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t#% iﬂzﬁ’?%"m wai performed on Per-

tihopenetrator (EP) init TAB-29 from
5 rough-Mayv. 18,1981, The EP-is
)mmaih 6107 inches in diameter by 64 inches.Jong....
and inpackaged ingide an aluminum canister.

L{3

unit. Thermal test conditions were based on the Per-
shing '11- W86 Stockpile-to-Target Sequence (STS) .
~thermal enyironments.'
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Test Objectives

T'he purpose of the thermal test was twofold, One
ohjective was to obtain daticto help provide an under-
standing of the steady-state heat transfer and the
transient response of the EP to varying thermal envi-
ronments, The other objective was to provide tem-
peratures for specific internal components during spe-
cific worst-case environments as defined in the STS
therma! environments. The environments for the sec-
ond ohjective are also the desired environments for
the tirst objective. Seme specific subobjectives of the
first objective were to look for anomalies and upex-
pected results, to check the validity of some specific
assumptions used in numerical thermal modeling.”
and to provide a data base to compare numerical
thermal model results to experimental data.




Hardware and Test
Configuration Descriptions

General Description

The T'A6-29 test unit was built to duplicate -as
nearly as possible -a War Reserve (WR) unit using
hardware which was available for-assemblv at the time
of :the test. The test ‘unit configuration is shown in
Figure 1. Moving from the outside:inward, the various
pieces were the aluminum canister. the nominally 0.5
inch of 15 1b/ft” rigid foam, and then the steel EP.case.
Inside the-EP case were the kennertium ballast for-
ward. the:component support structure (CSS) center,
and ‘the nuclear section mockup aft. The-maragin;

steel CS supports the various: internal components .

¢, . included.in theunit

Thermal Test of Pershmg Il W86
- Earth Penetrator

An interface unit was included as part of The

ﬁswmhlv The assemblv is shown in Figures 2, 3,
and 4.

Internal Components

The internal components used in test unit TA6-29

were as close to WR .component configi'ration.as.were. ...

_available at that time for-use in‘the-tes! . ait.

. difference across the rigid foam.

= place was between the front end of the nuclearseetion
4 and the back of the last component on'the CSS, 'T'he
. other place was hetween the EP case and the alumi-
- num canister {radially out from the nuclear seciion)
where flexible foam was substituted for an air gap and
~desiccant ring. In both instances, a low conductivity

Interface Unit

The interface unit was. a -nonfunctional mass
mackup designed to have the same thermal properties
us a- WR unit, The effect of the presence of the
interface unit on the local temperatures on the canis-
ter was as |mportnnt as internal temperatures in the
interface unit itself.

Deviations from War Reserve
Configuration

There were some-differences between the T'A6-29
test unit and.a WRunit. A major differenceis that the
EP case on"T'A6:29 was of mild steel rather than ot the
9:4.20 steel used for-a WR unit. The mild steel has a
higher conductivity, and. therefore temperatures
would be lowered slightly near heat-producing compo-
nents and raised slightly elsewhere. These perturha-
tions should he small compared to the temperature

In two places. flexible foam was substituted where
desiccant would have been used in o AWR unit. One




~.,
[

\
3

R

i
i

S P N




) f____.w--—&..;.”.;,..i.;;..-,‘._..__..._;‘.,,\N,x

|

1192




Figure 2. Front Left tSouthy Side View of TAG-29 Test Unit in Fovironmental Chamber 117
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To-attnin the thermal shock conditions on the
unit; the anit was moved from the chamber to the
laboratory (which was at a different temperature), or
vice versn, For the moderate to cold thermal shock, the
unit was first moved from the chamber (which was
essentially at {ab temperature} into the laboratory.
The chamber was cooled to the desired temperature.
The thermal shock occurred when the unit was moved
from the moderate temperature lab into the cold
chamber. Similarly, for the cold to moderate thermal
shock, the thermal shock occured when the unit was
moved from the cold chamber into the moderate
temperature laboratory. The chamber was ther
brought to the moderate (controlled) temperature
and the unit was placed in the chamber, The moder.
ate-to-hot and hot-to-moderate thermal shaocks were
done in a similar manner. Figure 6 shows the unit
outside the chamber while waiting for the chamber to
establish a new temperature condition.

Test Restiits

Test Chamber Environments

As previously mentioned. the actual test chamber
temperature history for the entire 28-day test is shown
in Figure 5. More detailed plots of the daily cvele
temperature histories are given in Figures 7. 8, and 9.
for cold, moderate, and hot cyvcles, respectively. All
cvcles were begun hetween 0900 and 1000 hours.
Shown in Figures 7, 8, and 9 are the temperature
histories heginning at 0900 hours of the second day
and also the desired (specified) temperature profiles.
Table 3 tabulates the data shown in Figures 7, 8, and
9. The actual and desired (specified) temperatures for
the thermal shock and transient portions of the test
are given in Table 4. '

The mechanical cam adjustment to control tem-
perature in EC-17 did not provide accurate control of
the temperature, but it was close enough to provide a
good test. The one obviously missed setting was after
the moderate daily eveles (Figure 5). An “after the
Inet™ improved procedure to eliminate such discontin.
uities would be 1o set the constant chamber tempera.
ture by using the evele cam positioned at the start/
stop time of the cyele (and therefore at that tempera-
ture) but with the cam not rotating. Then eveles could
be initinted by eneaging the cam toturn at the proper
time and similarly disengaging the cam to discontinue
eveling, Vhe enms were ont by hand and the sensitivity
of the cams is approximately 0.017-in./°C, which
makes accurate control very difficult,
T A OO

Component Temperature
Extremes

The components within a War Reserve (WR) unit
must be designed to function under a range of tem-
peratures. In this subsection, the extreme values of
temperature of each component are presented. Table
5 gives the temperature extremes for the canister,
foam, and the Earth-Penetrator case. The tempera-

ture values for the foam are inferred from thermocou-—

ples located adiacent to the foam./

attached to them, but thermocouples are located on a
surface adjacent to the component. Table 7 gives the
temperature extremes ia the nuclear assembly. Within
the Interface Unit, the minimum temperature is
essentially the same for all components, and the range
in values for the minimum temperature is —-33.566°C
to —32.707°C, at a time of 210.3611 hours after the
start of the test. Likewise, the maximum temperature
in the Interface Unit was 63.864°C to 64.657°C, at a
time of 509.3611 hours after the start of the test. Since
there were no heat producing components in the unit,
there is no reason to expect temperature differences
within the unit in a slowlv varving environment.

Spatial Temperature Distributions
in Tes! Unit

Spatial temperature distributions are given for
both steadyv-state environments and the diurnal
cveles, The steadv-state results are given in Figures
10, 11, and 12 for the moderate, cold, and hot environ-
ments, respectively. The temperatures are plotted
versus axial position, and the difference in tempera-
ture hetween inside and outside locations allows the
temperatures for all thermaocouples to be displaved on
one plot texcept for the thermocouples in the interface
unit). In Figure 10, the thermocouple identification
for ench temnerature-position point is labeled. (Figure
10 should be used as s guide to correlate thermoeouple
identificntion nnd temperature-position points for
subsequent plots since the shapes of the curves for
other conditions are similar.) The particular times for
the steady state plots in Fipares 10,11, and 12 are four
dnvs after a thermal shock and immediately before a
daily evcle.

The daily cvele temperature results are given in
Figrures 13, 14, and 15 for cold, moderate. and hot
cvcles, respectively. Temperature values are shown




Figure 6. TA6-29 Test Unit Outside of Chamber Nuring Thermal Shock
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every three hours during the cvcle, beginning at 0900
hr on the second day of the cvcle. The chamber
temperatures during the cveles are plotted in Figures
7. 8. and 9 for the cold, moderate, and hot cvcles,

respectivelv. Maximum internal temperatures occur

during the hot ceyele.

“mum temperature-was 0800 to 0900 hr. which lags the

minimum of the surrounding air temperature ( —34°C
at 0400 hr) by 4 to 5 hours. An additional form of the
data, temperature versus time, for all components
during the diurnal cycles is given in Appendix B.

Thermal Shock Transients for
Selected Components

Temperature histories for the thermal shock con-
ditions for selected thermocouples are given in Figures
16, 17. 18, and 19 for maderate-to-cold, cold-to-mod-

erate, moderate-to-hot, and_hot-to.moderate lhe a)
._shocks, respeetively. !

The plots for each thermal shock

condmion are plotted on two time scales, 0 to 100 hr.,
which shows the relative response of the inner compo-
nents, and 0 to 4 hr, which shows the response of the
outer components. Because of the insulating affect of
the foam and the large thermal mass (mass x specific

heat) of the EP case, the internal components respond

very slowly,

Time history plots for every
thermocoupie nre iven in Appendix B, Alwo given in
Appendix Bare tempernture v axinl position plots for
various times during the thermal shock transients.
Time history plots of temperntures in the interface
unit are given in Appendix B. The locatians of the
thesmocouples in the interface unit are given in
Appendix A.
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Discussion of Test Data

Generally, the thermal test went well and most of
the data appear to be good. This section, will discuss
some of the anomalies and reasons for suspecting that
thermocouples TC28 and TC30 gave erroneous read-
ings. These thermocouples are located on the EI’ case.

First, consider the expected temperatures on the
penetrator case as recorded by thermaocouples TCH,
TC10. TC21, TC28, TC30, and TC32. It would be
expected that the ‘emperature would rise near axial
stations 20 in. and 50 to 60 in. due to internal heat-
producing components. Considering that thermocou-
ple TC32 was located on the inside of the aft case. and
that the foam is thicker on the aft end. it seemed
reasonable to expect TC32 to read higher: in fact
TC 32 more closely matched TC25 (which was on the
otner side of the nuclear section and mounted simi-
iarly with respect to the nuclear section) than other
thermocouples on the penetrator case. The tempera-
ture of TC28 seemed to be depressed from what would
he expected, especially for the cold steady-state (Fig-
ure 11) and the cold cvele (Figure 13). The tempera-
ture for TC30 seemed to he depressed from what
would be expected, especially during moderate and
hot steady-state (Figures 10 and 12) and moderate
cvele (Figure 14). During the hot cyele (Figure 15),
TC30 followed the aluminum canister temperature
more closelv than the other EP case thermocouples.
TC30 was suspect during the test, and upon disassem-
blv, it was discovered that a small amount of green
flexible foam was hetween TC30 and the w1 case.
Time his-
tory plots in Appendix B show that TC28 arn.t TC30°
have different characteristics than the other thermo-
couples on the EI’ case.

The thermal shock testing involved moving the
unit into or out of the environmental chamher, from or
to the laboratory. In those cases where the thermal
shock oceurred by going out of the chamber into the
laboratory, a definite change in the aluminum canister
temperature was noted when the unit was placed hack
in the “room temperature™ chamber, This is explained
by the difference between natural convection from the
canister while in the lnboratory and forced convection
when in the chamber, (Chamber temperature is con.
trolled by circulating either hented or cooled air.)

Another anomaly is that in the high temperature
environment, TC7, located in the nuclear section and
radially outward from TC2 and TC2DP. increased in
temperature above the temrerature of TC2 and

TC2P.
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 APPENDIX B

Temperature Plots
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