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FOREWORD

Examination, analysis, and interpretation of a bundle test take
place over a long period of time, and it is our practice to report prog-
ress and results as they become available. Dissemination of the informa-

tion in this manner results in its being disjointed and scattered through-
out several publications. This presents some problems to the users in
that one is never sure if the information at hand is the most recent.
It is out intention to alleviate some of these problems by (1) publica-
tion (with limited distribution) of a data report on each bundle test and
(2) publication of interpretative reports when sufficient information has
been developed to warrant such ection.

Consistent with this intention, the objective of this report is to
provide a reference source of information and results obtained during the
B-2 test and from pretest and posttest examination of the test array. We
believe the data presented herein, consisting of plots, tabulations, and
photographs, are both necessary and sufficient for interpretation of the
test. In deciding what (and how much) Informstion should be included, we
had to anticipate to a certain etten? the potential uses of the data. As
a result, certain data have teen excluded; but these contain information
that can be characterized as analyala and "second generation" data, such
as comparative temperature vs time plots and computer-drawn cross
sections.

Also, it was decided that the data should be presented in this refer-
ence source with a minimum of interpretation. We will continue to publish
interpretations in our progress reports, and, finally, we plan to publish
an interpretative report on all the bundle tests. This final report will

be based on data reported in the individual test data reports, such as
this one, and information reported in the progress reports.

This report is derived from research performed by the Multirod Burst
Test (MRBT) Program at Oak Ridge National Laboratory (ORNL). This re-

search is sponsored by the Livision of Reactor Safety Research of the
Nuclear Regulatory Commission, and the results are published routinely
in a series of progress reports, topical reports, quick-look reports, and
data reports. This particular report is in the last category.
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ABSTRACT

A compilation of B-2 test data is presented. These data were ob-
tained during the test and from pretest and posttest examination of the
test array. They are presented in considerable detail with minimum inter-

pretation, which will be the subject of a future report.
The B-2 test is the second of a series of 4 x 4 bundle tests per-

formed by the Multirod Burst Test (MRBT) Program at Oak Ridge National
Laboratory (ORNL). This research is sponsored by the Nuclear Regulatory
Commission (NRC).

A brief description of the experiment and a summary of bundle perform-
ance are also included with the results of the B-2 test. Bot.h graphical

and tabular formats are used to show temperature, pressure, and tube rup-
ture data as functions of test time; strain data for the cladding in each
of the fuel rod simulators; and flow test results obtained after the bun-
die test. Photographic documentation is provided for both the overall
bundle, tefore and after testing, and the 53 cross sections cut from the
tested bundle for strain measurements.

The purpose of this report is to provide a background document for
interpretative reports published previously and to be published in the
future.

.
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1. INTRODUCTION

This repc.. presents, in detail, the experimental data for the sec-

ond 4 x 4 multirod burst test (B-2), conducted within the framework of
the Multirod Burst Test (MRBT) Program at Oak Ridge National Laboratory
(ORNL). This work is sponsored by the Division of Reactor Safety Research
of the Nuclear Regulatory Commission (NRC). The report is intended pri-
marily as a source document for B-2 test results, with a mfaimum amount of
interpretation of the data. Because of this, it should be read in con-

junction with the published -5 results and interpretations.1

No inferences should be drawn from the tabular data in this report
concerning their precision. In most instances, the tabulations were gen-
erated by computer routines from data tapes, and the values are given to
more significant figures than the data warrant. The appropriately refer-

enced reports should be consulted for insight into both the precision and
the accuracy of the data contained herein.

The primary objective of the B-2 test, which was performed success-
fully on October 3,1977, was to determine if a relati rely large tempera-
ture difference between the electrically heated bundle and its surrounding
shroud would have a significant ef fect on bundle deformation. A secondary
objective was to clarify some questions raised in the B-1 test relative to
the performance of the shroud and its associated instrumentation. These

objectives could be satisfied best by conducting the B-2 test under nomi-
nally the seme conditions as the B-1 test except for omitting electrical
heating of the B-2 shroud. This exception is, therefore, the major dif-
ference in the two tests.

Following the format of the previous report 6 in this series, a brief

description of the test design and procedure will be given, followed by
the test results.

n<1 000m . -



2

2. TEST DESCRIPTION

Figure 1 is a simplified drawing of the test assembly as used for

the first bendle (i.e. , the B-1) test; internal modifications, consistent

with test objectives, were made to the assembly for the B-2 test. These

modifications (not shown in the figure) included (1) a means for bypass-
ing the electrical current around the shroud, (2) addition of 6 shroud

thermocouples (12 total), and (3) replacement of the "Fiberfrax" insula-

tion board around the shroud with a static steam gap and reflective-type

insulation to minimize shroud heat losses and possible heat sinks. The

gap between the shroud and the reflective insulation was maintained by

13-mm-0D b3 7.6-mm-ID spacers of glass-bonded-mica material as shown in

Fig. 2.

Table 1 and Fig. 3 give pertinent details of the fuel pin simula-

tors. The fuel simulators (internal heaters) used in the test assem-
blies were the best available from the last lot supplied by SEMCO. In

general, the fuel simulators were of equivalent quality (based on axial

temperature distribution as determined from the pretest infrared char-

acterization scans) to those used in the first bundle test.
The Zircaloy-4 tubes (10.92 mm OD x 0.635 mm wall thickness) used to

fabricate the test assemblies came from the master lot of tubing pur-
chased 7 for use in all the NRC-sponsored cladding research programs.
Serial numbers of the tubes are given in Table 1.

Each fuel pin simulator was instrumented with a fast response,
strain gage-type pressure transducer and four Inconel-sheathed (0.71 mm

OD), type K thermocoup.las with ungrounded juctions. The thermocouples

were spot-welded (using a device 8 developed specifically for this pur-
pore) to the inside of the Zircaloy-4 tubes at axial and azimuthal posi-
tions (nominally the same as used in the B-1 test) selected to provide an
overall indication of the temperature distribution within the test array.
All the simulator thermocouples were operative during the test. IVelve

thermocouples (0.71 mm OD, stainless steel sheathed, type K, with un-
grounded " duckbill" junctions) were spot-welded to the outside of the
0.25-mm-thick shroud surrounding the rod array. One face of the shroud
had six thermocouples to provide information on the axial temperature
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distribution, while two thermocouples were located on each of the other
three faces. Figures 4 and 5 give the thermocouple identifications (for

use in subsequent tables and figures) and nominal as-built locations as

used in the test.

Millivolt signals from the pressure transducers, thermocouples, and

electrical power measuring instruments were recorded on magnetic tape by
a computer controlled data acquisition system (CCDAS) for subsequent
analysis.

Preparations for the test began early on October 3,1977, with heatup

of the test vessel and checkout of the instrumentation. Thermal equilib-

rium of the assembly was achieved in about 6 hr; leak rates of the fuel

pin simulators were acceptably low (<35 kPa pressure locs per minute). A

short powered run (4-sec transient) was then conducted to ascertain that

the CCDAS and all the instrumentation were functioning properly and that
the performance of the test assembly was as expected. Examination of the
quick-look data from this short transient showed that the indicated per-
formance was as expected, except that one fuel pin simulator (No. 9) had
developed a moderate leak (about 200 kPa pressure loss per minute). Al-

though this leak was not nearly as severe as that experienced by one of
the simulators in the B-1 test, on-the-spot checks were insufficient to
identify (and correct) the source. It was decided to proceed with the

test as soon as thermal equilibrium was reestablished.

Following stabilization of the bundle temperature at about 335'C
after the short powered run, all the fuel pin simulators were pressurized
simultaneously with helium to approximately 8800 kPa and isolated from the
pressure supply system. Superheated steam (inlet conditions of 332*C and

200 kPa) flowed downward through the bandle (flow rate, ~5 kg/hr; Re = 290
based on inlet conditions and undeformed bundle dimensions) during the
transient. The steam flow was increased to ~30 kg/hr when power was
terminated to facilitate cooldown; the test vessel was vented to atmo-

spheric pressure simultaneously with the increased steam flow.
The test could be terminated by any of four actions: (1) CCDAS ac-

tion resulting from a signal that all 16 simulators had burst, (2) CCDAS
action that 10 thermocouples had exceeded the upper temperature limit
(100*C above the expected burst temperature) for 3 successive scans, (3) a
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timer that limited the transient to a predetermined length of time, and

(4) operator override. Even though the simulator 9 burst was delayed

slightly (due to a small loss in pressure), the test was terminated by
the first criterion -- all 16 simulators burst before the high-temperature

limit was reached.

Following the burst test, the bundle was removed and examined visu-
ally; characteristic dimensions were made for comparison with pretest mea-
surements, and extensive photography was performed to docuwent LSe phys-

ical appearance. The fuel simulators were then removed and the bundle was
flow tested in a water test loop to characterize the flow resistance

caused by the deformation. Similar flow tests were performed on an unde-

formed reference bundle for comparison. Both the B-2 and the reference
bundle were flow tested in each of two flow shrouds identified in perti-

nent MRBT reports as shrouds 1 and 2.
Af ter completion of the flow tests, the B-2 bundle was cast into an

epoxy matrix and sectioned at approximately 53 axial positions, and the
defornation was determined on each tube in each section by analyzing

photographs (5x) of each section.
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3. SUMMARY OF BUNDLE PERFORMANCE

Table 2 summarizes pertinent data from the test; these data have been
revised slightly f rom those included in the B-2 quick-look report. I In i-

tial pressure conditions for the test were essentially the same as those
used in the B-1 test;6 however, the initial temperature in this test was
about 20*C lower. As indicated in the table, the initial temperature dis-
tribution throughout the bundle was very uniform. All 12 thermocouples on

the shroud indicated initial temperatures in the same range (333 to 335'C);
the inlet steam conditions remained constant (5 kg/hr downflow at 332*C and
200 kPa) throughout the transient.

The table also lists the temperature indicated by each of the thermo-
couples at the time of burst for the respective simulators. The spread

in temperatures in a given simulator is not unusual, considering the loca-
tion of the thermocouples (see Fig. 5) and the power distribution of the
fuel simulators as determined from the pretest infrared characterization
scans. The last column in the table gives the burst temperature predicted
from the correlation 9 derived from our single-rod tests, using the mea-
sured burst pressure as input. Comparison of the measured burst tempe ra-
tures (underlined values in the table) with the predicted values shows
reasonable agreement.

The performance of the simulators was about the same with the excep-
tion of No. 9, which reflected the loss in pressure discussed earlier.
The first two bursts (simulators 8 and 11) occurred simultaneously (i.e.,
within the 0.05-sec resolution time of the CCDAS clock) 17.80 sec after
start of the transient; the 12th through 15th bursts (simulators 1, 3, 4,
and 14) occurred simultaneously af ter 18.30 see of heating, and the last
burst (No. 9) took place . 75 sec later. Power to the bundle was termi-
nated 0.30 see af ter the last burst by a signal generated by the CCDAS
that all 16 simulators had burst.

Table 3 lists some of the volume-related data for the B-2 tubes.
It can be seen that the initial gas volumes were quite uniform among the
tubes - ranging from 48.5 to 51.0 cm3 - but bore little relation to
either the fractional pressure decreases or the fractional volume in-

creases. Although the simulator gas volume is reasonably typical, the
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distribution of the volume is not typical of a full-length fuel rod. Of

the total initial volume (at room temperature), about 13% is in the heated

portion of the annulus between the fuel simulator and the inside diameter

of the Zircaloy tube, 10% is in the unheated portion of the annulus, 33%

is in the pressure transducer and connecting tube, and 44% is distributed

in the end regions (mostly at the upper end) of the fuel pin siculator.

At any given time during the test all these volumes have different tempera-

tures (the major volumes remain at or near room temperature), ranging from
room temperature to cladding temperature, and one cannot calculate the

fractional volume increase from the pressure decrease in a straightforward

manner. Instead, we calculated the volume increase from the tube deforma-

tion profiles (assuming circular cross sections).

Table 4 is a computer printout of the conditions existing at the time

of maximum pressure (corresponding approximately to the beginning of plas-
tic deformation) of each simulator. It should be noted in this and other

computer printouts of data that simulator 9 developed a leak prior to the

transient and its behavior was abnormal. Tables giving pressure and tem-
perature conditions throughout the bundle at the time of each burst are

presented later in the report.

Table 5 gives the time distribution of the bursts; a histogram is

given in Fig. 6. As is evident, most of the bursts (15) occurred in a

0.5-sec interval, the same as observed in the B-1 test. Also, the bursts

in B-2 occurred about 0.8 sec later into the transient than was the case
for the B-1 test. The delay is accounted for almost entirely by the ap-

proximately 20*C lower initial temperature condition for the B-2 test and
slightly different heating rates. The average heating rate for the B-2

test over the time interval 3 to 15 see was 29.9'C/sec, and for the B-1

test it was 30.1*C; this time interval represents the more or less linear
portion of the average temperature versus time curve.

The burst temperature-burst pressure data for the B-2 test (excluding
the No. 9 simulator) are compared in Fig. 7 to the B-1 data, to our single-
rod correlation,9 ad to the two single-rod tests (SR-28 and SR-29) that

9were conducted for comparis.n with the bundle simulators. We have assumed

the burst temperature (underlined value in Table 2) for the individual

simulators to be the highest measured at the time of failure; this is

n,. .m-
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consistent with the definition used for the B-1 test and for the s'7gle-

rod tests. At first glance it appears that the bundle data indicate

higher burst temperatures than would be predicted from the single-rod
correlation; however, it should be noted that the correlation is based

on external bare-wire thermocouple measurements, whereas the bundle tem-

perature measurements were obtained from internal sheathed thermocouples,
which indicate, in general, slightly higher temperatures. The range of
burst pressures was about the same as observed in the B-1 test. In gen-

eral, the B-2 tubes burst at slightly higher pressures and lower tempera-
tures, as shown in Fig. 7. Also, the B-2 data are in slightly better

agreement with the single-rod correlation.
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4. BUNDLE TEST RESULTS

This section presents, in a number of subsections, the detailed re-

sults of the B-2 test. The purpose of this presentation is to provide a

fairly complete reference source of uninterpreted data.

Part of the following presentation will be in the form of data plots

t o provide an overall picture of the progress of the test. Much of this

graphical information is backed up by exhaustive computer-acquired data
listings which are stored on magnetic data tapes. For example, the
temperature-time and pressure-time curves are plotted from readings taken
at 0.05-sec intervals during the temperature transient. Tabular data are

presented where detail is deemed important, for example, the conditions of
the bundle at the time of each tube rupture.

4.1 Transient Results

4.1.1 Bundle average behavior

The information contained in this section was obtained during the

course of the B-2 test transient. The data were recorded by the data ac-

quisition system in the continuous scan mode (i.e., 10,000 samples /sec;
~100 sensors) over a period of about 10 min. Each rod was instrumented

with four thermocouples attached to the interior surface at various eleva-

tions (see Fig. 5) above the bottom of the heated zone. In addition, the

heated shroud was monitored by 12 thermocouples attached to its outer sur-

face. These locations are shown in Fig. 4. Average bundle and shroud

temperatures and heating rates were obtained by averaging the thermocouple

measurements in various combinations.

Figure 8 shows the average bundle and shroud temperatures and the
bundle-shroud temperature difference as a function of heating time, until

the first tube burst. Figure 9 shows the average bundle and shroud heat-

ing rates as a function of heating time over the same period. The pres-

sure of rod 8 (the first to burst) is shown in the figure for reference.

Figure 10 shows the average temperature of the bundle over a much longer

portion of the test.
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The radial distribution was obtained by averaging certain thermo-

couple measurements, as shown in Fig. 11. The axial distribution was

obtained by averaging thermocouple measurements at various elevations in

the bundle. The axial and radial distributions are shown in Figs. 12 and

13, respectively, for times up until the first tube burst. The number of

measurements averaged to obtain the plotted data points are indicated in

each of the figures.

The axial distribution of the tube bursts is noted on the right side

of Fig. 12; however, burst times and temperatures are not depicted in this

figure. Figure 14 shows (until the end of the continuous data scan) the

axial temperature distribution during the posttest cooldown. The dashed

lines indicate the distribution at the time of the first tube burst (17.80
sec) and the time power was tenninated (20.35 sec) .

4.1.2 Pressure and temperature plots as a function of time

Individual pressure and temperature curves for the simulators are

shown in Figs. 15 through 30. These curves were computer plotted at 0.05-

sec intervals from the magnetic data storage tapes. Each of the figures

is comprised of four temperature plots (corresponding to the four thermo-

couples attached to the individual simulator) and one pressure curve.
Thermocouple identification in the figures follows the numbering scheme
shown in Figs. 4 and 5.

In general, the burst time for each simulator can Le detected by the

sudden drop in the pressure curve. This is also reflected in the temper-

ature curves as sudden changes in their slopes. The time of maximum pres-

sure (see Table 4) is also the time at which the major expansion of the
rod began. Subsequent plastic deformation caused a continuing decrease in
pressure until rupture occurred. "'o behavior of simulator 9 was dif fer-

ent (e.g., ompare Figs. 23 and 24) due to a leak that developed prior to
the transient.

4.1.3 Bundle conditions at the time of rupture

The preceding section showed graphically the progress of the B-2 bun-

11e through the test oransient. Qualitative information on burst-time,

temperature, etc. , can be obtained from the various figures, but more
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quantitative information on the bundle conditions at the individual burst
times is given in Tables 6 through 21. These tables (computer printouts

from the data tape) list the times from power on and power-off for which
the tabulation was made, the simulator differential pressure, simulatar
temperatures (with minimum, maximum, and average values), and times from
the other tube bursts (relative to that for which the table pertains).

Pertinent miscellaneous data are also printed out. These include shroud

temperatures (TE 17-1 through TE 19-4), steam inlet (TE-304) and exit
(TE-305) temperatures, vessel pressure (PE-301), bundle current (EIE-10),
and bundle voltage (EEE-10). The thermocouples for measuring steam tem-

perature (TE-304 and TE-305) were positioned (the same as in the B-1 test)
such that they did not provide true values. In comparing the various sim-

ulators, it should be noted that the No. 9 simulator behaved abnormally
due to partial depressurization.

4.2 Pretest and Posttest Results

The information contained in this section was obtained from the pre-

test and posttest examinations of the B-2 test array. Some information,

such as the simulator infrared scans,10 resulted from quality asserance
ef forts made to characterize the test components. Other information, such

as bundle cross-section photographs, were obtained as a step in the post-

test examination of the bundle. The results are presented in considerable

detail, since we believe these data are extremely important to the inter-

pretation of the test in terms of deformation behavior and distribution.

4. 2.1 Pretest bundle photographs

Although not directly applicable to the interpretation of the B-2

test, selected photographs of the bundle assembly are included in this

e,ection for general interest. Various details of the grid spucers, pres-

sure lines, and monitoring instrumentation may be seen.

The shroud assembly for B-1 was modified for the B-2 test. These mod-

ifications, which are consistent with test objectives, included (1) by-

passing the shroud with the current from the bundle and (2) replacing the

laminated alumina-silica insulation board around the shroud with a com-

bination gas gco and reflective-type insulation, as shown previously in

1P'f 7~so;i t
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Fig. 2. The shroud thermocouples were also revised in type and nuaber.
Since the shroud was not electrically heated, it was unnecessary to pro-
vide isolation of the thermocouples attached to it. Twelve 0.71-mm-OD,

stainless-steel-sheathed, type K (with ungrounded duckbill junction) ther -
mocouples were spot-welded to the outside surface of the unheated shroud

surrounding the rod array at the locations given in Fig. 4.

Figure 31 shows the B-2 test array just prior to installation of the

unheated shroud. One face of the shroud box with the gas-gap reflective
insulation is shown beneath the array. Portions of the original laminated

alumina-silica board remain at the upper and lower ends to prevent bypass-
ing of steam flow around the bundle. The spacers on the shrouJ box are
standof f s (see Fig. 2) machined from glass-bonded mica. These provide for

spacing of the shroud and shroud box while presenting a minimum of contact
area to the shroud. The white areas on the grid spacers are also lami-

nated alumina-silica insulators.

Figure 32 shows the B-2 array completely assembled and ready to in-
stall in the burst test facility. The bundle current return conductors

(nickel rods) are shown exiting through the upper flange instead of re-
turning through the shroud as was done in the B-1 test.

4.2.2 Posttest bundle photographs

Af ter the test was completed, B-2 was removed from the test vessel
for examination. Figure 33 is an overall view of the bundle (above) and

the shroud (below) af ter partial disassembly. The four grid spacers can
be seen, as well as the heated length which appears as the shiny black
region of the bundle.

The following photographs show all four facea of B-2 immediately
after removal from the test vessel. A meter scale is provided to indi-
cate distance along the bundle relative to the bottom of the original
heated length. The faces are identified as N, E, S, and W, a nomencla-
ture that was retained througho..- all subsequent analysis of the test.
Figures 34-A, 34-B, and 34-C show the north (N) face of B-2 and of the

shro ud . Several test ef fects are noticeable: (1) bursts and relatively

large expansions occurred in two localized regions of the bundle, (2) the
shroud was not particularly deformed by the bursts, (3) the heated zone
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produced a shiny black surface, and (4) the rods in the bundle changed
lengths by dif ferent amounts. The latter effect can be seen both in the
surface discoloration at the lower end and in the different positions of

the lower end fittings. (These were aligned prior to the test.) Figures

35, 36, and 37 show similar views of the east, south, and west faces,
respectively, of the bundle and shroud. Comments about Fig. 34 apply

equally to these photographs.

Figure 38 is a close up of the lower end of the bundle and illus-
trates the different length changes (see Table 22) among the rods. All
rods were originally of equal length. This phenomenon is caused by the

preferred orientation or texture of the Zircaloy combined with burst tem-
peratures in the a phase, and it is discussed in Ref. 11.

Following preliminary examination, photography, and flow testing (to
be described later), the bundle was encapsulated in epoxy for sectioning.
Figure 39 shows a marked bundle (test B-2) and a sectioned bundle (test

B-1). The scribed lines across the face of the bundle indicate the posi-

tions at which the sections were subsequently cut. The longitudinal line

and the angled longitudinal line aided in positioning the cut sections

relative to the heated length. Four typical cut sections are shown at the

bottom of the photograph.

4.2.3 Bundle cross section photographs

The encapsulated bundle was sectioned at 53 axial positions, and each
of the sections was photographed for strain detenninations. Figures 40
through 92 present photographs (~1x) of all the cross sections. The

series starts at a section 6.9 cm below the start of the heated length

(i.e. , in the undeformed region) and continues to a section 91.5 ce above
the start of that length, or approximately at the top of the heated

le ngth. The photographs were made (looking down on the surface at the

given elevation) with the sections in the same relative position, i.e. ,

with the No. I simulator in the upper lef t corner. Thus the photographs

are oriented the same as the layout given in Fig. 4, which can be used to
identify the individual tubes.

Starting with Fig. 42, all the figures have white arrow points in

the upper lef t corner. The distance along the edge of the epoxy matrix

ne. m4
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between the arrow points is proportional to the elevation of the section

and can be used to calculate the height (above the bottom of the heated

zone) at which the actual cut was made.
Figure 40, taken 6.9 cm below the bottom of the heated zone, is rep-

resentative of the undeformed bundle. All the tubes had moderate strain

peaks (a minimum of 8.3% on No. 16 and a maximum of 18.8% on No. 6) about

halfway between the start of the heated zone and the lower grid (see Fig.
44). A section through the lower grid (at elevation 11.5 cm) is shown in
Fig. 47; the restraining influence of the grid (due to lateral grid forces

and/or local cooling of the tubes by the grid) is clearly evident by the
range of strains (2.9 to 5.6%) observed in this section. Figure 51 shows

localized wall thinning and distortion just below the burst in the No. 14

simulator, which is shown in Fig. 52.

Figure 58 shows a section representative of those in a broad minimum

in the coolant channel flow area restriction that will be discussed later.

The maximum burst strain (57.8%) occurred in the No. 6 simulator and is
shown in Fig. 62. Localized wall thinning toward the interior of the

bundle is evident on several of the simulators, particularly the corner

ones, in this and a number of other sections. There is little evidence

on the four interior rods of wall thinning toward the center of the bun-

die. Bursts in the outer ring of simulatore tend to be directed toward

adjacent rods or the bundle interior. These observations are consistent
with the bundle radial temperature profile shown in Fig. 13.

4.2.4 Strain data and tube strain profiles

Strain measurements were obtained from enlarged (~5x) photographs of
the sections, using the methodology reported for the B-1 test.6 Table 23
tabulates the strains deteruined thusly for each tube in each section.

The maximum observed strain was 57.8%; this occurred at the burst in the

No. 6 simulator (Fig. 62). The minimum burst strain, 29.2%, was experi-

enced by the No. 9 simulator (Fig. 83), which underwent partial depressur-
ization (see Table 4) due to a leak during the test. The cross section

with the maximum total deformation (sum of all tubes) is shown in Fig. 84.
The strain data were used to plot axial profiles of the individual

tubes; these are presented in Figs. 93 through 108. The pretest infrared
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characterization scans of the fuel simulators (internal heaters) and
the axial positions of the thermocouples are also shown for reference
purposes.

In general, the strain increases sharply at each end of the heated
length, reflecting the strength associated with the sharp axial tempera-
ture gradients in these regions. The upper ends reflect the short thermal

entrance region required to heat the incoming steam (~332*C) to near the
tube surface temperature. The Reynolds number of the steam, based on in-
let conditions and original tube dimensions, was 290; this is compared to
a range of 600 to 800 used in our single-rod tests. The higher steam flow

in the single-rod tests produced a longer thermal entrance region and sup-
pressed deformation and bursts in the upper 20 cm of the heated zone of
those tests. On the other hand, the short thermal entrance zone in the
B-1 and E-2 tests caused higher temperatures in this region, resulting in
deformation and bursts. This was demonstrated 3 by single-rod tests per-

formed later with the fuel simulator (internal heater) f rom the No. 4 rod
in the B-2 test.

All the profiles show about 5% strain in the grid positions (i.e.,
centered at the 10- and 66-cm elevations), reflecting grid restraint on

the tubes and/or higher cladding strength at the lower temperature (see

Fig. 12) in these regions. It should be noted that these effects influ-
ence the strain significantly for atmit 5 cm on either side of the grid.
The strain profiles show good correlation with the pretest characteriza-
tion scans. Considering the facts that (1) the grids had a strong re-
straining effect, (2) circumferential temperature gradients are known to
exist in the fuel simulators, and (3) the characterization scans are for
a single angular orientation, there is generally good agreement between
the scans and the burst positions. Figure 95 for tube 3 would appear to

be a notable exception; however, the scan for an adjacent quadrant (not
included in this report) clearly shows a peak at the burst position.

Excessive ballooning over an extended length is of concern in LOCA

analyses. For the tubes and spacing (10.92 mm OD on a 14.43-mm-square

pitch; 1.32 pitch-to-diameter ratio) used in our tests, adjacent tubes
will touch with 32% uniform expansion. Figure 109 plots those portions

of each tube over which the strain exceeds 32%; maximum deformation in
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tube 9, which leaked prior to the transient, was less than this value, as

indicated in Fig. 101. In tube 6, greater than 32% expansion occurred

over a length equal to about 15 tube (original) diameters; all the rest

were relatively short (i.e. , less than 7 tube diameters in length).

The volume increase over the heated length is perhaps a more meaning-

f ul characterization of the deformation with respect to coolant flow re-

striction. This parameter is related to (about a factor of 2 greater

than) the average deformation and was obtained by integrating the indi-
vidual deformation profiles, assuming circular cross sections. The data

are summarized in Table 3.
The locations of the individual tube bursts are tabulated in Table

24; axial and angular distributions are depicted graphically in Figs.110

and 111, respectively. A composite layout of the bursts, in which the

tube-to-tube pitch is greatly exaggerated for clarity, is shown in Fig.

112. The angular orientations were difficult to determine from the burst

cross sectict.a; however, a study of the positions of maximum wall thinning

in adjacent cross sections provided additional information to aid in de-

fining the orientations. Thus, the data given in Table 24 are our best

estimates of the burst locations.

Figures 111 and 112 show that the burst orientations of the inner

ring of tubes were generally directed outward, while those in the outer

ring of tubes were generally directed inward or toward adjacent tubes;
none of the bursts were directed toward tie shroud. This suggests that

the relatively cold shroud had an ef fect on localizing wall thinning
toward the interior of the bundle. No evidence was found to indicate
the presence of burst propagation.

4.2.5 Coolant channel flow area restriction

As evident from the deformation profiles for the individual tubes,

significant deformation was observed at a number of points. However, the
total expansion for all the tubes at any cross section is much more impor-
tant, since it determines the coolant channel flow area restriction.

One method for calculating the restriction is to consider unit cells

centered about the open space between fuel rods; an alternative method

considers unit cells centered about the fuel rods. Obviously, both
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methods give the same results for infinite arrays, but, for small test

arrays, different results will be obtained. The percentage of coolant

channel flow area restriction was e alculated with the rod-centered unit
cell method, using the equation

n=16

* *B = 100 x
16 (p2 - Ao)

where

B = percentage of restriction in coolant channel flow area,
2A .n = outside area of deformed t.ibe (mm ),d

A = outside area of original u.be (mm2),o

p = tube-to-tube pitch in squ ar e array (mm).

With this definition, B is zero for t o deformation and 100 if all the

tubes deform into a square whose sides are of length p (completely filling
the open area). For the case of uniform ballooning such that the tubes

just come into contact (i.e. , 32% strain for the dimensions appropriate to

this test), B is 61%.

In summing the deformed tube areas in the above equation for those
sections that contain bursts, one must decide how to treat the burst tube

flare-out. We used two definitions that appear to be reasonable upper and

lower limits of the coolant channel flow area restriction. The first def-

inition, which we believe is representative of the upper limit, consists

of drawing straight lines between the ends of the tube flare-outs to es-

tablish a burst tube area, as illustrated in Fig. 113. Special consider-

ation was given to these flare-outs that enclosed adjacent tubes to ex-

clude overlapping areas, as noted by tube 4 in the figure. The second
definition, which we believe is representative of the lower limit, con-

sidered the burst tube cross section as a circle (see tube 7 in the fig-

ure) with a perimeter equal to that of the tube. The latter definition is

considered a reasonable approximation of the tube just before burst.

The deformed tube areas were obtained by the data analysis techniques

reported 6 for the B-1 test. Table 25 gives the deformed tube areas,
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A .n, for each tube at each section based on the first definition ford

the burst tube area, and Table 26 gives similar information based on the
second definition. The last column (on the right side) gives the sum-

mation of the individual A ,n. The summed areas were used in the aboved

equation to calculate the coolant channel flow area restriction at each

section; the results are given in Table 27 and plotted in Fig. 114 as a
function of heated length. The flow channel restriction differs only in

the sections where tube bursts occurred. The cross-sectional area occu-

2pied by the grids (~47 mm ) was not included in the calculation; includ-

ing this area would slightly increase the restriction at the grid loca-

tions (centered about elevations 10 and 66 cm). The maximum restriction

(at elevation 76.2 cm) was 64 or 53%, depending on which method for han-
dling the tube flare-out was used.

4.2.6 Flow test results

Flow tests were conducted with the B-2 test array in each of two flow
shro ud s . The first shroud , designated as shroud 1, was used previously
for the B-1 flow tests. Prior to its use in the B-1 flow tests, it was

modified somewhat from ita original design in order to accommodate the B-1

tube burst flare-outs. One modification consisted of the substitution of
a 0.80-cm-diam gasket for the original 0.32-cm-diam gasket used to seal
the removable shroud coverplate to the shroud walls. While this modifi-

cation provided additional clearance in one direction, relief grooves had
to be cut into the shroud walls at three locations to obtain clearance for
the B-1 tube bursts in the other direction. The effect of these modifi-

cations was not significant.5 The tube 3 burst flare-out in the B-2
bundle (see Figs. 33, 34-A, and 37-A) was such that the bundle would not
fit within shroud 1. Rather than machining another groove in the shroud
(which would have interferee with the gasket seating surf ace), the flare-
out was bent slightly, as shown in Fig. 115, to provide the necessary
clearance.

To avoid the need for such modifications in the future a second
(larger) shroud (designated as shroud 2) was constructed. Based on

previous experience, its larger flow channel should accommodate burst

tube flare-outs and yet be sufficiently close fitting to ensure easily
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recognizable (but less pronounced) pressure losses induced by bundle de-
fo rmation. Provisions were made to recess the sealing gasket so that the

flow channel would more closely approximate a square cross section rather
than a rectangle. To ensure the accurate centering of bundles in shroud

2, set screws were installed to position the lower bundle grid in place.

The screws penetrate the shroud from the channel faces not housing the

pressure taps to minimize adverse effects on the pressure loss measure-
ments. Figures 116 and 117 show the orientation of the B-2 bundle in flow
shrouds 1 and 2, respectively.

A reference (or dummy) bundle geometrically identical with respect
to spacer grid placement (af ter the burst tests) and tubr OD (before the
burst tests) was constructed and flow tested to provid. reference basea

for all 4 x 4 pressure loss measurements. The refer ..e bundle was

constructed from centerless-ground stainless steel rods and flow tested

in shroud 1, as modified to accommodate the tube flare-outs of B-1, and

in shroud 2.

The pressure taps for the flow tests were positioned as shown in

Table 28 for shroud 1 and in Table 29 for shroud 2. The spacings are

given relative to the average position of the lower end of the heated

zone of B-2.

Flow test data are presented in the form of graphs and tables. The

interpretative report 5 of the flow tests should be consulted for a de-
tailed description of the test procedures and, more importantly, a dis-

cussion of the accuracy and precision of the test data. It should be

noted that these data are for particular flow configurations, and ex-

trapolation to other flow configurations should be made with care.

A total of ten flow tests were performed with shroud 1 - six on

the reference bundle and four on the B-2 bundle. Figures 118 through 121

show comparisons of the average differential pressure loss profiles for
the B-2 and reference bundles at four different nominal flow rates. Fig-

ures 122 and 123 show the results of two additional flow tests of the ref-
erence bundle. The pressure loss over the instrumented length of the bun-

die is plotted as a function of Reynolds nunber in Fig. 124 for the B-2

and the reference bundle in shroud 1. Least-squares fitted equations of

the data are also given in the figare.
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Tabulated data for the ten shroud 1 flow tests are given in Tables 30

through 39 relative to the bottom taps on each side of the flow shroud.
These data were averaged, for each flow test, to produce the graphs in

Figs. 118 through 121 and were used directly in Figs. 122 and 123.
Twelve flow tests were performed with shroud 2 -- seven on the

reference bundle and five on the B-2 bundle. Figures 125 through 129 show
comparisons of the average differential pressure loss profiles for the B-2

and reference bundles at five different nominal flow rates. Figures 130

and 131 show the results of two additional flow tests of the reference
bundle. The pressure loss over the instrumented length of the bundle is

plotted as a function of Reynolds number in Fig.132 for the B-2 and ref-

erence bundle in shroud 2. Least-squares fitted equations of the data are

also given in the figure.

Tabulated data for the 12 shroud 2 flow tests are given in Tables 40

through 51 relative to the bottom taps on each side of the flow shroud.
These data were averaged, for each flow test, to produce the graphs in
Figs. 125 through 129 and were used directly in Figs. 130 and 131.

While the general shapes of the pressure loss profiles for B-2 in
shroud 2 are very similar to those in shroud 1, the magnitudes of the
pressure losses were much less in shroud 2 (compare Figs. 124 and 132).
This resulted primarily f rom the larger (about 19%) water flow area in

the nondeformed regions.
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Table 1. As-built data for fuel pin simulators
used in B-2 test

dInternal heater
Fuel pin

Bundle Zircaloy
simulator

position tube serial "*"" bSerial gas volume
No. No. r sistance 3No. (em )(0)

1 0688 2828072 4.08 48.5
2 0003 2828082 4.07 49.7
3 0689 2828067 4.10 48.8
4 0004 2828079 4.05 49.4
5 0047 2828080 4.04 49.5
6 0690 2828071 4.04 48.9
7 0049 2828081 4.09 51.0
8 0695 2828083 4.04 49.5
9 0700 2828068 4.07 48.9

10 0002 2828069 4.15 49.8
11 0697 2828078 4.15 48.8
12 0048 2828073 4.12 50.1
13 0045 2828084 4.04 48.6
14 0698 2828064A 4.05 49.1
15 0046 2828086 4.18 49.6
16 0699 2828085 4.10 48.5

"All 16 internal heaters were fabricard by SEMCO.
The fuel pin simulator volume, measured at room tem-

perature before assembly of the bundle, includes a pres-
sure transducer and cor.r.ecting tube identical to the test
facility hookup for each simulator.

ne
7md '
w



Table 2. Summary of burst test results

_

Initial conditions Approximate Approximate burst conditions
Burst temperature

Differential Temperature (*C) e e Differential Temperature # (*C) bThpressure differential pressure
see) N(kPa) TE-1 TE-2 TE-3 TE-4 (kPa) (kPa) TE-1 TE-2 TE-3 TE-4

1 8810 334 335 334 335 9240 7700 790 803 825 870 18.30 846
2 8805 335 335 336 339 9220 7685 818 841 846 5 18.00 847
3 8795 333 334 332 336 9245 7560 852 "53 5 826 18.30 849
4 8775 336 336 333 337 9205 7585 861 872 807 854 18.30 848
5 8775 333 334 336 336 9205 7770 854 5 835 852 17.85 845
6 8785 335 335 334 335 9220 6925 857 82I 843 834 17.95 858
7 8740 334 333 333 333 9160 7360 85 861 838 850 17.85 852
8 8750 335 334 333 334 9200 7565 86 840 813 792 17.80 849 U# # # # #9 7715 335 334 332 335 7715 6110 928 846 864 871 20.05 872

10 87JO 334 334 332 334 9175 9345 827 862 827 856 18.10 b52
11 8735 333 334 332 333 9165 7670 832 819 832 853 17.80 847
12 8760 336 334 334 333 9200 7545 8_51 832 829 III 18.15 8495

13 8755 338 333 334 332 8175 7820 856 805 833 867 18.15 845
14 8755 333 334 334 335 9140 7230 828 858 832 555 18.30 854_

C) 15 8790 336 334 334 337 9205 7945 82* 807 799 836 18.05 843Cs
16 8790 333 334 333 334 9220 7700 848 839 795 814 18.15 846

#
Underlined value is burst temperature based on premise that maxim measured value is minimum possible burst

tempe ature.

p Based on burst temperature-burst pressure correlation from single-rod burst tests (external bare-wire thermo-
E couples).

#
Rod 9 developed a mcferate leak prior to the test and its behavior is abnormal.



Table 3. Summary of B-2 test results related to volume changes

d
Approximate burst condition b e ' I me i creaseg , FmhM FudoM

"
N Pressure Temperature Strain ** Ese i r e ()

(kPa) ( C) (%) (%)

1 48.5 7700 870 35 1.14 1.56 31.8 15

2 49.7 7685 846 39 1.15 1.57 33.2 15

3 48.8 7560 853 40 1.16 1.74 42.0 19

4 49.4 7585 872 42 1.16 1.62 35.8 17

5 49.5 7770 866 35 1.13 1.56 32.6 15

6 48.9 6925 857 58 1.27 1.91 51.8 23

7 51.0 7360 861 56 1.19 1.69 41.2 19

8 49.5 7565 856 38 1.16 1.62 36.0 17

I I I d I I I I48.9 6110 928 2 1.26 1.50 28.7 13 y9

10 49.8 7345 862 43 1 19 1.70 40.9 19

11 48.8 7670 853 40 1.14 1.59 33. 15

12 50.1 7545 851 40 1.16 1.63 36.9 17

13 48.6 7820 867 41 1.12 1.52 29.4 14

14 49.1 7230 858 42 1.21 1.71 40.9 19

15 49.6 7945 836 35 1.11 1.49 28.5 13

16 48.5 7700 848 42 1.14 1.56 31.7 15

b easured at room temperature; includes fuel pin simulator (FPS), pressure transducer, and connecting tube.

O Ratio of initial pressure to burst pressure.
O #

Ratio of final to initial gas volu=e; includes FPS, pressure transducer, and connecting tube.
_

d
Obtained from deformation profiles assuming circular cross sections.

#
Assumes volume increase is uniformly distributed over heated length,

g)Q Tube developed moderate leak prior to transient; deformation behavior is abnormal.



Table 4 Sisamary of maalmsus pressures

- -- IN ITI AL CON 0lfl0NS- -- ---CONO I T I OPJ S a f TI4F OF *tAXIMUM PRES 50ars--------
ROD DIFFERFNTIAL TEMPERATURES IDEC Cl DIFFERENTIAL TEMPERATURES (DEG Cl
NO. PRESSURE - - - --------- - - - - - PRES $URE -- ----- ----------- VIMF

IKPal TE-1 TE-2 TE-3 TE-4 IKPAl TE-1 TE-2 TE-3 TE-4 ISECl

1 8810.9 334.1 335.0 334.1 335.0 9238.1 653.3 665.3 668.1 670.9 11.15

2 8807.5 335.0 335.0 336.0 338.8 921'8.9 682.1 691.4 686.7 670.9 11.80

3 RF93.1 333.2 334.1 332.3 336.0 9444.0 682.1 676.5 675.5 674.6 11.50

4 8774.1 336.0 336.0 333.2 336.9 9202.6 705.3 705.3 699.7 707.2 12.45

5 8776.3 333.2 334.1 336.0 336.0 9205.2 682.1 682.1 679.3 67?.7 11.65

6 8783.6 335.0 335.0 334.1 335.0 9218.5 682.1 683.0 693.2 689.5 11.70
N

7 8739.3 334.1 333.2 333.2 333.2 9160.3 658.9 671.8 662.6 e68.1 11.35

8 8747.8 335.0 334.1 333.2 334.1 9201.8 686.7 6T9.3 674.6 666.3 11.20

9 7744.0 335.0 334.1 332.3 335.0 7F16.6 367.5 353.6 352. 7 361.0 1.20

to 8728.4 334.1 334.1 332.3 334.1 9174.5 674.6 683.9 674.6 680.2 11.80

11 8735.7 333.2 334.1 332.3 333.2 9164.3 680.2 667.2 677.4 668.1 11.60

12 8759.5 336.0 334.1 334.1 333.2 9198.8 689.5 686.7 668.1 667.2 11.75

13 8754.4 337.8 333.2 334.1 332.3 9176.6 702.5 689.5 To r. 2 698.8 12.45

O 14 8752.6 333.2 334.1 333.2 335.0 9139.0 649.6 6 74 . 6 672.8 663.5 11.15Os
15 8790.8 336.0 334.1 334.1 336.9 9206.9 670.0 689.5 671.8 691.4 11.9%-

16 8791.6 333.2 334.1 333.2 334.1 9220.9 682.1 6 72. 8 673.7 659.8 11.55

N
4
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Table 5. Distribution of
bursts with time

in B-2 test"

Numbe r
Time of Simulator

(sec) bursts No.

17.80 2 8, 11

17.85 2 5, 7

17.90 0
17.95 1 6
18.00 1 2

18.05 1 15
18.10 1 10
18.15 3 12, 13, 16
18.20 0
18.25 0
18.30 4 1, 3, 4, 14
20.05 1 9

aPower was terminated
at 20.35 sec.

.
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Table 6. Test condit ions sisnaary at rod I burst time

T INE F ROM POWER-ON 18.30 SEC. TIMF FROM POWER-OFF -2.05 SEC.

ROD DIFFERENTIAL. T E M PE R ATUR E S 10EG Cl TIME F ROMNn. PRESSURE --- -- ---- ---
-

- -- =------- - -- ------ PUest(KPal TE-1 TE-2 TE-3 TE-4 M/NIMUw MAXIMUM AVE 9 AGE I SE C )

1 7698.9 790.2 802.6 824.6 870.1 790.7 8 70.1 821. 9 0.002 704.0 813.1 841.0 851.6 843.9 813.1 851.o 8 37.4 0.303 7259.6 851.6 852.6 844.9 825.6 825.6 852.6 843.7 0.004 7587.1 861.3 872.0 807.4 853.6 807.4 872.0 848.6 0.00
5 403.7 858.4 854.6 342.0 827.5 827.5 858.4 845.6 0.e56 459.5 864.3 832.3 842.9 836.2 832.3 864.3 843.9 0.357 333.0 829.5 862.3 841.0 841.0 829.5 e62.3 843.4 0.458 144.7 850.7 841.0 820.8 B05.5 805.5 850.7 829.5 0.50
9 6772.8 883.7 819.8 839.1 842.9 819.8 883.7 846.4 -1.7510 2045.9 832.3 851.6 827.5 861.3 827.5 861.3 843.2 0.20 -4

y
11 385.5 835.2 824.6 d40.1 863.3 824.6 863.3 840.8 C.5012 3254.9 839.1 824.6 807.4 804.5 804.5 839.1 818.9 0.15
13 2511.8 831.4 797.8 870.1 864.3 797.8 870.1 840.9 0.1514 7231.8 828.5 858.4 832.3 855.5 828.5 858.4 843.7 0.0015 1582.6 823.7 807.4 794.0 823.7 794.0 823.7 812.2 0.2516 2262.1 844. 9 813.1 798.8 818.9 798.8 844.9 818.9 0.15

e seeee eeeeee eeeeeeee ee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeee eee eeeeeeee eeeeeeeeeeeeeee eeeeeeeee eeeeeeeee eeeeeeeeeeeeeee

MI SC E L L AN E OUS INSTRUMENTS

$8 TE-305 323.8 DEG C 124 TE-17-1 506.1 DEG C 125 T E-17-2 5 01. 5 OE G C126 TE-17-3 516.1 DEG C 127 TE-17-4 503.3 OEG C 135 TE-18-1 4 86. 8 DFG C137 TE-18-2 464.8 DEG C l_8 TE-18-3 506.1 DEG C 139 TE-18-4 499. 7 DEG CC 140 TE-19-1 488.7 DEG C 141 TE-19-2 486. 8 OEG C 142 TE-19-3 515.2 DEG CGN
-.-- 14 3 TE-19-4 454.7 DEG C 457 PE-301 255.2 KPA 4 72 ele-10 T37.5 AMPS4 73 EEE-10 199.0 VOLTS 4 78 TE-304 331.9 DEG C
N
N
CN



Table 7. Te st conditions summary a t rod 2 burst time

Y lMF F ROM POWER-ON 18.00 SEC. TIME FRCM POWER-OFF -2.35 SEC.

ROD DI F FER E NT I A L TE M PER ATUR ES IDEG C l Tl4E FRD1
BURST--- - ------ - - - - - - -- ------------------------

NO. PR E SS UR E

(KPat TE-1 TE-2 TE-3 TF-4 MINIMUM MAXIMUM AVERAGE ( SEr l

1 8014.9 795.0 804.5 821.8 865.2 795.0 865.2 821.6 -0.30

2 7682.6 817.9 841.0 845.8 843.9 817.9 845.9 837.2 0.00

3 7703.9 856.5 848.7 844.9 839.1 839. 1 856.5 847.3 -0.30

4 7986.2 853.6 864.3 805.5 852.6 805.5 864.3 844.0 -0.30

5 3502.6 853. 6 846.8 831.4 834.3 831.4 853.6 841.5 0.15

6 5527.2 854.6 826.6 838.1 832.3 826 .6 854.6 837.9 0.05

7 3162.9 818.9 853.6 833.3 840.1 818.9 853.6 836. 5 0.15

8 1694.4 849.7 833.3 813.1 801.7 801. 7 849.7 824.5 0.20

9 6886.1 874. 9 820.8 834.3 838.1 820.8 874.9 842.0 -2.05

10 7503.7 822.7 864.3 823.7 854.6 822.7 86+.3 841. 3 -0.10 na

11 2715.6 823.7 817.0 829.5 852.6 817.0 852.6 830.7 0.20 00

12 7756.4 847.8 831.4 831.4 842.9 831.4 847.8 838.4 -0.15

13 7986.7 852.6 804.5 879.8 862.3 804. 5 879.8 849.8 -0.1%

14 7632.6 823.7 866.2 826.6 853.6 823.7 866.2 8 42. 5 -0.30

15 8006.3 822.7 806.4 798.8 834.3 798.8 834.3 815.6 -0.05

16 7907.6 849.7 850.7 794.0 82?.7 794.0 850.7 829.3 -0.15

e eee ee eee eee e+++ ee es es eeee ee eeeeee ee eee eee e eeee ee ee eee eeeeeeee eeeeee eeeeeee eeeeeeeeee eee eeeeeeeee eee e ee eee eee eee eee eeeeee

MISCELLANEOUS INSTRUMENTS

58 TE-305 323.3 DEG C 124 TE-17-1 492.3 DEG C 125 TE-17-2 493.2 DEG C

126 TE-17-3 807.0 DEG C 127 TE-17-4 494.2 DEG C 136 TE-18-1 4 78. 6 DFG C

137 T E-18-2 459.3 DEG C 138 TE-18-3 496.9 DEG C 439 TE -18-4 490.5 DEG C
140 T E-19-1 482.2 DEG C 141 TE-19-2 479.5 DEG C 142 TE-19-3 500.6 DEG C

143 T E-19-4 445.4 DEG C 457 PE-301 226.5 MDA 4 72 FIE-10 736.9 AMPS
473 EEE-10 199.0 VOLTS 4 78 TE-304 331.6 DEG C

ON
-

N
NJ



Table 8. Test conditions utsumary at rod 3 burst time

TIME F ROM POWER-ON 18.30 SEC. TIMF FRCM POWER-OFF -2.05 SFC.

ROD OlF FER E NT I A L TEMPFR ATURES (DEG Cl TIME FP01
NC. PP ESSUR E -- - - - - - - - - - - - - - - - - - ----- ------------------ B uc ST

IKPAS TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGF ( SE C l

1 7698.9 790.2 802.6 824.6 870.1 790.2 870.1 821.9 0.00
2 704.0 813.1 841.0 851.6 843.9 813.1 851.6 837.4 0.30
3 7259.6 851.6 852.6 844.9 825.6 825.6 852.6 843.7 0.00
4 7587.1 861.3 8 72.0 807.4 853.6 807.4 8 72. 0 848.6 0.00

5 403.7 858.4 854.6 842.0 827.5 827.5 858.4 845.6 0.45
6 459.5 864.3 832.3 842.9 836.2 832.3 864.3 843.9 0.35
7 333.0 829.5 862.3 841.0 841.0 829. 5 862.3 843.4 0.45
8 144.7 850.7 841.0 820.8 805.5 805.5 850.7 829.5 0.50

9 6772.8 883.7 819.8 839.1 842.9 819.8 883.7 846.4 -1.75
10 2045.9 832.3 851.6 827.5 861.3 827.5 861.3 843.2 0.20 $
11 385.5 835.2 824.6 840.1 863.3 824.5 863.3 840.8 0.50
12 3254.9 839.1 824.6 807.4 804.5 804.5 839.1 818.9 0.15

13 2511.8 831.4 797.8 870.1 864.3 797.8 870.1 840.9 0.15
14 7231.8 828.5 858.4 832.3 855.5 828.5 858.4 843. 7 0.00
15 1582.6 823.7 807.4 794.0 823.7 794.0 823.7 812.2 0.25
le 2262.1 844.9 813.1 798.8 818.9 798.8 844.9 818.9 0.15

* * * * e o o e * * * e s e e * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * e e e e e e * * * * * * * * * * * * * * * * * e o o * * * * * * * * * * * * * * * * * e e s e e e e e e e e e e e e e e e e e e e e e e e ,

MISCELLANEOUS INSTRUMENTS

58 T E-305 323.8 DEG C 124 TE-17-1 506.1 DEG C 125 TE-17-2 501.5 DEG C"
126 TE-17-3 516.1 DEG C 127 TE-17-4 503.3 OEG C 136 TE-18-1 4 86.8 DE G CC 137 TE-18-2 464.8 DEG C 138 TE-18-3 506.1 DEG C 139 TE-18-4 499. 7 0FG C

CN 140 TE-19-1 488.7 DEG C 141 TE-19-2 486.8 DEG C 142 TE-19-3 515.2 DEG C
-

143 TF-19-4 454.7 DEG C 457 PE-301 255.2 KPA 4 72 EIE-10 7 37. 5 AMPS
473 EEE-10 199.0 VOLTS 478 TE-304 331.9 DEG C

f\J
CO



Table 9. Te st conditions summary at rod 4 burst time

T lWE F ROM POWER-ON 18.30 SEC. TIME FROM POWER-OFF -J.05 SEC.

ROD OlFFEPENTIAL TEMPER ATUR ES 10EG Cl TIME F ROM
BURST

NO. P R E S$ UR E ---
-- ------------------

IKPAl TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE ISECS

1 7698.9 790.2 802.6 824.6 870.1 790.2 870.1 821. 9 0.00

2 704.0 813.1 841.0 851.6 843.9 813.1 851.6 837.4 0.30

3 1259.6 851.6 852.6 844.9 825.6 825.6 852.6 843.7 0.00

4 7587.1 861.3 872.0 807.4 853.6 807.4 872.0 848.6 0.00

5 403.7 858.4 854.6 842.0 827.5 827.5 058.4 845.6 0.45

6 459.5 864.3 832.3 842.9 836.2 832.3 86e.3 843.9 0.35

7 333.0 829.5 862.3 841.0 841.0 829.5 862.3 8 43.4 0.45

8 144.7 850.7 841.0 820.8 805.5 805.5 R50.7 829.5 0.50

9 6772.8 883.7 819.8 839.1 842.9 819.8 883.7 846.4 -1.75

10 2045.9 832.3 851.6 827.5 861.3 827.5 861.3 843.2 0.20 W
O

11 385.5 835.2 824.6 840.1 863.3 824.6 863.3 840.8 0.50

12 3254.9 8?9.1 824.6 807.4 804.5 804.5 839.1 818.9 0.15

13 2811.8 831.4 797.8 870.1 864.3 797.8 870.1 840.9 0.15

14 7231.8 828.5 858.4 832.3 855.5 828. 5 858.4 843.7 0.00

15 1582.6 823.7 807.4 794.0 823.7 794.0 823.7 812.2 0.25

16 2262.1 844.9 813.1 798.8 818.9 798.8 844.9 818.9 0.15

e eee ee eeee ee eeeeeeee ee ee eeee eee eee ee ee eeeee eeee e eee ee e eeeeeeee eee eee eee eeee o++e e e e eee eee e eeeeeeee eeee ee eee eee eeeeeeeee e ee

MISCELLANEOUS INSTRUMENTS

58 TE-305 323.8 DEG C 124 TE-l?-l 506.1 DEG C 125 TE-17-2 501. 5 DEG C
126 TE-17-3 516.1 DEG C 127 TE-17-4 503.3 DEG C 136 TE-18-1 4 86.8 DEG C

137 TE-18-2 464.8 OEG C 138 TE-18-3 506.1 DEG C 139 TE-18-4 499. 7 DEG E
140 TE-19-1 488.7 DEG C 141 TE-19-2 486.8 DEG C 142 TE-19-3 515.2 OEG Cs

g
CJN 143 TE-19-4 454.7 DEG C 457 PE-301 255.2 KPA 4 72 EIE-10 737.5 a4PS

473 EEE-10 199.0 VOLTS 478 TE-304 331.9 DEG C-*

N
N
O



Table 10 Test conditions misamary at rod 5 burst time

T IME F POM POWER-ON 17.85 SEC. TIME FRO *4 P OW E R-OFF ~2.50 SEC.

ROD DIF F ER E NT I A L T E M PE R A TUR E S IDEG Cl TIME FP09
NO. PPESSUSE - - - - - - -

- - - - - - - - - - - - - - - - - - - ------------------- P U2 S T
(MPAs TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE ISFCI

1 8159.6 795.9 804.5 819.8 861.3 795.9 861.3 820.4 -0.45
2 7906.9 817.0 838.1 842.0 841.0 817.0 842.0 834.5 -0.15
3 7898.6 855.5 844.9 841.0 834.3 834.3 855.5 843.9 -0.45
4 8142.7 849.7 858.4 803.6 849.7 803.6 858.4 840.4 -0.45

5 7771.0 853.6 866.2 835.2 851.6 835.2 866.2 851.7 0.00
6 7143.6 856.5 825.6 842.9 835.2 825.6 856.5 840.1 -0.10
7 7360.2 823.7 861.3 838.1 849.7 823.7 861.3 843.2 0.00
8 6110.1 852.6 832.3 806.4 787.4 787.4 852.6 819.7 0.05

9 6939.9 874.9 817.9 831.4 834.3 817.9 874.9 839.6 -2.20
10 7727.0 817.9 860.4 821.8 851.6 817.9 860.4 837.9 -0.25 La
11 7443.1 828.5 817.9 832.3 850.7 817.9 850.7 832.4 0.0% *
12 7945.0 844.9 829.5 834.3 857.5 829.5 857.5 8 41. 5 -0.30

13 8141.5 848.7 802.6 874.9 857.5 802.6 874.9 845.9 -0.30
14 7808.5 817.9 868.1 820.8 851.6 817.9 868.1 839.6 -0.'5
15 8185.4 820.8 805.5 797.8 836.2 797.8 836.2 815.1 -0.20
16 8084.3 848.7 847.8 791.2 820.8 791.2 848.7 827.1 -0.30

ee++eeeeee**eeeeeeeeo++e++ese**e***********************************************************************eoo**********eeeeo

MISCELLANEOUS INSTRUMENTS

58 TE-305 323.3 OEG C 124 TE-17-1 485.9 DEG C 125 TE-17-2 490.5 DEG C
126 T E-17-3 500.6 DEG C 127 TE-17-4 491.4 OEG C 136 TE-18-1 475. 8 DEG CC 137 TE-18-2 456.5 DEG C 138 TE-18-3 495.1 DEG C 139 TE-18-4 48 7. 8 DE G C
140 TE-19-1 480.4 DEG C 141 T E -19 -2 4 75.8 DEG C 142 TE-19-3 496.9 DEG C

143 TF-19-4 443.6 DEG C 457 PE-301 208.0 KPA 4 72 EIE-10 736.9 AMPS
473 EFE-10 199.0 VOLTS 478 TE-334 331.6 DEG Cg
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Table 11. Test conditions summary a t rod 6 burst time

T IME F R0ta POWER-ON 17.95 SEC. TIME FRCH POWER-OFF -2. 4 0 S EC.

ROD DIFFERENTIAL TEMPERATURES (DEG Cl TIME F P01
NC. P R E S$ UR E --

-- -- -- - ------------------- BUoST
(KPAl TE-l TE-2 TE-3 TE-4 MINIMUM MAXI"UM AVER AGE ($509

I E070.7 795.0 804.5 820.8 864.3 795.0 864.3 821.1 -0.35
2 7760.3 8t7.9 841.0 844.9 842.9 817.9 844.9 836.7 -0.05
3 7767.0 857.5 847.8 846.8 837.2 837.2 857.5 847.3 -0.35
4 8043.8 852.6 862.3 805.5 851.6 805.5 862.3 843.0 -0.35

5 5158.5 851.6 842.9 830.4 837.2 830.4 851.6 840.5 0.10
6 6925.0 857.5 820.6 842.9 834.3 826.6 857.5 840.3 0.00
7 4769.1 817.9 852.6 833.3 841.0 817.9 852.6 836.2 0.10
8 2537.4 849. 7 831.4 811.2 798.8 798. 8 849.7 R22.8 0.15

9 69C7.0 8 74. 0 819.8 833.3 837.2 819.8 874.0 8 41 . 1 -2.10
10 7583.6 820.8 864.3 822.7 853.6 820.8 864.3 840.3 -0.15 d
11 3794.3 821.8 815.0 827.5 849.7 815.0 849.7 828.5 0.15
12 7819.9 846.8 831.4 833.3 848.7 831.4 848.7 840.1 -0.20

13 8029.8 851.6 803.6 878.8 860.4 803.6 878.8 848.6 -0.20
14 7689.4 821.8 869.1 82'.6 852.6 821. 8 869.1 842.0 -0.35
15 8071.4 822.7 806.4 79, 8 836.2 798.8 836.2 816.0 -0.10
16 7974.6 849.7 849.7 79I 821.8 792.1 849.7 828.3 -0.20

* * ee ee ee e ee e ee e e e s e s se eeee e e ee e eee ee es s ee e e eeee * *** *es e ee* * ** * * ** *e e e+ + + e e e e e e e e ee ** * ** * * *e e e e e ee ee e e ee e e e eee ee e e ee ee e e s e

MISCELLANEOUS INSTRUMENTS

58 TE-305 323.8 DEG C 124 TE-17-1 489.6 DEG C 125 TE-17-2 492. 3 OEG C
126 TE-17-3 505.1 OEG C 127 TE-17-4 494.2 DEG C 136 TE-18-1 477. 7 DEG r
137 TE-18-2 457.4 DEG C 138 TE-18-3 496.0 DEG C 139 TE-18-4 4 89. 6 DE G r.

--.140 TE-19-1 482.2 DEG C 141 TE-19-2 478.6 DEG C 1 42 TE-19-3 499. 7 DEG C

CD t 4 3 TE-19-4 445.4 DEG C 457 PE-301 219.8 KPA 4 72 EIE-10 737.5 AMPS
C7s 4 F3 EEE-10 199.0 VOLTS 478 TE-304 331.6 DEG C
-
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Table 12. Te st conditions sisamary at rod 7 burst time

T IME F ROM PO WE R-ON 17.85 SEC. TIME FROM POWER-OFF -2.50 SEC.

900 DIFFE8ENTIAL TE M PE R ATUR E S (OFG C TIME FR04
no, p p E SSUR E -- -- - - - - - - - - - -- -------- ----- RU25T

IKPAl TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE (SEC!

1 8159.6 795.9 804.5 819.8 861.3 795.9 861.3 8 20. 4 -0.45
2 7906.9 817.0 838.1 842.0 841.0 817.0 P42.0 834.5 -0.15
3 7898.6 855.5 844.9 841.0 834.3 834.3 855.5 843.9 -0.45
4 8142.7 849.7 858.4 803.6 849.7 803.6 858.4 840.4 -0.45

5 7771.0 853.6 866.2 835.2 851.6 835.2 866.2 851.7 0.00
6 714s.6 856.5 825.6 842.9 835.2 825.6 856.5 840.1 -0.10
7 7360.2 823.7 861.3 838.1 849.7 823. 7 861.3 843.2 0.00
8 6110.1 852.6 832.3 806.4 787.4 787.4 852.6 819.7 0.05

9 6S 9.9 874.9 817.9 831.4 834.3 817.9 8 74.9 839.6 -2.20
10 7727.0 817.9 860.4 821.8 851.6 817.9 860.4 837.9 -0.25 d11 7443.1 828.5 817.9 832.3 850.7 817.9 850.7 832.4 0.05
12 7945.0 844.9 829.5 834.3 857.5 829.5 857.5 841.5 -0.30

13 8143.5 848.7 802.6 874.9 857.5 802.6 874.9 845.9 -0.30
14 7808.5 817.9 868.1 820.8 851.6 817.9 868.1 839.6 -0.45
15 8185.4 820.8 805.5 797.8 836.2 797.8 836.2 815 1 -0.20
16 8084.3 848.7 847.8 791.2 820.6 791.2 848.7 827.1 -0.30

e e ** ee e e + + e s e * * e s e ee e * * * * e + + e s e ** * e s e e * * * * * *e s e e e e e e e e e ee o o e ** * * * ** * ** * * o * * ** ** * * * * * * e** * * * * * * * * * * * e e ++ ,e * * * * ee e e e e e e e e e,

MISCELLANEOUS INSTRUMENTS

58 T E-30 5 323.3 DEG C 124 TE-17-1 485.9 DEG C 125 TE-17-2 490.5 OEG C
126 TE-17-3 500.6 DEG C 127 TE-17-4 491.4 DEG C 136 TE-18-1 4 75. 8 DEG C_
137 TE-18-2 456.5 DEG C 138 TE-18-3 495.1 OEG C 139 TE-18-4 487.8 OEG CO 140 TE-19-1 480.4 OEG C 141 TE-19-2 4 75.8 DEG C 142 TE-19-3 496.9 der. Cm
143 TE-19-4 443.6 DEG C 457 PE-301 208.0 KPA 472 EIE-10 736. 9 AMPS

--+

473 FFF-10 199.0 VOL TS 478 TE-304 331.6 DEG r
rv
'M



Table 13. Te st condit toas summary a t rod 8 burnt time

TIME FROM power-ON 17.80 SEC. TIME F R OM POWER-OFF -2.55 SEC.

ROD OtrFERENTIAL T E M PE R ATUR E S (DEG Cl TIME FROM
BURST

NO. PRESSURE --
----- - - - - - - - - - - - - - - --- -- --------- - - - - -

(KPAI TE-1 TE-2 TE-3 TE-4 MINIMUM MAX! MUM AVERAGE (SErl

I 8214.9 795.9 804.5 819.8 860.4 795.9 860.4 820.2 -0.50

2 7969.9 816.0 837.2 840.1 839.1 816.0 840.1 833.1 -0.20

3 7961.3 854.6 843.9 836.2 833.3 833.3 854.6 842.0 -0.50

4 8207.1 847.8 857.5 802.6 848.7 802.6 857.5 839.1 -0.50

5 7840.6 851.6 864.3 d34.3 852.6 834.3 8e4.3 850.7 -0.05

6 7228.4 855.5 824.6 842.9 835.2 824.6 855.5 8 39. 6 -0.15

7 7453.7 822.7 859.4 837.2 848.7 822. 7 859.4 842.0 -0.05

8 1565.2 856.5 840.1 813.1 792.1 792.1 856.5 825.4 0.00

9 6560.3 874.0 817.0 830.4 833.3 817.0 874.0 838.7 -2.25

to 7799.2 817.0 859.4 819.8 851.6 817.0 859.4 837.0 -0.30 y
11 7670.8 832.3 818.9 832.3 852.6 818.9 852.6 8 34. 0 0.00

12 8008.0 843.9 828.5 835.2 857.5 828.5 857.5 8 41. 3 -0.35

13 8186.2 847.8 803.6 874.0 854.6 803.6 874.0 8s3.0 -0.35

14 7864.9 816.0 865.2 819.8 848.7 816.0 865.2 C 37. 5 -0.50

15 8235.5 819.8 805.5 797.8 835.2 797.8 835.2 814.6 -0.25

16 8135.8 847.8 846.8 791.2 820.8 791.2 847.8 8 26. 6 -0.25

e e * * ** ** e e + + e e e e * * * * e e e e e e * * * * * e e + + e se o * * * * * * * * * * * * * * * * * e o e s e * * * * * * * * * * * * * * * * * * * e s e o * * * * * * e e + + e * + + + e + e e e e e e e e ee e e e e e e e e e e

MI SC E L LAN E OUS INSTRUMENTS

58 T E-305 323.8 DEG C 124 TE-17-1 485.0 DEG C 125 TE-17-2 489.6 DEG C
126 TE-17-3 499.7 DEG C 127 TE-17-4 491.4 DEG C 136 TE-18-1 4 74.9 DEG C
137 TE-18-2 455.6 DEG C 138 TE-18-3 495.1 DEG C 139 TE-18-4 4 8 7. 8 DE G C

140 TE-19-1 479.5 DEG C 141 TE-19-2 475.8 DEG C 142 TE-19-3 496.9 DEG C
--*

C3
143 TE-19-4 442.7 DEG C 457 PE-301 201.7 KPA 4 72 ETE-10 737.5 AMPS

g
473 EEE-10 199.0 VOLTS 478 TE-304 331.9 DEG C

-
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Table 14. Test cointi t toris sinmary at rod 9 burst time

T IME F ROM POWER-ON 20.05 SEC. TIME FROM POWER-OFF -0.30 SEC.

ROD OlFFERENTIAL TE MPE R ATUR ES (DFG Cl TIMF FROM
NO. P R E S S UR E - -----

- --- - - - - - - - - - - - - - - - - - BURST
(KPAs TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE (SECl

1 24.2 831.4 832.3 865.2 850.7 831.4 865.2 844.9 1. 75
2 15.9 844.9 879.8 887.6 851.6 844.9 887.6 866.0 2.05
3 21.9 862.3 890.6 883.7 832.3 832.3 890.6 867.2 1.75

10.1 891.5 885.7 832.3 875.9 832.3 891.5 871.4 1.75
*

24.3 884.7 8 84. 7 885.7 851.6 851.6 885.7 876.7 2.20
24.8 903.3 866.2 877.9 866.2 866.2 903.3 8 78. 4 2.10

1 28.0 869.1 998.4 874.9 872.0 869.1 898.4 878.6 2.20
8 22.9 875.9 870.8 847.8 826.6 826.6 879.8 857.5 2.25

6110.5 927.9 845.8 864.3 871.1 845.8 927.9 877.3 0.00,

to 26.1 869.1 870.1 865.2 910.2 865.2 910.2 878.6 1.95 d11 21.9 874.9 861.3 882.7 905.3 861.3 905.3 881.1 2.25
12 14.6 866.2 860.4 851.6 820.8 820.8 866.2 849.8 1.90

13 21.5 892.5 838.1 920.0 911.2 838.1 920.0 890.4 1.90
14 22.6 839.1 862.3 859.4 856.5 839.1 862.3 854.3 1.75
15 24.9 865.2 831.4 818.9 869.1 818.9 869.1 846.1 2.00
16 21.1 874.9 862.3 849.7 854.6 849.7 374.9 860.4 1.90

e e oo e t e * * * * * ec e e e e ee ee e * ** * * * * * * ** * * ee e e e e e s se e e e ee e e * * * * * * * * * * * * * * * ** * * * * * ** ** * * * * * * e s e + + e e ee e ee e e e e ee * o v e e e ee * * * e * e e e e,

MISCELLANEOUS INSTRUMENTS

58 TE-305 326.6 DEG C 124 TE-17-1 551.0 DEG C 125 TE-17-2 536.3 DEG C
126 TE-17-3 560.2 DEG C 127 TE-17-4 544.6 DEG C 136 TE-18-1 5 3 0. 8 DE G C
137 TE-18-2 493.2 DEG C 138 TE-18-3 561.1 DEG C 139 TE-18-4 539.1 DEG C-^ 140 TE-19-1 533.5 DEG C 141 TE-19-2 530.8 OEG C 142 TF-19-3 5 74.9 DEG C

CD
& 143 TF-19-4 497.8 DEG C 457 PE-301 247.2 KPA 4 72 EIE-10 736.2 AMPS

4 73 E EE-10 199.0 VOLTS 4 78 TE-304 331.6 DEG C

IV
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Table 15. Te st conditions summary at rod t o t>urst time

T IME F ROM POWER-ON 18.10 SEC. TI ME FROM POWER-OFF -2.25 SEC.

ROD OlFFERENTIAL TEMPER ATUR ES (OEG Cl TIME FROM
NO. p p E SS UR E - - - - - - - - - - - - - - - - - -- - -- - - - - - ---- 8045T

IKPA8 (E-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE ISECl
_

1 7923.7 793.1 803.6 821.8 867.2 793.1 867.2 821.4 -0.20
2 3530.6 808.3 835.2 842.0 84uel 808.3 842.0 8 31. 4 0.10
3 7577.0 855.5 850.7 844.9 835.2 8 35. 2 855.5 846.6 -0.20
4 7870.1 856.5 868.1 806.4 852.6 806.4 868.1 845.9 -0.20

5 1714.1 857.5 851.6 835.2 831.4 831.4 857.5 843. 9 0.25
6 2265.9 854.6 827.5 837.2 834.3 827. 5 854.6 838.4 0.15
7 1504.4 822.7 858.- 836.2 841.0 822.7 858.4 839.6 0.25
8 793.4 849.7 835.2 816.0 802.6 802.6 869.7 825.9 0.30

9 4850.7 874. 0 819.8 836.2 838.1 819.8 874.0 842.0 -1.95
10 7343.0 826.6 862.3 826.6 856.5 826.6 802.3 843.0 0.00 La

*
11 1436.3 82R.5 819.8 833.3 857.5 819. 8 857.5 834.8 0.30
12 7621.? 849.7 833.3 829.5 832.3 829.5 849.7 836.2 -0.05-

I? 7870.4 854.6 805.5 881.8 865.2 805.5 881. 8 851.8 -0.05
14 75t0.9 824.6 854.6 829.5 855.5 824.6 855.5 841.0 -0.20
15 7261.5 821.8 801.7 795.0 827.5 745.0 827.5 811.5 0.09
le 7779.9 847.8 848.7 795.0 822.7 i' . 0 848.7 828.6 -0.05

e e ee ee ee e e e * *e o o s e ee e+ + e* * * * * e e e e e e e ee * * * * * * * * * * * * * ** e o e e e e ee e e e e + + + + + + + * * * * * * * * * 4 * * e o o e * * * e o e o e s e e e e ee e e e e + + e* * e o e * * * * * *

MISCELLANEOUS INSTRUMENTS

58 TE-305 3 23. 8 DEG r, 124 TE-17-1 497.8 DEG C 125 TE-17-2 496.0 DEG r
126 TE-17-3 510.6 DEG 127 TE-17-4 496.9 DEG C 136 TE-18-1 4 81. 3 D E G C
137 TE-18-2 461.t DEG 138 ' E - 18 - 3 499.7 DEG C 139 TE-18-4 494.2 DEG C
140 TE-19-1 483.2 DEG C 141 TE-19-2 482.2 DEG C 142 TE-19-3 502.4 DEG C

-

O 143 TE-19-4 448.2 DEG C 457 PE-301 233.7 KPA 4 72 EIE-10 7 37. 5 AMPS
ON 4 73 EEE-to 199.0 VOLTS 478 TE-304 331.9 DEG C
_

U
LJ1



Table 16. Test con 11tions summary at rod 11 burst time

T IME F ROM POWER-ON 17.80 SE C. TIME FRCM P OW E R-OF F -2.55 SEC.

ROD DIF FER E NT I A L TEM PER ATUR ES (OEG Cl TIMF FRO 4
NO. PR E SSUR E -- -

-- ------------------ BUR ST

(KPA) TE-1 TE-2 TE-3 T E-4 MINIMUM MAXIMUM AVERAGE (SErl

1 8214.9 795.9 804.5 819.8 860.4 795.9 860.4 820.2 -0.50
2 7969.9 816.0 837.2 840.1 839.1 816.0 840.1 833.1 -0.20
3 1961.3 854.6 843.9 836.2 833.3 833.3 854.6 842.0 - 0. ? 0
4 8207.1 847.8 857.5 802.6 848.7 802.6 857.5 839.1 -0.50

5 7840.6 851.6 864.3 834.3 852.6 834.3 864.3 850.7 -0.05
6 7228.4 855.5 824.6 842.9 835.2 824.6 855.5 839. 6 -0.15
7 7453.7 822. 7 859.4 837.2 848.7 822.7 859.4 842.0 -0.05
8 1565.2 856.5 840.1 813.1 792.1 792.1 856.5 825.4 0.00

9 6560.3 874.0 817.0 830.4 833.3 817.0 874.0 838.7 -2.25
10 7799.2 817.0 859.4 819.8 851.6 817.0 859.* 837.0 -0.30 La
11 7670.8 832.3 818.9 832.3 852.6 818.9 852.6 834.0 0.00 'd

12 8008.0 843.9 828.5 835.2 857.5 828.5 857.5 841.3 -0.35

13 8186.2 847.8 803.6 874.0 854.6 803.6 874.0 845.0 -0.35
14 7864.9 816.0 865.2 819.8 848.7 816.0 865.2 837.5 -0.50
15 8235.5 819.8 805.5 797.8 835.2 797.8 835.2 884.6 -0.25
16 8135.8 847.8 846.8 791.2 820.8 791.2 847.8 o em . 6 -0.35

e e e e ee ** * e o * * * * * * * * * ** * * ** e e e e e o + + e * * * * * * * * * * g o o s e e * * * * e e e e * * e * * * * * * * * o * * * * * * * * * * * * e s e e* * e e * * * * * * * * e s e e e e e e e e ee e e e e e e e e e,

MISCELLANEOUS INSTRUMENTS

58 TE-305 323.8 DEG C 124 TE-17-1 485.0 DEG C 125 TE-17-2 489.6 OEG C
426 TE-17-3 499.7 DEG C 127 TE-17-4 491.4 DEG C 136 TE-18-1 474.9 DEG C

" 137 TE-18-2 455.6 DEG C 138 TE-18-3 495.1 DEG C 139 TE-18-4 487.8 DEG C
C3 140 TF-19-1 479.5 OEG C 141 T E -19 - 2 475.8 DEG C 142 TE-19-3 496.9 DEG C
C%

143 TE-19-4 442.7 DEG C 457 PE-301 201.7 KPA 4 72 ETE-10 737.5 AMPS___.

4 73 EEE-10 199.0 VOLTS 478 TE-304 331.9 DEG C

IM
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Table 17. Test con'. M ons summary a t rod 12 burst time

T IME F ROM POWER-0% 18.15 M E C . TIME F R OM POW E R-OF F -2.20 SEC.

ROD OIF F ER E NT I A L TEMPERATURES (OFG Cl TIMF Fo01
8 US $ TNO. PRESSURE -- ----- - - - - - - - - - - - ----- ----------

(KPAl TE-1 TE-2 TE-3 TE-4 MlHIMUM MAXIMUM AVERAGE (SFCI

1 7868.3 794.0 802.6 823.7 867.2 794.0 867.2 821.9 -0.15

2 2317.2 810.3 835.2 844.9 840.1 810.3 844.9 6 32. 6 0.15

3 7493.2 853.6 850.7 843.9 832.3 832.3 853.6 845.1 -0.15

4 7798.4 857.5 870.1 806.4 853.6 806.4 870.1 8 46. 9 -0.15

5 1214.8 857.5 852.7 837.2 830.4 a30.4 857.5 844.4 0.30

6 1510.0 856.5 828.5 837.2 835.2 82e.) 856.5 839.3 0.20

7 1046.9 823.7 860.4 837.2 841.0 823.7 860.4 8 40. 6 0.30

8 527.5 849.7 837.2 817.0 804.5 804.5 849.7 827.1 0.35

9 6830.3 874.0 820.8 837.2 840.1 820.8 874.0 843.0 -1.90

10 6012.6 825.6 857.5 824.6 852.6 824.6 857.5 840.1 0.05 La
*

11 1058.3 830.4 820.8 835.2 859.4 820.8 859.4 836.5 0.35

12 7544.5 850.7 832.3 829.5 826.6 826.6 850.7 834.8 0.00

13 7820.4 856.5 805.5 802.7 867.2 805.5 882.7 853.0 0.00

14 7447.3 826.6 855.5 829.5 856.5 826.6 856.5 842.0 -0.15

15 4946.6 819.8 803.6 791.2 819.8 791.2 819.8 8 08.6 0.10

16 7698.2 847.8 839.1 795.0 814.1 795.0 847.8 824.0 0.00

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

MISCELLANEOUS INSTRUMENTS

58 TE-305 323.8 DEG C 124 TE-17-1 498.7 DEG C 125 TE-17-2 496.9 DEG C
126 T E-17- 3 510.6 OEG C 127 TE-17-4 498.7 DEG C 136 TE-18-1 4 83. 2 DEG C
137 TE-18-2 461.1 OEG C 138 TE-18-3 499.7 DEG C 139 TE-18-4 494.2 DEG C
140 TE-19-1 484.1 DEG C 141 TE-19-2 483.2 DEG C 142 TF-19-3 503.3 DEG C"

C3
Cs 143 TE-19-4 450.0 DEG C 457 PE-301 240.0 KPA 4 72 EIE-10 737.5 AMPS

473 EEE-10 1 99 .0 VOLTS 478 TE-334 332.2 DEG Cm
__
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N



Table 18. Test conditions summary at rod I3 hurst time

T IME F ROM PnWER-ON 18.15 SEC. TIME FROM POWER-OFF -2.20 SEC.

400 OtFFERENTIAL TEMPER ATUR ES EDEG Cl TIME FROM
N C. P R E SS UR E -- - --- - -- - ---- ---------- --- RURST

(KPat TE-1 TE-2 TE-3 TE-4 MINIMUM MAXTh0M AVERAGE (%Erl

I 7868.3 794.0 802.6 823.7 867.2 794.0 867.2 821.9 -0.15
2 2317.2 810.3 835.2 844.9 840.1 810.3 844.9 832.6 0.15
3 7493.2 853.6 850.7 843.9 832.3 832.3 853.6 845.1 -0.15
4 7798.4 857.5 870.1 806.4 853.6 806.4 870.1 846.9 -0.15

5 1214.8 857.5 852.6 837.2 830.4 830.4 857.5 844.4 0.30
6 1510.0 856.5 828.5 837.2 835.2 828.5 856.5 839.3 0.20
7 1046.9 823.7 860.4 837.2 841.0 823.7 860.4 040.6 0.30
8 527.5 849.7 837.2 817.0 804.5 804.5 849.7 827.1 0.35

9 6830.3 8 74. 0 820.8 837.2 840.1 820.8 874.0 843.0 -1.90
to 6012.6 825.6 857.5 824.6 852.6 824.6 857.5 840.1 0.05 $
11 1058.3 830.4 820.8 835.2 859.4 820.8 859.4 836.5 0.35
12 7544.5 850.7 832.3 829.5 826.6 826.6 850.7 834.8 0.00

13 7820.4 856.5 805.5 882.7 867.2 805.5 882.7 853.0 0.00
14 7447.3 826.6 855.5 829.5 856.5 826.6 856.5 842. 0 -0.15
15 4946.6 819.8 803.6 791.2 819.8 791.2 819.8 808.6 0.10
16 7698.2 047.8 839.1 795.0 814.1 795.0 847.8 824.0 0.00

e eee ee ee e e ee eee e ee ee ee e e ee e e ee e eee ee ee e ee + + + ee e e e ee ee e e eee e eee e ee e ee ee e ee ee ee eee e ee eeee e eee eee eee ee e e ee ee e e ee ee e e ee ee e e ee

MISCELLANEOUS INS T RU M E NT S

58 TF-305 323.8 DEG C 124 TE-17-1 498.7 DEG C 125 TE-17-2 496.9 DEG r_

126 TE-17-3 510.6 DEG C 127 T E -11 -4 498.7 OEG C 136 TE-18-1 483.2 DEG CC 137 T E-18-2 461.1 DEG C 138 TE-18-3 499.7 DEG C 139 TE-18-4 494.2 OCG C
140 TE-19-1 484.1 DEG C 141 TE-11-2 483.2 DEG C 142 TE-19 -3 503.3 DEG C

143 TE-19-4 450.0 DEG C 457 PE-101 240.C KPA 4 72 ETE-10 7 37. 5 AMPS
473 EEE-10 199.0 VOLTS 478 TE-304 332.2 DEG Cg

DJ
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Table 19 Test conditions mummary at rod 14 burst time

T IME F ROM PAWER-ON 18.30 SEC. TIME FROM POW E R-O F F -2.05 SEC.

RnD DIFFERENTI AL T E M PE R ATUR F s (DEG Cl TI M E F o nM
- - - - - - - - - - - - - - - - - - - - - - ------------ ------------ ------ A UR STNC. PR E SSUR E

(KPat TE-t TE-2 TE-3 TE-4 MINI 4UM MAXIMUM AVERAGE (SFtl

! 7698.9 790.2 802.6 824.6 870.1 790.2 870.1 821.9 0.00
2 704.0 813.1 841.0 851.6 843.9 813.1 851.6 837.4 0.30
3 7259.6 851.6 852.6 844.9 825.6 825.6 852.6 843.7 0.00
4 7587.1 861.3 812.0 807.4 853.6 807.4 872.0 848.6 0.00

5 403.7 858.4 854.6 442.0 827.5 827.5 858.4 845.6 0.45
6 459.5 864.3 832.3 642.9 836.2 832.3 864.3 843.9 0.35
7 333.0 829.5 862.3 841.0 841.0 829.5 862.3 843.4 0.45
8 144.7 850.7 841.0 820.8 805.5 805.5 850.7 829.5 0.50

9 6772.8 883.7 8t9.8 839.1 842.9 819.8 883.7 846.4 -1.75
10 2045.9 832.3 851.6 827.5 861.3 827.5 861.3 843.2 0.20 t'

O
11 385.5 835.2 824.6 840.1 863.3 824.6 863.3 840.8 0.50
12 3254.9 839.1 824.6 807.4 804.5 804. 5 839.1 818.9 0.15

It 2511.8 831.4 797.8 870.1 864.3 797.8 8 70.1 840.9 0.15
14 7231.8 828.5 858.4 832.3 855.5 828.5 858.4 843.7 0.00
15 1582.6 823.7 807.4 794.0 823.7 794.0 823.7 812.2 0.25
16 2262.1 844.9 813.1 798.8 818.9 798.8 844.9 818.9 0.15

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

MISCELLANE005 INSTRUMENTS

58 TE-305 323.8 DEG C 124 TE-17-1 506.1 DEG C 125 TE-17-2 501. 5 D E 3 C
126 TE-17-3 516.1 OEG C 127 TE-17-4 503.3 DEG C 136 TE-18-1 486.8 DEG C
137 TE-18-2 464.8 DEG C 138 TE-18-3 506.1 DEG C 139 TE-18-4 499.7 DEG C----

140 TE-19-1 488.7 DEG C 141 TE-19-2 486.8 DEG C 142 TE-19-3 515.2 DEG Cg

143 TE-19-4 454.7 DEG C 457 PE-301 255.2 KPA 4 72 EIE-10 7 37. 5 AMPS
473 EEE-to 199.0 VOLTS 478 ?E-A04 331.9 DEG C"

-
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Table 2J. Test conditions summary at rod 15 burst time

T IME F ROM POWER-ON 18.05 SEC. TIME F R OM POWER-OFF -2.30 SEC.

ROD DIFFERENTIAL TEM PER ATUR ES (DEG Cl TIME *WOM
NO. P R E SSUR E - - - - - - - --- -- - - - - - - - - - - - - - - - - - - BUR S T

(KPA) TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVERAGE ISFLt

1 7976.5 795.0 803.6 821.8 866.2 795.0 866.2 821.6 -0.25
2 55C7.8 810.3 835.2 842.0 841.0 810. 3 842.0 832.1 0.05
3 7637.2 856.5 849.7 844.9 837.2 837.2 856.5 847.1 -0.25
4 7924.8 855.5 866.2 806.4 852.6 806.4 866.2 845.2 -0.25

5 2429.1 855.5 849.7 833.3 832.3 832.3 855.5 842.7 0.20
6 3490.2 853.6 825.6 836.2 832.3 825.6 853.6 836.9 0.10
7 2155.7 819.8 856.5 835.2 842.0 819.8 856.5 838.4 0.20
8 1150.4 849.7 835.2 815.0 803.6 803.6 849.7 825.9 0.25

9 6868.7 874.0 820.8 835.2 838.1 820. 8 874.0 842.0 -2.00
10 7427.2 824.6 864.3 824.6 856.5 824.6 864.3 8 42. 5 -0.05 c-
11 1961.8 825 6 817.9 831.4 854.6 817.9 854.6 832.4 0.25 F'

12 7689.3 849.. 832.3 831.4 836.2 831.4 849.7 837.4 -0.10

13 7925.1 853.6 804.5 880.8 863.3 804.5 880.8 8 50. 5 -0.10
14 7571.9 823.7 858.4 827.5 854.6 823.7 858.4 841.0 -0.25
15 7944.5 823.7 807.4 798.8 936.2 798.8 836.2 816.5 0.00
16 7851.5 L48.7 850.7 794.0 822.7 794.0 850.7 829.0 -0.10

o o s e * * * e s e s * ** * * * e e e ee e * +e * * e e e e ** * * ** * ** * * * * * * * * ** * * * * * * * * ** * * ** * * * * * e * * * e s e ee e ** * * * e se e e + + + e e e e e e e e ee e e e e e e ee e e e e e e e,* e

MISCELLANEOUS INSTRUMENTS

58 TE-305 323.0 DEG C 124 TE-17-1 494.2 DEG C 125 TE-17-2 494.2 DEG C
126 TE-17-3 508.8 DEG C 127 TE-17-4 496.9 DEG C 136 TE-18-1 480.4 DEG C._

137 TE-18-2 459.3 DEG C 138 T"-18-3 498.7 OEG C 139 TE-18-4 491.4 DEG C
140 TE-19-1 483.2 DEG C 141 T E -! 9 - 2 480.4 DEG C 142 TE-19-3 501.5 DEG CCN
143 TE-19-4 447.3 DEG C 457 PE-301 229.9 KPA 4 72 EIE-10 7 3 7. 5 AMPS~

4 73 EEE-10 199.0 VOLTS 478 TE-304 331.9 DEG C

N
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Table 21. Test conditions stanmary at rod 16 burst time

T IME F ROM PO W E R-ON 18.15 SEC. TIMF FROM POWER-OFF -2.20 SEC.

ROD DIFFERE NT I AL T EM PE R ATUR ES (DEG Cl TIME FRnq

NO. P R E SSUR E - - - - ---- - --- - - - - - - - - - - - - - - - - - - BU4 ST
(KPAI TE-1 TE-2 TE-3 TE-4 MINIMUM MAXIMUM AVFRAGE (SFCl

1 7868.3 794.0 802.6 823.7 867.2 794.0 867.2 821.9 -0.15
2 2317.2 810.3 835.2 844.9 840.1 810. 3 844.9 832. 6 0.15
3 7493.2 853.6 850.7 843.9 832.3 832.3 853.6 845.1 -0.15
4 7798.4 857.5 8 70.1 806.4 853.6 806.4 870.1 846.9 -0.15

5 1214.8 857.5 852.6 837.2 830.4 830.4 857.5 844.4 0.30
6 1510.0 856.5 828.5 837.2 835.2 828.5 856.5 839.3 0.20
7 104o.9 823.7 860.4 837.2 841.0 823. 7 860.4 840.6 0.30
8 527.5 849.7 837.2 817.0 804.5 804.5 849.7 827.1 0.35

9 6830.3 874.0 820.8 837.2 840.1 820.8 874.0 843.0 -1.90
10 6012.6 825.6 857.5 824.6 852.6 824.6 857.5 840.1 0.05 $
11 1058.3 830.4 820.8 835.2 859.4 820.8 859.4 836.5 0.35
12 7544.5 850.7 832.3 829.5 826.6 826.6 850.7 834.8 0.00

13 7820.4 856.5 805.5 882.7 867.2 805.5 8 82 . 7 853.0 0.00
14 7447.3 826.6 855.5 829.5 856.5 826.6 856.5 842.0 -0.15
15 4946.6 819.8 803.6 791.2 819.8 791.2 819.8 808.6 0.10
16 7698.2 847.8 839.1 795.0 814.1 795.0 847.8 824.0 0.00

e s e e * * e e e e e e e e * * e s e e e e e * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * o e * * * * * e e * * * * e , * * * * * * * * * * e e e e o * e e c e * * * * * * e e e e e e e e e e * * *

MI SC EL LAN E OU S INSTRUMENTS

58 YE-305 323.8 DEG C 124 TE-17-1 498.7 3Fc r 125 T E- 17-2 496.9 OCG C
126 TE-17-3 510.6 DEG C 127 T E -17 -4 498.7 DEG L 136 TE-18-1 4 83. 2 DEG C
137 TE-18-2 461.1 DEG C 138 TE-18-3 499.7 DEG C 139 TE-18-4 494.2 DEG C
140 TE-19-1 4 84.1 DEG C 141 TE-19-2 483.2 DEG C 142 TE-19-3 503.3 DEG C

s

g 143 TE-19-4 450.0 DEG C 457 PE-301 240.0 KPA 4 72 EIF-10 7 3 7. 5 A MP S
473 EEE-10 199.0 VOLTS 478 TE-304 332.2 DEG C

s

k

.>
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Table 22. Axial shrinkage of tubes
in B-2 test

Burst Heated length
Simulator

temperature change
*

(*C) (%)

1 870 1.4
2 846 1.3
3 853 1.4
4 872 1.3
5 866 1.2
6 857 1.4
7 861 1.3
8 856 1.2
9" 92 d" 1.0

10 862 1.2
11 853 1.2
12 851 1.3
13 867 1.2
14 858 1.4
15 836 1.3
16 848 1.3

" Tube developed leak prior to test;
deformation behavior was abnormal.

1061 242



Table 23. Percent circumferential strain in the tubes of t he B-2 t ent
_ _ _ _ . _ __ __ ___ _

Tube No.
tuevation

'# I 2 3 4 5 6 7 8 9 to 11 12 13 14 15 16

0.0 -C.2 -0.2 -0.3 0.3 0.0 -0.4 -0.1 0.3 -0.8 -0.4 - 0. 4 0.5 - 0. 9 -0.5 - 0. 4 0.0

1.8 4.4 5.7 6.0 5.8 4.1 7.1 7. 4 6.9 4.6 5.1 5.1 7.2 4.1 6.3 4.8 4.8

3.4 10.5 11.3 12.3 10.6 10.5 18.8 14.1 11.6 8.2 10.4 10.9 13.0 8.9 15.0 9.6 7.7

5.0 10.4 18.5 11.0 18.5 9.9 17.1 12.8 11.1 8.5 10.7 11.0 11.2 9.3 13.2 10.4 8.3

6.5 8.5 9.7 8.0 7. 8 7.6 13.5 10.4 7.5 7.0 9.0 9.0 8.5 7. 4 9. 8 7. 5 6.6

8.8 4.6 4.9 3.9 4.1 3.9 5.0 4.4 4.2 3.1 3.1 3.9 3.9 3. 5 3. 7 3.1 3.1

11.5 3.7 3.9 3.9 4.4 3.7 5.6 4.3 4.5 3.4 3.7 4.8 4.6 3.5 4.2 2.9 4.3

13.3 8.6 7.7 9.2 7. 9 6.7 14.7 12.1 9.8 9.3 9.4 13.2 1 5 8.2 10.3 5.1 6.5

15.1 13.3 11.4 11.5 9.5 8.5 20.9 15.1 13.2 10.7 12.4 16.8 IS 11.6 17.3 6.8 T.1
16.8 15.3 16.3 14.6 11.6 11.7 22.9 15.7 16.2 10.9 16.2 18.3 17. 14.4 28.4 11.2 10.5

18.1 15.2 18.2 17.6 13.0 14.3 23.2 15.6 18.7 11.0 16.5 16.9 17.9 15.7 37.8 12.3 11.7

19.5 19.2 19.5 19.7 13.7 18.7 22.4 17.9 21.1 14.7 21.5 16.6 20.7 20.9 41.8 12.6 12.9

21.4 15.8 17.5 19.9 10.8 18.0 28.6 17.9 22.8 13.8 22.6 15.2 24.7 19.5 32.4 11 1 11.8
23.2 15.5 16.1 21.4 9.7 18.3 24.7 18.4 27.0 14.9 23.3 15.1 21.8 18.5 25.8 13.1 13.3

25.0 16.2 13 8 24.4 11.0 17.4 23.4 21 0 27.4 15.4 21.0 13.5 18.5 16.0 22.3 15.5 14.7
26.S 15.4 11.5 25.9 13.5 14.6 19.8 23.4 20.7 14.5 21.1 13.5 10.7 14.9 15.7 17.3 11.8

28.5 16.5 12.7 29.8 16.7 15.1 21.0 24.5 17.4 14.8 23.8 14 3 19.5 14.8 15.5 18.4 10.7
30.0 14.7 12.4 32.5 18.6 14.9 21.5 23.3 16.1 13.2 23.3 15.1 16 e 12.4 15.8 17.5 11.7
32.w 12.6 15.3 28.0 19.8 14.7 20.8 21 8 16.2 13.3 21.C 14.4 20.2 12.8 17.3 13.7 13.5
34.0 11.6 15.4 22.0 17.7 14.8 23.8 19.4 15.1 13.8 18.6 14.8 20.7 16.1 LT.7 12.7 13.2

35.S 12.9 18.0 21.6 14.0 15.3 44.3 17.4 16.1 13.5 20.1 16.7 18.1 16.5 22.7 13.9 11.7

37.7 13.5 18.7 24.0 13.5 17.9 57.8 15.7 20.7 15.0 25.0 te.2 15.5 14.6 30.1 16.2 12.7
39.5 12.2 15.0 20.1 13.8 15.6 19.6 18.4 23.4 13.5 32.t 14.4 14.2 12.3 28.9 16.0 13.3 f2
41.2 18.8 15.7 23.7 15.6 16.4 35.3 23.1 29.6 16.2 42.8 16.9 18.9 17.5 26.8 17.3 16.9

43.3 22.2 15.8 29.5 17.0 15.6 44.3 19.7 37.6 14.2 33.0 16.8 21.0 17.1 2t.3 15.1 18.3

44.7 23.4 15.0 3?.7 18.3 14.9 40.7 17.3 33.0 14.4 27.3 16.0 18.4 15.9 18.9 12.9 21.6

46.2 27.8 17.0 38.4 19.7 16.0 36.4 17.2 23.3 17.0 23.2 16.1 18.1 14.7 17.9 11.8 29.0

47.1 34.5 18.9 30.8 19.8 19.0 37.3 20.1 18.2 21.1 24.5 17.7 18.8 16.0 18.3 13.5 30.8

49.7 28.S 19.6 21.5 18.9 20.7 34.9 20 6 17.4 19.0 22.2 19.9 20.4 14.3 19.2 16.5 22.2

51.6 21.0 20.0 16.0 23.4 27.1 28.9 17.3 18.4 17.7 20.5 18.5 22.1 14.5 20.8 17.4 19.6

53.5 18.1 19.7 19.3 29.4 35.0 25.9 20.1 17.5 19.5 21.8 18.3 25.7 22.0 23.5 20.6 28.2

54.9 19.1 21.9 19.2 27.2 29.0 36.0 22.6 t?.6 18.1 22.4 17.6 27.1 29.9 24.2 20.5 37.1

56.2 2C.7 25.3 21.3 27.2 25.2 25.6 23.6 22.2 17.6 24.8 17.7 28.1 41.4 27.7 23.2 41.7

57.6 17.1 22.3 28.4 28.1 21.5 21.3 19.3 24.1 14.7 21.6 13.6 23.4 34.6 25.2 20.4 32.4

"9.8 13.4 14.7 18.7 23.7 15.0 17.7 16.9 16.8 12.9 17.3 10.9 17.4 16.1 18.2 14.1 17.0

el.8 11.0 10.3 12.4 12.7 10.5 13.6 14.8 11.8 11.2 13.4 10.5 14.0 13.1 12.8 10.5 10.8
63.8 5.1 5.3 4.9 6.1 5.1 5.5 5.7 6.0 3.7 5.4 3.? 5.8 6.4 5.7 5.0 6.4

e6.5 4.8 4.9 5.2 6. 5 4.7 5.8 6.3 5.9 4.1 5.1 5.5 5.2 5. 5 5.0 4.0 5.1

(8.4 10.2 10.8 13.6 10.8 18.0 17.7 18.1 15.6 12.4 13.7 15.0 11.0 10.9 10.8 8.2 9.3

70.1 14.6 18.3 19.7 15.9 16.0 27.0 23.1 16.7 17.0 17.8 20.7 16.8 9. 7 19.1 12.6 12.6
__.

71.6 15.0 22.2 21.3 21.5 20.6 27.0 21 8 17.8 19.4 18.1 20.2 16.6 9.7 25.8 12.7 14.3
C::) 73.1 16.1 25.1 24.8 30.5 22.0 25.6 23.1 19.3 23.0 18.1 20.9 17.7 10.8 26.7 13.5 17.6
CLN 74.6 21.7 33.0 37.4 37.8 23.3 30.6 27.7 22.1 29.2 22.2 26.4 19.7 16.5 24.8 17.0 20.1

16.2 23.2 38.5 40.3 42.0 22.0 35.4 31.9 22.3 23.9 ?5.3 34.4 23.2 17.3 22.7 22.2 22.5
.__.

18.0 24.3 29.0 33.6 33.2 23.6 28.8 34.2 21.9 20.2 27.6 39.8 26.3 17.3 23.1 31.4 23.1
79.5 22.9 20.7 22.4 27.1 23.9 22.5 39.7 21.6 19.6 28.0 35.2 29.4 16.7 22.2 35.l 22.0

[N ) 81.6 17.3 17.9 16.8 26.5 19.0 23.8 55.6 16.3 19.1 28.3 25.9 39.7 14.3 18.7 25.2 16.2
%

85.8 11.4 15.9 15.6 18.9 14.1 24.0 32.7 12.8 16.1 21.1 20.1 21.8 10.6 16.1 14.4 11.6
,p3,

86.0 8.0 13.8 12.7 12.9 15.4 14.8 20.7 11.5 13.9 23.0 14.6 11.8 7. 5 14.3 9.8 10.8

(/4 88.1 6.5 8.1 e.3 F.5 1C.3 9.2 12.2 8.4 7.8 12.1 7.8 7.1 5. 2 9. 7 6. 8 8.4

P9.9 1.2 1.6 1.7 3. 0 1.9 1.9 2.4 1.2 1.5 3.5 0. 7 3.3 - 0.1 0.3 1.8

91.5 C.4 0.4 0.8 1.2 1.1 0.1 1.0 -0.1 0.5 1.1 0.5 0.9 0.1 1.3 0.4 0.5
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Table 24. Summary of B-2 burst data

Burst characteristics Approximate position

Rod

Tempe rature Strain Elevation # AngleNo.

(*C) (%) (cm) (deg)

1 870 35 47.7 135
2 846 39 76.2 115
3 853 40 76.2 85
4 872 42 76.2 180
5 866 35 53.5 165
6 857 58 37.7 220
7 861 56 81.6 350
8 856 38 43.3 280
# # #9 928 29 74.6 45

10 862 43 41.2 190
11 853 40 78.0 20
12 851 40 81.6 295
13 867 41 56.2 100
14 858 42 19.5 65
15 836 35 79.5 15
16 848 42 56.2 255

#
Elevation above bottom of heated zone,

b
Looking down on bundle and measured clockwise

from bundle north.
#Tube developed leak prior to transient; de fo r-

mation behavior is abnormal.
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Table 2). Upper limit of 8-2 deformed tube aream (sau2)
__ _. _ . . . _ _ . . _ _ . _ _ . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _. _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _

*

L l eva t i..n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _

(c m) 1 2 3 4 5 6 7 8 9 10 Il 12 13 14 15 16 TOTAL

0.0 S3 93 93 94 93 92 93 94 92 92 92 93 91 92 92 93 1490
1.8 102 104 105 104 108 107 107 106 102 103 103 107 101 105 102 102 1670
3.4 114 115 117 114 114 132 121 !!6 109 114 115 119 lit 123 112 108 1862
5.0 114 116 115 116 113 128 119 115 110 114 115 115 Ill L!9 114 LO9 1850
6.9 110 112 109 108 108 120 114 108 107 111 111 110 107 !!2 108 106 1767
8. 8 102 103 tot tot 100 103 101 101 99 SS 101 100 100 100 99 99 1616

11.5 800 tot 101 102 100 104 101 102 100 100 102 102 100 101 99 tot 1622
13.3 110 108 til 108 106 123 117 112 111 112 119 114 109 tt3 103 106 1791
15.1 12C 116 116 11 2 110 136 124 119 114 118 127 125 116 128 106 107 1902
16.8 124 126 122 116 116 141 125 126 115 126 131 129 122 154 115 114 2009
18.1 125 130 129 119 122 142 125 131 115 127 128 130 125 177 118 116 2065
19.5 133 133 134 128 131 140 130 137 123 138 127 136 136 233 718 119 2195
21.4 134 129 134 114 130 138 130 141 121 140 124 145 133 164 115 517 2115
23.2 133 126 138 112 131 145 131 151 123 142 123 139 131 14 8 119 120 2118
25.0 126 121 144 115 129 142 137 152 124 137 120 131 126 140 124 123 2096
26.9 124 116 148 120 122 134 142 136 122 137 120 132 123 125 128 117 2054
28.5 127 lle 157 127 123 137 145 129 123 ''1 122 133 123 124 131 114 2083
30.0 123 118 164 131 123 138 142 126 120 14e 524 132 118 125 129 116 2076
32.0 118 124 153 134 123 136 138 126 120 131 122 135 L!9 L28 121 120 2060
34.0 116 124 139 129 123 143 133 123 121 131 123 136 126 129 119 119 204i
35.9 ILS 130 138 121 124 194 129 126 120 134 127 130 127 140 121 116 2105
37.7 120 131 143 120 130 248 125 536 123 146 126 124 122 158 126 158 2205
39.5 117 123 135 121 125 182 131 142 120 164 122 122 118 155 125 123 2128 f$
41.2 132 125 14 3 125 126 171 141 157 126 256 127 132 129 150 128 127 2302
43.3 139 125 156 128 125 194 133 259 122 165 127 137 128 137 124 131 2338
44.7 142 123 177 131 123 185 128 165 122 151 126 131 125 132 119 138 2225
46.2 152 128 179 134 126 174 128 142 128 142 126 130 123 130 117 155 2288
47.7 204 132 160 134 132 176 135 130 137 145 t29 1 32 125 13I 120 teo 2288
49.7 155 133 138 132 136 170 136 129 132 135 134 135 122 133 127 139 2196
51.6 136 134 126 142 151 155 128 131 129 'Te 131 139 122 136 129 133 2166
53.5 130 134 133 156 261 148 134 129 133 138 130 147 139 142 136 153 2352
54.9 132 139 133 151 155 148 140 129 130 140 129 151 158 144 135 175 2296
56.2 136 146 137 151 146 147 143 139 125 145 129 153 253 152 142 271 2527
57.6 128 140 138 153 138 137 133 144 123 138 120 142 169 146 135 164 2254
59.8 120 123 131 14 3 123 129 127 127 119 128 115 129 126 130 121 128 2027
61.8 1t5 113 118 11 8 114 120 123 117 115 120 114 121 11 9 11 7 114 114 1881
43.8 103 103 103 105 103 104 104 105 100 103 103 104 105 104 103 105 1665
66.5 102 102 103 106 102 104 105 104 101 103 104 103 104 103 101 103 1658
48.4 113 115 120 114 115 129 130 116 118 121 523 115 115 114 109 lit 1886
7C.t 123 130 134 125 126 151 141 127 128 12S 136 127 112 132 118 118 2065

""""
11.6 123 139 137 538 13e 151 138 129 133 130 135 127 112 148 119 122 2124

C::) 73.1 126 146 145 159 139 147 tot 133 141 til 136 129 184 150 120 129 2195
14.6 138 165 174 177 142 159 152 139 184 139 149 134 127 145 128 135 2394gjg
76.2 142 203 264 288 139 171 162 139 143 146 168 141 128 140 139 140 2663

"*' 78.0 144 155 166 166 143 155 168 139 135 152 228 149 128 141 101 141 2478
79.5 141 136 140 151 143 140 182 138 134 153 170 156 127 139 189 139 2384
81.6 128 830 127 14 9 132 143 295 126 132 154 148 228 122 131 146 126 2425I'} 83.8 116 125 125 132 121 143 164 119 126 137 135 138 114 126 122 Ll6 2066

.ID= 86.0 109 121 118 119 124 123 136 116 121 141 122 117 IOR 122 112 114 1930
(,73 88.1 106 109 105 108 113 lit 117 109 108 117 108 107. 103 112 106 109 1758

89.9 55 96 96 99 97 97 98 95 96 100 94 99 93 98 94 95 1550
91.5 94 94 95 95 95 93 95 93 94 96 94 9G 93 96 94 94 1%I8

_ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ - _ _ ___ . _ _ _ _ .__ . _ _ _ . _ _ _ _ _ . _ _ . _ _ _ _ _ _ . . _ _ _ _



Table 26 ter limit of B-2 def ormed t ube areas (mm2)
__ _ . _ _ _ __ _ . . _ _ . . . _ _ _ _ . _ _ _ _ . _ ___ _ . _ . . - - - _ . - - . - _ -

tJcvat hm '

(c m)
I 2 3 w 5 6 7 8 9 to 11 12 13 14 15 16 TOTAL

0.0 93 93 93 94 93 92 93 94 92 92 92 93 91 92 92 93 1490
1.8 102 1 04 105 104 101 107 107 106 102 103 103 107 101 105 102 102 1670
3.4 114 115 117 11 4 114 132 121 116 109 114 115 119 lit 123 !!2 108 18625.0 114 116 115 116 113 128 119 185 110 114 115 115 til 119 114 109 1850
6.9 lit 112 109 108 103 120 114 108 107 111 lit 110 107 112 108 106 1767
8.e 102 103 101 101 100 103 101 101 99 99 101 100 100 too 99 99 1616

11.5 'a0 101 101 102 100 104 101 102 100 100 102 102 100 101 99 101 1622
13.3 Ilu 108 lit 108 10e 123 117 112 til 112 119 114 109 113 103 106 179115.1 120 116 116 112 Ito 136 124 119 114 118 127 125 116 128 106 107 1907
16.e !?4 126 122 116 116 141 125 126 !?% 126 131 129 122 154 115 114 200918.1 125 130 129 119 122 142 !?S 131 115 127 128 130 125 177 118 116 2065
19.5 133 133 134 121 131 140 130 137 123 138 127 1 36 136 188 !!8 119 2150
21.4 134 129 13% 114 130 138 130 141 121 140 124 145 133 164 115 117 2115
23.2 133 126 138 112 131 145 131 151 123 142 123 139 131 the 119 120 211825.0 126 lit 144 !!5 129 142 137 152 124 137 120 131 126 140 124 123 2096
2e.5 124 116 148 120 122 134 142 136 122 137 120 132 123 125 128 117 2054
28.5 127 118 157 !?T 123 137 145 129 123 143 122 133 !?3 124 131 114 2003
30.0 123 118 164 131 123 138 142 126 120 142 124 132 118 125 129 116 2076
32.0 118 124 153 134 123 136 138 126 120 137 122 135 119 128 121 120 2060
34.0 116 124 139 129 123 143 133 123 121 131 123 136 126 129 119 119 2042
35.5 119 130 138 121 124 194 129 126 120 134 127 130 827 140 121 116 2105
37.7 120 131 143 120 130 233 125 136 123 146 126 124 122 158 126 118 2190 g,39.5 117 123 135 121 125 182 131 142 120 164 122 122 118 155 125 120 2128 -a48.2 132 125 143 125 126 lit 141 157 126 191 127 132 129 150 128 127 223743.3 139 125 156 128 125 194 133 177 122 165 127 137 128 137 124 131 225644.7 142 123 177 131 123 185 128 165 122 ISI 126 131 125 132 119 138 2225
4e. 2 152 128 179 134 126 174 128 142 128 142 126 1 30 12 ", 130 117 155 221847.7 169 132 160 134 132 176 135 130 137 145 129 132 125 131 120 160 225349.7 155 133 138 132 1 36 170 136 129 132 1 35 134 135 122 133 127 139 2196St.6 13e 134 126 142 151 155 128 131 129 136 131 139 122 a36 129 133 216653.5 !?O 134 133 156 170 148 134 129 133 138 130 147 139 142 136 153 226154.5 132 139 133 151 155 148 140 129 130 140 129 I5I 158 144 135 175 229656.2 136 146 137 151 146 147 143 139 129 145 129 153 187 152 142 188 237857.6 128 140 138 153 138 137 133 144 123 138 120 142 169 146 135 164 225459.e 120 123 13I I43 123 129 127 127 119 128 115 129 126 130 121 128 2027el.8 115 113 11 8 116 114 120 123 117 115 120 114 121 119 117 114 114 1881e3.8 103 103 103 105 103 104 104 105 100 103 103 104 105 104 103 105 166566.5 102 102 103 106 102 104 105 104 101 103 104 103 104 103 101 103 1658__.

68.4 113 185 120 114 185 129 130 116 lie 121 123 115 115 114 109 111 1886C[T) 70.1 123 130 134 125 126 151 141 127 128 125 136 127 112 132 118 118 2065Cys 71.6 123 139 137 13e 136 151 138 129 133 130 135 127 11 2 t48 It9 122 212473.1 126 146 145 159 139 147 141 133 141 131 136 129 114 150 120 129 2195___,

74.e 138 165 174 177 142 159 152 139 156 13S 149 134 127 145 128 135 236676.2 142 179 184 188 139 lit 162 139 143 146 168 141 128 140 139 140 2459
[N ) 78.0 144 155 166 166 143 155 168 139 135 152 183 149 128 141 161 141 2432%

79.5 141 136 140 151 143 140 182 138 134 153 170 156 127 139 170 139 2366
_,

**""
el.6 128 130 127 149 132 143 226 126 132 154 148 182 122 131 146 126 23tlC7s ei.8 116 125 125 132 121 143 164 119 126 137 135 138 114 12. 122 116 20668e.C 109 121 118 119 124 123 136 116 121 141 122 117 108 122 112 114 193088.1 106 109 105 108 113 til 117 109 108 147 108 107 103 182 106 109 175809.9 55 96 96 99 97 97 98 95 96 100 94 99 93 98 94 95 155051.5 54 94 95 95 95 93 95 93 94 96 94 95 93 96 94 94 1518
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Table 27. B-2 coolant
channel restriction

Upper Lower
Elevation

li"IE II"It
(cm) (%) (%)

0.0 -0.5 -0.5
1.6 9.4 9.4
3.4 19.9 19.9

5.C 19.2 19.2
6.9 14.7 14.7

8.8 6.4 6.4

11.5 6.7 6.7

13.3 16.0 16.0

15.1 22.0 22.0

16.8 27.9 27.9

18.1 30.9 30.9
19.5 38.C 35.6

21.4 33.6 13.6

23.2 33.d 33.8

25.0 32.7 32.7
26.9 30.3 30.3
28.5 31.9 31.9
30.0 31.5 31.5

32.0 30.7 30.7
34.0 29.7 29.7
35.9 33.1 33.1
37.7 38.6 37.7

39.5 34.4 34.4
41.2 43.9 40.3
43.3 45.8 41.3
44.7 39.7 39.7

46.2 39.3 39.3

47.7 43.1 41.2

49.7 38.1 38.1

51.6 36.5 36.5

53.5 46.6 41.7
54.9 43.6 43.6
56.2 56.2 48.0
57.6 41.2 41.2

59.8 28.9 28.9
61.8 20.9 20.9
63.8 9.1 7.1

66.5 e.7 a.7

68.4 21.2 21.2

7C .1 31.0 31.0

71.6 34.2 34.2

7 ' .1 38.0 36.0

T4.6 48.9 47.4

76.2 63.e 52.5

78.0 53.5 51.0

19.5 48.* 47.4

41.6 50.6 44.4
83.8 31.0 31.0

d6.0 23.6 23.6

88.1 14.2 14.2
89.9 2.6 2. 8
91.2 1.1 1.1
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Table 28. Pressure tap positions of shroud I relative
to the bottom of the heated zone of bundle B-2

Distance above Distance above
Ta p bottom of Tap bottoe of
No. heated zone No. heated zone

(cm) (cm)

1-2 96.16 41-42 37.74
3-4 91.08 43-44 35.20
5-6 86.00 45-46 32.66
7-8 83.46 47-48 30.12
9-10 80.92 49-50 27.50

11-12 78.38 51-52 25.04
13-14 75.84 53-54 22.50
15-16 73.30 55-56 19.96
17-18 70.76 57-58 17.42
19-20 68.22 59-60 14.88
21-22 63.14 61-62 12.34
23-24 60.60 63-64 7.26
25-26 58.06 65-66 5.72
17-28 55.52 67-68 2.18
29-30 52.98 69-70 -2.90
31-32 50.44 71-72 -7.98
33-34 47.90 73-74 -13.06
35-36 45.36 75-76 -18.14
37-38 42.82 77-78 -37.35
39-40 40.28 79-80 -47.51

Table 29. Pressure tap positions of shroud 2 relative
to the bottom of the heated zone of bundle B-2

Distance above Distance above
Tap tattom of Tap bottom of
No. heated zone No. heated zone

(cm) (cm)

1-2 95.95 41-42 37.53
3-4 90.24 43-4* 34.99
5-6 85.79 45-46 32.45
7-8 83.25 47-48 29.91
9-10 80.71 *9-50 27.37

11-12 78.17 51-52 24.83
13-14 75.63 53-54 22.29
15-16 23.09 55-56 19.75
17-18 70.55 57-58 47.21
19-20 68.01 59-60 14.67
21-22 62.93 61-62 12.13
23-24 60.39 63-64 7.05
25-26 57.85 65-66 4.51
27-28 55.31 67-68 1.97
29-30 52.77 69-70 -1.20
31-32 50.23 71-72 -8.82
33-34 47.69 73-74 -15.81
35-36 45.15 75-76 -20.89
37-38 42.61 77-78 -37.55
39-40 40.07 79-80 -47.71
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Table 30. Differential pressure drops
for bundle B-2 at a flow rate of

30.0095 m /sec in shroud 1

Tap Pressure Tap Pressure

No. (kPa) No. (kPa)

1 39.78 2 38.77
3 39.60 4 39.50
5 41.22 6 41.86
7 43.02 8 42.18
9 42.38 10 43.48

11 41.51 12 44.48
13 44.66 14 39.01
15 34.62 16 36.09
17 32.31 18 33.86
19 20.93 20 31.56
21 26,35 22 27.63
23 28.07 24 27.73
25 28.98 26 29.62
27 28.97 28 30.12
29 27.20 30 26.07
31 26.57 32 25.58
33 26.40 34 24.71
35 25.71 36 24.69
37 23.40 38 24.27
39 22.10 40 23.36
41 21.92 a2 21.93
43 20.90 44 20.64
45 20.01 46 19.79
47 19.88 48 19.56
49 19.12 50 19.11
51 18.69 52 18.71
53 17.98 54 18.49
55 17.08 56 19.07
57 16.29 58 16.86
59 14.98 60 14.72
61 14.56 62 14.21
63 10.04 64 9.55
65 9.86 66 9.44
67 8.86 68 9.06
69 7.27 70 7.30
71 6.80 72 6.81
73 6.21 74 6.43
75 6.72 76 6.07
77 1.50 78 1.83
79 0.0 80 0.0

/. me
1 dI /
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Table 31. Differential prescure drops
for bundle B-2 at a flow rate of

0.0126 m3/sec in shroud 1

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 64.27 2 62.36
3 63.65 4 63.82
5 65.87 6 66.96
7 68.22 8 66.75
9 68.02 10 70.00

11 66.68 12 70.57
13 72.39 14 63.06
15 55.41 16 57.22
17 52.51 18 53.83
19 50.59 20 50.36
21 45.91 22 44.59
23 45.54 24 44.30
25 47.27 26 47.08
27 46.44 28 47.96
29 43.99 30 40.99
31 42.96 32 40.88
33 41.75 34 39.90
35 41.66 36 39.23
37 37.93 38 39.05
39 35.88 40 37.72
41 35.28 42 35.55
43 33.81 44 32.80
45 32.65 46 31.76
47 32.05 48 30.96
49 30.96 50 30.13
51 30.16 52 29.94
53 29.59 54 29.21
55 28.07 56 30.35
57 26.50 58 26.94
59 24.23 60 23.92
61 23.84 62 22.75
63 15.96 64 15.38
65 15.72 66 15.47
67 14.15 68 14.46
69 11.68 70 11.42
71 10.79 72 10.81
73 9.98 74 10.21
75 10.80 76 9.59
77 2.56 78 3.04
79 0.0 80 0.0
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TaF la 3 2. Differential pressure drops
for bundle B-2 at a flow rate of

0.019 m3/sec in shroud 1
.

Tap Pressure Tap Pressure

No. (kPa) No. (kPa)

1 139.15 2 131.09
3 137.19 4 136.73
5 143.11 6 146.34
7 149.47 8 149.30
9 148.30 10 148.88

11 145.89 12 155.90
13 164.04 14 137.77
15 119.89 16 125.74
17 114.22 18 117.89
19 108.91 20 109.31
21 97.38 22 98.00
23 98.37 24 97.05
25 102.62 26 104.05
27 99.94 28 106.41
29 96.07 30 90.42
31 92.50 32 89.71
33 91.09 34 86.25
35 89.60 36 85.49
37 81.55 38 85.22
39 76.41 40 82.74
41 76.38 42 78.32
43 71.11 44 72.18
45 70.30 46 69.49
47 68.82 48 67.60
49 66.46 50 66.41
51 64.94 52 64.76
53 63.19 54 64.36
55 60.49 56 66.50
57 57.22 58 59.30
59 51.98 60 52.13
61 51.03 62 50.71
63 34.37 64 33.63
65 34.04 66 33.68
67 30.56 68 32.13
69 25.39 70 24.94
71 22.96 72 24.17
73 21.82 74 23.31
75 24.49 76 21.78
77 6.87 78 7.36
79 0.0 80 0.0
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Table 33. Differential pressure drope
for hundle B-2 at a flow rate of

30.022 m /see in shroud 1

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 180.42 2 170.69
3 180.21 4 176.08
5 187.09 6 189.44
7 194.62 8 192.47
9 191.74 10 200.59

11 190.22 12 203.72
13 214.55 14 179.18
15 159.11 16 162.43
17 149.32 18 153.48
19 142.83 20 142.39
21 128.21 22 126.95
23 127.93 24 127.25
25 134.84 26 135.21
27 132.70 28 137.84
29 125.71 30 118.03
31 121.59 32 117.54
33 120.27 34 11'.72
35 119.97 36 11L 32
37 107.61 38 110.75
39 100.61 40 107.25
41 99.40 42 101.84
43 94.32 44 93.67
45 90.98 46 90.58
47 91.23 48 88.06
49 87.18 50 86.24
51 85.04 52 85.74
53 83.14 54 82.44
55 78.87 56 87.22
57 74./ 58 77.34
59 68.3s 60 67.86
61 65.46 62 65.53
63 43.86 64 43.44
65 43.72 66 42.64
67 39.13 68 41.08
69 32.00 70 31.75
71 30.07 72 30.43
73 27.79 74 29.40
75 31.41 76 28.36
77 8.20 78 9.83
79 0.0 80 0.0

6 252
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Table 34. Differential pressure
drops for the reference bundle

at a flow rate of 0.0092
3m /sec in shroud 1

Tap Pressure Tap Pressure
No. (kPa) No . (kPa)

1 21.51 2 21.85
3 '0.67 4 20.60
5 20.34 6 20.35
7 20.32 8 20.01
9 19.65 10 19.84

11 19.43 12 19.70
13 19.23 14 19.32
15 19.13 16 19.10
17 18.85 18 18.96
19 18.92 20 18.87
21 15.84 22 16.50
23 15.48 24 15.32
25 15.32 26 15.25
27 15.00 28 14.83
29 14.87 30 14.77
31 14.65 32 14.61
33 14.24 34 14.20
35 ,14.15 36 13.98
37 13.81 38 13.80
39 13.45 40 13.59
41 13.46 42 13.57
43 13.40 44 13.24
45 13.04 46 13.12
47 12.79 48 12.84
49 12.54 50 12.62
51 12.51 52 12.47
53 12.14 54 12.13
" 11.81 56 11.89

11.81 58 11.94
59 11.46 60 11.56
61 11.78 62 11.62
63 8.30 64 7.79
65 7.79 66 7.67
67 7.44 68 7.54
69 7.00 70 7.20
71 6.49 72 6.71
73 6.10 74 6.36
75 6.75 76 5.41
77 1.63 78 2.27
79 0.0 80 0.0
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Table 35. Differential pressure
drops for the reference bundle

at a flow rate of 0.0125
m3/sec in shroud 1

-

Tap Pressure Tap Pressure
No . (kPa) No. (kPa)

1 36.18 2 37.10
3 35.13 4 36.40
5 34.60 6 35.32
7 34.51 8 34.75
9 33.91 10 34.41

11 32.98 12 34.06
13 32.84 14 33.45
15 32.66 16 33.23
17 32.46 18 32.93
19 32.48 20 32.33
21 26.60 22 28.38
23 26.24 24 26.38
25 25.73 26 25.74
27 25.49 28 25.41
29 25.05 30 25.51
31 24.64 32 25.15
33 24.35 34 24.50
35 23.68 36 23.99
37 23.36 38 23.65
39 23.10 40 23.08
41 22.82 42 23.13
43 22.40 44 22.78
45 22.01 46 22.75
47 21.87 48 22.43
49 21.33 50 21.72
51 21.08 52 21.51
53 20.77 54 21.11
55 20.06 56 20.64
57 19.89 58 20.48
59 19.72 60 20.00
61 19.92 62 20.14
63 13.80 64 13.35
65 13.14 66 13.19
67 12.58 68 13.26
69 11.84 70 12.24
71 11.04 72 11.56
73 10.20 74 10.97
75 11.53 76 9.67
77 2.71 78 4.13
79 0.0 80 0.0
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Table 36. Differential pressure
drops for the reference bundle

at a flow rate of 0.019
m3/sec in shroud 1

Tap Pressure Tap Pressure

No. (kPa) No. (kPa)

1 77.90 2 80.53
3 76.29 4 77.24
5 75.09 6 75.84
7 74.33 8 74.72
9 72.47 10 73.63

11 71.18 12 72.23
13 70.47 14 71.45
15 70.28 16 71.29
17 69.00 18 70.55
19 69.87 20 70.11
21 56.79 22 62.21
23 55.96 24 56.42
25 55.06 26 55.79
27 53.93 28 55.27
29 53.84 30 54.30
31 53.17 32 54.08
33 51.90 34 52.66
35 50.80 36 52.15
37 50.57 38 51.37
39 49.70 40 50.66
41 48.42 42 50.56
43 48.46 44 49.17
45 47.52 46 48.18
47 47.09 48 48,11

49 46.35 50 46.69
51 44.84 52 45.92
53 44.56 54 44.98
55 43.74 56 43.85
57 42.72 58 43.86
59 42.38 60 42.94
61 43.15 62 43.21
63 29.34 64 28.91
65 28.08 66 23.26
67 26.99 68 27.99
69 25.34 70 25.76
71 23.63 72 24.52
73 21.65 74 23.57
75 25.56 76 21.71
77 5.91 78 8.77
79 0.0 80 0.0
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Table 37. Differential pressure
drops for the reference bundle

at a flow rate of 0.022
3m /sec in shroud 1

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 103.19 2 104.22
3 101.97 4 101.05
5 97.97 6 99.07
7 96.95 8 97.45
9 95.23 10 95.84

11 93.83 12 94.04
13 92.02 14 93.19
15 92.31 16 90.68
17 90.99 18 91.69
19 91.17 20 91.05
21 73.93 22 80.28
23 72.48 24 73.26
25 71.58 26 72.23
27 70.45 28 71.18
29 69.89 30 69.76
31 68.89 32 69.09
33 67.49 34 68.12
35 66.75 36 67.48
37 65.93 38 66.06
39 64.21 40 65.23
41 63.22 42 65.22
43 62.64 44 63.77
45 61.51 46 62.03
47 61.04 48 61.77
49 59.74 50 60.09
51 58.87 52 58.80
53 58.11 54 57.65
55 56.66 56 56.38
57 55.43 58 56.67
59 54.78 60 54.76
61 55.75 62 55.92
63 37.72 64 37.64
65 35.98 66 35.82
67 34.59 68 36.63
69 32.74 70 33.11
71 30.25 72 31.64
73 27.90 74 30.73
75 33.65 76 29.67
77 7.71 78 10.45
79 0.0 80 0.0
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Table 38. Differential pressure
dropa for the reference bundle

at a flow rate of 0.0068
m3/sec in shroud 1

Tap Pressure Tap Pressure

No. (kPa) No. (kPa)

1 11.92 2 11.79
3 11.78 4 11.55
5 10.94 6 11.34
7 10.90 8 11.35
9 10.58 10 10.97

11 10.62 12 10.96
13 10.27 14 11.01
15 10.40 16 10.65
17 10.25 18 10.69
19 10.23 20 10.57
21 8.70 22 8.84
23 8.32 24 8.45
25 8.10 26 8.80
27 8.21 28 8.41
29 8.07 30 8.39
31 7.80 32 8.25
33 7.71 34 8.03
35 7.67 36 7.98
37 7.46 38 7.86
39 7.49 40 8.01
41 7.38 42 7.22
43 7.25 44 7.26
45 6.85 46 6.84
47 7.02 48 7.46
49 6.34 50 7.25
51 6.71 52 7.24
53 6.66 54 6.90
55 6.29 56 6.88
57 6.26 58 6.79
59 6.30 60 6.70
61 6.77 62 6.91
63 4.24 64 4.66
65 4.22 66 5.05
67 3.76 68 .24
69 3.69 70 28
71 3.70 72 .i.32
73 3.18 74 3.38
75 3.41 76 3. ' 1
77 0.64 78 1.2i

79 0.0 80 0.0
. . _ _ .
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Table 39. Differential pressure
drops for the reference bundle

at a flow rate of 0.024
m3/sec in shroud 1

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 116.43 2 118.57
3 112.33 4 114.43
5 110.37 6 112.36
7 109.86 8 110.08
9 107.26 10 107.81

11 105.06 12 106.95
13 104.77 14 106.17
15 104.28 16 104.66
17 102.63 18 104.01
19 102.80 20 103.26
21 83.82 22 90.79
23 81.67 24 83.20
25 80.82 26 81.61
27 79.10 29 81.04
29 78.71 30 78.50
31 77.71 32 79.25
33 75.63 34 76.51
35 74.22 36 76.09
37 73.46 38 74.58
39 72.29 40 72.91
41 71.23 42 73.54
43 70.73 44 71.59
45 69.05 46 70.71
47 67.96 48 70.12
49 67.25 50 68.23
51 65.94 52 66.98
53 64.84 54 65.52
55 63.34 56 63.35
57 62.21 58 63.40
59 61.67 60 62.41
61 62.81 62 63.91
63 42.30 64 42.53
65 40.46 66 40.55
67 39.08 68 41.25
69 36.86 70 37.45
71 34.07 72 36.01
73 31.61 74 34.83
75 38.12 76 33.57
77 8.70 78 11.77
79 0.0 80 0.0
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Table 40. Differential pressure drops
for bundle B-2 at a flow rate of

0.0095 m3/sec in shroud 2

Tap Pressure Tap Pressure

No. (kPa) No. (kPa)

1 20.43 2 19.82
3 20.93 4 20.27
5 21.59 6 21.08
7 21.93 8 21.60
9 22.05 10 21.98

11 21.82 12 22.54
13 23.43 14 20.73
15 18.51 16 18.96
17 17.29 18 17.76
19 16.36 20 16.90
21 15.20 22 15.05
23 15.13 24 14.94
25 15.69 26 15.78
27 15.53 28 16.06
29 14.95 30 14.08
31 14.64 32 13.84
33 14.48 34 13.61
35 14.03 36 13.33
37 13.18 38 13.27
39 12.29 40 13.03
41 12.38 42 12.09
43 11.76 44 11.54
45 11.37 46 11.07
47 11.17 48 10.84
49 10.77 50 10.54
51 10.51 52 10.44
53 10.32 54 10.32
55 9.88 56 11.01
57 9.44 58 9.26
59 8.65 60 8.31
61 8.45 62 7.98
63 5.94 64 5.22
65 5.74 66 5.42
67 5.22 68 5.01
69 4.46 70 4.24
71 3.99 72 3.84
73 3.90 74 3.43
75 2.31 76 1.45
77 0.61 78 0.39
79 0.0 80 0.0
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Table 41. Differential pressure drops
for bundle B-2 at a f1'.a rate of

30.0125 m /sec in shroud 2

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 32.83 2 32.65
3 33.51 4 33.60
5 35.16 6 34.98
7 36.07 8 35.71
9 36.61 10 36.79

11 37.55 12 36.86
13 39.23 14 33.92
15 30.33 16 31.17
17 28.21 18 29.47
19 26.77 20 27.58
21 24.77 22 24.59
23 24.19 24 24.26
25 25.70 26 25.83
27 25.13 28 26.02
29 24.40 30 23.03
31 23.69 32 22.87
33 23.85 34 22.73
35 22.84 36 22.05
37 21.26 38 21.81
39 20.35 40 21.43
41 20.11 42 20.01
43 19.30 44 18.92
45 18.37 46 18.08
47 18.17 48 17.80
49 17.44 50 17.52
51 17.10 52 17.38
53 16.68 54 16.88
55 16.04 56 18.36
57 15.37 58 15.67
59 14.03 60 13.89
61 13.61 62 13.44
63 9.41 64 8.77
65 9.09 66 8.96
67 8.22 68 8.26
69 6.99 70 7.08
71 6.28 72 6.46
73 6.31 74 5.89
75 3.69 76 2.61
77 0.96 78 0.97
79 0.0 80 0.0
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Table 42. Differential pressure drops
for bundle B-2 at a flow rate of

30.016 m /see in shroud 2

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 51.13 2 50.33
3 51.99 4 51.91
5 53.50 6 53.48
7 55.45 8 55.51
9 55.70 10 56.75

11 58.11 12 57.09
13 57.99 14 53.23
15 45.78 16 48.46
17 42.13 18 45.45
19 39.84 20 42.74
21 37.26 22 39.13
23 36.62 24 38.27
25 38.39 26 40.55
27 38.04 28 40.59
29 36.91 30 36.30
31 35.50 32 36.08
33 35.72 34 34.59
35 34.26 36 34.39
37 32.13 38 34.29
39 30.54 40 33.21
41 30.40 42 31.37
43 28.60 44 29.74
45 27.94 46 28.54
47 27.39 48 28.10
49 26.84 50 27.23
51 25.82 52 27.77
53 25.56 54 27.11
55 24.29 56 28.94
57 23.15 58 24.54
59 21.26 60 21.80
61 20.57 62 20.77
63 14.37 64 13.82
65 13.98 66 14.29
67 12.65 68 12.93
69 10.61 70 10.93
71 9.53 72 9.94
73 9.55 74 9.05
75 5.78 76 3.90
77 1.44 78 1.35
79 0.0 80 0.0
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Table 43. Differential pressure drops
for bundle B-2 at a flow rate of

30.019 m /see in shroud 2

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 69.36 2 69.05
3 70.11 4 69.98
5 73.96 6 73.43
7 76.32 8 74.57
9 76.97 10 78.01

11 78.53 12 78.64
13 82.75 14 72.28
15 64.98 16 66.'87
17 59.38 18 61.65
19 56.52 20 58.60
21 52.16 27 52.44
23 50.97 24 31.26
25 54.19 26 55.04
27 53.83 28 55.11
29 51.77 30 49.14
31 49.89 32 48.54
33 50.37 34 47.69
35 49.07 36 46.55
37 45.61 38 46.64
39 43.17 "0 45.04.

41 42.99 42 42.54
43 41.62 44 40.12
45 38.99 46 38.58
47 38.76 48 38.26
49 37.25 50 36.76
51 36.54 52 37.04
53 35.67 54 36.10
55 34.02 56 39.29
57 32.77 58 32.87
59 29.95 60 28.92
61 29.20 62 27.86
63 20.40 64 18.62
65 19.87 66 19.13
67 17.98 68 17.63
69 15.18 70 14.89
71 13.55 72 13.63
73 13.35 74 12.30
75 8.01 76 5.43
77 2.06 78 1.93
79 0.0 80 0.0
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Table 44. Differential pressure drops
for bundle B-2 at a flow rate of

0.022 m3/see in shroud 2

Tap Pressure Tap Pressure

No. (kPa) No. (kPa)

1 93.43 2 92.23
3 93.96 4 92.81
5 99.15 6 97.66
7 102.34 8 100.70
9 103.81 10 103.94

11 106.23 12 106.41
13 112.21 14 97.10

' 6.73 16 89.2115 d

17 79.74 18 82.79
19 75.14 20 78.15
21 69.47 22 69.54
23 67.62 24 67.78
25 72.88 26 72.21
27 71.45 28 74.07
29 68.99 30 64.74
31 67.17 32 64.29
33 66.87 34 63.51
35 65.84 36 61.97
37 60.35 38 62.38
39 57.21 40 60.74
41 56.92 42 56.83
43 53.61 44 53.28
45 51.84 46 51.23
47 50.84 48 49.90
49 49.61 50 49.01
51 48.01 52 48.94
53 47.27 54 47.64
55 45.22 56 51.82
57 43.16 58 43.67
59 39.38 60 38.40
61 38,39 62 36.89
63 26.96 64 24.78
65 26.43 66 25.53
67 23.73 68 23.78
69 20.37 70 20.03
71 18.32 72 18.25
73 17.76 74 16.48
75 11.13 76 7.48
77 2.87 78 2.79
79 0.0 80 0.0
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Table 45. Differential pressure drops
for the reference bundle at a
flow rate of 0.0095 m3/sec

in shroud 2

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 12.96 2 13.05
3 12.66 4 12.79
5 12.54 6 12.52
7 12.33 8 12.39
9 12.14 10 12.28

11 12.10 12 12.14
13 11.91 14 12.04
15 11.94 16 11.95
17 11.87 18 11.84
19 11.93 20 11.78
21 10.58 22 9.89
23 9.70 24 9.58
** 9.57 26 9.44

9.41 28 9.36m.

29 9.29 30 9.22
31 9.13 32 9.08
33 8.99 34 8.97
35 8.90 36 8.78
37 8.71 38 8.68
39 8.50 40 8.55
41 8.42 42 8.44
43 8.26 44 8.30
45 8.13 46 8.11
4'1 8.01 48 8.03
49 7.87 50 7.83
51 7.76 52 7.77
53 7.57 54 7.56
55 7.43 56 7.50
57 7.41 58 7.29
59 7.18 60 7.10
61 7.33 62 7.06
63 5.13 64 4.01
65 4.80 66 4.iz
67 4.66 68 4.65
69 4.'47 70 4.47
71 4.11 72 4.05
73 4.12 74 3.70
75 2.65 76 2.24
77 0.59 78 0.58
79 0.0 80 0.0
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Table 46. Differential pressure drops
for the reference bundle at a

3flow rate of 0.013 m /sec
in shroud 2

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 22.46 2 22.80
3 21.92 4 22.10
5 21.83 6 21.43
7 21.82 8 21.17
9 21.19 10 21.02

11 20.90 12 20.95
13 20.94 14 20.59
15 21.31 16 20.55
17 20.53 18 20.14
19 20.82 20 20.08
21 18.56 22 17.01
23 17.04 24 16.38
25 16.82 26 16.10
27 16.52 28 16.07
29 16.51 30 15.78
31 16.10 32 15.66
33 15.83 34 15.32
35 15.72 36 15.07
37 15.51 38 14.84
39 15.28 40 14.69
41 15.15 42 14.50
43 14.82 44 14.16
45 14.60 46 13.94
47 14.32 48 13.61
49 14.11 50 13.35
51 13.76 52 13.13
53 13.59 54 12.88
55 13.29 56 12.54
57 13.29 58 12.32
59 12.85 60 11.97
61 12.99 62 11.93
63 9.11 64 8.28
65 8.59 66 7.95
67 8.28 68 7.73
69 7.97 70 7.53
71 7.16 72 6.76
73 6.88 74 6.18
75 4.64 76 3.70
77 1.35 78 0.94
79 0.0 80 0.0
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Table 47. Differential pressure drops
for the reference bundle at a

3flow rate of 0.016 m /sec
in shroud 2

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 32.20 2 32.90
3 31.55 4 31.78
5 31.19 6 31.12
7 30.78 8 30.87
9 30.52 10 30.64

11 30.27 12 30.28
13 30.14 14 30.48
15 30.11 16 29.71
17 29.67 18 29.49
19 29.67 20 29.01
21 26.26 22 24.63
23 24.02 24 23.62
25 23.69 26 23.52
27 23.16 28 23.26
29 22.96 30 23.17
31 22.63 32 22.85
33 22.18 34 22.51
35 21.93 36 22.09
37 21.62 38 21.78
39 21.30 40 21.49
41 21.02 42 21.36
43 20.66 44 20.74
45 20.26 46 20.46
47 19.86 48 20.09
49 19.64 50 19.67
51 19.16 52 19.25
53 18.87 54 19.03
55 18.55 56 18.81
57 18.21 58 18.30
59 17.78 60 17.86
61 18.08 62 17.81
63 12.67 64 12.48
63 11.87 66 11.90
67 11.49 68 11.73
69 11.01 70 11.27
71 10.08 72 10.26
73 9.67 74 9.43
75 6.40 76 5.76
77 1.50 78 1.78
79 0.0 80 0.0
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Table 48. Differential pressure drops
for the reference bundle at a

3flow rate of 0.019 m /sec
in shroud 2

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 44.58 2 45.26
3 43.61 4 44.08
5 43.56 6 42.81
7 42.37 8 42.65
9 42.21 10 L2.36

11 42.02 12 41.77
13 41.66 14 41.36
15 42.05 16 40.89
17 40.98 18 40.81
19 41.25 20 40.19
21 36.89 22 33.80
23 33.29 24 32.52
25 32.85 26 32.53
27 32.35 28 31.91
29 32.03 30 31.82
31 31.55 32 31.31
33 31.02 34 30.69
35 30.67 36 30.18
37 30.02 38 29.84
39 29.87 40 29.46
41 29.35 42 29.18
43 29.17 44 28.56
45 28.82 46 28.25
47 27.95 48 27.59
49 27.50 50 27.17
51 26.81 52 26.55
53 26.25 54 25.94
55 25.80 56 25.56
57 25.67 58 25.12
59 25.09 60 24.35
61 25.41 62 24.30
63 17.59 64 16.85
65 16.46 66 16.19
67 15.92 68 15.82
69 15.45 70 15.28
71 13.93 72 14.02
73 13.64 74 12.61
75 8.94 76 7.44
77 2.11 78 2.00
79 0.0 80 0.0
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Table 49. Differential pressure drops
for the reference bundle at a

flow rate of 0.022 m3/sec
in shroud 2

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 59.69 2 60.19
3 58.86 4 58.66
5 58.15 6 57.59
7 57.29 8 56.88
9 57.12 10 55.83

11 56.40 12 55.52
13 55.81 14 54.81
15 56.39 16 54.45
17 54.96 18 54.15
19 55.46 20 53.84
21 49.28 22 45.06
23 44.93 24 43.36
25 44.40 26 42.86
27 43.51 28 42.63
29 43.13 30 42.18
31 42.26 32 41.84
33 41.77 34 41.09
35 41.16 36 40.21
37 40.63 38 39.58
39 39.97 40 39.21
41 39.31 42 38.54
43 38.64 44 38.12
45 37.95 46 37.30
47 37.31 48 36.81
49 37.03 50 35.94
51 36.37 52 35.49
53 35.52 54 34.75
55 34.61 56 33.85
57 34.46 58 33.24
59 33.52 60 32.46
61 34.03 62 32.33
63 23.46 64 22.18
65 22.28 66 21.57
67 21.52 68 20.90
69 20.90 70 20.05
71 18.84 72 18.38
73 18.28 74 16.42
75 12.18 76 9.55
77 3.08 78 2.37
79 0.0 80 0.0
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Table 50. Differentisi pressure drops
for the reference bundle at a

flow rate of 0.0063 m3/sec
in shroud 2

Tap Pressure Tap Pressure
No . (kPa) No. (kPa)

1 6.58 2 6.60
3 6.40 4 6.45
5 6.31 6 6.35
7 6.21 8 6.28
9 6.21 10 6.17

11 6.09 12 6.15
13 6.11 14 6.05
15 6.06 16 6.03
17 5.99 18 5.96
19 6.01 20 5.91
21 5.30 22 4.99
23 4.89 24 4.81
25 4.83 26 4.78
27 4.75 28 4.73
29 4.70 30 4.66
31 4.63 32 4.60
33 4.53 34 4.52
35 4.49 36 4.47
37 4.39 38 4.42
39 4.32 40 4.37
41 4.29 42 4.28
43 4.24 44 4.22
45 4.14 46 4.13
47 4.08 48 4.01
49 3.98 50 3.99
51 3.93 52 3.91
53 3.86 54 3.85
55 3.81 56 3.74
57 3.79 58 3.69
59 3.71 60 3.65
61 3.78 62 3.64
63 2.65 64 2.50
65 2.49 66 2.44
67 2.41 68 2.36
69 2.33 70 2.29
71 2.13 72 2.08
73 2.03 74 1.86
75 1.33 76 1.16
77 0.36 78 0.30
79 0.0 80 0.0
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Table 51. Differential pressure drops
for the reference bundle at a

3flow rate of 0.025 m /sec
in shroud 2

Tap Pressure Tap Pressure
No. (kPa) No. (kPa)

1 74.84 2 75.84
3 73.35 4 74.02
5 72.31 6 71.92
7 71.25 8 71.38
9 70.37 10 70.97

11 69.46 12 70.37
13 69.23 14 69.63
15 70.52 16 68.69
17 68.92 18 68.15
19 68.83 20 67.56
21 61.26 22 56.23
23 55.76 24 55.09
25 55.22 26 54.30
27 54.39 2r 52.72
29 53.76 30 52.12
31 52.83 32 51.83
33 52.21 34 51.21
35 51.15 36 50.78
37 51.16 38 49.82
39 49.90 40 49.43
41 49.27 42 48.65
43 48.35 44 48.15
45 47.70 46 47.18
47 46.82 48 46.64
49 46.04 50 45.58
51 45.44 52 44.68
53 44.46 54 43.31
55 43.37 56 42.24
57 43.27 58 41.16
59 41.95 60 41.02
61 42.86 62 40.80
63 29.11 64 27.84
65 27.77 66 26.73
67 26.83 68 26.32
69 25.79 70 25.07
71 23.47 72 22.98
73 22.85 74 20.70
75 15.13 76 11.84
77 3.59 78 3.02
79 0.0 80 0.0

7 'l O\p/iUO\ "'



72

ORNL-DWG 77-0294
'

SIMUL ATOR CURRENT IN SEAL OLANDS WlfH ELECTRICAL,
THERMOCOUPLE & P*E55URE

SHROUD THERMOCOUPLE (61 P E N E TR AilON S7;,
BUNDLE & $HROUD
CURRENT OUT (4)p

hW MM rTHERMAL BAFFLE (2)
,/a. . .u . y,. .

u

6 , -/'

Ak ?'

(-y .

+- hU,P E R HE ATE DSTE AM OUILET ~ +

'4 r 4-

-
95.. r , r

I
fi, f'

Hr
" " - n ---

| r i Ie
'

r W <p H ! !- -

I ! - -wJv
250.. <

- THERMAL '
l:, L INSULAilON 0000 '

." . .'
'

e p000 N
' ' "% Y HEATED - 9 a,,

|| f SHROUD#

- e
A*O915 == #

HEATED v L < -lNSULATED ORID (3)
,

LENGTH I

f |
'

FUEL PIN SIMULATOR 5
v '

F (, 10.9 mm O.D. TUBE 5r

ON 14.4 m m PliCH1725mm 560s. j

i i - VE5SEL HEATERS
#

I #
(TYPICAL) mo'-

,
i

w-TE ST VE55EL 0 D
s

(305 m m i.D.) hy , b W Le
< r ,.

f

og
., r, ,,

105. = W U(*
l

'

< '
, p

4 V Y

. f

:))
<

fe i

f UNINSULATED ORID210 ,, ,

| /
<

- SEAL GL AND & CERAMIC INSULATOR

'
5HROUD POWER LE AD5 (FLEXIBLE)

_ [ 75HROUD TRIM CURRENT (4)
?t - BUNDLE POWER LEADS (FLEX 1BLE)#

-f BUNDLE CURRENT COLLECTORML O hvQo

' ///////6/.i ///////O////

U

Fig. 1. Schematic of 4 x 4 test assembly. (see text for modifica-
tions nade for B-2 test.)

1051 271



73

ORNL -DWG 78 6664A

E~ SH ROLID BO X ST AINI ESS STE E L

F- 1
INSUL ATOR ' ELECTRIC AL Lu u 'u :* ***'A MICA SHE E T

$
' " " " "

REF LF CTOR. ST AINL ESS STf f L

N PACF R. GL ASS-BONDI O VICA11 m m S

A d 3
i SHROUD INCONEL 600

Fig. 2. Revised shroud insulation concept used in the B-2 test.

1LOI o79n< 1
d/c



ORNL-DWG 77-8293

-- s s s . . .. o . . r.in.i ..coows. . n.sas. see. s

- , c . o... n . - - - - 'e wlfst .Os.. Ieos

WB.3..o.m.es..t. '

-M.o coat-
\ s

s /

t

s. ems v.eeeanocovetas er.sut.rs. Powse ts.o ,,,,,,g,,,_
.a s .oe meccessa ym . si.. j ;H\ m.,,se. etenem2 l [

I / .f ,

.f.etases tuses ine
m

- e. woes so.caes comme ts -
s .mesutu.s -

resemocovetas 4. ,
' estow teaseanocomesoeon . teese ss ..cos

/ !' a-.no= coe.mc .==..=o'
.... s.s ...e..s .ow i.s

_ _ _ _

... . c. .m.c ..e s se., s. . . . .s. .. .
,

; n s/ ' " 'm |," ' # ~ 9 - P , ;'; ,1, ;1 1,

w. '.If f. .I I, ,WW,1 ;& 1 ;_- -----------' T., n - -
n

,_,- { m ,y
-.---._,.._......f.fQ.. ,

t -e-* =
.,, , . . - , . , D. .... b,p.- -- ,

,w,, , ,,,

..w
i

y ,,,,,;'$,,,,,,,- m - nis.. ; = .s.. -.

i.u o .. n ...
_ .. w-- _ _ _ ... . . .... . . . .

Fig. 3. Typical fuel pin simulator.

esc 8c=0
Q0"

8 c=0 GE
'9 EB-

p~
~J
L4



75

on%t ovec is seat

'TE 17-1 AT 76 3
TE 17-2 AT 82 3

ALL TEST ROD INDEM MARK $ TE 17-3 AT 50 9

1 ORIENTED TMis DIRECTION
,

TE 17-4 AT 38 2
SUNDLE NORTH REFE RENCE TE 18-1 AT 25 5

,TE 19-2 AT 14 0

58 3 37 9

49 71 0 49 7t 0 de 71 0
1 1 4 1 1 4 1 4

em 15 1 2 01 4 48 1 02 15 1 2 03 4 65 9 04 02
se

' * ' 3 * ' * 3
%,,3, 20 30 3 20 2 30 3 20

30 3-
as n2 25 2

[ ROD NUMBER

37 9 48 1 20 2 es t THERMOCOUPLE NO

ELEV ATION OF TE H;d cml

e 05 15 1 2 06 4 37 9 07 15 1 2 08 4 37 9 A80VE 90TTOM OF
HE ATED ZONE

[TE 19-1 AT 50 920 2 30 3 30 3 37 9
(TE 19-2 AT 25 5,

5HROUD THE RMOCOUPLE
58 3 48 1 AND ELEVAYtON (IN cm)

37 9 58 3 71 0 48 1,

15 1 2 09 4 10 0 2 to 30 3 11 12

3 3 2 3 2 3
15 1 25 2 20.2 30 3 LAYOUT NOT TO SCALE

25 1 20 2

65 9 43 g

49 71 0 20 2 49,

13 151 2 14 4 48 1 15 15 1 2 16 4 10 0

20 2 2 3 2 330 3 3 30 37 , 3

25 2 2b 2

[TE 19-3 AT 50 9
(TE 19-4 At 25 5

Fig. 4. As-built thermocouple locations and identifications in B-2
test (plan view).

I1n/1 7[/IUvl L t



76

ORN L-DWG 79-5954 ETO

Y v v v v v v v v v v y y v v v

100

96 -

92 -

_ , .

88 -

84 -

80 -

76 -

h
y 72 - g g g g
O 68 -

a c. <-
w 64 -

>-
4 so -

E C C 3 G I56 - em
o Z

52 - "jp

f48 -e e e e e e e 3 o
-

h 44 - 4

y 40 - I

o s S D D D D S S
g 36 -

w 32 -

G G G O O G G EW4 28 -

h 24 - 2 2
o ,,

20 - @ @ C S D @ @ S y
is -C (D C (D C C G: (D /
12 - p

c.i c4
8 -

4 - O b

o -F

x x x x ::>J x x x x x x x x x N N

t 2 3 4 5 6 7 8 9 to 11 12 13 14 15 16

FUEL PIN SIMULATOR NUMBER

Fig. 5. As-built thermocouple locations in B-2 test (elevation).

1^(1 O'G
Iout _/ J



77

ORNL DWG 78--6666

4 i

i i i I | 5 6 I I

4 - -

N
w
$3 -

m

o
e 2 - -

-

m
2
D
z i _ ___

I !0 2?
17.8 17.9 18.0 18.1 18.2 18.3 18.4 20.0 20.1

TIME INTERVAL (sec)

Fig. 6. Burst frequency distribution in B-2 test.

ORNL-DWG 78-6667

940 , , , , ,

TEST THERMOCOUPLE TYPE

a B-1 SHE ATH E D,1NT E RN AL
O B-? SH E ATHE D,1NTE RN A L

920 - O S'4-29 SH E ATHE D, INTE R N AL
E ' R - 29 BARE WIRE, EXTERNAL,

O SR-28 SHE ATHED, INTE RN AL
O SR-28 BARE WIRE, EXTERNAL

900 - SINGLE ROD CORRELATION (EXTERNAL TC)

G ---LE AST SQU ARES FIT TO B-1 AND B-2 DATA

w
c O
3 880 3< a o
m a A A OA

h ,O' ' " - - - - - A o- -
, , O@ ~~~ ~~~~ ~w

B60 -

T O
- -

~ ---- A .--g ,

p O A ~

PRET T
@ 4 PREDICTION% %

840 -

820

800

6800 7000 7200 7400 7600 7800 8000 8200 8400

BURST PRESSURE (kPa)

Fig. 7. B-2 burst temperatures compared with B-1 and single-rod
test data.

1 ^ '' ) 776



78

ORN L- DWG 79-4973 ETD
900

800 -

700 -

600 -

BUNDLE AVERAGE

G
t.,

500 -

g

$ |
,

,

E 400 -

/'/ TIME OF f
3 FIRST BURSTA

_ _

'-

300 - SHROUD AVERAGE

200 - BUNDLE-SHROUD
DIFFERENCE

100 -

I I I ' '0
O 2 4 6 8 10 12 14 16 18

TIM E FROM POWER-ON (sec)

Fig. 8. Average temperatures in B-2 test.

1061 277



79

ORN L- DWG 79-4974 A ETD
10,000

o
a
e 9000

$ ROD 8 PRESSURE
a
* 8000 -w

[ BU RST%, ,

7000 -

5

30

BUNDLE

25 -

3 20 -

#
~

,v /
w

w
F-

@ 15 -

,

o
E
D
E 10 - i

USHROUD
(BY LOSSES FROM
BUNDLE),

5

I I I I I I IO
O 2 4 6 8 10 12 14 16 18

TIME FROM POWER-ON (sec)

Fig. 9. Bundle and shroud heating rates in B-2 test.

1061 278



80

ORNL-DWG 79-5955 ETO

| 1 I i

h< POWER OFF
850 - -

800 - -

750 - -

g
o

w 700 - h- -

m
D

650 FIRST TUBE
w BURST
$ 600 - -

*

w 550 -- -

<
w 500 -- -

>
<

450 - -

400 - -

350 - -

l | I I
300

O 100 200 300 400 500 600

TIME FROM POWER ON (sec)

Fig. 10. B-2 average temperature during posttest cooldown.

o<1 779LV -



81

ORNL-DwG 79-4975 E70

i ORIENTED THIS DIRECitON
At.L TEST ROD rNDE X M ARKS

a

g

01 02 03 g 04

.m

' - ASSUMED TE LOCATIONS
(LAYOUT NOT TO SCALE)

e , / R = 0 06

/R = 0 59

p + r,/R = 100

r /R = 143g

'
THE RMOCOUPLES NJT

INCLUDED IN AVERAGE

O TE AT GRID
-

<

V'

G

(>13 14 15 16 go

. . -

'V V

.

PL AN VIE W OF BUNDLE

Fig. 11. Thermocouple assignments for calculation of radial tempera-
ture profile in B-2 test.

') O O*

cou



82

OAfvL-DwG79-1901oA
1 1 3 I T T

| | MansMVM PAESSumf AY -116 5EC *

tf opossumoLE
ME ATED EONE

o
YtME ISEC) -

g. *
g 0 3 6 e 12 15 17 s

*o t t
>

7 7 p;
'/iV / /<//J f /t/ ftf / f, /r 2'/ / '

j. _e T \ \
.<,g <, o , ., .

E 53 ! 5
2 <r c
@ ge<> g2 m , < < < <> .

2 E5| / : :;

j' ofj; <

"
+ 3 i, ,, < 4, ,,

< tr N
Lz sot <, i < <, 4,

9 Bo
'; s<>=0 <> > .> i, <k

.s *- L4 l y-$ 20 1

t ) f + i+ <> >

? >// / /1f// /Al Al| } 7'
.A |<> & , 6 k a j

I0
xm .oo soo soo roo soo se iooo

TEMPERATURE d*Cl

Fig. 12. Axial temperature distribution in the B-2 bundle as a
function of time.

ORNL-DWG 78-19009A

900 , , ,

MAXIMUM PRESSURE AT -115 SEC TIME (SEC)
I

f : :; e
,

800 > l

AH*wd

O' Awm5
0

E

j a -
: :

- '
, ,

r
8

500 o + _ -_.% - ,

\b

'~+ : : m ..o
[ NUMBER OF THERMOCOUPLES AVERAGE

'

TO GIVE PLOTTED DATA POINT
'

1 _u _i_ 2 _ 1

i2 'fi fa[iG if l' O I
'

-15 -10 -05 0 05 10 15

R ADIUS (r/R)

Fig. 13. Radial temperature distribution in the B-2 bundle as a
f unction of time.

10L) ]0\-e



83

ORNL-DWG 79-5956 ETD
100

| I I I I

* TOP OF I
90 - HEATED ZONE $_ -

ai
w O

=

80 - TIME FROM POWER ON (sec) g -

= S. . . m m

? $$ $ E i 2 25 2
i' / / / // / /// -

R VME/MMMMMMM///f/MMMM/ff/Aa r \ 4*
\ \ L- G R I D

< 60 -
\

y I \

| I
o | I
1 |
O 50 -

I -

Is '
=

,

$ l |

Q 40 -

\
8

< t ,

z i
9 | t+ | \
$ 30 -

) )"
l I

( I'

\ |
20 1 ' -

GRID

W/MMMf/MffffffffM/MMff/MA'o

\\ \ \ \ \ \\ \
i I I I Io

200 300 400 500 600 700 800 900 1000
TEMPERATURE ( C)

Fig. 14. Axial temperature distribution in B-2 during posttest
cooldown.

IC61 282



84

M ORNL-DwG 7.-6 67 ETD

...
1 I! |

{ r :
. _ . .

7 7 7- 7 , ,

~
I i

..... f, - jjyy ,

Jh ~ -

sants" i i r ,

(!!!!" t #~

y , , ,

' ' '
... .

sisss fa /
..,.. p

-

._.

2.....o '

< _L _

Y(4
- _n.....

NIIIIIn p -....

- e 'coco

liais" __
!

....
|

|BBBB" | ___ .

.

u
. m...e | . _ .. ..

l 1* * * * *
T '... i

!

" " * " . . . . .~. ig g,u.. ,i .. ... ,o . . . . . . . . .m u .

Fig. 15. Temperature and pressure transients for rod No. 1.

ORNL-OwG 7.-6 6. ETD
t.0 --

; i. . . . . . - . .

u , _
_ _ m;m,-*=. . . _

-

; e i~m - .

..-.-
--

p:-
T M- ~ + -

88898" g | i ;

~

, ,

j!!!! ? t- i i !p T~ * t-
a

1 | I !..;;; .

7 ,' _ -- _7 - - . - . . - . . . ,

1_ _
/

_ __ __._ _j_ 1. . . . . -_ ..

;.....m
.- -

// - _ _-
t I .

.....

E llli... # \ l

-

'
',

----- / ( !
__ _,

' ' | |cacc
55555" " i !

1~

|i555" | | ,1 - .
i

-- _

; q _7
_,_,u

;;;;; 4 _L . _j_ _j_ _.. ...

"+""u ... ,o . . . . . .ig asu.. , .. ... ,7... . . . u u u .

Fig. 16. Temperature and pressure transients for rod No. 2.

Oo
D D<l

0 a JU
n ~

9~T
~

n D
1 8 rea 707v() . JL _a vu! dJs.



85

OANL-OwG 7.-e.E. ETD

... .

._ d i I L { ,

I I - i a__'
.

. . . p -

"%-----
; ; | ,97 \ ~

qqqqs" j p-

_

|!!!!" ~l /
; / :

iiiii. i / ' '
-

/ c
.

'

:::: 2,., /
/ +- -

.....
'

IIIII . I N
'

f |..... .,
'

' f Isoss

IiiU6" '
.- -

'
I

hNiin" l ,

,

????" d_ .i _._

terre i ( l
'

"*"*".s.. ... 11.. m. . n. . m.. m. .ig g.g.o ,ri... s.. . . . . . .

Fig. 17. Temperature and pressure transients for rod No. 3.

ORNL-OwG 7.-6 0 ETD
'' , , ,

I

_; ; -p -. 1 ,
,

.
_

, - -

-"
i i fi ,

-----

! | } ['fi i WW"
i t

assss" f i

|1181" / Ti !

f i
,

~

iiiii. / ' '

/
23:22,, / I -

_ . - - . _

r ,
2 ~.....

IIlliu 7 3 '

, ,
..... , .

'
'

COGC

Issus" -.
-

iiiii" _._
,

0 555 . ,I
- --

t' ' "" o . . . , , . . a. . . . . . . . . ..g g.g.,,,i... . o . u

Fig. 18. Temperature and pressure transients for rod No. 4.

D I
T'I

O
IW

I n ' l ? P A'TI
1,D a5] u l., A U0 d_a
u



86

on t.o.G 1.-w i no

. . . _ ___

|
t +

' =m = - ;. . , _
~

.....
. -. . . g, r - ,-..,r. . .

. .

i~ ~ ~ '

88888" t i *} !pi i

j/
:-

*

i T '-||!!8 i :'

"
'/ i L 2 ;J 'i

.

' ' I ' .

EEEEE. (' 3

_i_ _p/_ / ! _L . . _.. r .
. _ . _ . .e,

i:::::#' I i - ' ' 'i

..... _
/ | | | | 1

i ! ._ , . _ . _ .

EERPW _ fl N |
q_ _

1i i

= = = = = . . .
----- | [ l | I }

_,

acco 'W I 1 I

liiii" ! I I u ,

! ! idiiniu 'rerer i
,i

,

,- . .

_e
| | | Il I

_,..a

( fT- -hf *?$$$.5 h | - f m
,

***"*".u A. ,a io n.. ... = . .g ag o,,,a... . . u a u

Fig. 19. Temperature and pressure transients for rod No. 5.

ORNL-.CWG 7N ETD
1. . -

. I | I j f

_w _a _.
_ -

* /__-. . ,
' 1 J &# \

"

, 3-_ .......

44888" l y
-

|!!!!,, i /
J '

..... ~

E E E E E... / \

/ I

:::::,., /
~

T-
/ \.....

IEEE! . Y T '

..... y y
( tacac

lisie" ~

'

| isis" ,,

_

,i??i"
1

( | ,rerer
.....o

g g.g.,,, a.. , . . , , . . . , , . . . . . ....o . u . . . .

Fig. 20. Temperature and pressure transients for rod No. o,

mn
D 0,1

avA
D %~T

~ ~

0
e

m . JJ .1 1 c 61 n.83<a



87

ORNLM 7.-I.83 ETD
1..

I
' ' '

'
. _ . _ _ . _._

x -

__.,_"
. _L r L-} 4----p. -.

88888" f r' - -

i

gggg ? t f
,-

,

p i..... +-

n s s e n... / ' '

/ '

.

::: ,, /
/.....

-.

55558 . # ^
_.... f s I .

' "caca
(56116 "

--.

|i555" i
,_

"

2;;;;"
_ . .rerrr

( i

a "*".. . ,. . o ig a.g._, .. ... v.. . . . ... . . . ..

Fig. 21. Temperature and pressure transients for rod No. 7.

ORNL-OWG 77-i.614R
I..

i J_ i !

. . * -

; i i l i i

. ;.-. n-. _. _._

+ -L __ g%m _ _ .

, , ~
_ - -

_____
. _ . . . _ .-

88888" ! y i

ggggg
.

,
,

r- r j
~ + -- --r

! ; # I

_

.....

i I # ~ . .

I I I I I... '

/ J:::::,., # T
~

r
i-

!!!II..,
_ _

A.....
-.

)# '

p.....
~ r

T-'
*.... ,

I::::a
__ 1

nneu L .

s g g "i i.., ' '

E * L _L I
_

| |

e+++ii !_ '
_.

o
rrrrr .

j

***"*".u ... u u u ig ggo,,, .. ... v. . . . . n. . . . . ...

Fig. 22. Temperature and pressure transients for rod No. 8.

oem m
D 0

o v i<|
n< m

Lv 4

1p g
7 g-J0. l]

. l_ U0.2

r,



.

88

OMNL-OWG 77 1 tHI
i..

, ,

._ _ . _ _ ,

i
...

i e .. ,

,,

. .i L /s
.....

_._ _. .y

88444" a ;
'|!!!!,,, // '

F '
..... .

fElf vt . '
>

// " '

:::: m. #
f f..... .

55558 . f '

----- _ r -
I

GCCC I - .'
s

lisii" '._ _.

'

jjgyju -l
L- 2

l 1 |

eer;es.I 22"
i

( r -

***"*" u ... v. . . . . . . . . . . .... g ay..,, n..u ... . . .

Fig. 23. Temperature and pressure transients for rod No. 9.

ORNL-DWG N ETO

.. _r -

i ! I
_ _ . . }

I I '~

T
_

# ru
f| I !* s

...._ - ~, t - - + - -g
8888B" i i p |

|||||..? 7 I / I T ~

I f.....

EEEEEu /
-. -.

/ !

i ~T
'

::::s /o ' >/..... __ , ._ ..

Ilili... # h '

----- f h !

,
-. -

cccc 1

luisi" m _.

'|!iff"
._

2$8$g .---

t

t- '-*

rrere ( ;
***"*"

g gy.. ,n... . . . . . . . . . . . . . v. . . , , . . ... . . .
.

Fig. 24. Temperature and pressure transients for rod No. 10.

1 m '?' DD

1061 287ww'
.-wg

~h1 ., J3 N
g

3
~



89

ORNL-Ogpq19 4005 ETO
i..

_L ' ;

>

.; '
+- -- - '

, ,.

I, = wu gr I
,

-- r - y , f (
.-----

$8888" ! # '

dWE Wii ~ i /' i
t

-u
r)..... -. .,

IIIII. j
j ,

,- -.

" a " ' "o.s
p.....

j
| \

.
.....

,eeeae # N i=====.
----- f ,

,

_._ _"W
1 aoa.oa.
5555

.

f5NNN"
.

::IIII" l !-sssss I (
T - - -

' '
e.. .o

-3.0 0.0 3.0 ,, ,, i,g. ,,g,o iu ei.e a.o ,o m.e n. ' * "., , m rggi

Fig. 25. Temperature and pressure transients for rod No. 11.

ORNL-DW3 79-6086 ETO"
' ._ L ! L _,__L. ___

! | I I
'

i"
i ! 1. # ' ~-

! | | jgiff
._ . ._ Z,

-----

| !__,_sessa" ' i i 1#
0 a g g t.., -i~ T > Z/

_ a
~

- . -

----

1- p ,-,

.....

E E I E Eo.s t

_.,

i 4
-

f..... 1

. . . . . . . ,
f

, -
er ,-
= = E l .e . # N '
----- f i

i

aaaa 4

lisis" '

|$NNNu
_.

i

i a-
i

r i .t .t .y o._L
-

-
-

i i
'

i ( I i
--~

... o
. . . i. . = . . n.. = . . =.a-u , , . , ,, . .r,..,,,.,o,_....,m,,....

Fig. 26. Temperature and pressure transients for rod No. 12.

D

o a 1)
D

o' ,
VO /p ! -

i wD

b-J a



90

ORNL-DwG 7S-.e.7 ITD
1.. -

-Ji 1 ;_4. ,_

. > > e%a" ~~==m, , p _
----- [ ~j j g jv / |

884ss" i # i ,

|!!!!'' : # 1

_

y ,

iiiii. / '

/
:::::,., # I

.

/.....

# ^
-

E E E E E..e- y
'

.....

(caca
lisis"

-

si

riiti"
.

,

--2.
? 7 4-
rerre .t i (a ' "" . . .g ,,;.g. ,,,i.. . . . , . . . . . . . .. . . . . . o . . .

.

Fig. 27. Temperature and pressure transients for rod No. 13.

OANL-DwG 7.-.se. ETD
I..

. . . . _._ . _ _ .. _ r .. .

0. .

, ,__
- + - *-- - + - - - - - --- - + - - %%

s u s s" : 4 ~. i jy i

isit.1, 7- t- p T-----

! WV | ,

iiiii., T # T -

>

# !

---e
,

r i

.. .

..... ;

A !......

EE;E!u # T ' i
.

----- / )
.__ __

O333
E u s e u... __ .

,

$ttil" |
-..

I

- ? ? J .. I
lilh | | I T- 5 ~- --

t***'".u . . . . . u ig ,,;.g .,,, ,... . . . . . . . . . . . . . . . . .

Fig. 28. Temperature and pressure transients for rod No. 14.

9 01
9

a 3ca m
qJo r eT @,

uOulen-
,



91

ORNL-OwG 7.-619 ETD
8..

J !_'
1

. . ._ __ . _ ,

I I I | | r ^i

, , , , , "
- . ->- -n

e ''~| Y,,

AhQ m-

l I 46# ~

IIIII' I # | I
"

g!!s s,,
- t-- 7 f

- --

,

I N I i
..... -._

IE E E E Io.,

__.1_._. [ I
'

:::::,., i # !
_._

J_. # I i '
..... ._

ERPEP // h | | t,

e ad M M 2 e
/ {/...__

| j
' #scs T i !

Iooo s 3 _.ssus ' |

a.... i i

'' r e u r ,hkitr ! i ,

1~ !

'

!!!h , --

-- 3 '
-

t ,

****"'.. i;4 gg... . . ... , , . . . n. . . . . . . .. . . . u ,

Fig. 29. Tenperature and pressure transients for rod No. 15.

ORNL-0WG -6 70 ETD
I..

._ ._. .! :, .- ._ _ _ _l _. .

g'.9

F!
__.._

.- - r %4%,,

sqsas"
- -

, i fg i ,

gggg - . - . . - . .

, , f , ,,

. -

|1
-

' ' # !

--.'

E E E E E...
I f

eee i i ri i
~

'.aooo5c

_!_ | .[ |
. . .'_ ..... _m

f x i i.v .e .r r e ,

. . . =. =. o j[ | i
'

I

. . . -r. I
~ ~ ~

l:u::u: .
- -

vn _!_ ! ,

'

_

J... . I I

E | j
i

| i

._ _.

| | | |
'

TsINy i-- _ ! f f i '

sssss i | ( } j
-*- ~~

.. . . . .
.o . . . . . u it; ag.,,, .. ... , , . . . . . , , . . . .

Fig. 30. Temperature and pressure transients for rod No. 16.

O
D D)

ovI
a s-

- luol c,90
n

or
0

. 13 mm



' > 40TO 7939 ,%

'GRi oN ..
.t -w-, ..% ROUD BOX\ .

msvaggenvejg g
%' .

^ .

6 -

.k spr ,yv '~

'

#4'''

~,' h t,\ 2N I- ,'
,-

.

e
f-

- , ,
,

6 /
,,

GssD .s

,es
rh g

_

. -

.

%

. e .K
.:

k
.

- '
.."

. i. - , W ',%'
-

%.> '.. -

- f .4

.M, ,, m.. .

'

.. _
'J

.
~h

''/ 2 3(g* s._

'#1di.w3s

% 31' Buna;e g_, Prior c, ,nstallatIOn og unheated gyroud and
shroug ,

CN

4



O AL PHO TO 1033-77R

g\\p[BMi&-- [
g

sy{-}%
z? "] {. |~ BUNDLE CURRENT HETUHN CONDUCIORSw

' ?.e. y
'l p TC ' +t j SHROUD THE PMOCOUPLES

w ,4 | hw
f * '

, ,

w

:y ~

#(c) _ ,j
- c'44 s. .Ug

d ,

e. - ' ie

, ,

- %- ._8
' ,'

'-p
.

, ' ':

MU# -

7 ._. -

N (g} - w

' ' . .
- -

;; 3 , ? -

'"

O, Q ..

L "'

;.,,

i 3 % , ,37_ .m, %

[*'
'

,

' ''
i # - y;c

.

.

.i

*

m,

'

,.

, 8, g. , a-

"
' ''

. ., |P~
C ) '.

~ , . _ a. .-ma a .

_.

Fig. 32. Completely assembled B-2 test array,
tx)
NO
N



94

-Q
V

g7.$3, e

s gs g 2'.

\A
g %. ,

*m# s

4 mgj y :;'*
~ Ae

3

*U w '
g

.

"~~e. ,_
Nl ~

%

ef
% ,

% $o
s

\y
'

.

,.

* d

s
,

, .y,

, g &
' ~

>&'L
f
$p,(. qa fy

.; 9"
%*

" A3, 2
e-

g
J.

w G
4 Q

y

.lo
''
O'N

%,
r,
,

.

+
'

%'~, .

\
-

-
' e

, c
e
,

,

$ .

a

. ' \ x,

ysg

.

'

\,
-

x '''N'

/j$" a~

%g-

w

O

g '" \h
*

,

,.* .

'

8' ( f0f1

n |;;>~~n * %

N. :)
%

j

92 .

r
fg1

,

P' A
%y Y ;'y '

, h'c'



ORNL PHOTO 711t '

f*j'
^^^

(~ - um . . -w..

enemmmmmmmme s . .rg. ' mummmmmmmmmmmmmmmmy =
1 g , . . ~ . , _ . . -

put, J m" " ~

- F:
_

,j. _

ms,, _
,

,

.= =.er ,- g, . -
p ,- . amm

- ,

I

,% ._ . ,_f., ,

a: u s, to o n si 64 65 e, 67 6. 6, 73 n n , , 7. is i. ri 7. i, sa ai n ai .4 .s as 87 u a# 90 9. ,;2 ,3 es .. i . n fg
,

,

I w
' '

. g

N (d . _ . -

b,

r .- ~ * m : xv -r- a a,v. ape.. ,
~;y. .. - : ;, .-

f - ' , j .J '
'

.~

?
^

4fC
'

n _ ,,
_ , _

,f..

,r
4

'.s

Fig. 34-A. View of north side of tested bundle and shroud (upper

c3
C-s
-

fN)
W
-;%



ORNL PHOTO 7115-77

.e- %
/s e 9

a
=

+

E.

a"a -

'
a,

: m '

(cm)
E=LJ . - - . . . - ,m m g7 y. .g j , ., , p . .p, g,; y p. , .g 7 ,

,
,..

9 10 H 12 U to 15 16 17 66 19202i 22 >> 24 25 2+ 27 2s 2+ 30 at 22 sa 24 as a+ v as 2+ 40 ai '2 42 44 45 4+ 4e 4a 4+ 50 s' 52 52 s* 65 s+ v ss 59 EO 6' +2 *) 64 a s e * e

. .: n' ~.e;.L.4dLLa- O: Caw. J:LLliA' ed 'U aa. w3. "" "~' ' ' ' ' t sc,- , ,e, - . . . .

e
' (c=0)

'

W g . - . ~

, ,. .---,,;,. .

; _ 3 - my.,; .. . --y in
, .

,

4" * , w' # f-
'

u .

. ., q - - ...
,

,

.n . . , .
.

: :' |

-

.s .

--

r - :. - .
3 ..

.

,

.i
, , . . .n'

'

,
-

*5[-'' E' -;h2f ('" '
" *

-
-

, . ,

Fig. 34-B. View of north side of tested bundle and shroud (middle
region).CD

Gs
-

sO
t JT

-



ORNL PHOTO /102 -77

- ~ g~ gGp _ ?"~n _.
s ~ ' ' !? , -

,, .

[_; __
^

b' M

- w ,

Y
- c

n w:< |
t

7
t m. . ,

/.

l,& gy:ggy;+w,

i.. 2 . s . r . , io n n u u :s i. ii' (m) a}' ' '

YA(y)
.

--

' ' . . e
y

,

Fig. 34-C. View of north side of tested bundle and shroud (bottom
end).

-

Cs
-

f\
so
CN



ORNL PHOTO 7083-77

-1. m .-

,,
L-

(
g ' ej, ,. ,, ,. ,, so .. .. ., .. ., 36 x=. ,, ;;;,~, ,, 83 ., .. .> .a, .. ., .. ., ea c ., ,c ,. . .. ., .. ,3

,

. .

-
, -- - -. . g' ' ' ' '

- '..-s~. s .-. a ~ , - . w. -

' ' (c=g-
c. ,

_.

.

, . " 'h. -Vr '

'r 56.g , ' 4 " . ,~

g - -- .
. .

g . .

.

py ' .- r: -

.
- .

.
.

k-

- g,
1, c .

I.

Fig. 35-A. View of east side of tested bundle and shroud (upper
-

CJ
Cs
s

W
N

.-



ORNL PHOTO 7084-77

e
.,

Q
-,.

4 fn
h l "[. e

| - '

.

g.,-. _. .. .-

,_
, _ _

i

hi -[ s

it o- c.;f
L=9

Ws) & > ~n - ? - . :g: . ; ..
.

y, ,

U >mo
.. .. ' . ;w ,:

~.

o i, i is i. ., i. i, 20 mi 22 22 24 2s 2 2i 2 2, 30 si 22 n 24 n 26 si 24 2 404 42 o 44 45 4. 4, 4 4 50 u sa n 5. n se si u 59 t.0 si n ai u -
'' '

W&(gl
._

- - - - - . . --.

, -. , .
3 w

~n ~"gy ~~ - -

_

Fig. 35-B. View of east side of tested bundle and shroud (middle
region).

___.

C. a

fN)
M)
CD



ORNL PHOTO 7088-77

_ ,
4L9,4,:, ~ , _

.% . '': ' t :_ .lj i " '' . " " " " " " "-

.

8E) (- 0 s
y, c.
. .

- -

--,
.

w ,

h N/ , ][ ,q
' ' ^^

}y _g
-

.gy. ;7

x, '

, ;.g

.ahs

Fig. 35-C. View of east side of tested bundle and shroud (bottom
end).-

O
c,

.

(,)
-)
_

w:)



ORNL PHOTO 7085-77

r~ .r . ...3 .

J, J g,. . ja ; . : .,
__

m. '. ,. ,
1 ag.,

' E ~ ~ - " " * ' ' * -

i . I| 3M:Er ' .
' "*

.-
-

<

o

( lM. .

. ,,-m.%s g. - ,, . , * ;y ,
, . .

. , ~ , , ,n~ ,w p,.;.. 7,g; - ,,,.,, ., . . y 64 n 69,,s.,,-~,....m. ..

,
.;e : ,m..

_

v s <

g C- -) s v a v, to ,.. 2 o .4 . e .7 .. o 70 n n i3 7. n i. n p. ,,'';sa .i n .3 .. .s 7

<
'

- ', .g' .<. s, . . .+.y ,

, .. * 90 .i n +3+4 n e. w n * 1 o.

M (>_EJ
,,

, . .-m .M , g,, .gey; sg.pi f a gagggj,3 .ij.A,t s gi, e
,

a) I
' '

i

v-
- | ' f#"" ' , - "''

,

;,,,,-. ,, n, .. , ,
._

.< it ;.
,

,

4 . - ; - , ,I

,

... ,,
- ,

, , ,

,... g :g} $b
'

;,
,; ,, .. ;

.

i*

. , 9.,;
'g w. . i1 *

u.y,, 9y|.,tyy_._ g .,_ _ _ _ _ _ _,_ -. _

.

Fig. 36-A. View of south side of tested bundle and shroud (upper
end).C3

ON
-

(

O
O



ORNL PHOTO 7081-77

.h .- 4 ,
B - . _ l E

'

-

a3 - * > .E_

h
' ~

.]
5-

1

R
6

,%.

6 bs > ig n o o u :.., i. i, 20 ai 22 22 2 + 2s 26 2r 2s 29 30 2[ >> ss s'4126 s 24 si40 ai 42 n 4's 45 4+ 4r a a 50 si s2 n I4 n sa si sa se to a 62 < i u e s n *
-"

. , a u- , . . . . . . . .

N &
> -

o .-wdn ..$ |s i

_

Fig. 36-B. View of south side of tested bundle and shroud (middle-

o region).
GN
-

O
-



ORNL PHOTO 7087-77

Yw -

, *M sameurumum

'

E!!!!!!E!!IMI. _ _ _.

g .*

,

W
(c=) '

t's) <a a|::q::ptt? *" w -

i.. : 3 4 , . r . , 10 n ia is ** is i* i' i* w 2
{ Lid:g L_al ' ' ' ' ' ' '.

N (c=o)
' '

b

-

C3
Os Fig. 36-C. View of south side of tested bundle and shroud (bottom

end).-

va
O
N



ORNL PHOTO 7101-77

_

,

-- ,. r ~,pn = - . - +

1,
3. .

!
*

-- 9 -- is ,-

Y ',U
~

., , . .

-1x===:===2 =mmmmm=== f, ,_
-

l.
A

I'(c:m)
, ,,so ., .. .. .. .,.. ., ,,. 7a ,| ,, ,c.. ,, ,; ,, ,, ,,sa ., .,.c.c.,.. .,.. .. u . ,, ,,.. ., . .. .. t

Y '-U
m ...

~L ' ,
~

... . - , . . . ..-.i

!

E5D GED E
. .

.

5

p-y (c=m]
.

' '

:-
- i*i

-

,

|

Fig. 37-A. Vies of west side of tested bundle and shroud (upper

end).

-

C
G
-

'

CD
LA



ORNL PHOTO 7100-77

rn .

' Iog
>1

,
-

, wn,; ,- -,

, , .. . . 1I-
.g . ,,

s - -

A g
a__..'-

,

e - - - - - * ~ ~*

..
-

_

pa ,~..v. u. . mv ,-.,, , u ;n. g. , g .g, p|g. gig.y. ,n.p.;x,.,.: r-- . , - ~
.

;;g . . yp n ,m, ;
.

wg. . . - v.m. q . .. a 3.> m...,. .p y. ..+7% p ~.,.g.$q v,g.,,q ,,;p,.7 m..,g9 -. ;

. , ~.. r, m ,m m r~,
p g- -

,

nn
,

o i , 10 is 12 o 34 is i ir i. ** 20 mi n n n 25 a v n 2* 30 si n n u 25 3+ w a r 40 45 42 42 44 * 4( i 4. ** 50 9

.a s.w.a, !.x%;..s w 3,d3,,g %ga.;a t,t.J. . ,.. x. .'m. i -444 ua.e. - , i ' ' wa. a.,, ,a u n se v w w SO ** +2 +> ** n a nii , :a, a_

: L: . <N> . c.wu .!.
: . .~ a w.s c. s , ... , \ n u.u vo w .,, m ;w.u as. tswww gws us: u. n

d -
- s o,(- g u

yg .~. . - -

Y %g 3 ,-6; ^W .{ |. J f'~ Y ~'dVN ' '# ' '

" , '- - ' ~' ''

E]ED - gg, ,, .j g, - - _

r3%-

;m .
b 3

- i . : .+ .

. . - -: ;-b
. . .

. ,. .
.. 4, , . . . - ,

,.7-
-

g
. .

. .

%. __. ; _ s;g ., - . - . -. s-.c ,

T :,,. :_ __. . . . . f Ag ' | -- . m--
._

, . .., .. . __ .' . ' ,g[}W ' ?-

-

C3 Fig. 37-B. View of west side of tested bundle and shroud (middle
C' region).
--

CD
.,%



ORNL PHOTO 7099 -77

., ,, ,'- aus. e +4
' . ' . ' ' , % ::

_ ; - m- v

__ - W M
:,

,, t m-

?
' 7

'
, . M-w

(c)
.

i
4; , -

i, 4 . 7 . , 10 n $2 o " 's -

.% g,. >.3 n,3 .t. 1

.

: . -

h( ) o
*

. c-3 -.

\ n
"

.,

SED
,

'

1 j
2':

'y
.

,,

" ,

'' 2
, . .

'

' c ...u:- .

W_ jR%~? ~ s N
i

Fig. 37-C. View of west side of tested boudie and shroud (bottom
end).

-

C3
-

* ra.

C3
LJ1



ORNL PHOTO 7091-77

ef *,1 .g
3{g""

m.,,.

- .

M#

, ,9u
cm / L& '

% *. ,

- -

Lore) C~~3 .

S Ni e
(c ) a:. -

W C G . '''g
- . _ . .

-.

g
9

.

9 [,_ |A
,
'

,

,..

f *'?"*
-

b, w-w i , ^

1
'

' ;/Q.
E..

-

.~-

:,, . + 9:..

' . ;*p ;:c3
*dll:%.:3 ;%Nedl:4--

. ,

- -

c3
C' Fig. 38. Close up of lower end of bt.ndle showing rod length

changes,"

u
CD
CN



108

M&C PHOTO

\
y15'i100

'{'
r g:t

\ ',, .

\ \\ ^

t
!
:

i.

-

I Y
.

I
\
L

-)

,
,

1i

\
',

>,

4
'

,
<

l

I

x'

I
4

\
\
l

$@b
'

R
#

I

>

,

, ,

{=,rc:..;

Fig. 39. Two encapsulated test bundles (B-1 and B-2). Bundle B-2
(on right) has been marked for sectioning. Bundle B-1 (on left) has been
sectioned. Representative cross sections of B-1 are shown in the center,

c
\} h,A,k g."



109

7_. _ . _... _ -_;(M&C PijOTO Y1548 75 y ^ '.?~~j~~, ' * l M&C PHOTO Y15487
,

. ,f -g -

: .
>

.
.

.
. Af ,

E-Q O O 06 ! O.. O. O W L-
- .~ ,

r h'i .-
.

*
' ~~

'-
. .

.
.,

g . , . . . . - ,. 5 - .

,

yb |
- [,f - ' ; j [. .' *

:

-

, ''.3 g , . , , , '; .-;

h. E . . . " ~ * Q.L
,|ex |:' ._.-._;._W_'.. -

> a '

;! lI |''
;

:

, . ,.; ; ~_ | *, ..

'--....s .
*, . - . ~-

.
,

....___:..__....?
,

-4 - >
,

.._..J m m __ _ . . _ aA ., ,e . . . ._ _ _ . . .

Fig. 40. Section of undeformed Fig. 41. Section of B-2 at
region of B-2 a t -6.9-cm elevation. 0.0-cm elevation - the bottom

of the heated length.

](l [[. . ~ WEHiEEEiEliEEE - y , 4 ,* 7-= F 1
~

'

. /g . __ _( EJ] : '
'

;ng,.
.

--

.

, y... g. - ( . o . s. ; e. ;,
.

.

. f. .;e
.

i i
_

* ' '

.

. :
, ( .

..

q."O9|g%1[g* j0069}0
- 4

C .. ._ : .: . x. e t .MS '..._v..
. . . _ . . . . . . _ . _ '

, , u
'

;-.._.A.m , , , , . ......__._.__k
,.

** '~

. . . . . . .
_ _ _ _

' " ' " 'Fig. 42. Section of B-2 at 3*4'" * """EI "*1.8-cm elevation.

% *
*

10IoAM
10M 308

S"
r m

T b~I.]_i _a



110

.
, .

, .
.- -. . .

,

,-

. . ,

: .;7 y ;;,,3.y
T QOW OOOGE

J OO < c:oogo !
c

L .

7000 , - :onor -

' '

| |
';

.

'
.

:; ' ' 7 ' !j ,' 4s . ,

Y ~ ,'
. ,e

.

. ,.h
-

j ; ,) . "y , ', { ~.,
.- ... v n.-.:

5. N . . . i. . . . v.. . . . .

~

.%-_.,7%:L ,,

Fig. 44. Section of B-2 at Fig. 45. Section of B-2 at
5.0-cm elevation. 6.9-cm elevation.

'~ * <

. ': 45G PHU I O Y lb4<P14 M&C PHOTO Y164mh.g y o . -- , --
. ' . -

*

q w - . . . - _ . _ . , .--

:8.,.' y y
.

-- .

,
sg ., x-

"| - . .|* - .
.

. ..- ,..T..., a,

MOORn B eE
OEe&D 1 eMe|

MO!e'e On *Reo
.

.H _

a_ po= p-- , -:- u, numQo
- e

.

o
-

,

, j . <

.
e e

n., M*

; ,.
~

2

.g
-

-

.
. . .

= -

2 + _ _ __

Fig. 46. Section through lowe r Fig. 47. Section through lower
grid of B-2 at 8.8-cm elevation. grid of B-2 at 11.5-cm elevation.

D *%
a a l'

^ - 1:51 3091bom-yb_-.2.1



111

- - - -

. .
- - , - - - g

~
-

]*.* _ .,._
w A ~

A Sk '}. f 'l
^ *

,

: g,e o;, :. gooc
o .;p 3.;

- : .

.
_

. - _ ,

'

! -

b DL3% |
._., ,

*

i :O o '

T.O- ? . i..OL ?
''

. v -

;
-

.>
.

.

"
_.

. , .. e 1. . 1, : Jz; :
. 3 . g- - ,s -

, ,.
.,e , ,

' %*''

: n_ - - - - L_. .- _ . .

-

.
+

*,
,,

. - _ - .

Fig. 48. Section of B-2 at Fig. 49. Section of B-2 at
13.3-cm elevation. 15.1-cm elevation.

r 2
-'

~[ M&C PHOTO Y154897
' < - " = "~ ggig3333333333gggg

s.. . ~ - -
~ - - - - - ~ - - - - - " - - - - -

, , , r4 3,
,

N'^*k * *.a g
*

^ ~ $ ,i' *
__,

"
.$

..

*-:k
.

....,.........~...---=..a

:

- k 7 E- . .? * I
.

_

. . ; ; ., y, ._/:..;7 ga :. -;; . y g.;
c: ; ^7 ; y,,. . . ,;;__:,.% Q

'

*(, !.

''
_

_

d' ' , -. cb E( %-.,;. i' _ f |7 %Bi !)"' };
_ y | q . f.,,k .L_ __; A

. : ~~j .. .-
. , 4m;. ;.. .=.:. .. ,

. C000pi..:9.@d'fQf??^ * 7?
.,

- c e - . .,
. . . . ;. ..

. . , . . , -.

' * .___t.....''.'.._..._1..JT._.I__ _=. A.. ,
' 5_._%. 1 .......a.._.._..l_

'

.
_

_.

Fig. 50. Section of B-2 at Fig. 51. Section of B-2 at
16.8 cm elevation. 18.1-cm elevation.

D" ]D
7:nc v JU n'ai

IuJl ~'Ui

THE



112

, ;. . . 3 , _ , y., ; -.- ; -. - ;usc enoro vism. ,
_ _ , . . .

.

..

, .q . . - __ . _ _ - . . ... -

' a 1,e -..
,

... _ . _ . _ ._ . _ . _ . _ . ..'. ,
**

..
,

y
' f. -

.

~.-..---.s,
. . . .. -

.,

* '

w- .. . .. ;. . , - . * \ .; : ~ , 4, 5 - L ' T ; 3 ::? . :.,

'
'

'

. . ..
* - :

._
--

., 6
_ f' -

[ p ' || - ) j QV 3 i
*

-+ . - . - ' '
-

. ; ;; .y v;; $ fcg_g ;q . ,.jp ._' . y- p. -

. .. ,T .- , : :,. V--

: . ./ :: m ;
.. .;'; :

-

- :. . , ~ .-

. .

^ ' n ;x. n.
,

'',
. .. ;

, K. ;
.

- ' y;ygoop..

.

y .: ! [ ' ,'i '. g.( '_
~ 3 ;

. -

. D5, "M|(
.-; .

.
.

. . . ,,
~

, , :
-'I :-,LL-|', ? :+ . , | _.

_ .-r,.:__O?

Fig. 52. Section of B-2 at Fig. 53. Section of B-2 ct
19.5-cm elevation. 21.4-cm elevation.

. ,'8 -

~ ~ '

5 M&C PHO T O Y 154Mid ; ' ~ ~ ' ' '' ' ' ' " i- ~r~' ' -' ~~ ~ i ' &UHOTO Y 154ds' ' ~

.- - - - . ;
-,n

: :s
, g,,

- n, ,.
'

y
,|' *p-.:-=<

- , . . .,
$ *

' ; , ,
* '

' ~ - - - - ~ - "

, +f .
, 4 .g :

+

- w i ** - . ,+

| Q g Q Q;t{Q
= <

,' y ..;
. e. " f ~ t::q - !y y- e

x ;' ,
.?

. ,
- 1, .i ..S ,e : ,, : :n ~ ;: a s ,- *

: ;

e <4A l f : ?- -c .. , gn. .o rs , , et -
f

; ' . :._ ; 1 %. -r.. ,| 3
%

s _ .u =~.e

Rf | ( .

. ::; . . ,[..,.% g i ;. :: ;-* ~

.t4p 4; p ' _ 7 %,. .; g. 9s y . . ;g ;,,
.

- .
;

.-
, j [F . ,., 9 |".?' A

[.
*'

2 s. o : . . . m- .. . ,
-

.- -

,. , .
.

_.._:=....u . . . . ..} : ** .
'

...-__._..._%mm ... ._,,m_ _

.
_

Fig. 54. Section of B-2 at Fig. 55. Section of B-2 at
23.2-cm elevation. 2 0-cm elevation.

1 9 Ol 0 -

D

wb
1001 311

i

pgy w ,l W o
a. wi



113 +

. .. -- , _ _ _ - _ , ._=--,__..-..~-.--m-. MC PHOTO Y154901
.

4 _ ,

-, - 3,.,,......TNI.~..
. . . e-

,

5 %
, LQ,.g.....

.

" 5 -

*

6000,02{ L & x,go.1.1
i.

, -O,e
, ..e ,

,,f (. . 4 .

. . , .
. -g

.g , '+, s *.
.

+ -.a .n..'. . , ,

4f ;. ' ,7r i;, iv e 4 % . ee '''

p
-- j .! ; j( g;

, _3 ,f:'.: W :. g4.
.

p(;;y ;; y , ,; ; y-~ y. . , s
, . 7 -- % ~. ~

,L-i# '^

[ y,
_

; j , z
* '.

c
.-

. ., . _ .

[ ,, ,;; } /g y f. g [
< .- x ,, .

~ ~ .,My [W y., . ?.

9,
-

'
.- . . . - : sc.s, y .me . -

. .

. i f *[
- ] M. - . , . . . }, . ., .,,

t. .,. , s .
; 'e

-

g - 4

,. ~ . . . , ,1
.; i, , ! a s., ( . ',,

,x [ ,.:c
x. . ., a f;-.. e

_ < Q _'n
..: N:.^

e'%N > i _:q
%.s't'.

,, __

/ i.
e. ~\ ..

_

. ,
.

~../
. , ,

c .%. L .. ~
_ _ . ,. -

- . . . . ,.s- s >
. .n , t..

'
. .

g. ;., *

,s
_.

*

$ . - . s% ,A -
- -4

'

t
.

. .f-. . ~ - . - - - --

''.L_..mm..A _ . _ _t.__ _.__..____s. . ...,.._....,......~,...x.-_-_..m
. Y e . .._ i

%. .. ,.

4 ~

,.
, . , ..

.... _ .
'

13 . .' *- s -
s. ..

Fig. 56. Section of B-2 at Fig. 57. Section of B-2 at
26.9-cm elevation. 28.5-cm elevation.

~

,_M&..C PHO. TO Y154901
,

s.
~ .. MAC PHO TO Y 154900* - '

1
'- " - - - '

. . - _ y> - . . . . _ . _ . . . . - ~4,

, , . . ~ ~

z. : - - * ~ R __ , 7.,
' *'

s .>

. W , A ,., , . P
"

~

*
. , A. L *

c-; * : ,-
e. l

. .

Y, \ __ ?- ? ; ,' ''' y--' . "
. ';; .''.

~#. t> ~, ' , .;-.----.
'

'

;

&- ,sai # .

- s 1 s ;x ..

hh /, A ]] h ^n!; .

+j | R* L i jf. ~y - ([.* ~

,
. . .

._

, ,

T. > .s % ; =:_ ; L'; :.
__ 5

^

o .- ,

. . . - - -sm z .- } 4 . >,
;.

x , , , e. . -;. so
g n ;; y; g y - ; ; y t y; y vy y,, , .

: * , . in ;;;1yt;; J ;;.y . ; :3 , , - ,c :: ! p 3 y y

;,& . .

.'c .

-, _ _
_e ; '

:x . 90 W:? r
'- ' ~ n a: n r

,,-4
/

'+.,,(
' ' " ' ' T ~L :

.. -.
' - ::. ' / .~ * ,,

, ,
,

' 4
.

',E
. . .

y u

i ' , , ' ' '
,

.. e :

< w o ou o u
. , , . , ,, .

,, ; !.o y
;e y a s:- .. w e.,

, ,
,s y sn, , _ .;

.

.

~ .;~r ,
.

O.:_. .; -

; -y ,-x .

2_ p u
,- -

,, 7
-

. , -
; - *+

, 1 .7 g; -y y .v . .. ;' y;m7 ,9q;3 ,-t _. 9mg ';, .sy ' 1
. t u u .. ;

.

6:%, .
[.; - q , . _ < ; ._ .mj g- _ ,s-

. ., ,

; . -. ,r
,

t ; , ; . ; ..,

'

< NN \ .
, , N .. . e /,4 ' b ". , * [ k . f-/h ' . .i :. k. $ [!

*!* y' v/1
. -_.s

.

s ;7 - .;nng> g :,
, e -

-

n
.

, .

.y y -
- -

;

.. . .. .
-

J 1;
.

-

. 3 .aw y
,

b
.

a
. 3

E

[ g %y . ,

# - .-<>, ,
.

- , ,

A3, .4 ,
* . .

, .,

_

.

nq ;& - # 2 .- c
> , -

.~
, , . . , , _ -,

. > . . . . . _. t L_~ ..s'..._. ?
_. ....t. .g_..

Fig. 58. Section of B-2 at Fig. 59. Section of B-2 at
30.0-cm elevation. 32.0-cm elevation.

DTP D

6w
'

D e'T 1C5i 312
'

u lL i A a.



115

. - . _ = _ _ . . . ...~ MAC PHOTO Y153374 .
- , ~ ~ " ^ ~ ' " 153175

.
,

, . ....-,. ; 7,. . ~ ~ ~ ~|.'_''i M& C PHO TO Y.
3

- ~

. - .

-
;

,

-

- : . .-- e
, ; t,. ,

,

- y , ~; , ,' _ .' , _ _ .
s.

*

; - , , ,
_

4, . .g; j- s. u-
,

3;_ ,; y,
,

, . e < ; .

3

[ ^' - . . . . .( (.'(',.
-',?.;

. .j , *- .$ ' y j . _ _ ./
__>:

*

_

. - ?
. . .

e ;. 7 . , . w

, - - . .y __ . : a
.,'. 7.. .;

. . - - -
- ., .a .. . .. !$ .;

', ? :- -

y
'

7 i . ., c . .
.

s s-
,.

,'.f. % - ; . i; .; '. a

4
, .; .,

[ ,' [] * i I.g : )
, p y, :: ;,,

. { < [' Nh , f- i$ .,m f- :
I . x .-: :s

_ . _ . 9.+ .n$ , , I ...

..
.. s ,- , $ ,; ; . _.__;., , _ ;~ _ . . - _ , g_

.

._

3 .
Y

_. ,,
, .

,s . .-
'

j7,
4 - ; .6 = - . . , s , - -

\" ' ",
, . ... s . 1 . .v .- - :. .

ii .j. -7 - . . .

.,*| ] -

.-
1

'
77 .. ) , g

. - & f, *
-

; > .
w, Q _f M. fo - ,

. .

! .,; e
'

Y' '. ' ~ ' i ' . , , * a w n. ..

''Qs , '')_ '' r, %- _ . , . - ,

.- . *; p _- - - ~ -y .:, . x
;- _ .w, .

. .. t!
.

,, ,

;
- y y ;;

- . g =
- [. - 3 sy y

,

s -- ~-- -

y 4 - a
3

j3

l 4
' 3 ) .

*

s_x A . - .. J,, ! . '" .. - . . . J:- s-
.

< ,.___n.

Fig. 64. Section of B-2 at Fig. 65. Section of B-2 at
41.2-cm elevation. 43.3-cm elevation.

.-;, - ., .. ." . ~ M&C PHOTO Y153453 - 0- ~ ~ -' ~ ~ ~ ' ' ''' ' - ' M & C P H O T O Y153454
,

- - - - - -
> - .

; ,
-a - - . ._ -_ -. ,--.

.

,

k. *
2

,'
,

-

. 3.p- (4 y 3,; .
-

y . ; ;
-

r __
.

; ,
*

.

q.
- < 1.

: xe
.

t,, ,., 8 ..a
' f};;g}:;; :' . , {,q3 y_3:, , w j ;r }.:' -

' . ~ '
._y.

v (39:;;. O : .. , ~ 3: y _ g . ns - - q', _ g. . 3 y: 3 ; ;
;! q u a , ;.. a

_ [f A ? .
*'

: * *q
gv g. ; ;i, s .

.,p..
~ ,y c>_,. ,

~ . . _ _
. _ __

, ,a
. , , ( .,

,| |
~ *

'! i
'

**
r vg -

s:u _ _ _. .. s u4 . . _- -
. , ,

* -

- y, - ~ ; ;,
,

.-
, , .

-=
. .x .- ,

g
y +. .

,_t y

,: n .F..~ T i .n. 8

:- 2 \.*' .; ,.. ,
s A . p * 'p { ^ ,

't"'. . J. 2
,

% . l . _ , . z.- _ J:. . .<
'

.

Fig. 66. Section of B-2 at Fig. 67. Section of B-2 at
44.7-cm elevation. 46.2-cm elevation.

TO]DD

o W JU

D '9" bf 3f3
- s . JL a



116

M&C PHO TO Y1h3326 ''-~~"""""'''''~'~J "' . M& C PHO T O Y 15'tt'a',
, .. -- .

....-),

.ja"- :.
'' '"

.

,
.

gt WO30e"

.

f [,, 3"[. [f _h.'f ' i

,,-
,
u. ; p

'

'?"=",|7 ,

#

*) j ' %;;| ,;L_ j_ z. .; -y
-. .; n c- ; ,._ - - ;

*
' E'

.
**

.

,
. f..

\- .

u. e
.

~g, -

,. -

r.;s .< ~ . . ,

, , .
f ;;q .

,

-

;. .. - T y;;, ;
-

,

,

j; ,, ,- r-

g.~.
- j 3

,. ,

34 g(.' '*'-:
. . _ - .:, p \._ - r_- . *

,g; ...
'

n
3
* - }- * &*, +- ,

..

'

,

.,

? ., *. ; =

[7 3 ' T 4 y m 4

*
s :" - ., . s

"-.....A....y#'''
,

.,

m ., _@s-.-_ f., m ...,,,,d= -

Fig. 68. Section of B-2 at Fig. 69. Section of B-2 at
47.7-cm elevation. 49.7-cm elevation.

4, . , .. 7 . . . . , . gy pgo,o y myg, g3c pgoio y p,un-

-

- -

gj
--

.. . . . 4

= :.''
.

-

''' ,,I' , .' [N. .

. [., S \ =%
*

- 4 w

4 "1

'. i 'W . e ;, , i. i i
t~-; $.f i. > f ;

*

.

1
. ,,

\ q jp.>

.. . z. ..
,

* '', r :'#,. . . p 3 :' , _ .. - n "

$ g
ep.. .. n ,

Y\ ,Ty:,7 ; . ; f. . a w , >
,

h., - ' h, (~>. C .~.,'.;.. . ,mv: 8- '
,

fjgs <w. g . . ,

Q ~
U, m 'j

y . . , .- .:
'j g. . .,

. .i , ,
u - :.,.. . s

.[.
f I

~

h, . .
,

,

A :' s -
. g :; .

.

. .,. .;-g y ; ~

, . . : (*** ',g g' '' | ,(Q ) >; , /
g

-

^p.,
- . . . . ? .s +

i t x

hg ,_; f |k
- y- ,

,
,

,

-
.

:'

'

* x .-,.

Fig. 70. Section of B-2 at Fig. 71. Section of B-2 at
51.5-cm elevation. 3.5-cm elevation.,

b b'

o v, T @ 1061 314g o
tu, u& lM23



117

__ _. . . . _ - . . __ . . . . - . t M&C PHOTO Y153457 ,

, . , ,
*

~M&C PHOTO Y153328
_

-

1 - - ;.. ..__ _ _ _ - - _ . - . _ .
, . . . - ~ ,,.

) ( | n .. e .

- . '. i!
-

2

.
. ; f. : |

z ~

'

'
. .

- a . - _ . . . - - - -

' |:| : . : i
"' '

_

; ; oiu a ; ; .

-
-

?, * |
-

i

:=~3
.

- - - ..g, > ;t . ,p

s[-L;. . 3,3 , *
' ;

s. .

(?. :7
- ,+y .

,c. o , 13
.

; ; - ~ - ~ . -- }i/>
'

c,
, _. -,

_ . .

:.., o + _ .:- u ,u ; . a,.

, ,, . e s .: 4

. j " ,. . . N
'

.
~ '' i : . .

'

. ..

,. ._ , g: .;.,- 1 . . ; - - - . .
. ,. ,

.

. .. : .c . .,
' * '

.

- .

, .

;
- -

. , .
,

. ,. M. =# j . .
,s. . p .~ , ,

i

. , [) -

. ; ?';
~

* - ,-. - - ~ - ^

j j ,p
.. ,o _

.

4 _7 ,
,

, $ . . x . .
-

e. , ,

L . _ ._ x :x'_-_i_1 .
i A

. -- || Ll- 2 :f

Fig. 72. Section of B-2 at Fig. 73. Section of B-2 at
54.9-cm elevation. 56.2-cm elevation.

. . . _ . . , _ . . . .. , _ . - - - . . - . -..

. _. ~ ) M&_C PHO_TO Y154904_ - _ - _

p . .. -- _ .

,
,

'+ t
. _, 4 * . j.s A ..

t.,

e. I
^

* ~

| , .
-

s

1c,-t
_ ;

. . - . ,..,-~-s .
-. .. .. i .. ,~'' -''

,

:.g .

,,4

/ .. ' .i . . .

.1, , 9. 7
s

e . :: 3 y j
s'

' l_ _.'
*.'. ,') ': |' ' ,4

,

- ::,
.

. ' ,
'

]-,, .- / <__[<, .g -: .
'.2

'

.'" *--.

,

-

6,y .,s- - .g ? - s

7 4+ -

-_- . . A
v

. s
a.

z. .
y,

r
< + . -

. ,

.y,
. , , ', . , ,

,
* "y%

. }*

h .* * | 4 .
x% <w

,

+ . _ _ . . . _ __ ._. 1 2 _ __- - n. 4 ._ .a . C _ m, a . . , ~A- &

Fig. 74. Section of B-2 at Fig. 75. Section of B-2 at
57.6-cm elevation. 59.8-cm elevation.

MD '

ibg,

W i) wg .
n i ni 315mi

lL Ju l <



118

---

~ g - . Mac eHoro vis-suoi3 .

. > %wn .

. + * " L:%
.

. - - . .

i''

2
. ,

M OOOst LeJE

1 O O @ @@ iNLeleXe:Mh
JOOO EKej$

g ~. Q Q Q Eel f o r e X e ] ]
- .g

. .. ,
'

, . ,

.,_"---..n_x....a ..

*,.:
, .

. 2_ -.

Fig. 76. Section of B-2 at Fig. 77. Section through upper
61.8-cm elevation. grid of B-2 at 63.8-cm elevation.

Mac PHOTO YiS4906 ;,'*yM' '' C P HO T O Y 1y< pO ,s

,4 ?,

'4 . _ , . . a
.

. . .
. .

g ;J + SYN Y h;[

e : mi..g:w w< .:... .-

.
..

:

.h ' '

1 *

- 1 -. ..

n W M,mb1eoe :
;k i d : Q,~:~ ; ,, ,; V 'J f,. . j

. - :.
*

i t ] -,
* .' y.. ., -

g *
d '''M:

,

3 .n
,

|P.i . .i

#!, ' * - . . , . f ., ,,, i. . . .

Fig. 78. Section through upper Fig. 79. Section of B-2 at
grid of B-2 a t 66.5-cm elevation. 68.4-cm elevation.

3 f
""A

1061 316

f k ]. _a



119

- MSc phoro y n,4aan. _ . . .~ ,____. - - - y .

- .. yj ,. . - -
-

< v _- .w 3,, , ..I,- , - g we.

M
~ '

,> sr ' .y x - z . . m _ ._
''

.

. . 1,e

~

~ ,.,, , . .: ) .. ;ij;iM:Q*; k . s ,,..
; ,

'; -\ v : ;4> y e a e' s' -r . waeas .( |
,

- 4 L 7 :. . 7t.

'c; /s . ,
3. . ,

,

*
;;. . . ,) - ; , g '

.

y. [ . ~ ~ , [;
. .c .-t ., ' p;;ge : t .;

,,
'

g 4* y
_

. | , .
- e > ' :. t; ~ L

- N.s. _. : . <
-tv. 4 7 .e

,~ .

'

'

9
. iF' ; 7 ,

*| -, , g
'

'
'

^

,J:b.[kf, g ({ l [i.~ ' - i, j
.[ i {.

'- 6 c,.

yy ,. : o 4 ; ;; ,

'
.

,. , . .

= .,

A
. m

9; 1 P ' ' '
|i. = '4 * *

'

,4 j , a.49'
. , 3 - : .,-

, ., ,. .

*>-
%-

,ps, i 3 a .4 +? . .

;p .
,

[ a .%~ - c.:

. . _ . . _- ,
| S ^ * '

*i.._. .. _ , .
=

Fig. 80. Section of B-2 at Fig. 81. Section of B-2 at
70.1-cm elevation. 71.6-cm elevation.

g[.;,,**.--,.,,M. !|-
~ \

* f- M&C PHOTO Y153329j .. MAC PHOTO Y154882 , ,
, ,

' ' ' ' '. *, i

f| ( $ p-
~

, py y
.

y y _1 ? V,
..

<.
; .

, ~9
.

s.gA,.- W .
s 1. ; ,s,

. s. ', M
. * p ' ,. : 7 | q ,. _.;$ =_ ) g * ,| . ,

3

f:

,

y' +,'&m. .. .. ',;:[ gE(
- /n 4

,

*
,, , , ~~

.
. ., 'g

,yy
, . ., . g .

j -s g .. %g ;
, , s

- - . g ,
' y gs
' s e l. y' t y .,... : .: ;- s% ,s- ; ;' W, . ..

' *

t .f % ' '<- 4',.jf s y_: ;p4 _ . <
-

,. p' . 9-
'W'' '( ) < ,." af . g i. j j" " " ~ ,% , pW . ;i '

, ;w e n gge . f: m- 1 . _ ,'
> . . ; R,M - ,a .

~) j;W, ;;K , . - 1 r.,
*

,,

. , " n%. G
.. : < .

.m * - ; ,f , 1 ,
,Lj '

,,., .
. - A , ' jn. ; -- :_ - t .# ; %gn , h, * . fjk

);;;;Ya . %)
=

, , , , \ ' p '. ; .''
nw >

19: : '*.- -s ,: , -
I ' p j '. .'m, ,,

' . 3 ,, y ' . $ ~s s
. f _

,1 - 4 , u
"

i
. .

'

. e
, '' ' '

:,- n. ., ..- . ,.- , ,y
'

,

. ' |, |*!A i w r. .
'

+. - - f- .< - , ,s
- .

, . ...
; ; . ( a e, .r :~
..

,. , - - , . *
_..-x-__ ._ s ..; 4 g w w.

-

- . . . . _ . ..___..; - . .

Fig. 82. Section of B-2 at Fig. 83. Section of B-2 at
73.1-cm elevation. 4.6-cm elevation.O

D 1

Io

] _a



120

_ . . . . . j , _7 . M&C PHOTO Y153331, ._ . _ _ . _ _ . -

_

< .-
. ,

, , >,. ,
.-.

,

- , . 7 - y . : . ; _ q:.. ,

,
>-

'.

s ~
. . .- ,

: ; , . ; . . . . - .

's jg (.k.. k j ; . .a g '~ f ; ( '.y ]"~
-

u- -: + , ; 9, .- '.
' .-

. . a,4,.y* _,a
. S

.p,.
*:- de. -

ig . - + - . . ...;.a-.. > '

* ,Q ., w . . _33 .'v.
. g'.: . . :

e * ' ;G . : ;- ._.

~.

' ' 3 . q, _ . -y~ ; .. -

', 7 |. ) I T l; y.,s{". # Ug , '
.. .e .

( g/r ' U
> xaq ( * T.- - || .

j i K) Y. " ' . ' i $N ? byg[J.

*

. . .. . .: . . , , c
,s \| .p ), *.J.*(,

. '* km. ..4,
p y w " .s y . . ny.

'

!
.

&, 2
- , . . _ - s ; . 7 . . j 3,c, ,

%. 4 _

.s , ,..y-' *

y,_,._,, .

-
s

, . : . . .w. '* '-
,

, .4'

g_ , y . .,
' % r_' __

,h . ,6 7 4

;.|_ ,,

_

#
.y

'# '' - Y':_ , _ |--[g'p '

*Q, ; - ..% ..,4j:]. gh). %;;g.a .;._

:~?
. c. st _.~ . $

*
m., < ' . - s.. ._ ;

'% !,
,

. .ig '' .'^ : .
,:. t-''N -,? . . . . .;4.i f 4.-. ,. . , , - 3 . . g - x *

Q, m. v f
- e :p 1; . , , . .

*e .- c^. . - - 4 4i

- <-
.

sf.. .g . . -, , - .3-
...:} $, 7, .,_ ||% j y.;, 9q .

*
[|.~_ y ? ~ 3,. ;

.. e

. ' ,b ~ I[".f[ 9N - . , %j '[* ,̂ ' ' ?: :[ k
. .,

' '' I .|.
'

t,
.

p i , s n .. y y -
: 3; ' _ ~ 'f Eps L* ; ' w;L .j '' % i . i^ . 'L. 3 s : . . . ,

, .

-

3 /-- % ' ' ,-s: y'- < - y', y . e.p_ . , %:'
.

c.y. _ _

..
. 46W ii. ~c s v , 4 .h - :|$y ; J7.v,'- - *k,l. f" . : . . . . -:

-2

M
. . u

' ' ,j ;' '
+-

--? m .;P ,. m'.% _ .. _. ......:> CL*;A - % .

9 | ..
., 3~

*
*

*
.

: :4 s **
, ,, ,

',. , a - e, . . _ . _ . . ~ y A. o.,. . _ . . _ .
. . . . . .ct.... . . _

a . .

-
_ .

- -

_'_

. _ _ = _,
. . . . . . - . . . . . _ . . _ _.t . ..__._

Fig. 84. Section of B-2 at Fig. 85. Section of B-2 at

76.2-cm elevation. 78.0-cm elevation.

- .. . -, . ...
.. . . .. . ,

. .+ _ . _ <
, . ,. .- - e .. . ,

., .
y

- , - . . , . . .3 - -,

__
; . -

'

: ; :'

$2::;mLro me .. . y , ,_ . :' .
-

/ m, . , v f . .n 3.
p :;4',. ~< : ~. ,j

=
g,. .:. ., .. ..

t
,.-i. / . h.:

'

#'* / .]3.q:. .

i ,.

c...<. p ,e e . .:

* ; J,
,,e ; ~ ~ . ,

N%. '. o i2

ipt|
.

~:w :. . . - s s

.d ,A
. .y .. ,. .

3.; p
. . ,

'v-.x' . N

?

, ' - , + , ;_ :
. : g p' . , , *, L

. : :

,'#,
,s;

e-.s
'

s,1 ..
**

,. .
g ., g .,* " y -- i,;

-

.T S.
_

| i"'
-

. A y; . . w ; ,' . - : : q gp y -.
*. -

.c- h
* -|

.
f .- - :q ;

- %<
,,

-es).4.. .* ; s .
. ne .- -. ., : 1,

,

Q i s ,. ,,
'

' ' ? g'' "j 4
_

;s- -; _, ,

$} ., ,

. 4 ; . ): ~r . , ,
x: _. . . xm e n

Fig. 86. Section of B-2 at Fig. 87. Section of B-2 at
79.5-cm elevation. 81.6-cm elevation.

m' m'
D 0

hn'\ bh0aoo
n '

9"I
~

0

aE] _1. Id _a,

_



121

'7.-
- - - -

M AC PJ_IO T O Y 1'i4383
~ ~ ' ' ' ~ ' ' ~ ' ' ~ '

g ' ' , ;

i. '*g 3 ,%, * [1 ,;w
~

!'

: - - - . &*

! [f| k'. . $ ^I | ' * ~ g k~ . 7. s ? *
*

;
.. . _

', '

,

4 -- : ~ . .n - -
.

. . ;.. . ~ ~-

' '
''

' '
-.

: XUCOA9 611 > 0; .
p MCG H . QQOy .

*

^ .&% 5.

* 7, e -

. i ,; , ,g''
-

,
_

; % , - - .
,

,, a s,. .
*

tv ..
-

.u_.- N.. .~_.-a.. _L J , ~x N^n .- _ m. x_=___.. , _ . .

Fig. 88. Section of B-2 at Fig. 89. Section of B-2 at
83.8-cm elevation. 86.0-cm elevation.

- ,, p' n . . - . - - . - - - . - - h/&C PHOTO Ylb4881 < 6
'

'; - ~-^ '..a -iiOTO Y154889,

g, y; ..

'

,. .- s ; &,
.. ,._.

i, v.
,

. . . . - - _ ~ . ~ . _ -
,

,

; 3
.

.

_.

- - - ~ . , , ."
,

|; ' M: 4 | f , k. ;
l.. .. q - - .. - - _ I , j|

. -
- , *

. . Y - , . . ._ . ,.7. .. . . 7 _. _.

.

. , , _. - .
,

'DW Qj|QQ.Q
000 ; ; ; M ioco: F

,. 1;g p <.:9 m ;:vg . . -.

;. , y :7 y , ,v g ; ;. g y;p , n.
,

c -

,a /
. , ~; ,

-:. ; 1;
., ,

, ..

;|f - - + ,

. +a

_ ~
_

# '*
,

t 4
- *

y

, ; ,.s
......,..._b-__

_.

,.k _..|Y , > f. ( , /. _m_ _ _ _ _ . . :s
* '

_

Fig. 90. Section of B-2 at Fig. 91. Section of B-2 at
88.1-cm elevation. 89.9-cm elevation.

D**
1 '' J i ') 1 0'1CO iL I/

1HIL



122

. . ,

. . ,

o000s

~OOOO e

{LOOO.OlO0001:''

t-
,.

_

91.5-c 1 $ tin

FIB
1jillL e5



123

08NL-DwG 79-4874 EYD

w

23 "o
, isjh

$ g g e| i0s
TE 1-2 TF 1-3 TE t-4 TEt-1

I i 4 4

'wte

! C j $' ,00 svCW\
g!= ew v v v

_

'h M8GN-TE8 PERATURE t-400*Cl IR SCANc.gg
OF SEMCU FUEL SIMULATOR 2828072

/
n -

'
so

I
suRsfs

EE
_

STE AM FLOW
_5 4,

,

$ $ 30 --- Q
'

k. M30

/ M \ /\,, _ / U N/\ k0
-10 0 10 20 30 40 60 60 70 80 90 100

DISTANCE F ROM BOTTOM OF HE ATED ZONE icm)

Fig. 93. Deformation profile of tube 1 in B-2 test.

OMNL-DWG 7N977 ETO
w

t-
'

| | |

] TE 2-1 TE 2-2 TE 2-3 TE 2-4
$g
J

i L L 6g g e i 0s
hD

MoE 1 00 ^
-~^^W'J~

^ ^

,

$ 0 95 HIGH-TEMPE RATURE t'400*C) :9 SCAN .

OF SEMCO FUEL SIMULATOR 2828022

*
60

BURS)

$
;; I a

-STE AM FLOW ~40

!! - /\
== 1

BG
= 20

\ \/ \/,, m

/ \/ V ) '-0
-10 0 to 20 30 40 50 60 70 80 90 100

DISTANCE FROM 80TTOM OF HE ATED ZONE (cm)

Fig. 94. Deformation profile of tube 2 in B-2 test.

lbb



124

onut-owG79-4970 ETO

O$ 1.10 ,

sIOg TE 3-2 TE 3-3 TE 3-1 TE 3-4

4 4 4 I
$fie ios" 12- - r n _msn
B"5 $ $ '"2 {v _T

-A~- n
~ 7

j$" - HIGH-TEMPE R ATuRE (-400*C) IR SCAN
!: c es Or stMc0 FuEt simul TOR 2:2euer __ _,

I Ih I
80

I
su sf _gso ,

y -

_
, ST E AM F L OW

M fTa l' /\ /G .i

/bf\ ),i! " ! .f
'*

'

'f%. j'a

'

/y u x,
~

0+
-10 0 10 20 30 40 so 60 70 80 90 100

DISTANCE FROM 80TTOh OF HE ATED ZONE tem)

Fig. 95. Deformation profile of tube 3 in B-2 test.

OMNL-DwG79-4979 E TO

w

PE "
i i

$gy1
a TE 4-1 TE 4-2 TE 4-3 TE 4 4

I l ig 2 i os >

hi
v {

'
&Gg g ' i OO mnes

g,$ N

a; c es = noH-TEMPE RATuRE (-.m Ci .R SCAN ,'.
OF SEMCO Fuf L !.Mut ATOR2828079

so

bur $1g

h
y 4 STE AM F LOW

E2 /
1 ' 30 1

!! I },- y |
,

g = :

,0 -L- __ _ \ 1 \

/\ u \
I '

*0
-10 0 10 20 30 40 60 6. 70 80 90 100

OISTANCE F MOM BOTTOM OF HE ATED ZONE (cm)

Fig. 96. Defctmation profile of tube 4 in B-2 test.

1051 322



125

OmhL-DwG FOsm ETD

g $I i 10 , , , ,

s; TE L2 TE TE St TE S4

!I5 3 '"' ' '

b A

x L3A-c-i OO q y
4..

*I O ss ' MicH-TEMeEn AfunE s-400*C) in sc4= t

OF sEMCO FUEL s#MutATOn 282sano7
e0

60

STE AM FLOW
,

"?
EE }
~i * |
Am p,

,

%ddj \| \
/v v (0

-10 0 to 20 30 40 50 60 70 80 e0 100
DISTANCE FROM SOTTOM OF HE ATED ZONE tem)

Fig. 97. Defomation profile of tube 5 in B-2 test.

0Aht-DWG Ps-4ssi ETD

w

o *a 1.10 ,

s4={ TE O2 TE O3 TE O4 TE 01

1 05

.:m<O - r f'N
o y|g 100 ,vy % _

, -w-~_vg
$s. HIGH-TEMPE RATuRE {-400*C) fR SCAN 7
E OF SEMCO FUEL SIMutATOh 2829071OM

avasi7
e0 -

"
-

A,

k STE AM FLOW,

!a ' Vh
~

/\si (

!! l h f hen,
h / N/ \"

'-

/ u u 3,
0

-10 0 10 20 30 40 50 oo 70 IK) e0 ILA)
DISTANCE FROM SOTTOM OF HE ATED ZONE (cm)

Fig. 98. Deformation profile of tube 6 in B-2 test.

797)1ne1
)d.iL0|



126

OnNL-OwG FHes2 ETD

O 1.10

".,! 8 y I 5 i TE 7_ TE 11 TE 714
'

TE 3

I L I I$., " ". s i 0sIi -

st"< - ^ ""^gg) jim N- q \._ y

s'$
'

aos = wion-TEM,ERAruRE <-4m*CnR SCAN

(OF sEMCO Futt s>MutAroR rs2*"' suRsfj
1-

J
STEAM FtOw

so { -

i
J t

e
EE )" i 30- \an

$5 /\ A _V % 8
lA >

'

/- T/ \y Vo

A,,

| U V )
0

-10 0 10 20 30 40 50 60 70 00 90 100

DISTANCE FROM BOTTOM OF ME ATED 2ONE (cm)

Fig. 99. Deformation profile of tube 7 in B-2 test.

onNL-DwG 7He83 ETO
w

RE ' ' *
i i

dj | TE8-2 TE 8-3 TE S-4 TE8-1
$ 0 h

w{ g 3106u
r'' N -V'

O, z
- -

^J V "
^ ^ "

g $ g h I 00 "V'

2''
'

- MIGH-TEMPERATURE l'400 C) IR SCAN$ 0 96
OF SEMCO FUEL SIMULATOR 2829083

60 - -

60
$URST

$ STE AM FLOW
g -

se 355 30

| b &>y

\

/#"v
10 v

3
0
-10 0 10 20 30 40 50 60 70 30 go too

DISTANCE FROM SOTTOM OF HE ATED ZONE (cm)

Fig. 100. Deformation profile of tube 8 in B-2 test.

1 n /,1 37 liivJl '



127

Omnt-DwG 70-49te ETD
E

og 1.10
, ,

8g | TE 9-4 TE 9-| TE 9-3 TE 9-1

$ 2106 h O

I{Q r ,cop<
evm4m" _~_ _

~N
]

< /.0

HIGH-TEMPERATURE l-400*C) IR SCA
60 - OF SEk4:0 FUEL SIMULATOR _282 OSS

J STE AM FLOW
h _ 40 Bunst - -

h h 30 -- }
se

h
a 3 1

M]

Al V \
0 '

-10 0 10 20 30 40 50 60 70 80 90 100
DISTANCE FROM 80TTOM OF HE ATED ZONE (cm)

Fig. 101. Defomation profile of tube 9 in B-2 test.

Onkt-OwG76--4085 ETO

$
RR "O

, , , ,

aj | TE 10-3 TE 10-4 TE 10-2 TE 10-1

$ 2105 h h

I{s1% |
_ -]

-MA - __ ^[A1 00 -y

j \l<=-
HIGH-TEMPE R ATURE t-400*C) IR SCAN0 96
OF SEMCO FUEL SIMULATOR 2828069

e0

BURST

h
_ 40 STE AM F LOW,

\me

55 i30

MY M ir
'*o v *y p

/\/.
i /,o -

u (
0

-10 0 to 20 30 % 50 60 70 80 90 130
DISTANCE FROM 80710M OF HE ATED ZONE (cml

Fig. 102. Deformation profile of tube 10 in B-2 test.

}UV) 3))'

y ,



128

ORNL-OwG 79-4ves EYD

O i.iG ~

Uk2y Te siIn TE i t'-4TE ii-2 TE ii-3

$ j 3 e 30s ! I I I
"

E"24
-

_

-

- r ww
gg gg iOO W

_ wm .- - y
m

11- \t O es

/
~'

wi0s-TE MFE R ATuRE i-400*ci iR SCAN
60 OF &EMCO FUEL SIMULATOR 2828078

|
60 gunsy

j v STE AM FLOW
c _ *0 A

-

5 f'
fi

5 5 30
$5
* * a n i \r~-

=30

[\l U
a
-iO O iO 20 30 40 50 60 70 80 90 iOO

DISTANCE FROM BOTTOM OF HE ATED ZONE Icel

Fig. 103. Deformation profile of tube 11 in B-2 test.

ORNL-OWG NGS7 ETD

E
O:2 i.iG

, , ,

.a N O g TE v2-2 TE i2-3 TE i2-4 TE v2 '

$ 5 : e i.Os L L I Ia3.
E# = JL -_-v _yr v _/\g'y|g* n

g'

s$ L00s

/ HIGH-TEMFERATURE (-400*C) 1R SCAN

60 ' OF SEMCO FUEL SIMULATOR 2829073

50 euRST

y STE AM FLOW

!a A
*E 130

i! s /\ / \a- -

- s ,- s ,
% )

b I30

f\I N k
0 \

-iO O iO 20 30 40 50 00 70 80 90 iOO
DISTANCE F ROM 80TTOM OF HEATED ZONE (cm)

Fig. 104. Deformation profile of tube 12 in B-2 test.

1C61 326



. . . . . _ . . . . . - - -

129

OANL-OWG 79-ease ETD

S I , | "' ,
Jg TE1F1 TE ' 3-2 TE 13-3 TE 13-4
$ g g]? t os A > l 4

" git
/\ d _-mi 00

- m-.v - -

. m
- y

t no6 MicH-TEMcERATuRE (-400*c iR ScA= i

OF SEMcO Fuf L SiMutATOR moue 47
so

60 E U "Il

ha
5 40 3 STE AW FLOW-
Ir 2 /
"i }30 -eg r
$b /

MANL \. F\
/\/ " \0 ,

-10 0 10 20 30 40 50 60 70 80 90 100
DISTANCE FROM 80TTOM OF HE ATED ZONE (cm)

Fig. 105. Deformation profile of tube 13 in B-2 test.

DANL-OWG 7Nese ETD
w

k a | '' {J4* TE 14-2 TE 14-3 TE 14-4 TE 14-1

[ ? 1 06 b
"

b14yiOO J q - ^e V/_ ,

0 95

- HIGH-T[MPE R ATURE (-400*C) IR SCAN
OF StMCO FUEL SIMULATOR 3280644

60

SURSTg

340 STE AM FLOW _

se
SE 30

li / \ [\A N,,
O (g V I f

to

/ \1 U ) *0
-10 0 10 20 30 40 50 60 70 80 90 100

DISTANCE FROM OOTTOM OF HE ATED ZONE (cm)

Fig. 10 6. Deformation profile of tube 14 in B-2 test.

.

_ _ _ . . .



130

on=L-owo re-seep EYo

O t10

hh[ TE |5-4 TE 5-1TE'5-2 TE 5-3

$ gi2 t0s e l 4

01%
f yO x ,t hm

j.. a q gg g v_- y n
4 0 95

/ \.0

LHiGM-TEMPE R ATURE (-400*C) IR SCAN
OF SEMCO FUEL SIMULATOR 28290B0

'60

BukST

!_ a h
[ STE AM FLOW
Lr a 30

F ,, / \m
" .fu^v'\ / (,,

.V V 1/
0
-10 0 10 20 30 40 50 00 70 80 90 100

DIS 1 ANCE F ROM BOTTOM OF HEATED ZONE lem)

Fig. 107. Defomation profile of tube 15 in B-2 test.

on L-o.o me , ETo

8;|t "*8 | | s |

$j |8 TE 16-4 TE 10-2 TE 16-3 TE 161
4 4 4g g e tos

IgiT
#m _^

g a.g ,00 p'W
Jug m

-]
~ ~

1

$ 0 96 - MIGH-TEMPE RATURE (-400*C) 1R SCAN l

{OF SEMCO FUEL SIMULATOR 2828086
7 h Leo

BURSTg

g , STE AM FLOW,

E i' N** 11m -

li /\~/\ -
"

,0

' \ / (m~,,

rs/ v
T

0 -

-10 0 to 20 30 40 50 60 70 80 90 100
DISTANCE FROM BOTTOM CF HE ATED ZONE (cm)

Fig. 108. Defomation profile of tube 16 in B-2 test.

Ine1 7mn
iUOI J 4 :)



131

ORNL-DWG 79-4992 ETD
I I I I I I I i

16 - m -

15 - m _

14 - -

13 - % _

12 - % _

11 -

10 -
-

5
g9 -

_

a

{8 - % _

8s 7 -
_

6 - g _

5 - % _

4 -
_

3 -
_

2 - m _

GRID GRID
1 - w _

1 I I i 1 I |,,

0 10 20 30 40 50 60 70 80 90
DISTANCE FROM BOTTOM OF HEATED ZONE (cm)

Fig. 109. Portions of tubes with greater than 32% strain in B-2
test,

i C61 329



132

m t-o.om-iima

,,,,,,,,,,,, ,,,
,

'

. .

0 0 0
0

0 0 0 0
-

a
sa
Y, J

O .e *

i- .6 0 0r ., e 0
8 3 0
E
:

. 0s 02*
.t og.

:-
n -

g o. .

n -

g
-

.. .

a

b b b b b b b b b b b

. ......... . . .
Sith/L A TOR hutesi a

Fig. 110. Axial distribution of bursts in B-2 test.

- - . . .

t Oa.EqfED THis DenECitONAt L TEST ROD 1406 m wa#a 5

a

#01 02 03 Os

193*
iss*

tW

ano*
, . . ., . ,

''#
i.e

ao*
'#

2es*

. ,. .. ,,

19a*
,e

.e
3 i. i. ..

10e y

.

PLAN VtEV. Of BUNDLE INOT TO SCALEn

Fig. 111. Angular distribution of bursts in B-2 test.

1C51 330



133

On4L.ceG reases ETO

t 2 3

47 7 cm 762cm ' 762cm 792cm

\
.

E15cm 377cm 416 cm 43 3 cm

. j
.n ,

< .. ... ..
. ..

74 6 cm 412 cm 750cm 0 8 cm

~

). .: ..
.

Se2cm 19 8 cm 195cm 562cm

L' '

Fig. 112. Composite layout of burst orientations in B-2 test.
Tube-to-tube pitch greatly exaggerated for clarity; axial locations of
burst are noted.

ORNL-DWG 79 - 1113 ? A

#8"'ww f Low of 5f a'C7'ON DE f amifiO43. p7
,M F LOW 885T A*CTION

I

h )
'

h x M'C' we

'

8
| ' . ' 1,2.

25 1 20 16 i

,
\ gg. . . ( \

'.3 ) .' 85
'.5

20 26 21 16.s

N -

'. .. i. .. 7. i. i.
,, ,

Fig. 113. An example of a computer simulation of a bundle cross
section showing definitions of maximum and minimum flow restrictions for
burst tubes.

.

7 )7 1
1m/1
iL0I .) I



134

OR N L- DWG 78-18191 A
100 ~ - - ^ '- '-- -

J-'~-'~--'- ~'-~~' F - - - [ - ~~ } -- - T" ' -'--'

.
| . +- - - .!-- --.

I l

.._.-4..--.
-

| |
_ _ 4 ._ . ._ _ _ _ _ . . . . - _ . .

f
- - H BU TU8t - i ~/0

g Rf 51HICT10%

4 g --

5 LG Af R L1MIT !| YJ,is0 L - =T=q 2; - .-

|
40 * - - - - - - --- --' --

H^ . O
-- ' ~ - - - - '

e n i
-'-

\..~, . . , ,._ . .

f ,o . . . _ __
j\ . . _ ' .dU.-

j ~{
-

\/| !u' >a
0 4Ito *j*

GHtD | | GHID I t,

to 0 10 20 30 40 50 60 10 80 90 t rX)

DIS T ANC F F HOM t30T TOV OF Hf A f f D /UNF (CYr

Fig. 114 Coolant channel flow area restriction in B-2 based on a
rod-centered unit cell and estimated upper and lowar limits of burst tube
flow restriction.

- ,g *g- r --{ - inna enn ro w. n

_mg ? r =q
x-- :_ m =~~,,_i

, j_

k

!- ::- . : ~3
2 :_ r 23,
5 " _4_

._.
~ - --

T(f.x =
. .=s q,, --,.

_-

u

Fig. 115. Tube 3 burst flare-out before (a) and af ter (b) bending
to avoid interference with wall of flow shroud 1.

P O
]DD

o o Ju 1051 332cm
0 '9"T

'

V - . k _a



135

ORNL DWG 78 66?$

SE ALING GASKE T -

~ 2 8 --+

|+- 19 -+

O 26 UNDE FORME D BUNDLE ARE A -
15 0 cm2}7 r04 T UNDEFORME D WATER F LOW ARE A
288 cm2,i

""

9 9

DiMFNSIONS ARE IN cm

G80G
6 35

S@OO"

P ESSURE TAPS

h\
'3L-------- NSIDE 2

PRESSURE T APSs I_
'

$9

+-0 51

: 6 86 r

Fig. 116. Flow test configuration of B-2 in shroud 1.
.

ORNL - DWG 79-6681

SE ALING G ASKE T

.__

UNDEFORVED BUNDLE ARE A -
15 0 cm2

UNDE FORME D WATE R F LOW ARE A =
234 3 cm

DIVE NSIONS ARE IN cm

O8OO
6 99 i i

8OOG N"

thhhh IRESSURE T AP
'

SIDE 2
PRESSUME TAP-

M +- 0 0 7

7 06

Fig. 117. Flow test configuration of B-2 in shroud 2.

1061 333



136

ORNL DWG 79- 5971 ETD
60

1
I
$ I a 2n
3 40 o

E, O

N 3
w c
E "R

g |o :=
eo

r b= *

5= ,,, / ...,,
- -

u

E oa .. ....=*
5 ..***''',,, ,<
w to
$ Flow Rat,GDD. 9 48*10,.

LI
4 e 8 g .

a. =. Burst Bundle
Cubic Meters /Secg

Ref Bundle now Rate = 9 22*10 Cubse Meters /Secw
j e Mas ununt Burst Bundle Reynolds Nunnber = S00*10

0 now Direction

1. . .

.ro _-2 one.
- I I I Is

o o * .

-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110

OISTANCE FROM 80TTOM OF HE ATE D ZONE Icm)

Fig. 118. B-2 and reference bundle axial pressure loss profiles at
3a nominal flow rate of 0.0093 m /sec in shroud 1.

ORNL DWG 79 5972 E YD
EJ

80 - -

;,0 _ _ _

| ,! ,, | _.m > a
3 60
E | .3 7

$ So ~

E ' ca f'a ig gg ., r i

i |
e

| .....L.. ..c
w oc

M -

_ i 6. 2w

i / . . . . .' . . . e ! ;
...

i '"w a :;^

QSS LEGDDE
* 9 0 = Burst Bundle Flow Rete = 1&*10 Cubic Meten/Sec..$N - - . = Re t Bundle now Rate = 125*10' Cubic Meten/SeeMasimum Burst Bundle Reynolds Number = 686'10

8 Flow Direction
0 ;

: Go. - ];, i : :; ; ;
-10

-50 -40 -30 -20 - 10 0 10 20 30 40 50 60 70 80 90 100 L10

DisT ANCE FROM BOTTDM OF HE ATED ZONE icml

Fig. 119. B-2 and reference bundle axial pressure loss profiles at
a nominal flow rate of 0.013 ed/gec y 4hroud 1.

D D I
4

mT -

1061 334
m,.



137

ORNL-DWG 79 69 73 E TD
18 0

13 0 0C _

D
too

' o
, im

hu0 "

$ u0
s

no. g,
$ .o

3N ,0 i

g i. -

;- _ = 4"
-.

..., ...6,
dc

ac
L s0 g y

" ..+ *
-

: I ! l ,4e+6''.,

5 50
g ,, j , + + , 1...<
4

5m n..'
"

R.t. D'D= 18P10, Cubac
LEL>

JO ~

,9 e 9 84 fhsadi. Fla.
0. .* B,ure4 t ert0 * Cub es W.M.t.es 5=p f .fundle Flow R.te = t.g S.c
Mas amum Burst Bundle ReTaalds Number = 104*to

50
f Flow Dir.rtica

,

I0 e 5 6 *

| | I i62 **
. ,o

- s0 -40 - 30 - JO -10 0 10 JO 30 40 SO 60 70 80 90 100 UO
DIST ANCE FROM 00TTOM OF ME Aff 0 2ONE kml

Fig. 120. B-2 and reference bundle axial pressure loss profiles at
3a nominal flow rate of 0.019 m /sec in shroud 1.

ORN L - DWG 79 6974 ETD
=0

o
>oi,0

6

- "
oO

15 0 - _ '

I L%

h l.0 A_ o
s on
r,
g u0 _ g .a_ _ __ _

u0 ,_ _

*; iOO _ ._ ._ __ _d p .
' +

.0 _ _ . ,f_ .. . t? , , _* '

j .0 _ __
o

__

, ,0 .... ._.**..m
a o
a ' ' -..

3 ;g , . . +
4 so

! ** [$
..,,.r,t u.na.,. n . m.c.Im ,,0-,a 0* Ca.,..t.r. +

i
m - a- C.

.t'
. . n., sun i n.i u.t y s.,.

JD - - + - - .-- - Masa.saum Burst Sundle Reynob8s Number a 5 4P10

l_ _
F1.* Diraw --

iO _ _ . _ ,_

O a : : i ;
e- G, _ ~ ; ; ; ;

- SO - 40 -30 -JO -10 0 10 20 30 4C SO 60 70 80 90 100 u0
DISTANLi FROM SOTTOM OF ME ATED ZONE km)

Fig. 121. B-2 and referenca bundle axial pressure loss profiles at
a nominal flow rate of 0.022 n'/sec in shroud 1.

O
D D . -, . .

k *| V w
n . . .

T
.

O JU . J] .1. ^
_am



138

ORN L - OWG 79 -5975 ETO
30

.-

E
a m
M
3
a
3 e a

1 5 :s sif
#

yy3 |45 5

g sy; t42" la 8"

5
* .# 5d w

$
, 3 *8 + + = TAPS FACING TUBES 1,5. 9,13E

w = TAPS F ACING TUBES 4.8,12,15,

I O
- *

3

$
--

FLOW R ATE = 6.77 X 10'3 m /sec
MAXIMUM REYNO*.DS NUMBER = 3 6 X 10'
FLOW DIRECTION

T i : ;
- 10 -

1 1 1

-50 -40 -30 -20 -10 0 to 20 30 40 50 60 70 80 90 100 UO

DISTANCE FROM BOTTOM oF HE ATED 2ONE (cm)

Fig. 122. Reference bundle axial pressure loss profile for a flow
3rate of 0.0068 m /sec in shroud 1.

ORNL-DWG 79 - 59 76 E TD

I
w
-

.
gg, _ E *

ps15,

u0 . _ __ __ __ _ _ 2

I30 ,g1
'4Ir

g - _ _ _ _ _ _ . _ _ . (J+

3 ,, ....

E

}m _ _ _ . _ ._ _ _ . _ . _ _ _ . . _
|

<

h 40 5"', ,
: Ii =.

: m +

$ TAPS F ACING TUBES 1. S. 9.13.=
Jo *= TAPS FACING TUBES 4,8.12.16

3F LOW R A TE = 2,39 M 10~3 m /sec
gg MAXIMUM REYNOLDS NUMBER = 13 X 100

FLOW DIRECTION -

a -

p! r:1 i:: :1
: I:! i :i !

- 10

-S0 -40 -30 -20 - 10 0 to 20 30 40 SO 60 70 80 90 100 uo
DISTANCE FROM BOTTOM OF HE ATED ZONE tcm)

Fig. 112. Reference bundle axial pressure loss profile for a flow
3rate of 0.024 m /sec in shroud 1.

r1 7 7 ,"

1 C' 0 1 Js0|

.



139

ORN L-DWG 78-6679A

300
, ; , , ,,

W
$200 - -

e
X
<
$
$ B-2 BUNDLE CORRELATION
g jg _

JP = 4.628 X 10-7 (Re)1.686

S
^

O -

J

< - -

0 - -

S
50 -w -

cr
a
g -

E
a.
o -

w
REFERENCE BUNDLE

$ CO R RE LATIONy JP = 6.545 X 10-8 (Re)1.816
-w 20 -

<
J

<
H

S

i l i I I Iil I i,g
410 2 5 105 2 4

REYNOLDS NUMBER IN UNDEFORMED REGION

Fig. 124. Extrapolation of B-2 and reference bundle pressure
losses to other Reynolds numbers in shroud 1.

- , . - . , ,
3

'l "),



140

ORNL-DWG 79 5977 ETD
SO

|

_

f 40
s
E
3
ew
3
:::
E

O IUD i,

f a
I

E oUU,30w
C00'E

a .... ... > *-nL
U D

g(;, ',..".'.....*******.* to
5

Lscong *gs Flow Rate = 9d M O. Cubic Meters /Ser< e 6 8
-

o. = Burst Bundle= Ref thandle Flow Rate = 9 45-10, Cubre Meten/SeeE le*
O Mas unum Burst Etundle Reynolds Number = 4 63-10*

" Flow Directaon
I

I
-

II e
e-2 m a - ; ; ; ;

_g
-30 -40 -30 -20 -10 0 to 20 30 40 50 60 70 80 90 100 11 0

DIST ANCE FROM BOTTOM OF HE ATED ZONE (cm)

Fig. 125. B-2 and reference bundle axial pressure loss profiles at
3a nominal flow rate of 0.0095 m /see in shroud 2.

OHNL , 79 - S9 78 ETD

2-
5

N
3 40 --

_ ___

g nu 7 g
d P
::: o

30 o

aJ 00
I :oyo o"al **g i .....**o .

e oooooi *.o ,...****...s V".< <e-
to

e
w-

< e 4 q W4' LfGDD-

o. = Burst Bundre
Flow Rate - 125*10 Cubr Meters /Ser6 p 12S*10* Cubr Meterysoc= Ref Bundle Flow Rate => , Mas amum Burst Bundle Reynolds Number = 611P104 0 ;

Flow Direction

I I}e e5-2 *"* s i s !!_,
-50 -40 -30 -20 -10 0 to 20 30 40 SO 60 70 80 90 100 UO

DISTANCE FROM SOTTOM OF HE ATED ZONE (cm)

Fig. 126. B-2 and reference bundle axial pressure loss profiles at
3a nominal flow rate of 0.013 m /sec in shroud 2.

D D

1C61 338oa
e - mT

-

o

..
. L - A_3 _av



141

OR N L - DWG 79 -5919 E TD-
80

70

-

M

C 10
a 1:

SO 'w
E C

]

i
"40 w'oUJ gl

I Og e
E 30 *

l'Cu 4
g c' ADD

[, ....f***Ic0 ...
O e,.< ' '

S LEGQD
E 10
*

- w * Burst Bundle Flow Rate = l' -10 Cubec Meters /SecA
C. == Re fBundle Flow hte = 15710' Cubw Metersj 5+c,

4 Mau smum Burst Bundle Reynolds Number a 7 84*10
e

0 ; ow D emtion - -

a e e

a|8-2 Greds j j j |-10
-50 -40 -30 -20 -10 0 to 20 30 40 SO 60 70 80 90 100 11 0

OISTANCE FROM BOTTOM OF HEATED ZONE Icm)

Fig. 127. B-2 and reference bundle axial pressure loss profiles at
3a nominal flow rate of 0.016 m /sec in shroud 2

ORNL DWG 79-6980 ETD90

80
cn 1

D

4 I a
0

'0 60d
t I c

g CD
a 3, I | o

,

i l I Ic"~ l
I f ,......

.; 'i
,,

y|
.

f :l cua
s D | ,,..bE 30

..14s++**
r -

g
; ....
O

do -w
O D,

*a e 8 kEGENEw

g to D. e Burst Bundle Flow Rate = 190*10 Cubic Meterse $er
18910* Cubic Meters /Seey = Re f Bundle Flow Rate =

Masamum Burst Bundle Reynolds Number = 970*10
e Flow Directaca - -

~]s s 6; s

f. f.( f.i !8-2 G,.as
, , , ..

-50 -40 - 30 -20 -to O to 20 30 40 SO ?$ 70 80 90 100 11 0

OI51 ANCE FROM 80TTOM OF HEATED ZDNE s.ml

Fig. 128. B-2 and reference bundle axial pressure loss profiles at
3a nominal flow rate of 0.019 m /see s roud 2.

O nl@ B
b $ .]0 )C$) bb\

Si
W h)vanyd uld

n

e



142

ORNL DWG 79- 5961 ETO
11 0

CD ,

U100 g

N
D

d

I 80
o o

10

C

$. D
: , ,

o ***E . ....""cg 50 n-- t oo ,,

**g..**
-

2 O
40

. t,,gt* |

g g
: ...e
E ao

00
*

20 ? L.EG M'g trundle Flow Rate = 222*10, Cuber Meters /SeeE 8
0. == Bur stRef Bundle rios Rate = 220*10' Cubec Met$

- - Mas amum Burst Bundle Reynolds Number = 11S*q/Sec'4 to 10

Flow Direction,
0 = T. . a

8-2 G'"" - ! ! ! .b.,a
-50 -40 -30 20 -10 0 to 20 30 40 50 60 70 80 90 too 11 0

DIST ANCE FROM 80TTOM OF HE ATED ZONE tcm)

Fig. 129. B-2 and reference bundle axial pressure loss profiles at
3a nominal flow rate of 0.022 m /sec in shroud 2.

oRNL-OWG 79-5982 ETD
20

d'_
e
3
3
, 10
cc

3
e . s... .- 4 -

,

E ,,,, ... m... a- o= ''

a
s , - = *** ugem,y + = Taps Facang Tubes 1 5 9 130 _ .

~

x = Taps Facang Tubes 4 8 . 12 16w

$ Flow Rate = 6 31'10* Cubac Meter * / Set
$ Max manum Reynolds Nunnber = 31'10'
O Flow Direction

7 Gl si si

I| I| I| II' ' * 8- 10 - ,

-50 -40 -30 -20 -10 0 to 20 30 40 50 60 70 80 90 100 11 0

DISTANCE FROM BOTTOM oF HEATED ZONE (cml

Fig. 130. Reference bundle axial pressure loss profile for a flow
rate of 0.0063 m3/sec in shroud 2.

OO
D D

10 40
'

v. v-

0 9 I
T

'

f.1. am . <



. ._ -
. _ _ _

143

ORNL-DWG 79-5983 ETD

s
'

.,0
. ..n.

; ;a-

gM
5

4* !"

h Sc - ,
*

a
t t*'

, *1

'i'vy
| ...;ga o-

r
3m

_

s . :-
5 "

A*

ea "

7 uom*

1 + = Tape Facmg Tubes 1 S 9 13
, = = Tape Fac ma Tuben 4 8 12 16

0 to
Flow kate = 25P10* Cube Meters /Sec
Mar unum Reynolds Number = I PIO',

"
Flow Direction -

.. .. . .. , ,

-50 -40 - 30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 11 0

DIST ANCE FROM BOTTOM OF HE ATED ZONE tcml

Fig. 131 3 Reference bundle axial pressure loss profile for a flow
rate of 0.025 m /sec in shroud 2.

CANL DAG 78-6685A

.- | | I | ||I l |
E -

5
? -

-

B-2 BUNDLE CORRE LATIONx

+ w 200 - SP = 2 861 X 10' 7 (Rett 683
_

O

5
=

3 100
8 - :< -

_

,, ._

3 50 -

E -

3
-

-

E
a 20 -

5
-

0

$ REFERENCE BUNDLE
y 10 COR RE L ATION

y -
.1P = 7.344 X 10-8 (p,31 768:g

-

-

O
-

_

~

lI Ill I l-3

to' 2 s 10' 2 s
REYNOLDS NUMBER IN UNDEFORMED REGION

Fig. 132. Extrapolation of B-2 and reference bundle pressure losses
to other Reynolds numbers in shroud 2.

D D

oa .

"Q- \ )hO

19 _ J] I h _,

~



. . . - -
-

145

ORNL/NUREG/TM-337
Special Distribution

Internal Distribution

1-10. R. H. Chapman 17. Patent Office
11. J. L. Crowley 18. Nuclear Safety Information
12. D. O. Hobson Center
13. A. W. Longest 19-20. Central Research Library
14. J. F. Hincey 21. Document Reference Section
15. F. R. Mynatt 22-24. Laboratory Records Department
16. J. L. Rich 25. Laboratory Records (RC)

External Distribution

26. R. A. Adamson, Mail Code V-03, General Electric Company, Val-
lecitos Atomic Laboratory, P.O. Box 846, Pleasanton, CA 94566

27. D. L. Burman, Westinghouse Nuclear Fuel Division, P.O. Box 355,
Pittsburgh, PA 15230

28. C. E. Crouthamel, Exxon Nuclear, Inc., 2955 George Washington
Way, Richland, WA 99352

29. D. L. Hag rman, EG&G Idaho, Inc . , INE L, Idaho Falls, ID 83401
30. A. L. Lowe , Babcock and Wilcox Company, P.O. Box 1260, Lynch-

burg, VA 24505
31. P. A. Smerd, Combustion Engineering, Inc., 1000 Prospect Road,

Windsor, CT 06093
32. M. Fischer, Projekt Nukleare Sicherheit, Ke rnforschungszentrum

Ka rlsruhe , 75 Karlsruhe, Federal Republic of Germany
33. S. Kawasaki, Fuel Reliability Laboratory III, JAERI Tokai Re-

search Establishment, Ta ka i-mura , Naka gun, Ibaraki-ken, Japan
34. D. O. Pickman, UKAEA Springfields Nuclear Power Development

Laboratories, Springfields, Preston (Lancs) PP4 ORR, England
35. Chief, Fuel Behavior branch, Of fice of Nuclear Regulatory Re-

search, Nuclear Regulatory Commission, Wa shing ton , DC 20555
36. R. O. Meyer, Core Performance Branch, Of fice of Nuclear Reactor

Regulation, Nuclear Regulatory Commission, Washington, DC 20555
37. M. L. Picklesimer, Fuel Behavior Branch, Of fice of Nuclear Regu-

latory Research, Nuclear Regulatory Commission, Washington, DC
20535

38. Director, Of fice of Assistant Manager, Energy Research and
Development , DOE, ORO

39. Director, Reactor Division, DOE, ORO
40-41. NRC Public Document Room, Nuclear Regulatory Commission,

Washington, DC 20555
42-43. Technical Information Center, DOE, Oak Ridge, TN 37830

mi

d

___

_ - .. -


