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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 qualicy of the deformation data by this expediency, a
decision was made to select No. 16 as the unpressurized (actual pressure
of 560 kPa) and unlieated 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
the test at a mass flux of ~279 g/s*m? (compared to 288 g/s‘m2 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) occcurred about 140 s after power-off, as will
be discussed later.

Following stabiliz.cion 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 (differential) to preclude deformation, With these initial
conditions established, the test transient was initiated.

1t was planned that the powered portion of the test would be termi-
nated by any of three actions: (a) CCDAS action resulting from 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 (¢) 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 facilitate visualization. 1t 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
testl

Superheated steam entered the array through two inlet nozzles lo-
cated on the east and west 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'mz, 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 additiona.
Featers on the vessel closure flange to minimize heat losses from the
flange via axial conduction along the simulators, were ~ffective in pro-
ducing a fairly uniform inlet steam temperature distrit “ion in the ma-
trix. This is illustrated in Fig. 4, which shows a schewatic of the




array with the locations, identifications, and temperature readings of

the steam inlet and outlet thermocouples about 1 s before 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.

Figvres 5-14 r:esent temperatures measured | 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 dut, indicating
the azimuthal position of a thermocouple, if the junction is in the plane
for which the particular map applies; the temperature measured hy 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 eleva.ion of the section, and other
pertinent information are also included in the format. The thermocouples
in simulator 16 (unheated) and those located at the grid elevations are
excluded from the bundle average temperature. Also, if a particular ther-
mocouple indicatss a temperature 25°C greater or less than the section
average, that reading is excluded (and noted in the format) from 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 very uniform, 'ndicating 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 simulatsrs
denote the azimuthal position of the thermocouples whose measurements
comprise the average. Row and column averages are printed, respectively,
on the right side and at the bottom of the map to facilitate visualiza-
tion of uniformity.

Initial pressures are presented in a similar format in Fig. 16. Again
the column of numbers on the right and the row of numbers at the bottom of
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
fllustrate 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
these figures to represent the bundle average temperature. This parameter
is in reality the average of six thermocouples (TE 9-3, TE i4-2, TE 15-1,
TE 21-3, TE 23-1, and TE 26-1) at the 38-cm elevation (see Fig. 3 for



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 electroni-
cglly from uncorrected thermocouple output signals, it differs slightly
(=10°C) from the avarage calculated post*est from corrected values. This
small discrepancy {s 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
l6-3 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 iucluded 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-off, indicating the
onset of deformation. Pressure (Fig, 18) and temperature (Figs. 19-29)
measurements made ~0.2 s before power-off show conditions were very uni-
form at the time power was terminated; 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 bundle aver=~
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 thereafter until it reached essential equili-
brium with TAV=-10 ~300 s after power-off.

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 ~4/1.7
¢ 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 stvam conditions.

Discussion of the short temperature purturbation evident at ~240 s
scan rime in :1g. 30 will be deferred to later point.

Pressures measured ~0.7 s before the first simulator was vented are
shown in Fig. 3l. Since the pressure changed very little from the time
of these measurements 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 deformation than the interior ones, with the corner
simulators having the least deformation.




Also, deformation is greater in the lower left 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. 1 tube) are shown in Figs. 32-—41. The axial and radial
temperature distributions were highly nonuniform as may be Jdeduced by com-
parison of the individual measurements and averages within a section, by
comparison 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.

Thermocouples were attached to the outside surface 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 from the thermocouple
measurements., 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 increased heating rate as if the simulator and shroud were in contact.
The matched simulator thermocouple showed a decreased heating rate at the
sane time, as if local cooling conditions had changed. Posttest visual
examination of the shroud panel showed significant temperature variations
existed during the transient as revealed by the degree of oxidation evi-
dent on the unplated back side of the stainless steel surface.

The shroud thermocouples at three of the four instrumented eleva-
tions showed this general behavior. This should not 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 ghows measurements obtained from 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 thermocouples at this elevation. The
perturbation was caused by partial opening of steam valves upstream and
downstream of the test veseel 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.
After the tubes burst (in a normal burst test), a large downstream valve
opens to relieve the vessel pressure, and a large upstream valve opens
simultaneously to admit a large flow of steam from the building supply
ta 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 8 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.e.,
less sensible 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 indicatiod 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 leaks. One of these (No.
16) developed a leak prior to the test, and the other (No. 22) developed
a leak during posttest cooldown., 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 lower 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 expacted from the test conditions. Figure 47 shows an
overall view of thc «#est face of the test array after removal of the
shroud and internal heaters. The west face of th¢ shroud, shown below
the bundle, 1s 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 O-cm is at the bottom and the 91.5-
cm tark 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 the 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 yleld 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 examinat.on equipment.
The individual profiles will be used to generate (mathe.atically) block-
age data as a function of axial position.

Although objectives of the B-4 test were not resiized, 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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ALL TEMPERATURES ARE IN DEGREES C
VRLUES IN PARENTHESES ARE NOT USED IN DETERMINING AVERAGES (WRIATION +-25 O ALl TEMPERATURES ARE (N DEGREES ©
Fig. 8. Temperatures measured at S56-cm Fig. 9. Temperatures measured at 47-cm

elevation 1 s before power-on. elevation 1 s befors power-one.
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MPET BUNDLE 4
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ALL TEMPERATURES ARE IN DEGRFES C
VRLUES IN PARENTHESES ARE NOT USED IN DETERMINING AVIRAGES (WRIATION 425 ) ALL TEMPERRTURES ARE IN DEGREES C
Fig. 10. Temperatures measured at 38-cm Fig. 11. Temperatures measured at 29-cm
elevation 1 s before power-on. elevation 1 s before power-on.
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BT BUNDLE 4
TIME FROM STERY OF SCAN  20.9 SEC

YEMPERATURE
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ALL TEMPERATURES ARE IN DEGREES T
VRLUES IN PARENTHESES ARE NOT USED IN DETERMINING AVERAGES (VARIATION +/-25 C)

Fig. 12. Temperatures measured at 20-cm
elevation 1 s before power-on.

ELEWATION 18 M CROSS SECTION AVERAGE 333.9 BUNDLE AVERAGE 332.1
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T L™ . o T2 - " S L24 . 2.3

.25 . 2 27 29 . 29 £ 236.9

137 '

A D2 . i D za . . -

6.9 2.3 e

ALL TEMPERATURES ARE IN DEGREES C
TEMPERATURES 1M THIS CROSS SELTION NOT INCLUDED IR BUNDLE AVERAGE TEMPERATURE

Fig. 13. Temperatures measured at 10-cm
(lower grid) elevation 1 s before power-on.
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Fig. l4. Temperatures measured at S5-cm Fig. 15. Average simulator temperatures

elevation 1 s before power—on. measured 1 s before power-on.
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Fig. 18 Simulator pressures measure Fig. 19. lemperatures measured at 84-cm
12 . 1ia I ! ! i y
1 4 > T T -y
) hbefore power-oft. elevation 0.2 s before power—off.




TENMPERATURE "ar
MRET BUMDLE &4
PECORD MUMBER 993 TIME FRO™ STRRY OF SCAN 98,3 SEC

ELEWRTION 76 O™ CROSS SECTION AVERAGE €79.4 BUNDLE RVERRGE ©79.7

- L
. i 2 1 4 s & 669.4
663 661 677
. - - E
7 -] 9 8. ] 3 | | €81.8
R - - . - . . 4 i '] 3 & . : . .
&8 a4 679
T & .15 . D. . T T £69.6
. = . - &
G", (“,
. 2a . 21 22 D22 . 2a £75.8
- " - - 5
658 &79 &79 &7&
. - N -
25 % . 27 ) . 29 ) £66.3
R & - = = : a2 . - - »
sar &3 679
> . R . . . . . - . - - . . - = 5 »
T . .33 = - = %% esn. 4
- o » - - & a » b -
sas 663 e56
6712 §58.9 &62.9 660,27 &M1.8 &6.3

ALL TEMPERQTURES ARE IN DEGREES €

Fig. 20, Temperatures measured at 76-cm
elevation 0..' s before power—-off.

TEMPERATURE nar
MRBT BUNDLE 4
RECORD NUMBER 283 TIE FROM STRRT OF SCAN 98,3 SEC

ELEWATION 86 M CROSS SECTION AVERAGE 649 .8 BUNDLE RVERAGE &78.7

i 2 o o i s SN
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s . 2 = e 29 T

- a5 ol . o o gl = = e > B & o m

T SE L - S .3 . D3 . 652.1

6a9.2 §52.1 6482

ALL TEMPERATURES ARE IN DEGREES C
TEMPERATURES IN THIS CROSS SECTION NOT INCLUDED IN BUNDLE AVEPAGE TEMPERATURE

Fig. 21. Temperatures measured at 66-cm
(upper grid) elevation 0.2 s before power-off.



TENPERATURE nar
BT BUNDLE @
RECORD NUMBER 983 TIME FROM STARY OF SCAN 9.3 SEC
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« 3N AR o B8 -8 2 3N . s 3 - 662.7
651 [} 663
6.5 683.9 &rTa &71.98 £78.9 665.6

ALL TENPERATURES ARE IN DEGREES C
VRLUES IN PARENTRESES ARE MOT USED IN DETERMINING AVERACES (WIRIATION +/-2%5 ()

Fig. 22. Temperatures measured at 56-cm
elevation 0.2 s before power-off.
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TERMPERATURE mnar
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ALL TCMPERATURES ARE IN DEGREES C

Fig. 23. Temperatures measured at 47-cm
elevation 0.2 s before power-off.
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TEMPERATURE "map
"RBT BUNDLE 2
RECORD NUMBER 303 TIME FROM STRRY OF SCAN  98.3 SEC
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ALl TEMPERATURES APE IN DEGRFES C
VRALUES IN PARENTHESES ARE MOT USED IN DETERMINING AVERAGES (VARIATION +/-7% )

Fig. 24. Temperatures measured at 38-cm
elevation 0.2 s before power-off.

ELEVATION 29 CM

g

666.6

ALL TEMPERATURES ARE IN DEGREES C

Figs 25
elevation 0.2 s before power-off.

TEMPERATURE
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i
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Temperatures measured at 29-cm
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TEMPERATURE nAaP

MRET BUNILE 4
RECORD NUMBER 983 TI™E FROM START OF SCAN 98,3 SEC
ELEVATION 28 CM CROSS SECTION AVERAGE 678 . & BUNDLE AVERAGE 678.7
. - - v
I % . 3 a4 s 13 666.7
673 861 S
" -
t4 - 8 9 12 1 12 678.9
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ALL TEMPERATURES APE IN DEGRFES C
VRLUES [N PARENTHESES ARE NOT USED IN DETERMINING AVERAGES (VARIATION +--25 C)

Fig. 26. Temperatures measured at 20-cm
elevation 0.2 s before power-off.
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TERPLRATURE HmarP

BT BUNDLE 4
RECORD MPBER 903 TIME FROM STRRT OF SCAN 8.3 SEC
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T N i e L3S T
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ALl TEMPERATURES ARE IN DEGREES C
TEMPERATURES IN THIS CROSS SECTION NOT INCLUDED IN BUNDLE AVERAGE TEMPERATURE

Fig. 27. Temperatures measured at 10-cm
(lower grid) elevation 0.2 s before power-ofi.
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RECORD MUMBER 923
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ALL TEMPERATURES ARE IN DEGREES C

TEMPERATURE
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VALUES IN PARENMTHESES ARE NOT USED IN DETERMINING NVEPRGES (WARIATION +/-25 )

Fig. 28.

Temperatures measured at 5-cm
elevation 0.2 s before power-off.

Fig. 29.

AVERAGE

TEMPERATURE

MRET BUNILE 4

ALL TEMPERATURES ARE IN DEGREES C
VALUES IN PARENTHESES ARE NOT USED !N DETERMINING ROU & COLUMN AVERNGES
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Average simulator temperatures
measured 0.2 s before power-off.
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PRESSURE nmar
MRET SUNDLF 4
RECORD NUMBER 4719 TIME FROM START OF SCAN 471.9 SEC

AVERAGE PRESSURE G266 KPR (DIFFERENTIALY
STEAM PRESSURE 28 ¥PA (GAGE)

: 2 3 a s & a6z
" ases Cesis " asee " gser fett " gros’

’ 8 s @ 1" L2 a1as
T e " rres " re23 " azey " gior Ces13
gt ra 5 . 1% 1 18 onaa
" 3zs " 7168 " amia ¢ aem " pamz " Bs1s
T 28 2 . 22 L2 24 a1
" g3ey " rras " rasy " rere e " es3

25 L% . 2 L28 . 29 £ 8053
" ases’ " " .. " rea2 7963 " %2

31 > 12 1 _ 3% 8645
" @e2y " @S " papa " nare pE3a " gser

8s28 7311 7391 A239 nwe a6s1

ALL STMULATOR PRESSURES ARE DIFFERENTIAL AND ARE In kPR
VALUES M PANENTHESES ARE NOT USED IN DETERMINING AVERAGES

Fig. 31. Simelator pressures measured
0.7 s before depressurization.

TEMPERATURE hnar
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ALL TEMPERATURES ARE IN DEGREES C

Fig. 32. Temperatures measured at B4-cm
elevation 0.7 s before depressurization.
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TEMPERATURY
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before depressurization.




TEMPERATURE HAP
MRET BUNDLE 4
RECORD NUMBER 4718

ELEWRTION 38 CH CROSS SECTION AVERAGE &!1.5
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ALL TEMPERATURES ARE IN DEGRE 'S C
VARLUES IN PARENTHESES ARE NOT USED IN DETERMINING AVERAGES (VARIATION +-25 ©)

7ig. 37. Temperatures measured at 38-cm
elevation 0.7 s before depressurization.
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Fig. 38. Temperatures measured at 29-cm
elevation 0.7 s before depressurization.
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Fig. 39. Temperatures measured at 20-cm
elevation 0.7 s before depressurization.
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Fig. 46, Heated lengith volume increase and equivalent average
strain.
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