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Fuel Behavior Branch
Division of Reactor Safety Research

Dear Sir:

Quick-look Report on MRBT 6 x 6 Bundle Test B-4

Attached is a copy of the Quick-look Report on the 6 x 6 bundle test
that was per formed January 15. Simultaneously, three copies of the report

are being forwarded to the Division of Technical Information and Document
Control (NRC-TDIC) for transmittal to the Public Document Room.

The test was planned to be a routine ramp burst test. However, af ter

the onset of deformation, electrical heating of the bundle was terminated
by the automatic control system. Further deformation occurred under near-
isothermal creep conditions, while hurried attempts were being made to
restore electrical power. After 380 s the tubes were depresssurized,

| and the test was terminated; none of the tubes burst. Although the objec-

| tives of the test were not realized, the data appear useful for model
development and verification, particularly with respect to " flat-topped"i

transients.

|

| If you require f urther information on this report, please contact
i R. H. Chapman or me.

Sincerely,i

Herbert E. Trammell, Director
Engineering Technology Division
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Summary

An unsuccessful attempt was made on January 15 to perform a burst
teet on the B-4 (6 x 6) bundle. Consistent with test objectives, initial
conditions were established .ith the expectation that the tubes would
burst at ~800*C af t * ~00 . of heating at a rate of ~5 K/s. However, after
60 s of heating, electrical power to the bundle was terminated by the
automatic control system; the bundle average temperature at the time was
~675*C. Hurried attempts to diagnose the cause and to restore power were
unsuccessful. The bundle temperature slowly decreased (~0.2 K/s), and
the tubes deformed under near-isothermal creep conditions during this

time. Af ter ~380 s the tubes were depresssurized to preclude further
de f o rma t ion.

With conditions stablized af ter depressurization, quick-look evalua-
tion of the recorded pressure data revealed that none of the tubes had
burst but appreciable deformation had occurred. Repressurizing the tubes
and continuing the test to burst conditions would only render the data
uninterpretable, since the initial conditicas (i.e. , the extent and dis-
tribution of the deformation in each tube at restart) would be unknown.
Fur the rmore , this would prevent realization of a primary objective of the
test (i.e., determination of the effect of a relatively cold rod on the
deformation behavior of its neighbors). Consequently, a decision was made
to terminate the test at this point so that it could be analyzed and in-
terpreted in view of the reasonably well defined test conditions.

Comparison of posttest gas volume measurements with pretest measure-
ments showed heated length volume increases of 8 to 20% and 17 to 48%,
respectively, for the exterior and interior rods. These volume increases
are equivalent to average strains of about 4 to 22% over the heated length.
Visual observations indicate the deformation in each tube is uniformly

distributed except for the interior tube (No. 14) with the greatest volume
change. This particular tube has a 7-10 cm long balloon that appears to
be in contact with its neighbors. The strain in the ballooned region is

significantly larger than the average strain (~22%) inferred from the
volume increase.

Since the deformation is moderate and uniformly distributed over the
heated length, flow testa appear to be of little value and will not be
performed. Operations are underway to disassemble the bundle by cutting
the grids apart to fraa the individual tubes to obtain deformation pro-
files in a manner similar to that used for single rod tests. Blockage
data will be generated (mathematically) from the individual tube profiles.
These data should be available in late summer.

Although objectives of the test were not realized, the data appear
useful for model development and verification, particularly with respect
to " flat-topped transients". However, because the transient was not
allowed to proceed to failure conditions, the blockage data cannot be
used to establish bounds on the blockage expected for LOCA transients.

Introduction

An unsuccessf ul attempt was made on Jaauary 15 to per form a burst
test on the "-4 (6 x 6) bundle. Initial conditions were established to
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cause the tubes to burst at ~800*C af ter ~90 s of heating at a rate of ~5
K/s, and the test was initiated. However, af ter 60 s of heating electri-
cal power to the bundle was terminated by the automatic control system;
the bundle average temperature at this time was ~675*C. Hurried attempts
to diagnose the cause and restore power were unsuccessful. The bundle
temperature slowly decreased (~0.2 K/s) and the tubes deformed (by creep)
during this time period. After ~380 s the pressure was vented from the
tuoes to stop deformation, and the test was terminated.

The loss of power was caused by a 0-to-60 s backup timer that was in-
adequately bypassed af ter it was used to terminate the short (15 s) power-
bump checkout transient. Although an electrical bypass circuit was in-
stalled around the timer contacts in the primary shutdown circuit, a re- |
dundant shutdown circuit was not bypassed, and this caused termination of )
the transient af ter 60 s. Although primary objectives of the test were
not realized, useful data will be obtained.

The objectives of the test were to investigate axial propagation of
ballooning as the result of rod-to-rod contact and to determine the effect
of a relatively cold f uel pin simulator on the deformation behavior of its
hotter neighbors under test conditions known to produce large deformation.
One of the central four simulators (No. 16) was selected as the unheated
simulator. Other than omitting the fuse from its electrical circuit and
setu ng its initial pressure level at 500 kPa (to preclude deformation),
this simulator was identical to the others. It was originally intended
that the No. 27 simulator would be unheated but a leak developed in No.
16 af ter the power-bump transient, and a decision was made to change the
selection to No. 16.

Figure I shows a simplified drawing of the B-4 test assembly. As in-
dicated in Section B-B of the figure, the shroud was constructed of thin
(0.13-mm-thickness) stainless steel, with a highly reflective gold plating,
and was backed by insulating material and a strong structure to withstand
radial forces during the test transient. The shroud was spaced one-half
of a coolant channel-distance away from the outer surf ace of the guard
heaters. This would permit some deformation of these simulators before
contact with the shroud, but would prevent outward movement of the simu-
lators. This design concept was also used in the B-5 (8 x 8) test. The
inlet steam arrangement was modified frm a single nozzle on the north
side as used in the B-5 test to diametrically opposed nozzles on the east
and west sides of the bundle (see Section A-A in the figure) to obtain a
more uniform inlet temperature distribution than existed in B-5. As will
be discussed later, this (and other) improvements were effective.

Figure 2 gives pertinent details of the fuel pin simulators. The
fuel simulators (Internal heaters) included those used in the B-2 and B-3
tests (16 heaters each) plus an additional four from the original lot of
simulators purchased from SEMCO for the 4 x 4 tests. The axial heat
generation profiles of the simulators were characterized by pretest in-
frared scans. The highest quality simulators were selected for the bun-
die interior positions.

Each f uel pin simulator was instrumented with a fast respanse, strain-
gage-type, pressure transducer and four Inconel sheathed (0.71-mm-diam),
type K thermocouples with ungrounded junctions. The therocouples were
spot welded to the inside of the Zircaloy-4 tubes (10.9-n.m 0.D. x 0.635-
mm wall thickness) at axial and azimuthal positions shown in Fig. 3.
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The figure also gives thermocouple identifications for use in subse-
quent figures in which TE 10-4 identifies the No. 4 thermocouple in the
No. 10 simulator. One thermocouple (TE 26-3) read ~20*C low throughout
the transient, and its reading is suspect.

Eight, 0.13-m=-diam, bare wire, type S thermocouples were spot-welded
on the outside surface of the thin shroud surrounding the rod array. Two

thermocouples were attached to each side at positions shown in Fig. 3 in
an attempt to obtain information on both the axial and circumferential tem-
perature distributions. The shroud thermocouple identifications are also
given in the figure for use in subsequent temperature plots.

Five thermocouples (TE-320 through TE-324) were located in the tube
matrix at the 107-cm elevation (centerline elevation of the steam inlet
nozzles) to obtain inlet steam temperature measurements. Five thermocou-
ples (TE-325 th ough TE-329) were dispersed in the tube matrix near the
bottom of the heated zone (at the 3-cm elevation) to obtain outlet steam
temperature measurements in the bundle at this elevation. Figure 4 shows
the identifications and locations. The thermocouples were 0.71-mm-diam,
stainless steel sheathed, type K with ungrounded junctions.

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. This report summarizes some of the quick-look data obtained
immediately after the test and presents a selection of photographs of the
bundle.

Test operations

Heetup of the test assembly was initiated early in the afternoon of
| January 14; the temperature was near 200*C at the end of tie work shift.
l Power adjustments to the vessel heaters were made to maintain the tem-

perature near this value during the next 12 hours to avoid temperature
cycling the test assembly. About 0400 h on January 15, power to the
vessel heaters was increased and superheated steam was admitted to the
vessel in the approach to the initial test temperature. Throughout this
phase of operation, periodic leak checks indicated the simulator seals
were performing very well, (i.e. , less than 10 kPa pressure loss per min
sa 8,600 kPa and ~330*C) .

Af ter thermal equilibration (~330*C) of the test assembly was at-
tained, the simulators were pressurized to approximately 5,300 kPa (simu-
lator 27 was only pressurized to 670 kPa since it was earmarked at this
time to be the unheated one), and a short powered run (~15.0 s transient)
was conducted at 1230 h to ascertain that the data ecquisition system and
all the instrumentation were functioning properly and that the perf ormance

of the test components was as expected. Examination and evaluation of the
quick-look data from this short transient (the temperature of the simula-
tors increased to about 410*C) indicated voltage adjustments were not
needed to achieve the desired heating rate of 5 to 6 K/s. |

During the time (~5 h) between the pretest power-bump and the test ,
the lower seal (see Fig. 2) on simulator 16 developed a severe leak. The
magnitude of the leak was such that for deformation to be comparable to

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ -



_ _ _ _ _ _ _ _ __ -___

6

the other simulators it would be necessary to test the simulator at con-
stant pressure by inflow of helium at a rate equal to the leak. Rather
than degrade the quality of the deformation data by this expediency, a
decision was made to select No. 16 as the unpressurized (actual pressure
of 560 kPa) and unheated simulator. All the remaining simulators were
leakt ight (leak rates of <10 kPa/ min at 9,300 kPa and 332*C) and were
tested in the usual manner, i.e., with the individual isolation valves
to the supply header closed to provide a constant gas mass inventory in
each simulator during the transient.

Superheated steam entered the array on the east and west sides at the
107-cm elevation (Fig. 1) and flowed downward through the bundle during

2 2the test at a mass flux of ~279 g/s m (compared to 288 g/s m in B-5).
Inlet steam conditions of ~327*C and ~305 kPa (absolute) resulted in a
Reynolds number of ~132 at the inlet end of the bundle. This Re can be
compared to 143 in B-5 and 263 in B-3. These inlet conditions remained
essentially constant throughout the transient, although a small perturba-
tion (lasting 10 to 15 s) occurred about 140 s af ter power-of f, as will

be discussed later.
Following stabilizocion of the bundle temperature at ~332*C, all the

fuel simulators except No. 16 were pressurized simultaneously to ~9,100
kPa (differential above the external simulator pressure) and isolated from
the supply header. Pressure in the unheated simulator (No. 16) was set
at ~560 kPa (dif ferential) to preclude deformation. With these initial
conditions established, the test transient was initiated.

It was planned that the powered portion of the test would be termi-
nated by any of three actions: (a) CCDAS action resulting fran a signal
that 32 of the 36 simulators had burst, (b) CCDAS action that 75 simula-
tor thermocouples had exceeded the upper temperature limit (50*C above
the anticipated burst temperature) on each of three successive data scans,
or (c) operator override. The test was terminated before any tube bursts
by a timer circuit that was not effectively bypassed as discussed earlier.

Quick-look Results

Quick-look data of interest are extensive and inconvenient to pre-
sent in concise tabular format. Therefore, we have elected to display
the data in a series of bundle schematic layout diagrams and quick-look
plots to f acilitate visualization. It should be noted that these data
are very preliminary and subject to change as detailed data tabulations
and plots are generated from the magnetic data tape recorded during the
test.

Superheated steam entered the array through two inlet nozzles lo-
cated on the east and we st sides of the bundle (see Fig. 1) at the 107-cm
elevation and flowed downward through the bundle at a mass flux of 279
g/s m2, equivalent to an inlet Re of ~132 at the top of the heated zone
(91.5-cm elevation). Apparently the nozzle arrangement and other modifi-
cations made since the B-5 test, such as a steam distribution baffle just
below the inlet (see Fig. 1) to minimize flow channeling and additional
teaters on the vessel closure flange to minimize heat losses from the
flange via axial conduction along the simulators, were of fective in pro-
ducing a fairly uniform inlet steam temperature distrit tion in the ma-
trix. This is illustrated in Fig. 4, which shows a schematic of the
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array with the locations, identifications, and temperature readings of
the steam inlet and outlet thermocouples about I s bef ore power-on. The
measurements indicate the temperature distribution at the inlet was fairly
uniform and very uniform at the outlet. Also, the steam average tempera-
ture increased about 9 C while passing through the bundle.

Figures 5-14 pesent temperatures measured I s before power-on in
the format of a schematic layout of the bundle at each of the instru-
mented sections. The layout represents the tube by eight dots, posi-
tioned at possible thermocouple azimuthal angles (see Fig. 3), centered
about the rod position number. An asterisk replaces a dot, indicating
the azimuthal position of a thermocouple, if the junction is in the plane
for which the particular map applies; the temperature measured by the
thermocouple at that time is printed below the schematic representation
of the tube. The respective row and column average temperatures are
printed on the right and at the bottom of the layout. The cross section
and bundle average temperatures, the elevacion of the section, and other
pertinent information are also included in the format. The the rmocouples
in simulator 16 (unheated) and those located at the grid elevations are
excluded from the bundle average temperature. Also, if a particular ther-
mocouple indicates a temperature 25*C greater or less than the section
average, that reading is excluded (and noted in the format) f rom the
averages.

The maps provide considerable data and greatly facilitate interpreta-
tion and quick-look evaluation of local and overall temperature distribu-
tions. As evident, the initial radial and axial temperature distributions
were ve ry uni form, indicating uniform distribution of the steam. Compare,
for example, data in Fig. 5 for the 84-cm elevation with the inlet steam
temperatures (at the 107 cm elevation) in Fig. 4. Also, compare Fig. 14
with Fig. 4 for the radial distributions at the lower end of the heated
zone.

The overall radial temperature distribution may be visualized some-
what easier in the temperature map depicted in Fig. 15. The temperature
given in the map for each simulator is the average of the thermocouple
measurements for that simulator without regard to elevation, excluding

( measurements obtained from thermocouples at the grid elevations. Asterisk
locations (and number) in the schematic representation of the simulators

,

| denote the azimuthal position of the thermocouples whose measurements
| comprise the average. Row and column aversges are printed, respectively,
| on the right side and at the bottom of the map to facilitate visualiza-
i tion of unifo rmity.
I Initial pressures are presented in a similar format in Fig. 16. Again
I the column of numbers on the right and the row of numbers at the bottom of
I the figure represent, respectively, the row and column average pressures.
; With these initial conditions established, the transient was ini-

tiated. A number of quick-look plots and data maps will be presented to
illustrate the significant features of the test as it progressed and to
provide an indication of the general conditions prevailing at the times
of important events. A parameter, TAV-10, will be plotted in a number of

i these figures to represent the bundle average temperature. This parameter
is in reality the average of six thermocouples (TE 9-3, TE 14-2, TE 15-1,
TE 21-3, TE 23-1, and TE 26-1) at the 38-cm elevation (see Fig. 3 for
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relative positions) and was electronically averaged and recorded during
the test to facilitate visualization of the bundle temperature as a func-
tion of time. Because this average temperature was derived electron 1-
cgily f rom uncorrected thermocouple output signals, it differs slightly
(~10*C) f rom the average calculated posttest from corrected values. This
small discrepancy is unimportant for quick-look characterization.

Figure 17 shows TAV-10 and the applied voltage plotted as a function
of scan time during the powered portion of the transient; the average heat-
ing rate during this time was ~5.7 K/s. The temperature measured by TE
16-3 on the unpressurized and unpowered simulator (at the same elevation
as the thermocouples used to obtain TAV-10) is also shown for reference.
Internal pressure measured on a corner (No. 1) and a central (No. 21)
simulator are included to illustrate pressure behavior, respectively, of
exterior and interior simulators. Maximum pressure was encountered in
all the pressurized simulators 5 to 10 s before power-of f, indicating the
onset of de fo rma tion. Pressure (Fig. 18) and temperature (Figs. 19-29)
measurements made ~0.2 s before power-of f show conditions were very uni-
f orm a t the time powe r wa s te rmina ted ; the effect of the unpowered simu-
lator (No. 16) appears negligible up to this time.

Figure 30 shows the temperature behavior, as characterized by TAV-10
and TE 16 -3, during the time attempts were being made to restore electri-
cal power 'o the bundle. As evident the temperature reached a maximum
~3 s after power-off (see Fig. 17) and decreased steadily thereafter
(~0.15 K/s based on TAV-10 and ~0.23 K/s based on overall hundle ave r-
age temperature, with the latter value reflecting development of an axial
temperature gradient during this time). The temperature of the un'owered
rod increased at a rate of ~1.7 K/s during the first 100 s of unpowered
time and at a reduced rate thereaf ter until it reached essential equili-
brium with TAV-10 ~300 s af ter power-of f.

The figure also shows the pressure behavior of the first (No. 1) and
last (No. 25) simulators to be depressurized and of the simulator (No.
14) that exhibited the greatest pressure decrease before depressuriza-
tion. Since the temperature decrease before venting was moderate, the
predominant cause of the observed pressure decrease was creep deformation.,

| The first simulator (No. 1) was vented to be supply header at ~4il.7
I s scan time and the last (No. 25) at ~491.7 s, creating conditions that

precluded further deformation. About 30 s after venting the simulators
to the header and each other (at a common pressure of ~3,620 kPa), the
header was vented to ~800 kPa and the bundle was allowed to continue cool-

| ing without disturbing the inlet steam conditions.
Discussion of the short temperature purturbation evident at ~240 s

scan time in iig. 30 will be deferred to later point.
Pressures measured ~0.7 s before the first simulator was vented are

shown in Fig. 31. Since the pressure changed very little from the time
of these measurments to that of venting the individual simulators, the
pressures are very good estimates of those existing at the time of vent-
Ing. Since the final pressure can be correlated with deformation, the
map provides an indication of how the deformation is distributed with
respect to simulator position. As would be expected, the exterior simu-
lators have less de formation than the interior ones, with the corner
simulators having the least deformation.
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Also, deformation is greater in the lowar lef t triangular half of the
bundle formed by simulators at the No. 1, No. 31, and No. 36 positions
than in the upper right half. This may be an effect of the unpowered
simulator (No. 16) in the uppper right half.

Temperature measurements made at the same time (i.e. , ~0.7 s before
venting of the No. I tube) are shown in Figs. 32-41. The axial and radial
temperature distributions were highly nonuniform as may be deduced by com-
parison of the individual measurements and averages within a section, by
conparison of the varioue section averages to the bundle average, and by
comparison of the simulator averages in the radial temperature map given
in Fig. 42.

The rmocouples were attached to the outside surf ace of the (electri-
cally) unheated shroud to obtain information about shroud axial and azi-
muthal temperature variations. As indicated in Fig. 3, two thermcouples
were located at each of four elevations, with one of the two thermocou-
ples being positioned directly opposite a simulator and the other being
pcsitioned between two simulators. Since the shroud was very thin (~0.13
mm thick), significant variations might be expected f rom the thermocouple
mea s ur emen t s . Figure 43, which compares shroud temperature measurements
at the 76-cm elevation during the powered portion of the transient to
cladding temperature measurements obtained from simulators in the vi-
cinity of the shroud thermocouples (see Fig. 3), confirms this expecta-
tion. The figure shows that the thermocouple (TE 91-2) located opposite
simulator thermocouple (TE 32-3) indicated a much higher temperature than
that indicated by the thermocouple midway between two simulators. In
fact, at about 65 s scan time, the shroud thermocouple reading indicated
an inc reased heating rate as if the simulator and shroud were in contact.
The matched simulator thermocouple showed a decreased heating rate at the
same time, as if local cooling conditions had changed. Posttest visual
examination of the shroud panel showed significant temperature variations
existed during the transient as rev aled by the degree of oxidation evi-
dent ou the unplated back side of the stainless steel surface.

The shroud thermocouples at three of the four instrumented eleva-
tiuns showed this general behavior. This should uot be taken as posi-
tive evidence that the simulators bowed outward to contact the closely
spaced shroud during the test because it may be possible that the thin
shroud panel buckled inward and touched the simulators.

Figure 44 shows measurements obtained f rom the same sensors over a
much longer time span. The perturbation at ~240 s scan time was very pro-

,

! nounced on the shroud and simulator the rmocouples at this elevation. The

perturbation was caused by partial opening of steam valves upstream and
downstream of the test vessel by action of interlocks during an attempt
to restore power to the bundle; Fig. 45 will facilitate explanation of
the event.

The steam flow rate is controlled by a small valve downstream of

|
the vessel, and the steam pressure in the vessel, indicated by PE 301 in
the figure, is controlled by a pressure regulator upstream of the vessel.i

After the tubes burst (in a normal burst test), a large downstream valve

I opens to relieve the vessel pressure, and a large upstream valve opens
simultaneously to admit a large flow of steam f rom the building supply
to cool the bundle. Actuation of these valves is controlled through

|

|

|

_
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interlock circuits that require the proper sequence of events. In an
attempt to reinitialize the sequence for startup of the electrical power
generator, the valves were opened partially as indicated in Fig. 45 by
the sharp decrease in vessel pressure (PE 301) at ~225 s scan time and
closed 12 to 15 s later.

Measurements by the inlet and outlet steam thermocouples, of which
an example of each (see Fig. 4 for locations) is plotted in the figure,
indicated significant temperature changes as a result of the sudden in-
crease in steam flow. The first response was an increase in temperature
caused by a reduction in residence time in the steam inlet line (i.c.,
less sensibic heat loss from the highly superheated steam as it passed
through the line. Shortly thereafter the superheated steam was displaced
by a larger flow of saturated (or only slightly superheated) steam, caus-
ing the inlet steam temperature to decrease to ~125'C. This relatively
cold steam provided good cooling conditions throughout the bundle for a
few seconds. Shortly thereafter, the vessel pressure, steam flow rate,
and inlet temperature returned to their original values and were main-
tained at these values until the bundle average temperature reached a
value of ~300"C.

The short period of rapid cooling caused a significant axial tempera-
ture gradient to develop within the bundle. This, in turn, decreased the
rate of deformation on the interior simulators as indicatad by the change
in the rate of pressure decrease noted on the pressure plots in Fig. 30 at
the time of the perturbation.

Posttest Examination

Following cooldown, the assembly was removed from the test vessel and
partially disassembled to facilitate photography, dimensional measurements,
etc., for documentation.

Since none of the tubes burst, posttest volume measurements were made
on all the simulators except two that developed Icaks. One of these (No.
16) developed a leak prior to the test, and the other (No. 22) developed
a leak during posttest c oold own. The No. 16 simulator was unpressurized
and was not electrically heated, so deformation is not expected. The dif-
ference between the posttest and pretest volume measurements represents
the volume increase over the heated length and can be used to estimate the
average strain over the same length. Comparison of these data (Fig. 46)
with the pressure and the radial temperature distributions (Figs. 31 and
42, respectively) shows a definite correlation in that the higher tempera-
ture (lower pressure) interior simulators deformed more than the lowe r tem-
perature (higher pressure) exterior simulators.

Visual observations (and micrometer measurements on the corner simu-
lators) confirmed that the deformation is uniformily distributed over the
heated length as expected from the test conditions. Figure 47 shows an
overall view of the aest face of the test array after removal of the
shroud and internal heaters. The we s t face of the uhtaud, shown below
the bundle, is axially located in its correct position relative to the

bundle. One of the steam inlet nozzles is visible in the shroud near the
upper end of the bundle.
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Posttest views of the four faces of the bundle are shown in Fig. 48;
the meter scale is positioned so that 0-cm is at the bottom and the 91.5-
cm t.: ark is at the top of the heated length. Deformation uniformity is
evident in the photographs. However, localized ballooning of the No. 14
(an interior simulator) is obvious, particularly in the east and west
face views at the 49-cm mark. It will be recalled that this is the simu-
lator with the greatest volume increase (Fig. 46). Two closeup views of
this region of the bundle are shown in Fig. 49 as viewed from the west
face at slightly different camera angles, These views indicate the bal-
looned region is symmetrical and not in contact with tl.e No. 8 simulator.
However, one cannot see through the bundle from the north face in this
region, indicating that the ballooned portion is perhaps in contact with
the neighboring simulators (Nos. 13 and 15).

While the posttest volume measurements indicate an average strain of
~22% for the No. 14 simulator (Fig. 46), clearly the strain in the bal-
looned region is significantly greater.

Axial shrinkage is also an indicator of circumferential strain in
tests, such as this one, conducted in the alpha temperature region. Axial
shrinkage data (Fig. 50) are consistent with the other data, indicating
greater shrinkage (and greater circumferential strain) on the interior
simulators compared to the exterior ones.

Since deformation is modest and uniformly distributed in the B-4 test
array, flow tests will not yield meaningful data. Consequently, a deci-
sion was made to omit the flow characterization tests and proceed directly
with destructive examination for strain determination. This will be ac-
complished by complete disassembly of the array to free the individual
tubes so that each can be measured to obtain axial profiles of the cir-
cumferential strain, using available single rod examination equipment.
The individual profiles will be used to generate (matheuatically) block-
age data as a function of axial position.

Although objectives of the B-4 test were not reelized, the data
appear useful for model development and verification, particularly with
respect to the class of transients referred to as " flat-topped tran-
sients". However, because the transient was not allowed to proceed to
failure conditions, the blockage data cannot be used to establish bounds
on the blockage expected for LOCA transients.

!
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|
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5 TEAM TEMPERATURE MAP

rFeT SUNDLE 4
TEMPERATURE MAP

RECORD NUrBER 289 TI*E FROM START OF SCAN 29.9 SEC
PR8T BUNDLE 4

AWRAGE STEArt IHLET AT 187 CM ELEVATION: 326.1 DEGREES C
AVERAGE STEAN DUTLET AT 3 CM ELEWTION; 334.5 DEGREES C RECORD NU SER 289 TIPE FROM START OF SCAN 29.9 SEC

ELEVATION 84 CM CROSS SECTION AWRACE 338.5 BUNDLE A\TRAGE 332.1
. . . . . . . . ..

2 3 4 5 6I
. . * . . . . . . . . . . .

TE-328 TE-325
. 1 2 . * 3 4 . 5 * 6 338.8

lHLET * OUTLET
. . . * . . . . . . . . .

332 329 329 333
319 335

. . . . . . . . .

T 8 9 18 . !! 12 . . . . . . . . . . . * .
. . . . . 7 . B 9 * * 18 . 11 12 329.2

. . . . . . . .

TE-321 TE-326 329 327
. . .

331
INLET * OUTLET
331 336

. . . . . . . . . . . . . . . . * . . .a

. 13 14 15 16 . 17 . 10 * 13 14 15 16 . 17 te 338.3
*

, . . . . . . . . . . . . .

. 331331 329
TE-322 TE-327
INLET * DUTLET

i 323 336 . . . . . . . * . .

.. 24 338.6 U1
* Fa

19 . 20 . . 21 . 22 . 23 , 24 . . 19 . 28 * . 21 . 22 . 23. . . . . . . . . . . . .

. . . , , , , ,

332 329 332

TE-323 TE-329
INLET * OUTLET . . . . . . . . . . . . . . .

336 333 , 25 . 26 . . 27 * . 28 . 23 * 38 331.8
. . . . . . . . e

.

^. 2h . 2h . 27 . 28 29 . 38 . 33* .
. . . . . .

i329 329
. .

TE-324 TE-329 . . . . . . . . . .

INLET * OUTLET 31 32 . 33 = 34 . 35 * 36 331.4
321 333 . . . . .

. . . . - . . 331 331
31 32 . 33 34 35 . 36

.
- 332.0 338.6 329.8 324.8 338 1 331.5

ALL TEPPERATURES ARE IN DEGREES C ALL TEPPERATURES APE IN DErMES C

Fig. 4. Steam thermocouple identifications Fig. 5. Temperatures measured at 84-cm
and locations and temperatures measured I s elevation 1 s before power-on.
before power-on.,
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TEMPERATURE MAP
TEMPERA TURE MAP

ff9T BUNDLE 4
NOT BtPOLE 4

RECORD NUPSER 299 T!f1' FROM START OF SCAN 29.9 SECRECORD W ER 299 TIME rROM START OF SCAN 29.9 SEC
ELEVATION 66 CM CROSS SECTION AVERAGE 332.0 BUNDLE AVERAGE 332.1ELE VATION 76 CM CROSS SECTION AWRAGE 331.3 BUNDLE AVERAGE 332.1

. - . . - -

. . * . . . * I 2 3 4 5
. .

6* 1 2 3 4 5 6 333.4 . .

. . .

333 331 336

- * . . . * . . T 0 9
. * , .

. .

;t II 12 338.57 8 9 10 11 12 332.5 .

- *
- 339

335 333 330

. . . . . . .

. . . . . . 13 * 14 15 !6 17 18 332.3
13 14 * 15 16 17 18 331.1 . . .

. * . 332
332 330

. . .

. . . . . . 19 . 29
. . . . . . .

21 22 . 23 24 Fd
19 20 * 21 22 23 * 24 331.1 m
. * . * . . . .

331 329 330 333

. . . .

. . . . * . . . * . . 25 26 27 .
. . .

25 26 27 28 . 29 30 325.9
. 29 29 30

. * . . .

316 329 332

. * . . . .

. . . . . * . 31 32 33 34 35 36 3.3.5
31 32 33 * 34 35 36 333.0

.

* . . . 336
33E 335 331

332.3 335.5 339.5
332.9 329.1 332.1 330.2 330.4 334.9

ALL TEffERATURES ARE IN DEGREES C
ALL TEtPERATURES ARE IN DEGREES C TEffERATURES IN THIS CROSS SECTION NOT INCLUDED IN BLHDLE AVERAGE TEWERATJPE

Fig. 6. Temperatures measured at 76-cm Fig. 7. Temperatures measured at 66-cm
elevation Is before powe r-on. (upper grid) elevation I s before power-on.
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YEMPERATORE MAP
TEMPERATURE MAP

PROT GUNDLE 4
fW9T GUNDLE 4

EECORD NutBER 299 Tite FROM START OF SCAN 29.9 SEC
RECORD MUrBER 299 TIPE FRON START OF SCAN 2g.3 g[C

ELEWTION 56 CM r 053 SECTION AVERAGE 333.1 RUN!tLE AW RAGE 332.1
ELEVATION 47 CM CROSS SECTION AWRAGE 332.4 PUNDLE AWRACE 332.3

. . . * . . . . . . .

334.5 . . .

. 3 . 4 5 . . 6 . 332.3
I 2 3 4 5 6 . . . . . , , .

. . 2 .

336 332 336
. 1* . . . *

* . . . . * *. .

331 331 . 334 ,
.

* . . * . . .

It 12 334.2 . . .

. 9 . 9 19 . It * 12 . 332.5

. .

. F . 9 9 1 11 . . . * . . . . ..

3?6 3 55 332
. F . .. . . . . * . . . .

. * ..

. 333 . . 33h . . 331

. *. . . . . . . . .

13 14 15 16 IT 19 333.2 * . . . . . . . . . . . . . .

. . * * . . . 13 14 IS 16 . 17 . * te 333.9.

332 335 ( 3311 . . . . *
. 332

. .

331 332

. . . * . . . . . >*
. . . . . . . . .

'419 . 28 , 21 ?? . 23 . 24 332.1 .

* 28 , 21 * 22 . 23 . .. 24 * 732.9. * 19 . .* . . . . .

33? . . . . .

. 332 332
332 3 32 . . .

335

. . . * . . . . * . . .

25 26 2? . 29 . 29 39 332.2 . * . .

.. 27 . . 20 . * 29 . . 39 . 332.1
. . . . .

. . . . * . 25 . . 26

333 331 332 . .

329
.

. 332 .
. .* - .

333

. . . . . * . .

31 32 33 34 35 36 332.6 .

* 32 33 .
. , ,

, 36 332.5
. . . *

. * - 31 34 * 35
,

* . .
332 333

.

333 . .

333 331
. . . . .. . .

334
333.5 333.9 333.2 331.9 332.9 333.2

332.5 334.1 332.9 311.6 332.9 331.9

ALL TEPPERATUFES ARE IN DEGREES C
VALUES IN PARENTHESES ARE NOT UGED IN DETERMINING AWRACES (VARIATION +/-25 C) ALL TEPPFRATURES ARC iN M CREES C

Fig. 8. Temperatures measured at 56-cm Fig. 9. Temperatures measured at 47-cm
elevation I s before power-on. elevation I s before power-on.

.
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TEMPERATURE MAP

TEMPERATURE MAP
PFBT BUNDLE 4

f9BT BUNDLE 4RECORD MUPPER 299 TIT FROM START OF SCAN 29.9 SEC
RECORD NureER 289 TIN FROM START OF SCAN 29.9 SECELEVATION 39 CM CROSS SECTIDM AVERAGE 331.7 BUNDLE AVERACE 332.1
ELEVATION 29 CM CROSS SECTION AVERAGE 332.2 BUNDLE AWRAGE 332.1

. . *. . . . * . ..

I 2 3 4 5 6 331.5 . . . . . - . - - - . . - -
. ,. . . . , 1 e 2 3 * 4 * 5 6 331.5338 338 334 - - - - - -

338 331 334
. . . . . . .

7 e 9 18 11 12 332.8 . - - -, , . . . . . * 7 . 8 * . 9
- . - -

le * It 12 332.2334 334 331 - - - - - - * -
334 331 331

. . *
.

13 to 15 16
. . .

17 18 . 333.8 - . . . - - -
., , , , , . 13 . 14 15 -

. - * *
. 16 . 17 18 . 331.4331 3 35 ( 331) - * -

- - - - -

331 332 331

. * . . .
6*

19 . 20 . 21 22 .
* . . . CD

. . 23 . 24 331.7 . . - *
, , , , , , . 19 . . 29

. . - - - - - - -

. ?! . 22 . 23 . 24 333.1331 332 332 - * * - * -
336 332 332

t
. *.

25 . 26
. * . . . . . . * .

. 27 . 28 29 38 331.7 - - -

, , ,
. * 25 . 26

- - - - - - - - +

332.3. 27 29 . 23 . 30332 332 331 - - - - - - * - - *
335 338 331

. . . . . .

31 32 33 34 35
. .

. 36 * 329.8 - - . - - -, . ,

-

329
, . . , 31 32 = 33 34 33

- - -

36 332.6331 329 - - - * * - *
333 334 331331.2 331.2 333.I 339.7 131.4 331.5

332.6 334.1 332.3 33t.2 332.2 331.2

ALL TE'fERA11.tRES ARE IN DEGREES C
VALUES IN PQRENTHESES ARE NOT USED IN DETERMINING AVERAGES (W.RIATtDN +^25 C) ALL TEPPERATURES ARE IN DEGREES C

Fig. 10. Temperatures measured at 38-cm Fig. 11. Temperatures measured at 29-cm
elevation I s before power-on. elevation I s before power-on.
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TEMPERATURE MAP TEMPERATURE MAP

r99T BUNDLE 4 r99T BUNDLE 4

RECORD KRSER 299 TIT FROM ST5sf 0F SEAN 29.9 SEC RECORD Nt29ER 299 TIT FROM START OF SCAN 29.9 SEC

ELEvnTION 28 CM CROSS SECTION AVERAGE 332.9 BUNDLE AVERAGE 332.1 ELE W i!ON 18 CM CROSS SEET10N AWRAGE 333.9 BUNDLE AWRACE 332.t

. . . . * . . * . . . .

. 1 . 2 . 3 . . . . . .. . . . .

1 . 2 3 . 4 . 5 . 6 338.6 . . 4 5 . . 6 .
. . . * . . . . . . . . . . . . . . .

331 338 331

. . . . . . * . . . . . .

7 *8 9 18 11 . 12 332.8 7 8 9 . . . . . . .

18 . It 12 * 332.3.

334 .
. . . . . . . . . . . .

332 .
. .

331
t

. . . . . * . . . . . .

. 33 14 15 * 16 17 IB * 331.5 . 13
. . . . . . . . . .

14 15 16 17 . le .
. * . . . . . . . . . . . .

331 337 ( 311) 331
.

* . . . . . .

22
. . . .

19 28 . 21 .
. . . . . . H. . . . .

19 . 28 . 21 * . 23 . 24 . 332.5 . . 22 * . 23 . 24 332.3 @
. . . . . . . .

333 332 332 .
. . .

25 . 26 . 27 28
. * . .

332.2 . 25 * . 26 . . 27 . 28 .
. . . . .. . . . . . . . . . . . . . .

. 29 38 . 29 . 38 336.9
* . . . . . . . * . . . . . . . .

333 332 331 337

. . * . . .

34 35 . 36 332.8
. . . . . . .

. 34 . M 36
* . . . . .

31 32 * 33 31 . 32 . 33 -

. . . . . * . . . . .

331 335 333 332
.

332.1 332.3 332.2 312.1 331.0 331.4 336.9 332.3 332.3

ALL TErfERATURES ARE IN DEGREES C ALL TEPPERATURES ARE IN K GREES C
Va UES IN PARENTHESES ARE NOT USED IN DETERMINING AVERAGES (VARIATION +A25 C) TErPERATURES It* THIS CROSS SELTION MOT INCLUDED IN BUNDLE AVERAGE TErPERATURE

Fig. 12. Temperatures measured at 20-cm Fig. 13. Temperatures measured at 10-cm
elevation I s before power-on. (lower grid) elevation 1 s before power-on.
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TEMPERATURE MAP R0D AVERAGE TEMPERATURE MAP

PF9T BUNDLE 4 PRST BL94DLE 4

RECORD NUMBER 299 TIT FROM START OF SCAN 29.3 SEC RECORD MUPEER 299 TItt FROM START OF SCAN 29.9 SEC

ELEVAT!DN 5 CM CROSS SECTION AWRACE 334.3 90AoLE AVERAGE 332. BUNDLE AWRAGE 332.1 DEGREES C

. . . . . . . . * . . . * . * . * . * . * , * * . * . *
I 2 3 4 5 6 . 335.5 * 1 * 2 * 3 * . 4 . * 5 * . 6 - 331.3

. . . * . . * . * . * . * . * . * . * * . *
335 335 332 332 336 331 334 335

. . . . . . . . * . * * . . * . . * . * . * .
? 9 * 9 18 11 12 335.5 . T . * 9 * * 9 * * 18 * 18 . * 12 . 332.5
. * , . . . .

336 3r5
. * . * . * . . * . * . e . * * .

335 334 333 338 333 331

. . * . * . . . . * . * . * . * . * . * * . * . * .
13 . 14 15 . 16 . 17 . 19 331.9 * 13 . . 14 . * 15 * . 16 . IT * 18 * 331.7

332 ( 332)
. * . * . * . * . * . * * . * * .. . . . .

331 332 333 ( 3323 331 331

19 . 20
. . . . , * . . * . * . * . . * . * . * . * , * N. . .

. 25 . 22 . a3 . 24 334.1 19 . * 29 * * 25 * * 22 . . 23 * 24 * 332.1 O

336 333
. . * . * * . . * . . . * . *

. 332 .
= . . .

332 334 331 331 332
*

. * . * . * . * . * . f5 , * . * . *. . . . . . . . . . .

* 25 . . 26 . * 27 * . 2t1 * 2S * . 38 331.225 26 * 27 . . 29 . 29 . 30 . 332.3
. . * * . * * . * *

332 333
.

335 329 331 .
* . *

. 331 .
* . *

331 332

* . . . . . . * * . * . . * . * . * . * *
31 32 . 33 34 25 36 339.3 31 * 32 * * 33 * * 34 * 35 * 36 * 332.5

334
. . . . . * . * * . * . . v . . . * . . .. .

33? 332 334 334 332 332 333

334.9 333.7 333.4 332.7 333.9 336.5 332.7 T32.3 332.1 331.9 331.7 332.6

ALL TEPFERATURES ARE IN DEGREES C ALL TEPPERATURES ARE IN DEGREES C
VALUES IN PARENTHESES ARE NOT USED IN DETEiPTIN[NG AVEDQGES (VE! ATION u-25 C) VALUES IN PARENTHESES ARE NOT USED IN DETERMINING ROU L COLUrti AVERAGES

Fig. 14. Temperatures measured at 5-cm Fig. 15. Average simulator temperatures
elevation 1 s before power- on. measured 1 s before power-on.
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I A
! (A. *

PRESSURE NAP

N T GUNDLE 4 T E Pt P E R A T U R E f1 A P

RECDRD MUP9ER 983 TIT FR0rt START OF SCAN 98.3 SEC PR87 8tNDLE 4

AVERAGE PRESSURE 9437 KPA (D1FFEPENTIAL) RECORD NUrsEP 983 TIPE FROM START OF SCAN 98.3 SEC
STEAN PRESSURE 287 KM (GAGED

ELEVATION 84 CN CROSS SECTIDH AWRAGE 66G.9 8L.M!P.E AVERAGE 678.7

. . . . . . . . . . .

. 6 . 9453 . * . . 2 = 3 . 4 . 5 * 6 . 669.5

. .
. t . .2 3 . 4 5 . . . . , , . . . . . .

. 9472.
. . .

. 9452 9483. . 9436. 9429.
t . . . .. . . . . . .

9446 , , . * . . . . . . . . .

669 671 668 C78

. . . . . . . . . . .

. 7 . 8 9 18 11 12 . 9424 . . . . . . . . . . . . . . *
. . . . . . . . . . . .

. 9421.
. . . . 7 . . 8 . 9 * * le . . 11 12 . 567.1.

9424 9448 9398 9432 9427 . . . .

. 671 .
. . . . . . ..

666 664

. . . . . . . .

. 17 . . 18 . 9434 . . .

. 14 . 15
. . . * . . . . .

662.3

. . .

. 13 . 14 15 . 16 . . . .

. . . . . . . * 13 . 16 . 17 . . 18. . . . . . . . .

. 91) 9434 9419 . . . . . . . . . . . . - * .9433 9453 9438 (
664 659 664

N
W

19 . 28 . 21 .
. . . . . . .

9432 . . . . . . *
. . . . . .

22 . 23 24
. . . . . . . . . . . . . . .

. 9417.
. 19 . . 28 * . 21 .

. * . . . .

.. 24 . 669.7
.

. . . 22 . 23 .
9447 9467 9423 9431 9402 . .

. 688 665 .
. . . . .. . . .

664

. . . . . , . . . . . . . .

. 25 . 26 . 27 . 28 . 29 38 9441
.. 25 . 26 . . 27 * . 28 . . 29 * 38 6?8.2

. . . . . . . . . . . . . .

. 9446.
. . . . . .

. 9478. . 9437.
. . . .. ..

9456 9432 9406 . * . . . . . . . . . . . .

669 678 672

. . . . . . . .. . .

. 32 33 . . 34 35 36 9448 . . .

. 32 . 33 . * 34 . . .

* 36 . 659.2
31 . . . . . . . .

. . . , . . . . . . . .

9443. 9435.
. 31 . . 35 .. .

9444 9431 9443 9448 . . . . .

. 662 . - 657
. - -

9445 9458 9429 9452 9429 9422
667.2 675.5 669.7 664.2 666.8 662.3

All. S!?tJLATUR PPESSURES APE DIFFERENTIAL AND APE IM kPA
RUES IN PARENTHESES ARE NOT USED IN DETEPM1HING AWPAGES ALL TErrEPATUPES APE IN DEGREES C

Fig. 18. Simulator pressures measured Fig. 19. Temperatures measured at 84-cm
0.2 s before power-off. elevation 0.2 s before power-of f.

_
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TEMPERATURE MAP
TEMPERATURE MAF

g7 4

RECURD NUrGER 983 TIN FROM START OF SCAN 98.3 SEC
RECORD NUPPER 983 T at rm START OF SCAN 98.3 SEC

p g p
ELEVATION 76 CM CDOSS SECTION AYERAGE 678.4 BUNDLE AWRAGE 678.7

. . . . . . . . . .

I 2 . 3 4 . 5 6. . . . * , , *
* 1 2 3 4 5 6 669.4 * -

. . . . .

6e9 663 677

. . . . . . * - . .

, , , , , * , , 7 . 8 9 le 11 12 648.2
7 8 9 18 !! 12 691.8 - 64 '

* *-

. *
.

683 684 679

. . . . . . . . . .

., , , , , , 13 * 14 15 16 17 18 649.2
13 14 * 15 16 17 IB 669.6 - - - - * -

. * , 649
677 C62

. . .

, , , , , . 19 . 28
. . . . . . . .

. 21 . 22 . 23 . 24 N
19 20 * 21 22 23 * 24 675.8 - - D
. * . . * . . .

668 679 679 674

. . . . .

. , . . * ,
. * . 25 26 P . 28 .

. . . .

. 29 38
25 26 . 27 29 . 29 36 666.3

. *
647

. . . .

673 679

. . . *
. , . , . . * . 31 32

. . . . . . .

33 34 33 36 652.1
31 32 33 * t? 75 7A SSM.4 . . . . +

,
. . 652

6 16 6e 3 (4G
649.2 652.t 648.2

673.8 659.9 672.9 663.2 671.9 676.3

ALL TEf9TRATURES ARE IN DEGREES C
ALL TEMPERATURES ARE IN DEGREES C TEWRATURES IN THIS CROSS SECTION NOT INCLUDED IN BUNDLE AVERAGE TEWRATLwE

Fig. 20. Temperatures measured at 76-cm Fig. 21. Temperatures measured at 66-cm
eleva t ion 0. .' s be fo re powe r-of f. (upper grid) elevation 0.2 s before power-off.
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TEMPERATURE MnP
,

TEMPERATURE MAP if98T BUNDLE 4
[{ fWBT SLMBLE 4

i RECORD MLP9ER 983 TttE FROM STnRT OF SCAM 98.3 SEC
i RECORD MLRSER 983 TIfE FROM STnRT or SCRM '98.3 SECj ELEVRTIDM $6 CM CROSS SECTION AVERAGE 673.5 9UMDLE AWRnGE 678.7
j ELCVAT!34 47 CM CROSS SECTION AWINIGE 673.I SUNDLE nWRREE $70.7
4

i . . . . * . . . . . .

. I . .2 . . 3 .
. . .

. 5 . . 6 671.5. . 4 . . . . . . . . . .

. . . ... . . * . . . .

. 678
- 1 . . 2 . 6 3 . . . . . . . . . .

679 665
. * . 4 5.. . . . 6 668.2-.

. * . . . . . * . . . . . * . . . .
662 668 575

*
. T .

*. . . . . . . .

. 18 . . 12 . 679.5
. . . . .

. . 8 . . 9 . . le . . . . . . . . . * . . . . . . . . . ,

677.6T . 9 . . 9 . IS . . Il * 12 . .

. . . . . . . . . . . . * . . . . . . . .
679 696 674 . . . . . . . .

! G82 .
. * . . . . . . .

ETO 681
1

.:

. . 4*... . .

I- . 13 . . 14 . 15 .
. . . . . . . . .

. 16 . . IT . 19 679.1 . *'

* . * . . . . . . . . 13 . . 14 . . IS . . . . . . . . . . 1* . . .

. . . . . . . . . . . 16 . . IT . * 19 . 66F. 5
4 683 675 t 409) . . . . *
i 669

. . . . . . . . .

. 667 669 .
. .

|
. . *

) . 19 .
. . . . . . . w

- . Ze . . 28 . . 22 .
. . . . . .

. 23 . . 24 . 675.4 . . . . . . . . . . . . . . .

. 24 *- 675.7

.

. .

23 * 22 . - 23
. . Vi.e * . . . . .

. 679 .
. . . . *

i 672
. . . . . 19 * 29 . .. . . *

675 . . . . . . . .

| 682
. . .

. 674 .
. . .

. 672 .
.

.

$ . . . . . * . . . . * . . .

.. 3R . 674.6 . * . . . .

. 27 .
. . . . . . . . .

. .

. 25 . . 26 . . 27 . 28 . . "'S . .

. . . . . . . . . . . . . . . . . * . 25 . . 26 . . . . 29
*

. .* 29 . . 38 675.3684 677 663 . . . . . . . . . . .

. 679 .
. . .

672 675
.

0

j 31 .
. . .

.. 33 . . 34 .
* . . . . .

662.7 . . . . . . . * .
.. 34 ..

. . . , . .

. . . . .

32 .. . . 35 3E .. . .

! * . . . . . . . . . . .

. M3 .
. 31 . * 32 . 33 . * . 35 . . 36 . 673.5 -*

'

j Mt M4 . . .

. 677 .
. . . . . . . . . . . .

g
.

679 674
- 679.6 683.8 677.1 671.8 678.9 665.61
, 667.9 679.2 673.6 672.6 673.6 673.7-
4 g

i
] ALL TEffERATURES ARIE IN DECREES C *

j VALUES IM PARENTHESES ARE NOT USED IM DETERrt!N!MG RWRACES (VARIATION .APS C) - ALL TCffERATURES ARE IN DEGREES C
4

i
j Fig. 22. Temperatures measured at 56-cm Fig. 23. Temperatures reeasured at 47-cm
j elevation 0.2 s before power-of f. elevation 0.2 s before power-of f. ,
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TEMPERATURE fi n P

TEMPERATURE MAP
PF8T BUNDLE 4

tR8T BUNDLE 4
RECORD NUP9ER 983 T!rE FROM START OF SCAN 98.3 SEC

RECORD NUr@ER 983 TIPE FROM START OF SCAN 98.3 SEC
ELEVATION 38 CM CROSS SECTION AVERACE 671.5 BUNDLE AVERAGE 678.7

ELEVATION 29 CM CROSS SECTION AWRAGE 672.4 8UNDLE A.7 RACE 678.7

. . 4 . . . . . . . . * .
l . 2 3 4 5 . 6 662.1 . . . .. . . . . . . . . . .

664 668
. . t * 2 . 3 * 4 * 5 6 668.7. . . . . . . *

. 662 . . . . . . . . . . . . . . .

663 669 SF4

. . - . . . . ..

. 7 . 8 9 18 11
. .

. 12 6 75.3 . . . . . . . - . . ..

* . . . * . . * . . 7 8 * . 9 . . 18 * It 12 . 675.8
677 677 672 . .. . . . . .

. 673
*

683 669

j . . . * . . . .

4 13 . 14 15 16 . ?T 18 G88.7 . . . . . . . . . * * .
* . . , . . * . 13 14 . 15 . . 16 . 17 . 18 668.3
68* 676 ( 481) . * . . . . . . . . . . . .

668 672 665

. * . . . . . * . . y
19 . 28 . 21 . . 22 . 23 . 24 . 6?S.5 . . . .* . . . . . . . . . .

. . . * . . . . 19 . 28 . 21 . . 22 . 23 . . 24 . cN.

. 6 76.7
671 686 672 . . . . . . * . . . . * .

684 677 669

| . . . * . . * .
. 28

. . . . *.

I . 25 26 . 27 . 29 38 676.3 . . . . . . . . . . . . . .

. . . . . . . . . . . * 25 . . 26 . 27 . 23 . 29 . 38 674.6
683 678 6E7 . . . . . * . . . * . .

669 698 675

! . . . . .

. 75 36 * 661.1 . . . . . . . . . . .31 32 33 34
. .

. . * * . 31 . 32 * . 33 34 35 . 36 671.4
663 678 658 . . . * . . . . * . .

688 671 663
678.4 677.6 679.4 664.9 672.4 659.8

666.6 682.2 678.2 671.3 678.9 669.2
4

ALL TErFERATURES APE IN DEGREEE C
VALUES IN PARENTHESES APE NOT USED IN DETERMINING AVERAGES (VARI ATION +/-25 C) ALL TEPPERATURES ARE IN DEGREES C

i

Fig. 24. Temperatures measured at 38-cm Fig. 25. Temperatures measured at 29-cm
: elevation 0.2 s before power-of f. elevation 0.2 s before power-off.
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j TEMPERATURE MAP TEMP (RATURE MAP
a

f987 BUNDLE 4 f98T OLMt!LE 4

WECDDD NUP9ER 963 TIT F1POM START OF SCAM 98.3 SEC RECORD 8U SER 983 TIN FROPt START OF SC5M 98.3 SEC
"

ELEVATION 28 CM CROSS SECTION AVERAGE G78.4 BUNDLE AVERACE 678.7 ELEVATION 18 CM CROSS SECTION AVERAGE 647.7 - BUNDLE A WRAGE 678.7;
,

!
L

;i

. . . . . * . . . * . . . . . . . . .

. t . 2 . . 3 . . 4 . . 5 . 6 . 666.7 I . . 2 .
. . . . . . . . . . . .

. . 3 . . 4 . . 5 . 6 . ,i . . . . . * . . . . . . . . . . . . . . a . . . . . . . . . . . . . . .673 661 666i

i

4

1

. . . . . . . . . . . . . *, . . . . . . . . . . . . . . . . . . . . .

i
. 7 *8 . 9 . 18 . . 11 . . 12 . 678,9 . 7 . , 8 . . 9 . . 18 . . 11 . . 12 * 641.8 -

i . . . . . . . . . . . . .- . . . . . . . . . . . . . . . . . . . ..

7 642 .
i

- 682 676
1

!.
'

. . . . - . . . . . *
.. 17 .

. . . . . . . . . . . . . . . . . . . . .
.

13 . . le . . 15 * . 16 . . 18 * 669.5 13 . 14 . . 15 - . 16 . . 17 . . 18 .
. . . *

. 666 .
. . . .

. 664 .
. . . . . . . . . . . . . . . . .679

. .

( 485)
1
1

* * . . . . . . . . . . . . . . . . .

i
. 19 . . 28 . . 21 * . 22 . .. 23 . . 24 . 669.8 . 19 . . 20 .

. . . . . . . . . .f . . N -

: . . . 21 . . 22 * . 23-. . 24- 653.3' M~ !
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .663 675 653

, .

l . . .

. 26
. . . . . . . * .

.. 38 . 674.8 . 25 * . 26 . . . . . . .

.. 29 .
. . .

. .

. 25 . . 27 . 28 . . 29
. . . . . . .

. . . 27 . . 28 . . 38 648.8. .
. * . . . . . . . .

. 679 .
* . . . . . . . . . . . . . . . . . . .688

.

663 648.

. . e . . . . . . . * .
..35 . 36 .

. . .

. 32 . . 33 . 34 . . 35 . . 36 .
. . . . . . . . . . . .

. 31 32 . * 33 . . 34 . 667.7 . 31 . . .

. . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . . .
668 672 673 658

665.2 678.4 668.5 669.5 671.2 663.3 648.8 653.3 641.0 -

i

ALL TEffERATURES APE IN DEGPEES C ALL TEf9ERATURES ARE IN DEGREES C *

VALUES IN PARENTHESES ARE NOT USED IN DETERMINING AVERAGES (VARIATION +/-25 C) TEtPERATURES IN THIS CROSS SECTION NOT IMCLUDED IN BUNDLE AVERAGE TEFFERATURE

Fig. 26. Temperatures measured at 20-cm Fig. 27. Temperatures measured at 10-cm
elevation 0.2 s before . power-of f. (lower grid) elevation 0.2 s before power-off.
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TEMPERATURE MAE ROD AVERAGE TEMPERATURE MAP

tTBT GUNDLE 4 Tet87 OthDLE 4

RECORD NUrtiER 983 TIPE FROM START OF SCAN 98.3 SEC. RECOR3 NUP9ER 983 Tire FRON START OF SCAN . 98.3 SEC
ELEWTION $ CM CROSS SECTION RVERAGE 665.4 8UNDLE AYERAGE 678.7 BUNDLE RERAGE 678.7 M GREES C

7

. . . . . . . . . . . . *

. 6 . 665.3 e t * . 2 . * 3 * . 4 * 5 o . 6 . 667.9
. . . . . e . e . * . * . * . e . e . et . . 2 3 . . 4 . 5 .

.

4
. . . . . . . . . . * . . . * . * . *

. 667 .
e . . . * . * . * >*

b63 6d 666 672 663 - 678 669 [

i 7 . . 8 e 9 . 18 . 11 . 12 . * . * . . . * . . . . e . e . o .
.

. . . . . . . . . . . . . .

. 674.1 . 7 . * 8 e o 9 e = 18 e . 13 . . e 12 . 676.1 !. . . s . . . . . .. . . . . . . . e . e * . * . . e . e . * . .. .674 674 678 683 676 668 675 673
$

. 13 . . 14 . . 15 .
* * . . . . .

669.5 * 13 . . 14 . e 15 e 16 . . 17 . = 18 e 678.2

. . . . * .

17 . . 18
. * . * . * . * * . * * . * . * .

'
.

. 16 . .

, . . . . . . . . . , . . * . * . e . e . . *- e . *
. 665 .

*
669 ( 398) 667 679 673 ( 483) 665

. . . . T . . *

z
. 19 . * 28 * e 21 * * 22 .

* . * . s . N. . . . . .

. 22 . . 23 . + 24 . 669.8
. * . * . . o . . e

19 28 . . 21 . .
. . 23 . * 24 * 673.8 #

i
. . * . . . . . . . e . * . * . . o *

675 663 668 688 688 . 672 .
o . e . * ..

672 678

j . . . . . . . . . . . . . . . . . = . * . e- . * . * . * . = * . *j . 25 . . 26 * 27 . . 20 . . 29 . . 38 . 664.4 e 25 . . 26 - * 27 e . 28 . o 29 e . 38 . 672.3
,

.

*

. . . . .

. 663
. . . . * . = . e . = . * . * . . . = . e i

. *
666 678 674 672 673 676 668

, e . . . . . . . . .

.. 35 .
. * e . e . . . e . . . . e . e . e ..

i 31 32 . 33 . 34 . . 36 652.3 . 31 * 32 * * 33 * * 34 o . 35 . o 36 o 654.1
1

I
. . . . . . . . . . . . . * . . . . . . * . . * . . * , e .

652 653 661 668 669 678 663 656

662.9 672.4 678.2 652.8 663.8 668.8 668.3 676.3 672.9 669.2 678.4 666.5
1

; ALL TEPPERATUPES APE IN DEGREES C ALL TEffERATURES ARE TH DEGREES C
WILUES IN PARENTHESES ARE NOT USED IN DETERPflNING AVEPAGES (WRIAT DN v-25 C) VALUES IN PARENTHESES ARE NOT USED IN MTERMINING ROW 6 COLut94 AWRnGES

i
;' Fig. 28. Temperatures measured at 5-cm Fig. 29. Average simulator temperatures
! elevation 0.2 s before power-of f. measured 0.2 s before power-off.
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PRESSURE MAP

#99T BUNDLF 4 TENPERATURE MAP

REC 08D HureER 47te T!T FROM START OF SCAN 471.0 SEC PROT BUNDLE 4

RVERAGE PRESSURE 8266 KP4 (DIFFERENTIAL)
STEArt PRESSURE 281 kPA (GAGE 3

ELEVAT!ON 84 CM CROSS SECTION RWRAGE 515.5 BUNDLC AWRAGE $83.5

. . . . . . . . . .

0642 . .. . . . . . . .t . 2 3 . 4 5 6 .

. . . . . . . > - . . . . . -
I .2 * 3 . 4 . 5 e 6 518.4
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d '' g' * ' * e *
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, gg 516.1
B325 7164 8814 ( t.80 )

. . .

. 0515.
,

8482 * * * '

* $j2 512
e

3y,

. 19 . 20 . 21 . . 22 . 23 .
. - v. . . . . . . . . . . .

O. 24 . 0016 - * *f, " 21 . 22 -
, ,

^. 2'3 . 24 . 521.1. . . . . . . . . . . . . -
g

8383 7743 7457 7976 8087 8531 *

* f7 - * *

' $j5Syg

, . . . .

. 25 . 26
. . . . . . .

. 27 - 20 . 29 . 38 8859
. . . . . . . . . . . . . -

f, ', f ' 2'T b N '. b * 38 529.9
e5 3 r738 76 4 ree2 7963 e622 ,,,,. g, - -

3;7 -

. . . . . .

31 . 32 . 33 34
. . . . .
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3; g - -

,3; 35 . * 36 589.433
8821 e536 eas4 adre e634 8927 - - - - -

- 3;7 ' - -

' d2'e52s r9 799 a239 a'e2 a652
337,, 32,,7 32,,, 33 ,, 3,2,, , , , ,

ALL Sir 1.lLATDR PPESSURES ARE DIFFEPENTIAL HND ARE IN FPA
VRLUES IN PAPENTNESES APE NOT USED IN DFTEPr11NING AVEPnES ALL TEPPERATUPES ARE IN DEGREES C

Fig. 31. Simulator pressures measured Fig. 32. Temperatures measured at 84-cm
0.7 s before depressurization. elevation 0.7 s before depressurization.

,

I

. .



-_ _ _ - _ - - . _ _ _ _ _ _ _ - _

b D

TEMPERATURE M R P .-TEMPERATURE MAP
1997 BLMDLE 4

9987 8UNDLE 4
RECORD MLMBER 4718 YtPE FR0rt START IF SCAM 478.8 SECRECORD MUPBER 4?l8 TtfE FR0rt START OF SCRM 471.8 SEC
ELEVATION 66 CM CROSS SECTION M ERAGE 584.3 BUNDLE AVERAGE 583.5ELEVRTION 76 CM CROSS SECTION AVERAGE 565.9 BUNDLE AW RAGE 583.5

,

* I .
. . .

. 3 . . 4 . 5 . . 6 . 558.6
. l . . 2 . . 3 .

. . . . . . . . .
(. .

. . . . . . . . . . . *
. . . .

:*
. . 4 . . 5 '. 6 ..

. .'2'. . . . . . . . . . . . . . . . . . .. .

. 549
. . . . . . . . . . .

. 542
I.

. . . .

561

. . . . . . . . . * . . . . . . .. . * . . . . . . . . . * . .
. 12 . 571.8 . . . . . . . . . . . .

T . . 8 . . 9 . . 16 . . II .. . 12 . 392.6. .
. F . . 8 . . 9 . . 18 . 11 . .

. . . , Set . . . . . .

. 567 .
. . . 593

. . . . .*
568

.

. . . . . . . . . . . . . . .

. 18 . 582.5
. .

. 13 * . 14 . 15 . . 16 . . tr .. . . . . . . . . . . . . . . . . .

578.5 . . . . . . . . . . . . . . . . .
. 13 . . 14 . * 15 16 . tr . 18 .. .

. . . . . .

. 58F .
. . * . . . . 583.

578

. . . . . . . . g. . . . . .

* 25 .
. .. . . . . . . . . IS . . 28 . . 21 .

. . . . . . . . .

. 22 . 23 . . 24. .
. . . g. 19 . . 28 . . . 22 . . 23 * 24 . 573.2 . . . . . . . . . . . . . . . . . .

. . * . . .

. 5835s9
. . . . . * . .

. 564 .576
.

. . . . . .

.. 27 .
. . . . . .

.. 38 .. 25 . 26
.

. 28 . . 29
.

. . . . . . . . . * . . . . . * - .
562.5 . . . . . . . . . . . . . . . . . .

. . .
. 25 . . 26 . . 27 . . 28 . . 29 . . 38 .
. . . . . * . . . . . . . . . . .

551 578 558

* . . . .
. . . . . . . . . . . . *

. .

.. 32 .
. . . . . .

.. 35 . 36 . 577.F. 31 . . . 33 . 34 . .

31 . . 32 . . 33 * . 34 . 35
. . .

568.3 . . . . .

.

. 36
. . . . .

. 568 .
. . .

. 556 .
. . 578 .

. . . . . . . . . . .
* . .

558
582.5 577.7 592.6

561.9 .563.1 579.4 569.9 567.2 554.5

ALL TEFFERATURES ARE IN DEGREES C
ALL TEffERATIES ARE IM DEGREES C TEtPERATURES IN THIS CROSS SECTION HOT INCLUDED IM BUNDLE AVERAGE TEffERATURE

Fig. 33. Temperatures measured at 76-cm Fig. 34.- Temperatures measured at 66-cm
elevation 0.7 s before depressurization. (upper' grid)~ elevation 0.7 s before depres--

surization.
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TEMPERATURE MAP TEMPERATURE MAP

PF8T BUNDLE 4 PR8T BLMDLE 4

RECORD MUPPER 47td TIT FROM OTART OF SCAN 471.8 SEC RECORD HUrBER 4718 TIN FROM START OF "?.AN 471.0 SEC

ELEVATION 56 CM CROSS SECTION AWRACE 6e0.8 BUNDLE AWRACE $83.5 ELEVATIDH 47 CM CROSS SECTION AWRAGE 684.9 EduMDLE AWRAGE $83.5

. . . * . . . . . . . . . . . . . . . . . . . . . .

. t . 2 3 4 5 6 589.7 3 2 3 . 4 . 5 6 595.8

. . . . * . . . . . . * * . . * . .

. 592 .
*

508 592 r 57e1 oren 608

* . * . . . . . . . . . . . * . . . . . .

687.2. F 8 9 to it 12 598.6 7 8 . 9 18 11 . * 12
. . . . . * . . . . . . . . . * . . .

. 508 .Se8 6e8 599 619 614
.

. . . * . . . . . . . . * . . . . . . . . . . )
13 . 14 . 15 16 17 le 615.2 13 14 . 15 h6 17 . * 18 . 604.3

. . . * * . . . . . . . . *
. 598 .

.

61 619 ( Git) 664 611

. . . . . 6 . . . . , . . . . . . . . , . .

.. 24 * 613.5 m19 26 . 21 . 22 23 . 24 607.3 19 * 28 . . 21 . * 22 . 23 .
y. .

.

* . . . . . . . * . . . . . . .

. 593 .596 619 687 622 626
.

. . . . . * . . , . * . . . * . . . . . . .

.. 38 . 609.3. 25 . 26 . 27 . 28 . 29 . ?e SM . ? . 25 . 26 . . 27 . . 28 * 29
.

. . . . . . . * . . .

. 628 .
. . . . .s

600 611 See 599 689

. . . . . . * . . . . - . . * . . . .

31 32 33 . . 34 35 36 585.0 31 * 32 . 33 34 * 35 36 .
.

. 5%.3
* . . . . . . . . . * . . . . . . . . . .

E 566) 505 ( $59) 589 682 59R

591.7 683.8 619.4 601.2 597.2 500.3 681.2 685.2 618.4 612.5 604.1 593.1

ALL TEMTRATURES ARE IN DEGREES C ALL TEFFERATURES ARE IN DEGREES C i

VALUES IN PARENTHESES ARE HOT USED IN DETERMlHfMG AWRACES (VAR TAT [0N +/-25 C) ' VALUES IN PARENTHESES ARE NOT USED IN DETERMINING AWRAGES (VARIATION +/-25 C)

Fig. 35. Temperatures measured at 56-cm Fig. 36. Temperatures measured at 47-cm
elevation 0.7 s before depressurization. elevation 0.7 s before depressurization.
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* TEMPERATURE MAP TEMPERATURE- MAP
i
1 Mf8T SUNDLE 4 PP8T GUMDLE 4

WECORD MUrSER 4718 Tite FROM START OF SCAM 471.8 SEC RECORD MUMBER 4718 - T!*E FROM STnRT OF SCAN 471.8 SEC
,

ELEvhTION 38 CM CROSS SECTION AVERAGE 611.5 BUNDLE AVERAGE $83.5 ELEWITION 29 CM CROSS SEC'f0M AWRACE 688.2 ' BUNDLE AVERAGE $83.5', i

e

?
4

4 * . . . . . . .. . . *.. . . . . . . . . . .

593.6
. . ...

. 3 * 4 * 5 .
. . .
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. 593 .598 623.
s

I
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,
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}

}
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.. 21 . . 22 . . 23 .

. . .

628.1 y.
, . . . . . . . . . . . . . . . . . . . . . w
1 . 19 . . 28 . . . 24 ' .

* . . . . . . . . . . . * . . . . *4 . . . .

. 633 619 .
. . . . .

. 638 638 599 .686

i
* . . . . * . . . . . . .* . . . . .

.. 27 . . 28 ., 29 . . 38 . 688.8 e 25 . 26 .
. . . . . . . . . . 38 . 618.7 f} . 25 . . 26 . . . . . . . 27 . 28 . . 29 . .

* . *'
. . . . . .

. 626 .
. . .

. 509 . 596 624 . 612 .
. . .. . . . . . . . .

I 6tt
.

1

4
. . .

. 32 . 33 . . 34 35 . . 36 * 683.6 . 31 . . 32 * . 33 .
.. . .

.. 35 . .. 36 . 688.33
. . . . . . . . . . . . . . . . . . . .

. 34 . .

. . .

? . 31 . . . .

. . . . . * . * . . .
. . . * . . . . . . * . .

. 561)
. .

, 688 6e8 .
. . ..

. 5931 ( 572) 604 (
k

682.8 689.2 628.n 609.2 612.7 589.4 691.F 616.8 684.3 624.4 683.4 597.8;

;J
-

. ALL 1EPPERATURES ARE IN DEGkC S C ALL TEPPERA1URES ARE IN DEGREES C
1 VALUES IN PARENTNSES ARE NOT U9E8 IN IMRMINING AVERAGES (VARI ATION +/-25 C) VALUES IN PARENTHE3ES ARE NOT USED IN DETERMIMlHG AVERAGES (VARIATION +/-25 C)
4

1
9

: Fig. 37. . Temperatures measured at.38-cm Fig. 38. Temperatures measured at 29-cm.
elevation 0.7 s before depressurization.. elevation 0.7 s before depressurization. i
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TEMPERATUPE MAP TEMPERATURE MAP

tt9T B'HDLE 4 PF8T BUNDLE 4

RECORD NUPPER 4718 Titt FROM START OF SCAN 473.8 SEC RECORD NUrBER 4718 TI?1E FROM START OF SCAN 473.8 SEC

ELEVATIUM 28 CM CROSS SECTION AVEPAGE 603.9 BUNDLE AVERACE 583.5 ELE \mTION 18 CM CROSS SECTION AWPACE 594.1 BUNDLE AWRACE 583.5

. . * . . * . 5 6 . . . . . . . . . . .. .

1 . 2 3 4 5%. 3 I . 2 3 . 4 5 . . 6
. . . * . . . . . . . . . . . . .

395 596 598

. . . . . . . . . * . . . . . . . . . . . . .

7 *8 9 . 18 11 12 514 t . 7 8 . . 9 . 18 11 12 * 577.5
. . . . . . . . . . . . . .

619 618 578

. . . . . * . .

13 . 14 15 * . 16 17
. . . . . . . . . . . .

10 * 618.4 13 14 . IS . 16 . . 17 18
. * . . . . . .

627 t 63tl C 6251
. . . . . .

594

* . . . . . . . . . . . .

.. 21 . 22 * . 23
. . .

614.219 . 28 . 21 * . 22 . 23 . 24 682.8 19 . 28
. . . . . .

[. 24
. . , . . . . . . . . . . .

682 t 6333 614

. . . , . . . . . . . * . . . . .

25 . 26 . 27 58 . 29 38 664.6 . 25 * 26
. . . . . . . .

27 28 . '9 38 590.5.

* , . . . . * . . . . . .

611 614 598 591

. * . . . * . . . . . . . . . . .

31 32 * 33 34 35 . 36 600.5 31 32 33 T4 35 . 36
. . . . . . . . . * . . . . .

t $77) 696 685 591

662.8 612.9 686.6 691.8 6A 3.8 591.1 598.5 614.2 577.5

i ALL TEffTPATUPES APE IN DEGREES C ALL TEffERATURES ARE IN DEGPEES C
! VALUES IN PAPfMTHESES ARE NOT |rSt.D IN DETEPMINING AVERAGES tvnPI ATION +/-N C1 TEfFERATURES IN THIS CPOSS SECTION NOT INCLUDED IN PUNDLE AVERAGE TEMPERATURE

Fig. 39. Temperatures measured at 20-cm Fig. 40. Temperatures measured at 10-cm
elevation 0.7 s before depressurization. (lower grid) elevation 0.7 s before depres-

surization.
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C. *

TEMPERATURE MAP ROD AVERAGE TEMPERATURE MRP

PF8T SUNDLE 4 798T SUNDLE 4

RECORD NUrBER 4718 TIN FROM START or SCAN 471.8 SEC RECORD NUPEER 4718 TIN FRON START OF SCAN 471.8 SEC

ELEVATION 5 CM CROSS SECTION AVERAGE $65.5 BUNDLE AWRAGE $83.5 8UNDLE AWRAGE 583.5 DECREES C

* *.* . * * . * * * . *
. . . .

* . .

546.6 * t * . 2 . * 3 * 4 . * $ e . 6 . 567.6
.

I 2 3 4 5 6
. . . * . . . *. *.*

. 577 .
* , e
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. ** * *
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. . * . * * . . * * . * . * * .. . *
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. . . . * . * . * . * . * * . * . * .*. . . . * . * .
17 18 578.6 * 13 . . 14 . * 15 * . 16 . 17 * 18 * 592.8. 13 I4 15 16

. . . . .

( 575) 578 689 617 .
* . * * . *

. 576
. . . . . * . * . * . * * .

571 ( 689) 577

. 19 . 28 . 21 . 22 . 23 . 24 573.4 . 19 * 28 * * 21 * * 22 .
e . e . e .

592.1 u
. . . . . . . . . . . * . . * . e . e . * , * p

23 * 24 *
. . .*. . . . . . . * . * . * . . * . . * . * . *

. 568 .
*

577 578 593 589 617 592 593

. . . .

* 27 28 . 29 38 578.8
. * . * . * , * * . * . * * . *. . . . . .

25 . 26 * 25 . 26 . * 27 * . 28 . * 29 * . 38 . 586.6
* . * . *. . . * . . * . * . * . * . * , *

. 588 579$71 578 571 595 586 596

. 31 32 33 34 35
. * . . * . . * . * . * ** ** . . . . . . . . .

36 31 * 32 * * 33 * * 34 * 35 * 36 * $72.9
. . . . * .

* t SIS) t 528).
* . . . * . * . . * * . *

. 537562 582 596 591 Set

553.2 573.7 578.6 578.4 57.9 $45.2 571.7 592.8 596.8 587.7 582.6 563.6

Au. EmRAruRES aRE in DtcREES C Au. EtPERATURES ARE In DECREES C
VALUES IN PARENTHESES ARE NOT iGED IN DETERMINING twERM (VARI ATION +/-25 C) WALUES IN PARENTHESES ARE NOT USED IN DETERMINING ROU t COLUrN AVERAGES

Fig. 41* Temperatures measured at 5-cm Fig. 42* Average simulator temperatures
elevation 0.7 s before depressurizatione measured 0.7 s before depressurization.
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% VOLUME INCREASE

10.3 16.7 16.0 13.8 13.5 10.0
1 2 3 4 5 6

5.0 8.0 7.7 6.7 6.5 4.9
k

SIMULATOR NO.
% AVERAGE STRAIN

19.9 29.6 29.2 18.6 21.3 13.8
7 8 9 10 11 12
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NA - NOT MEASURED DUE TO LEAK'

Fig. 46. Heated length volume increase and equivalent average
strain.
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