively instrumented for reflood experiments, only few heated rud, thimbie wall, and

fluid thermocouples were monitored for operational and safety reasons by the CUAS,

CCC, and stripchart recorders, as indicated in table 6-5.

Figure 6-20 is a cross-sectional view of the bundle showing the location of instrumented
heater rods, aspirating probes, bare and heated fluid thermocouples, and thimbles
instrumented with wall thermocruples. Figure 6-21 shows the instrumentation locations
as a function of elevation, and in reiation to the spacer grids and heater rod power steps
simulating the rnodified cosine e~ial power profile built into the heater element, The
CDAS monitored 32 heater cladding thermocouples, 10 bare fluid thermocouples, and
heated fluid thermocouples. Radial location and elevations are shown in appendix
figures F-2 through F-I The CCC data logger monitored 20 thimble
thermocouples, and four heater cladding thermocouples were monitore

stripchart recorder. The aspirating steam probes were not used in this test,

have been used as fluid thermocouples if necessary.

Thimble Instrumentation

Two thimbles were instrumented with wall thermocouples, as shown In figure
location of the T/Cs at various el ,vations on the two instrumented thimbies

on the following quidelines

Provide for instrumentation at the same elevation as the steam probes af

cladding thermocouples
Provide for axial instrumentation in a given flow subchannel

To best satisfy these guidelines, 10 instrumented thimble thermocouple elevatior
identified and are listed In table 6-6. Each instrumented thimble contained
thermocouples, one at each of the elevations identified in table 6-6. The relations
the instrumented thimble thermoco ple locations with respect to other b
instrumentation, axial power profile, and grid positioning is given in fiqure 6-< 3.
data on this figure indicate that thimble thermocouples were at the same elevatior

steam probes: thus the first quideline is satisfied.
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TABLE 2
INSTRUMENTED THIMBLES

ASPERATED [BARE ELECTRICALLY THIMBLE

R A
TRMENTED sTeam  pROBES | T/ | MEATED | Wikl

CO-ORDINATES
1 T
AC|I3CI3L |5KI0C| TC I3T I3F (7T LOF AF | TF [IOT[iOLJ4T | 7L
48 |48 /48 |50|51 |49 |49|5] |55/56(57 |58 58|59 12 |12

ZO-4AP<mrm

i

o

i
o

'
1

¥
(05

&
o)

o
o

¢
-

-O
-6
7-O
76
8-0
9-3
I0-0)
-0
-6

NI =NON INSTRUMNTED

T = INSTRUMENTED THIMBLE

TB:* THIMBLE WITH BARE THERMOCOQUPLES.

TE=THIMBLE WITH ELECTRICALLY HEATED THERMOCOUPRPLES.
ASP = ASPIRATED STEAM PROBES.

(@) Group 7
(8) GrouP 8
(@) srouP9

GROUP D

INSTRUMENTED HEATER ROD

Figure 6-20. FLECHT SEASET Natural
Circulation Rod Bundle
Instrumentation
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TABLE 6-6

FLECHT-SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION

ELEVATION OF THERMOCOUPLES

ON INSTRUMENTED THIMBLES

FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS

AZIMUTHAL ORIENTATION OF INSTRUMENTED THIMBLE THERMOCOUPLES

Elevation Thimble
[m (in.)] Total 4-1 7-L
0.30 (12) 2 | 1
0.561 (24) 2 | I
0.97 (39) 2 | |
1.22 (43) 2 { l
1.52 (60) 2 1 |
1.83 (72 2 | 1
2.13 (84) 2 | |
2.44 (96) 2 | |
2.82 (111) 2 | |
3.05 {120) 2 | l |
TABLE 6-7

Thimble Grid Thermocouple
Location Azimuth
4-1 315°
7-L 135°
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Figure 6-22. FLECHT SEASET Natural
Circulation Instrumented
Thimbles
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Figure 6-23. FLECHT SEASET Natural
Circulation Rod Bundle
Aspirating Steam Probe




instrumented thimbles were located

hermocouples were located at the

thermocouples on a given thimbl

jiven

juideline 1dentified above is satisfied.

are superheat during reflood
However, during nature! circulation tests, the rod bundle was covered with
superheat was ex«pected onsequently, the steam probes wers

indie had uncovered, some steam superhea

4
Lea




in the bundle, the number of thermocouples per thimbie, and the elevations are shown in
table 2 of figure 6-20. In this design, the sheathed (304 stainless steel) thermocouples
are centered in scalloped sections of the thimble wall at various elevations.

The thimble scalloped wall section serves as a shield or baffle to prevent water droplets
from wetting the thermocouple prematurely. The difference between a bare and a
heated thermocouple is that in the latter a small electrical current is passed through the
thermocouple to heat it to temperatures above saturation in order to evaporate any
droplets which might wet it. Again, this scheme would have been employed in reflood
experiments, but for the natural circulation tests the thermocouples were not
electrically heated. Both types of steam probes were used to measure water
temperature in the bundle. There were 10 bare thermocouples and 7 heated
thermocouples connected to the data acquisition system (table 6-4).

6-27. Power Measurements

Six instrumentation channels are devoted to measurement of power into the bundiz
heater rods. Three are used as a primary measurement from which power is controiled
by the computer software. Three independent power measurements were used for data
reduction purposes. Power input to the bundle heater rods was ineasured by dual
watts/rms, volts/rms, and amps/rms transducers. These two transducer systems produce
a dc output proportional to the power input. The voltage and current inputs to the watts
transducer are scaled down by transformers so that the range of the watts transducer
matches the bundle power. The scaling factor of the transformers was accounted for

when the raw data (millivolts) are converted to engineering units.
6-28. Housing Instrumentation

The housing is equipped with wall and insulation thermocouples to compute housing heat
reserve as part of the overall mass and energy balance. These thermocouples were
monitored by the computer as listed in table 6-4. Axial and radial locations of these
thermocouples are shown in figure 6-19. The housing instrument ring has a fluid
thermocouple located above the ground plate. It will measure the rod bundle bulx outlet
temperature. This thermocouple was monitored by the CDAS and by a Tl stripchart
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Figure 6-25. FLECHT SEASET Natural
Circulation Rod Bundle
Heated Thermocouple

Steam Probe




recorder located in the facility control panel. The instrument ring has also a wall
thermocouple and a pressure tap for differential pressure measurements across the

ground plate and upper core plate. Locations of these instruments are shown in figure
6-19 and ine CDAS channel numbers are listed in table 6-4.

The housing is also equipped with pressure taps every 0.30 m (12 in.) on each side (180
degrees apart) starting at the 0 m (0 in.) elevation, the beginning of the rod bundle
heated length. Differential pressure cells are connected to the pressure taps to provide
12 axial readings which are used to compute mass storage and frictional losses in the rod
bundle. In addition, there is an overall differential pressure cell connected between the
0 and 3.66 m (0 and 144 in.) elevations, and another cell connected across the rod bundle
ground plate between the 3.66 m (144 in.) and the 4.02 m (i58.4 in.) elevations.

6-29. Lower Plenum Instrumentation

The lower plenum is instrumented with a fluid thermocouple iocated close to the rod
bundle inlet to measure oundle inlet temperatures. This was a key measurement in the
natural cicculation tests, because it was employ»d to coatrol the steam generator
secondary side flows tc maintain the constant inlet rod bundle temperature. This
thermocouple was connected to the CDAS, and to a Ti stripchart recorder located in the
test facility control parel. The lower pierum is also instrumented with wall and
insulation thermocouples to determine heat losses. All these measurements, fluid, wall,
and insulation temperatures, will be used in calcuiating the system mass and energy
balance. The locations of these instruments are shown in figure 6-19 and their
corresponding CDAS instrument channel numbers are listed in table 6-4.

6-30. Upper Plenum Instrumentation

The upper plenum is instrumented with six differential pressure cells to measure axial
pressure drops and level at the following elevations: 3.96 to 4.18 m (13 to 13.73 ft)
across the simulator .pper core plate; 4.18, 4.34, 4.49, 4.64, and 4.88 m (13.73, 14.23,
14,73, 15.23, and 16.0 ft); and an overall level from 4.18 to 5.31 m (13.73 to 17.42 ft.).

These measurements will be used to calculate mass storage in the upper plenurn, and to

monitor the up;er nlenum level during the reflux condensation cooling mode. A pressure




transmitter monitored the upper plenum static pressure. This transmitter is connected
to the pressure tap at the 5.31 m (17.42 ft) elevation.

Upper plenum inlet fluid temperature is monitored by a thermocouple located at the
bottom tip of an upper plenum column. Its hot junction is directly above the upper core
plate. Wall temperatures are monitored at these elevationss the first at 4.18 m (13.73
ft) correspanding to the upper core plate, the second at 4.64 m (15.23 ft) and at an
azimuthal location of 90 degrees, and the third at 4.9 m (16.0 ft) and at an azimuthal
location of 135 degrees. Insulation temperatures are measured at the same elevations,
corresponding to wall temperatures located at 4.64 and 4.88 m (15.23 and 16.0 ft). The
upper plenum outlet fluid temperatures are determined by thermocouples located in the
centerline of the unbroken and broken loop outlet nozzles shown in figure 6-19 as steam

probes (channels 125 and 200).

In addition, the upper plenum vessel has two 7.6 cm (3 in.) diameter windows whose
centerlines are located at the 4.38 m (16.0 ft) elevation and at azimuthal locations of 69
and 213 degrees, as shown in figure 6-7. Penetrations for light sources ace at the 4,96 m
(16.33 ft) elevation. These windows allow visual examination, optical poobe monitoring
(if availeble), and motion pictures of flow regimes in the upper plenum, meinly during

two-phase and reflux condensation cooling modes.
o-31. Hot Leg Instrumentation

The hot legs are instrumented with fluid, wall, and insulation thermocouples. Their
locations, shown in figure 6-19 are designated as stations (St. No. xx), which indicate
approximately their location along the length of the hot leg piping. Most of these
stations have top and bottom fluid, wall, and insulation thermocouples. However, not all
of these thermocouples are connected to the CDAS because of the limited number of
channels available. Table 6-3 shows the total number of thermocouples used, and table
6-4 lists their corresponding CDAS channels. The top fluid thermocouples are 304
stainless steel sheathad, type K (Chromel-Alumel) with ungrounded junctions, having an
overall diameter of 1.58 mm (J.0625 in). They are inserted about one-third of the pipe
diameter through fittings at the top of the hot leg pipes. The bottom fluid
thermocouples are also of the same type, but are only 0.51 mm (0.020 in.) in overall
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diameter. These thermocouples were inserted through fittings at the bottom of the pipe
and supported with special support fixtures (figure 6-26). They were inserted about 0.51
mm (0.020 inches) above the bottom of the pipe to ensure that the thermocouple
junction was far enough away from the pipe wall to accurately measure the temperature
of the condensed liquid film flowing countercurrently toward the upper plenum during
ihe reflux condensation cooling mode tests.

It was expected that this condensed liquid film might be slightly subcoolea flowing out of
the steam generators, and might be slowly heated by the steam flowing in the opposite
direction. The insulation thermocouples were installed just below the insulation cover
by means of a special support fixture (figure 6-27), which maintained the thermocouple
at a fixed distance from the pipe wall. Insulation temperatures, in conjunction with
pipe wall and fluid temperatures, will be employed to calculate heat losses, and mass
and energy balances. The wall thermocouples were also connected to the CCC data

logger to monitor pipe temperatures during heatup.

The hot legs are also instrumented with differential pressure cells connected from a
pressure tag at th= bottom of the pipe to the bottomr of the steam generatcr inlet plenum
(figure 6-19), tc determine mess storage or accumulaticn in the hot iej riser. This hat
leg secticn has a long-radius bend ana an inclined pipe section connected to the steam
generator inlet plenurn nozzle, as showr. in figure 6-Z, eievation view. The hot legs are
also instrumented with rotameters to measure the flow of the condensec liquid Yilm
flowirg countercurrently trom the steam qenerators to the upper plenum during the
reflux condensation cooling mude. Figure €19 shows the locaticn and flow schematic
diagram for these rotameters. The liquid film is drained through a nozzle at bottcm of
the pipes, flows through the rotameters, and is returned to the bottom of the plenum

just above the upper core plate.

A weir is inserted between the flanges downstream of the drain, which prevents the
condensed liquid film from flowing back to the upper plenum. The rotameters have a
? 10 6.3 x lU'smB/sec (0.1 to 1.0 gal/min). The unbroken loop
hot leg system has two rotameters connected in parallel in order to measure flows above

6.3 x :0°5m3/sec (i.0 gal/min). The rotameters have an electronic transmitter whose

range of from 0.63 x 10°

signal is monitored by COAS channels 569 through 573, as indicated in table 6-4.
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6-32. Steam Generator li;strumentation

Both steam generators' primary and secondary side walls are extensively instrumented to
characterize their behavior during the natural circulation tests. As described in

paragraph 6-11, a recirculating secondary side system with additional instrumentation
was added to each steam generator.

The inlet and outlet plenums are instrumented with fluid, wall, and insulation
thermocouples, and differential pressure cells to measure mass accumulations (figure
6-19). The tubesheet is also instrumented with wall and insulation thermocouples (figure
6-19). At this location in both steam generators, there is a lot of steel mass (plenumn
flanges, instrument ring, tubesheet, and shell bottom flanges), where stored heat and
heat losses could be significant in the mass and energy balance calculations.

The steam generator bundle instrumentation locations for the unbroken loop steam
generator are shown in figures 6-28 and 6-29. The bundie instrumentation locaticns for
the brokan loop steam generator are shown in figures ¢-30 and 6-31. Tne tube buncie
instcumentation is specifically designed to measure a radial variation in hest transfer
rate due to expected nonuniform two-phase flow in the inlet plenum. The distribution of
secondary fluid and tube wall thermocouples is skewed toward the bottom of the bundle

in the unbroken loop steam generator, because most of the heat transfer occurs at the
lower elevations.

Data from the steam generator separate effects test“) showed that, for tests with
qualities of 50 percent and test time near or greater than 10 minutes, elevationc above
1.22 m (4 ft) were important in calculating steam generator heat transfer. For this

reason, more instrumentation was placed in the 1.22 to 3.05 m (4 to 10 ft) elevations in
the broken loop steam generator.

The broken loop steam generator was specially instrumented with thermocouples having

ungrounded and grounded junctions. The thermocouples with ungrounded junctions are

usec to monitor fluid temperatures in the primary and the secondary sides. The thermo-

l. Howard, R, C,, et al.,, "PWR FLECHT SEASET Steamn Generator Separaie
Effects Task: Task Plan Report," NRC/EPRI/Westinghouse-Z, March 1978.
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couples with grounded junctions are installed on the steam generator secondary side
tube walls. All these thermocouples can be connected differentially to measure
temperature differences between the secondary side flow and the tube wall, from the
tube wall to the primary side fluid, and/or from the secondary side fluid to the primary
side fluid. Table 6-8 identifies 64 broken loop steam generator thermocouple channels
that can be connected differentially to provide 32 differential temperature
measurements at various elevations and radial positions for both inlet (uphill) and outlet
(downhill) sides. The unbroken loop steam generator was instrumented with grounded
thermocouples to provide fast response for the FLECHT SEASET steam generator
separate effects test., Consequently, these thermocouples cannot oe connected
differentially. However, additional steam probes installed in the primary side of this
steam generator make it possible to measure temperature differences between the

secondary and primary fluid at the 8.23 m (27 ft) elevation.

The tubes on the inlet side of the tube bundle were instrumented with differential
pressure probes to monitor differential pressure from the zero to 1.2 m (4.0 ft)
elevations. The purpose of the diffarential pressure probes was to detect any mass
accumulation in the inlet side of the tube bundle. A suminary of the bundle
instrumentation is presented in tatle 6-2 for the unbroken and broker. loop steam

generators. The instrumentation connected to the CDAS is listec in table &4,
Shell wall and insulation thermocouples will be monitored by the CCC data logger.

The recirculating conling system of both steam generators is instrumented with en inlet
orifice plate flowmeter and associated differential pressure cell, a pressure transmitter,
and a thermocouple. Measurements from these instruments are used to calculate
secondary side flows. Additional thermocouples are located in the outlet lines at the top
of the steam generators to monitor outlet temperatures and determine the temperature
rise of the secondary side cooling fluid. A differential pressure cell is utilized to
determine and, in some tests, control the secondary side liquid level. A pressure
transmitter is employed to determine the static pressure at the top of the steam

generators shell side.
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6-33. Pump Locp Seal instrumentation

The unbroken and broken loops pump loop seal pipe sections are instrumented with fluid
and wall thermocouples at five different locations (stations 11 through 15 ana 36 through

40, figure 6-19):

.- Stations 11 and 36- The top of the downhill leg, close to the steam generator

outlet plenum nozzles
-- Stations 12 and 37- Midway down the downhill leg
.- Stations 13 and 38- Upstream of the turbine meters in the horizontal leg

.. Stations 14 and 39- At the 90-degree elbows between the horizontal and the uphill

legs

.- Stations 15 and 40- Downstream of the orifice flanges abou! two-thirds of the

way up the uphill legs

Insulation thermocouples are provided at stations 12, 13, 15 37<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>