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GPHS TASK GROUP FINAL REPORT

INTRODUCTION

On July 10 and 11, 1979, the Low Mass, Revision B (LMRB) design of the General Purpose
Heat Source (GPHS) was presented at DOE, The reentry thermal analysis of this design
indicated temperatures during normal operatioun, reentry and impact that were unacceptable.
DOE, therefore, appointed a Task Group to determine the viability and safety of the GPHS
and to make recomnendations regarding design modifications that would provide a viable
heat source for the International Solar Polar Mission (ISPM). The following organizations
were directed by DOE to appoint representatives to the Task Group:

Geneval Electric - Chairman (R. Hemler)
Applied Physics Lab - (J. Hagan)

Battelle Columbus Lab - (I. Grinberg)
Fairchild Indastries - (M. Eck)

Los Alamos Scientific Lab - (S. Brounisz)
Mound Facility - (D. Galvin)

Oak Ridge National Lab - (A. Schaffhauser)
Savannah River Lab - (D. T. Rankin)
Savannah River Plant - (R. Brownback)
Department of Energy, HQ - (R. Morrow)

TASK GROUP SUMMARY OF KEY EVENTS

On July 30, 1979, at DOE, a task group meeting was held and an interim report was made

to DOE.

D

2)

3)

4)

5)

The following are highlights of that meeting:

There was preliminary confirmation of the BCL thermal/reentry analysis
although the procedure for handling hypersonic tumbling heat transfer
was questiouable.

It was confirmed that the LMRB design would not meet the temperature
requirements.

It appeared that modifications could be made to the LMRB design which
yield a viable heat source if side-on stable reentry could be avoided
by slightly altering the asroshell confliguration.

Preliminary analytical results for a cube configuration were
encouraging espacially from peak and impact temperature viewpoints.
However, impact tests were required to determine survivability at a
higher impact velocity.

Impact tests at 800°C for fine and intermediate grain iridium were
successful.
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A meeting was held at Battelle on August 7, 1979, to obtain agreemzut among the task
group on the following:

1) Boundary conditions to be used by BCL in their reentry analysis.
2) Refinements/modifications required in the BCL analytical approach.

3) Materials properties, especially emissivity and counductivity, to be
used for pyrolytic graphite in future analyses pending confirmation
by property measurements.

Ou August 21, 1979, the Task Group met at DOE to review the results of design studies,
analyses and tests performed by the participating organizations. The results and
conclusions from this meeting are as follows:

e Impact test representative of the terminal velocity and impact
temperature for the cube resulted in a breached capsule,

o The peak reentry temperature could be lowered significantly by
relocating the pyrolytic graphite from inside the GIS to outside the
GIS.

o The impact temperature would be raised to an acceptable value by
increasing the size of the gaps in the heat source from a nominal
.005 inch to approximately 0.010 inch.

e Side-on stable reentry still results in higher than desired peak
temperatures during reentry.

e Based on analyses by APL, it appears that the BCL analysis for tumbling
reentry yields conservatively high peak reentry temperatures.

Based on the results of the above meeting, a recommnsnded GPHS design was presented to DOE
on August 22, 1979, which was projected to meet all temperature and safety requirements.
This design which shall be called Low Mass Revision C (IMRC) has the following
characteristics which are different from the LMRB version:

1) Corner modifications to preclude side-on stable reentry,

2) Relocation of the Pyrolytic Graphite insulator shells (2) from inside
the Graphite Impact Shell (GIS) to outside the GIS,

3) TIncorporation of larger (from-,005 to—~.010 inch) gaps between
adjacent components to raise the impact temperature.
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In addition, it was recommended that CBCF-3 graphite insulation be characterized and
pursued as an alternate to the pyrolytic graphite since it offers the potential of a
lighter heat source with reduced complexity and additional temperature margin., Further,
it was recommended that test programs be performed to:

1) Verify side-on reentry destabilization in wind tunnel tests.

2) Verify the heating rates for the rectangular parallelepiped heat
source module shapz in wind tunnel tests.

3) Verify the capsule impact capability with the insulator located
outside the GIS with impact testing.

4) Verify drag coefficient and terminal velocity for the GPHS module
with drop tests.

5) Verify physical properties (especially emissivity and thermal
conductivity) of the Fine Weave Pierced Fabric (FWPF) aeroshell,
the pyrolytic graphite, CBCF-3 and iridium via properties measurements,

It was also recommended that the ISPM converter should be sized to accept a heat source
with a 5.5 inch diagonal maximum dimension. The length to be used shall be defined by
LASL based on detailing of the recommended design.

These recommendations were accepted by DOE. Direction was given by DOE to maintain the
Task Group intact until the viability of the recommended design was verified. DOE also
directed that emphasis be placed on the measurement of physical properties of CBCF-3
and that CB8CF-3 continued as a desirable substitute for pyrolytic graphite, The Task
Group was requested to prepare a plan for: 1) the resolution of the final GPHS design,
including the CBUF-3 option; 2) GPHS testing; and 3) final design freeze for module
production,.

This plan should be reviewed with DOE on September 5 or 5, 1979. Also, the Task Group
was asked to present a status review of the GPHS design on September 18 or 19, 1979.

Included as attachments to this report are copies of the handouts from the presentation
given to DOE at the August 22nd meeting.



GENERAL PURPOSE HEAT SOURCE
TASK GROUP
FINAL REPORT
22 AUGUST 1979




IT,
I,
IV,

VI,
VII,
VIII,
IX.

AGENDA

INTRODUCTION

DESIGNS CONSIDERED

REENTRY ANALYSIS RESULTS SUMMARY
ASSESSMENT OF VALIDITY OF BCL ANALYSIS
RESULTS OF 1D ANALYSES AND TRADEOFFS
IMPACT TEST RESULTS SUMMARY .
RECOMMENDED IRIDIUM TEMPERATURE LIMITS
COMCLUSIONS/RECOMMENDATIONS

GE PROJECT STATEMENT

LUNCH

GOVERNMENT CAUCUS

GE
LASL
BCL
APL
FI
LASL
ORNL
GE

0900 - 29,0

0916 — 0925
0925~ |oo00O
je00 ~ [ORO
oo — [03s”
10_35“—- loss
jossS - 1115

111 - 1176

livo — 1206
12006 - 1 300
| 200 —>



GPHS REVIEY
AUGUST 21 & 22, 1979

DOE/GERMAHTOMN

MODULE DESIGH

R. ZOCHER

]
i
. )
v ool bl
03 ALAISOS SCIEMTIFIC 1 LABOAATORY
Por 0o Bos 1043 Lon Alamesn New Mo mes § 1500

B 2P gty e s 3 B ey s teres



1EW

GPHS FDREY

ARRTSHALL 800V

% L
U6 wor saty ot ( psboarrg
LOS ALAMOS SCHENTFIC LABOARAIONY

-COMPONENT
ASSEMBLY-

SOOANSNIINNSIYN A.IWﬂ

LLLLLLLL LT L




+

1+

I+

GPYS DESIGHS

PG PLACEMENT MERITS

POSITION IMSIDE
PUHCH THROUGH PROTECTINY (VELOCITY DEPENDENT)

MASS CONCENTRATED AT MITTMUM DIMENSTOMN

ASSEMBLY M8Y BE MORE DIFFICULT REMNTE

]

TEMPERAT!RE RESPONSE MNT AS ANCD

POSITION OUTSIDE .
PG HINT CONTOTNED AS MELL If [MPACT EVENT

MANUEACTURE AT HIGHER (NIT €NST BUT FEMER PARTS
EASIER ASSEMBLY

BEST TEMPERAT!RE RESPONSE

Usise-uty of Cor-tarmia
LOS ALAMUS SCIENTIFIC LABORATORY
Pon Ofee Bas 1863 Low diomes Nowe Mesmon 87343

A Srempties 210 Sumil 0Omat Hemoty sermpiey oe




GPHS LMRB
PS5 PLACEMENT
MASS COMPARISON OF DESIGN UNITS

COMPONENT INSIDE RIS QUTSIRE &IS
Pu02 608.95 613,96
CLAD 233,32 233,32
COMPLIANCE 1.69 1.60
GIS 205,22 | 183.L6
AERCSHELL 410,94 439,61
*PG SETS 54,83 95.15
1514,92 1567.,10
(3,340 #) (3.1155 1)
2 250 W 74.85 Y/# 72,36 W/#
#/FT2 FACE ON 34,86 35.44
*WALL OF P53 1,0305 0,0350
waLLs oF (IS 0,152 x ,239 0,157 x 1,255
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AND
MATERIAL PROPERTY ANALYSES
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COMPARATE  DESIGNS THERMAL o€ SPoNSE
 ORBIT DECAY  FACE-0N STABLE[FUT SPIN  RAISED PG PPTYS,

TeEMPeR AuRE, C
DESIGN OFERATNG  PeAK  IMPACT
LMKB 1343 IS4 ~ 880
LMEB - IDMIL GAPS (343 IS34- (DSO
LMRB- 2 PG SHIPT 132\ 1478 88s
2P6 SH(FT- IOMILGAPS 132 { (478 l1OSS
TD 4. ( I30S (4713 90S

CoBe -Plus PRWAR) 1341 kSl M3




3-D RESULTS - REVISED PYROLYTIC €- PFIZER FLAT K

HYPERSONIC . RELEASE CLAD TEMPERATURE RECESSION
REENTRY ALTITUDE IN,
DESIGN _CONFIGURATION_ _TRAJECIORY KFT QPERATING EEAK IMPACT _ STAG, PT. CORNER
LMRB FACE ON ORBIT 270 1343 1534 832 .,050 ,058
STABLE DECAY :
LMRB  TUMBLING MIN, 330 1343 1967 940 ,056 051
GAMMA
LMRB SIDE ON MIN, 330 1343 2222 924,145 198
STABLE //,,,\ GAMMA
/41/1 ’
PYRO FACE ON ORBlf 270 ] 1321 1478 838 ,048 057
SHIFTED STABLE DECAY

PYRO TUMBLING MIN, 330 1321 1864 967 .054 . ,050
SHIFTED GAMMA |




3-D RESULTS - REVISED PYROLYTIC € - PFIZER FLAT K

HYPERSONIC RELEASE CLAD TEMPERATURE RECESSION
REENTRY ALT ITUDE C IN,

DESIGN _CONFIGURATION TRAJECTORY KFT QPERATING __PEAK IMPACT _STAG, PT. CORNER
TD 4,1 FACE oN ORBIT 270 1305 1473 857 .053 ,060

STABLE DECAY
T 4,1 TUMBLING MIN. 330 1305 1862 1008 .059 .053

GAMMA

LASL FACE ON ORBIT 270 1347 1651 1065 .072 071
CUBE STABLE DECAY

PLUG

FORWARD
LASL FACE ON MIN, 330 1347 1978 1131 .111 128
CUBE STABLE GAMMA

PLUG

FORWARD




SENSITIVITY RUNS - LMRB - REVISED PYROLYTIC €
PFIZER FLAT PYROLYTIC K

ORBIT DECAY - HYPERSONIC FACE ON STABLE - 270 KFT RELEASE -

130 KFT CONTINUUM ALTITUDE - 1343 C OPERATING TEMP,
SUBSONIC SUBSONIC  CLAD TEMPERATURE RECESSION
REENTRY ~ _ COOLING C IN
CONFIGURATION ~_CORRELATION PEAK IMPACT  STAG, PT, CORNER _ SPECIAL_CONDJITIONS
TUMBLING AUGMENTED 1534 832 050 .058
BY VPI
DATA
FLAT SPIN AUGMENTED 1534 848 ,051 .058
BY VPI
DATA
TUMBLING ORIGINAL 1534 864 ,050 ,058
BCL
TUMBLING ORIGINAL 1534 1033 ,049 .058  ALL_GAPS INCREASED

BCL To 10 MILS




SENSITIVITY RUNS - LMRB - ORIGINAL PYROLYTIC €
PFIZER PYROLYTIC K

ORBIT DECAY - HYPERSONIC FACE ON STABLE ~ 270 KFT RELEASE 1375 C OPERATING TEMP,

SUBSONIC CONTINUUM  CLAD TEMPERATURE RECESSION

REENTRY ALTITUDE C IN
CONFIGURATION KET PEAK IMPACT _ STAG, PT, CORNER SPECIAL CONDITIONS
TUMBL ING 130 1545 835 ,050 .058
TUMBLING 115 1546 838 .050 .058
TUMBLING 100 1546 843 .050 058
TUMBLING 0 1546 1329 ,048 057

81 IS46 g50 090 . O5¢

FLAT SPIN 130 1545 852 051 .058
TUMBLING 130 1545 834 ,050 , 058 G.E. TRANSONIC

DRAG
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GPHS ALTERNATIVE DESIGN STUDY

A. Schock
Fairchild Industries

Presented at DOE Meeting
Germantown, Maryland

August 21-22, 1979
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GRITICAL TEMPERATURES (°C)*
BEFORE NORMALIZATION

CLAD TEMPERATURE —[NORMAL] PEAK
TENTATIVE GOALS ———| <1330 | <1800
FUEL AEROSHELL

DESIGN “IMPACT SHELL | 0 | om0
REF %;m. goo LJ 1318 2008
1 BN IEADES 1307 | 1954
2 BT NN E 1294 | 1903
3 BEF N E A 0ESR 1258 | 1945
A BN 10 1296 | 1811
4 B B 1283 | 1942
an B LT 1302 | 1881
5 BESL 0] 1320 | 1837

6 EEERL =2 L] 1271
T BB U8 1201 | 1969
8 EEIBEC OB 1205 | 1894
9 BT EAICTIBI 1209 1841
oA BB I 32 B L] 1201 | 1736
10 EE3CHHITTE K22 1249 | 1660
11 I 0B 53 1253 | 1620
12 BB | 154 | 1604
13 %3. AT B EET 1238 | 1649
14 A 0] 1275 | 1944
15 @al@r‘mm 1273 | 1908
16 BEEROEE 0 1245 | 1879
17 DESB 1271 | 1883

*MIN-GAMMA, TUMBLING

< QLD €,k
NEW ¢, k

“L He

B 1r(. 020"
M PGt 030"

CBCF{, 040")
Pt 30081, 020'

Mu ltifoil
(o801

g
A
~B
pt-3008

SMOOTH ROUGH



CRITICAL TEMPERATURES

(°c)’

NORMALIZED TO MATCH BCL’S 3D RESULTS FOR NEW REF CASE

CLAD TEMPERATURE ——| NORMAL!| PEAK
TENTATIVE GOALS ———| <1330 | <1800
FUEL AEROSHELL
DESIGN | IMPACT SHELL |
’F EEES00A0T | oo | e
1 ER D OLI0E] 1332 | 1913
2 BEFEmuUCAnor, 1319 | 1862
3 B ECIES 1288 | 1904
A BRI 0IESY | 1323 | 1770
4 BERUIABIE 1308 | 1901
an B 0] 1329 | 1840
S 2 T 1341 | 1796
EEEa L T2 D) 1296
7 E%g};fs RERINREE SO 1231 | 1928
8 ERIDOI T 1235 | 1853
9 E”’” BRI 1239 | 1800
on B0 1234 | 1695
10 B3 M e 1274 | 1619
1 B RO 30T | 1218 | 1579
12 BEEg M dRsER] | 1219 | 1563
13 BE Ui 1262 | 1608
4 EBUOBEEI 0] 1300 | 1903
15 BBBOEE 3003 1298 | 1867
16 BE3CE0 0] 1270 | 1838
7 BEBUEJEE S 1296 | 1842

*MIN-GAMMA, TUMBLING

<+— QLD &,k
NEW ¢, k

KEY:
B2 FUEL
HE He

[ 1r(. 0207
[} PGL030")

LA
Oy

1 FWPF

[ CBCF(, 040")
Pt 30081, 020")

Multifoil
11, 080y

I{
P 2N
\g/ROUGH
pt-5008

SMOOTH
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CRITICAL TEMPERATURE MARGINS™

AFTER NORMALIZATION

CLAD TEMPERATURE —— | NORMAL| PEAK
MARGIN IN°C ———! 1330-T | 1800-T
FUEL AEROSHELL
—E—Sr'—ﬂwr WTPACT SHETLI -5 | -189
reF EEZ GO -13 -167
1 B UL JOET -2 | -113
2 E?ﬁ” [ EST] +11 | - 62
3 BEES LTI T +2 | -104
3A EEE L:Z]f't[lj}u +7 | +30
4 B AR R +22 | -101
LN o % T R +1 | - 40
5 Emm L] S I
6 BRI ZIE IR +34
TR ORI +99 | -128
8 BT e 0] +95 | - 53
R ST RN U R A B 51 91 0
%A F'«ﬁh{: Lot ] +96 | +105
10 EE SR ] 56 | +181
N ES MM R ET 52 | +22
12 9} it . B}} E;I] 51 | +237
13 E—i’-{fﬂi.h i{{ DS R A +68 | +192
4 EFO0E00] D - +30 | -103
15 BEBEROEET 32 | - 67
16 %E@'UUSL_JL;J +60 | - 38
7 BEBiCOBEIE] ¥34 | - 42

*MIN-GAMMA, TUMBLING

<—QOLD &,k
NEW €, k

KEY:

EEES FUEL

# He

[ 1rt. 020"
PG(, 030")

77 FWPT

CBCF{(. 040")
[9 Pt 3008(, 020"

Multifoil
I os0m)

Ir

{
A

~Br

t
Pt-3008

SMOQTH ROUGH



DESIGN CCMPARISON
OPERATING AND PEAK TEMPERATURES FOR
TUMBLING REENTRY

000 ,
; REFl. . = = | REF
~\7 ul‘f’_ JOLD ¢, k
& i i
| 3 AN 4 . o'l
1900 SRR DY - JOE S0)  Iu D 6 S
é)“ \ 8 \h\\'.é’ ‘
S R MRS G U
= 9 | \
& 1800 [~ 4,
o 4 | | 5
= f¥ i i 3Ae :\
= ! g l i
ﬁ ‘ > { : f
o 17001 - & 9A° R Fe
: j
SR
L %12 f
1500 :
1220 1260 1300 1340 1380

OPERATING TEMPERATURE, °C
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® \MDACT SHELL AEROSHELL
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EFFECT OF GAP WIDTHS ON IRIDIUM
IMPACT TEMPERATURE

AFTER MIN-GAMMA REENTRY
AIR INTRODUCED AT 290 SEC,

GAP Ir - IMPACT TEMP
5 981.0 °C

10 1102. 0°C

15 1163, 0°C

20 1198, 0°C
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EFFECT OF AIR INTRODUCTION ON IRIDIUM
IMPACT TEMPERATURE

AFTER ORBITAL DECAY AIR GAP 10 MIL REENTRY

AIR ON AT IMPACT-TEMPERATURE
240 SEC 11000
300 SEC 1103, 0°C
360 SEC 1119, 0°C

420 SEC 1144, 0°C




i
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e -y

O ey

: - RN I e
R ERE TN P VIR
CLAD TEMPERATURE ——=y NORMAL PEAK IMPACT
TENTATIVE GCALS ——f T<1330 | T<18C0 Teg > 900, Ty> 980
REENTRY ——] | M- U ORBIT | MIN-GAMMA | ORBIT DECAY
CAMMA 1 DECAY | gos» 1,010"| 005" |[.010" |« GAPS

T T e agol s (s83) (832) - FACE-ON
R Ch | DZACSRIL (@] wen| 629 (897) < SIDE-ON
EOREF K. oo e 11343 (1343)]1967 (196711625 (16273] 950 (940) | 1095 | 921 (903) | 1061 <) TUMBLING
Pl SEE DT 0T (32 913 1588 970 1114 | 926 1066
b2 STIITTITITTT 139 (1320)1852(1864)1564 (14789 971 (967)| 1116 | 918(838%)| 1056 | *FACE-ON
b g e 1288 1904|1588 890 1020 | 852 976
% P LA S 1776 11535 1041 1169 | 981 1102
R |1308 1901 1574 1074 1155 [1004 1083
§ a4 L, ST 3 0 155 1165 1230 11076 1141
bos T T 1341 1736 1544 1234 1285 11132 1187
| oo DT I T |16C0 1589 1305 1377 | 841 936
boon T TS T 0T 1655 1575 1320 1365 | 835 930
% 2 B T T T pang 1553 1577 1185 1500 | 971 1018
| A P00t —— THESE COLUMNS WERE NORMALIZED TO MATCH
MU TH-01L — L— CBCF-40 BCL 30 RESULTS FOR REFERENCE CASE

BCL 3D RESULTS ARE IN PARENTHESES




D T :
IV - et — - e w B - W T A A ]
SO VAL S JACEIE
CLLD TEMPERATURE ——— NCRMAL | PIAK {MPACT
i
] ~ i -~ — - N -
MARSIN INCOC——-  1330-T 1800-T Teq =960 T, - 980
§
_ % ORBITAL DECAY
REENTRY PATH——+ - MIN-GAMMA ‘
:, 5 MIL 10 ML
5 C i JA S B 'F’ . 3 -
. N‘-L,!:L ‘\"ACTC": _'LQé_r'.._e_L (-70i (-68)
e e (-520) (-€0)
o fan e vy ey :ﬂ B et sﬂ.....\ -~ - . .
REF Tre™ Lo =130 (-13) |-167 (-187) | <59 {-TT) + 81
VoL L DT -2 | -113 -54 + 86
Iy - TS T w0 e, 1 - ¢ 4
A I c+il (#9) - 82 (-64); -62 (-62%) +76
30OEER TR T +42 -104 -128 -4

e,

~——GAPS

~&—— FACE-ON
<—— S| DE-ON

""—VUMBLING

*FACE-ON

A LT T R +30 + 1 122
|4 I T T T | +22 ~101 + 24 +103
b D LD T . - 40 + 96 +161
{ e O : -
R R R R -11 + 4 +152 +207
T S N N I 0 -139 -2
I S {95 +105 -145 -50
? e egm - X . - . o — E - -~ i
T VAR A ‘ 751 +237 =109 +38
g‘ e BT R i - “:Jmmi :

% )‘\ ;‘- J’\ LY - - laYe Q 3-

= P~ P-3038 0 T

: THESE , £ pE

AU 0 ] cicrgg | { [ THESE COLUMNS BASED ON TEMPERATURES

ECL MARGINS SHOWN IN PARENTHESES

iNCRMALIZED TO MATCH BCL 3D REF CASE




@® CRITICAL TEMPERATURES FOR TUMBLING REENTRY

NUMBERS IN PARENTHESES ARE IMPACT TEMPERATURES (°C)
AFTER ORBITAL DECAY, WITH 5 AND 10 MIL GAPS

2000 | | .
| | | | _ - OLD REF
L ; i - :f:-— e .
A | PREF (921 1061)

1950 f - b L, ]
: ; S
| | ;]

3 (852, 976 ‘ PO
% ){(1004, 10831 1¢') (996, 1066)

~

4
15501 - - 20918, 1058) |

O i O e gy e o DL eoma g st i st vt
1900{ <=~ AL —
~N 4 ;
NS 4 : ! ..
~ / H

Q/
}
i

4A (1076, 1141)

H
i
]

PEAK TEMPERATURE (°C) FOR MIN-GAMMA REENTRY

1800
| .5 (1132, 1187)
3A (98], 1102)L \ o
1750 S !', © CBCFT T
: PG S .
1700
1280 1300 1320 1340 1360 1380

NORMAL OPERATING TEMPERATURE (°C)




. JE‘F mEREY

RN T MOARE NP B I I AT S G

TTToesIon | DIMENSIONS WEIGHT | SPLCITIC POW( K |

R (1.B) (WAt TS/LB)
ORITTTA 3E5 5 376, 2.0 T00
RCE. DISICN | 3.7373.82x2.08 0.9 | 3.32 75.3
DESIGN 1 5.73%x3. 452,08 0,9 | 3.28 76.3
DISIGN 2 3.73%3.66%2.08 090 | 3.23 77.4
DESIGN 3 3.69%%.64x2.06 0.5 | 3.21 77.8
DESIGN 3A 3.97x3.78x2.20 3.05 | 3.53 70,9
DESIGN 4 3.61x3.60x2.02 -0.18 | 3,02 £2.8
DESIGN 4A 3.69%3.64x2.06 0.5 | 3.06 81,7
DESIGN 5 3.77%3.68x2.00 126 | 3.10 80.7
DESIGN 7 3.73x3.76x2.08 090 | 3.69 67.7
DESIGN 8§ 3.89x3.92x2.16 2.3 | 3.89 64.2
DESIGN 9 L.05x0.08x2.20  3.78 | 412 60.6
DESIGN 9A 2.05x3.82x2.24 3.78 | 3.83 65.2
DESIGN 10 3.89%x3.92%x2.16 2.3 | 3.97 63.0
DESIGN 11 0.05x4.00x2.24 3.8 | 3.8 64.6
DESIGN 12 LO9XA02x2.26 4.4 | 4.46 56,0
DESIGN 13 3.80x3.92%x2.16 230 | 4.10 61.0
DESIGN 14 3.85x3.86x2.14 198 | 3.76 66.5
DESIGN 15 A05x4.06x2.24 378 | 3.97 62.9
DESIGN 16 4.05x4.14x2.24 378 | 4.00 62.5
DESIGN 17 L05x414x2.20 378 | 400 62.5

————



PEAK TEMPERATURE (°C) FOR MIN-GAMMA REENTRY

@ CRITICAL TEMPERATURES FOR TUMBLING REENTRY

NUMBERS IN PARENTHESES ARE IMPACT TEMPERATURES (°C)
AFTER ORBITAL DECAY, WITH 10 MIL GAPS, AND SPECIFIC

POWER (IN WATTS/LB)
2000

1950 |

‘
§
H

1900 o

e —

3976, 77.8) 4 (1083 82, 8)

N 7 7/
S o
\/
\/

-

r
4

/
’ 1(10\,6 16, 3)

|

-

— -

y! REF (1061 5. 3)

it s et g

?
|

[P R——

3
i
H
i

_ .o OLD REF

[

G
. 211058, 77.4) o :
e 4A (1141, 81,7)
1800 -
e 5 (1187, 80.7)
3A (1102, 70,9)}* \ :
1750 ‘ l - CBCF"
. PG
1700
1280 1300 1320 1340 1360

1380

NORMAL OPERATING TEMPERATURE (°C)



=4y SCTURCE ST AHD WEICHT
SINGLE MODULE 18 MODULES

DESIGN DIAGONAL HEIGHT ~ WT | TOTALHT.  TOTALWT.
(iN.) (LB (IN.) (LB)
REF DESIGN 5, 208 3.32 37.4 59, 8
DESIGN 1 5, 208 3.28 37.4 59.0
DESION 2 5, 208 3.23 37.4 58, 1
DESIGN 3 5. 206 3.2 3.1 57.8
DESIGN 34 5,4 220 3.53 40,0 . 63.5
DESICN 4 5,1 202 3.0 36.4 54,4
DESIGN 4A 5, 2.06  3.06 37.1 55. 1
| DESIGN 5 5, 210 3.1C 38,0 55.8
| DESIEN 5, 2.2 412 40.3 74,2
{ DESICK 9A 2,24 3.8 | . 403 68.9
| DESIGN 12 226 4.6 40.7 80.3




PEAK TEMPERATURE (°C) FOR MIN-GAMMA REENTRY

NUKIBERS IN PARTNIHESES ARE THE DIAGONAL DIRINSION,
STACK HEIGHT, AND WEICHT OF AN 18-MODULE HEAY SOURCE
DOLY o o e s e
| _ .o OLD RIF
L S R
o . 59,7
] , / REF (530, 37.4, 70
1950 o s,
3008 45,10 / ,
3.1, 51.8) 36,4 s54.4) |o ,
. o Ty ATt b £ P G
1900] . o [ 100,28 3.4, 56,00
. \ , |
~e O\ /
\\cf\
L] 2623 3.4 58.1)% N -
Q A (5,18, 37.1, 55.1)
1800 =\ -
’ @5 (5,21, 31,8 55.8)
l
3A (5,48, 39,6, 63.5)
1750 l ~ CReE -
, PG ’ , | :
1700
1280 1300 1320 1340 1360 1380

NORMAL OPERATING TEMPERATURE (°C)



EFFECT OF IRIDIUM EMISSIVITY

. OPERATING TEMP. PEAK TEMP.
0.2 13419C 1773°C
0.28 13159¢C 1774°¢C
0.30 1310°C 1774°C
0.40 12940C 1774°C




EFFECT OF FWPF EMISSIVITY

EMISSIVITY TEMPERATURE
1200°C 18000C -+ OPERATING PEAK
0.82 0.92 1315°C 1774°¢C
0.70 0. 82 13200C 1819°C




EFFECT OF HIGHER HEAT INPUT (QNET)

RELATIVE HEAT INPUT PEAK CLAD TEMPERATURE
1,00 1824
1.20 1906
1.40 1981
1,60 2049




PRINCIPAL HEAT SOURCE (18-MODULE HEAT SOURCE)

IMPACT* DIAGONAL | STACK WEIGHT SPECIFIC
TEMPERATURE DIMENSION | HEIGHT POWER
MARGIN, °C
GAPS-»| 0.005" | 0,010" INCH INCH LB WILB
DESIGNFUEL PG (, 030) ARRDSHLLL
_EE—F——E—I%;‘? B [] 0 [:3 -140 + 5 5.34 3714, |- 59.8 75.3
1 BEEON IR - 170 + 74 5.28 31.4 59.0 76.3
? I 000 - 30 +108 5.23 37.4 58,1 7.4
3 g [T -110 +20 5.18 37.1 57.8 71.8
3A g8 7] + 3] +152 5,48 39.6 63.5 70.9
in BEER R L0 ] +121 +186 5.18 37.1 55. 1 81,7
5 B AR +162 +217 5.27 38.0 55. 8 80,7

4 .-
" __T L caer oo

IMPACT SHELL ¢ MINIMUM IMPACT TEMPERATURE MARGIN FOR TUMBLING REENTRY

(BASED ON SCHAFFHAUSER DATA FOR 20% LOCAL STRAIN)
THIS MARGIN SHOULD BE GREATER THAN +100 TO COVER THE LOWER

|
|
4 B0 + 64 +145 5.10 36,4 54,4 82.8
IMPACT TEMPERATURE OF FACE-ON CASE
|



IMPACT TEMPERATURE MARGINS

REENTRY — MIN-GAMMA ORBITAL DECAY A
CLAD TEMPERATURE —| NORMAL |  PEAK IMPACT PEAK IMPACT MARGIN, °C
MIN® | 0.005" | 0,010" MIN® | 0.005" | 0.010" |0.005" [ 0.010" |«—GAP
FUEL AEROSHELL
ESIGN—l— PGLO3 |
e ER EOD 0TI 1343 1967 1090 950 1095 1625 970 921 | 1061 -140 +5
] m 20D 1332 1913 1040 970 1114 1588 | 960 926 | 1066 - 10 + 174
: EEmeC00rs 1319 1862 1000 971 1116 1564 | 948 918 | 1056 - 30 +108
3 B3RS0 1288 1904 1000 890 1020 1588 920 852 976 -110 + 20
3A g OO0 | 13 1770 960 | 1041 1169 153 | 950 | 981 |moe2 | +31 | 4152
4 BEER 0 &0 1308 1901 1010 1074 1155 1574 940 1004 | 1083 +64 +145
w EEECIO0C] 1329 1840 990 | 1165 1230 1555 | 955 | 1076 | 1141 | +121 | +186
s EERRCI00] 1341 1796 980 | 1234 1288 1544 | 970 | 132 | 118 +162 217
it _T L | DESIGN 2, FACE-ON REENTRY 1478 | 948 838 - -110
IMPACT SHELL CBCF-{, 040)

*MINIMUM ALLOWABLE IMPACT TEMPERATURE FOR GIVEN OPERATING AND PEAK

TEMPERATURES

(SCHAFFHAUSER DATA FOR 20% LOCAL STRAIN)

* *MINIMUM IMPACT TEMPERATURE MARGIN FOR TUMBLING REENTRY THIS
SHOULD BE GREATER THAN +100 TO COVER LOWER IMPACT TEMPERATURE
e OF FACE-ON CASE




MINIMUM ALLOWABLE IMPACT TEMPERATURES

PEAK TEMPERATURE, °C

IMPACT TEMPERATURE LIMITS

2 000 —
1,080 —

[—
O
o
S

1, 800

1,700

b4

4

1,500

,000_ 3 |
__,‘_9‘:,

A,

o REF

\"

1, 600

3.

CBCF

1,400

1,

260

1,300
OPERATING TEMPERATURE, OC

1,340

1,380

p

}

1,420

MINIMUM
GAMMA

ORBITAL
DECAY



o GRAIN GROWTH AFTER SIX-MCMTH OPERATIONS
AND TWO-MINUTE RE-ENTRY PEAK

|
rGRAINS ACROSS CLAD THICKNESS

2,000 —6 6

1,900 |—9—2qad—
== MINIMUM

11—""‘\\\‘ 4A\  GAMVA
. NS

N
0.9}
o
(e

I

L

1,700 14—

PEAK TEMPERATURE, OC

1,600

\'3 L \ORBITAL
AN DECAY

=7

16 15 141

1,260 1,300 1,340  1,3%0 1,420
o OPERATING TEMPERATURE, °C



GARAIN GROWTH AFTER SIX-MONTH OPERATIONS
AND TWO-MINUTE RE-ENTRY PEAK

{—GRAENS ACROSS CLAD THICKNESS
2,000 {6 6
7 RE 3
8 ~,f \7
1,900 (—9—2ead—r),
10 N\Z{\TLIA MINIMUM
Il ——_\\\\L\ ) GAMMA
1,800 —17"-——-\\‘ 5 \
L&J‘ 3A‘\ \_\ X
> B——~ )\ | [cacr
= PG J
& 1,700 14—
=
b 15 \ 3
N e
. 1,600 .3 .Il
VP Ll \ORBITAL
4128 e DECAY
e
1, 500 =L )
16 15 141312 [11 10 9| 8
1,400
1,20 1,300 1,30 1,380 1,42

OPERATING TEMPERATURE, °C




MINIMUM ALLOWABLE IMPACT TEMPERATURES

PEAK TEMPERATURE, °C

IMPACT TEMPERATURE LIMITS

2, 000— !
° 3
) 1"
1,000.3 N4 ¢
L,500[ I/
‘s.:l\
21\, 4A >
960 \
1,800 f— \ \,5
A \
l\ CBCF
1,700 > )
930
\ oREF N
1,600 1 of
1 3°
3A‘ \$\ }
L 500 ¥ CBCF
PG’ .
1,400
1,260 1,300 1,340 1,420

OPERATING TEMPERATURE, OC

MINIMUM
GAMMA

ORBITAL
DECAY



IMPACT TEMPERATURE MARGINS

-«+—GAP

REENTRY ——> MIN-GAMMA ORBITAL DECAY BV
CLAD TEMPERATURE ——>] NORMAL |  PEAK IMPACT PEAK IMPACT MARGIN, °C
MIN® | 0.006" | 0, 010" MIN® | 0.005" | 0.010" | 0.005" | 0.010"
FUEL AEROSHELL
DES'IGNT PG (.030)
REF EFROOCTICT 1343 1967 1090 950 1095 1625 970 921 | 1061 -140 + 5
I EEASDITID 1332 1913 1040 970 1114 158 | 960 926 | 1066 - 70 +14
? ERECTI00r] 1319 1862 1000 971 1116 1564 | 948 918 | 1056 - 30 +108
3 EAEEI0O03 1288 1904 1000 890 1020 1588 920 852 976 -110 +20
3A L OO | s 1770 90 | 1041 1169 153 | 950 981 | 1102 +3] +152
¢ EFRET300T 1308 1901 1010 1074 1155 1574 940 1004 | 1083 +64 +145
m EZR B0 1329 1840 990 | 1165 1230 155 | 95 | 1076 | 114l W21 | 186
R SN | N G 1341 1796 980 | 1234 1288 1544 | o970 | 132 | 18 +162 217
4 4t | DESIGN 2, FACE-ON REENTRY 1478 | 948 838 - -110
IMPACT SHELL L— CBCF-(, 40)

*MINIMUM ALLOWABLE IMPACT TEMPERATURE FOR GIVEN OPERATING AND PEAK

TEMPERATURES

(SCHAFFHAUSER DATA FOR 20% LOCAL STRAIN)

* *MINIMUM IMPACT TEMPERATURE MARGIN FOR TUMBLING REENTRY THIS
SHOULD BE GREATER THAN +100 TO COVER LOWER IMPACT TEMPERATURE
< OF FACE-ON CASE




PRINCIPAL HEAT SOURCE (18-MODULE HEAT SOURCE)

IMPACT* DIAGONAL | STACK WEIGHT SPECIFIC
TEMPERATURE DIMENSION | HEIGHT POWER
MARGIN, °C
GAPS-»| 0.005" | 0.010" INCH INCH LB WiLB
AEROSHELL
(, 030)
S ﬁﬁ ™ -140 + 5 5.34 374, 59, 8 75.3
I EREOCIOET - 70 + 74 5,28 37.4 59,0 76.3
) 30003 - 30 +108 5.23 31.4 58.1 17.4
3 B8 E 10 -110 + 20 5,18 37.1 57.8 71.8
3A 5518 [ 0 + 3] +152 5,48 39.6 63.5 70.9
SR B A0 + 64 +145 5.10 36,4 54,4 82.8
e B30 C] +121 +186 5.18 37.1 55. 1 8L.7
5 - H N +162 +217 5.27 38.0 55. 8 80,7
Ir L caer o

IMPACT SHELL * MINIMUM IMPACT TEMPERATURE MARGIN FOR TUMBLING REENTRY

(BASED ON SCHAFFHAUSER DATA FOR 20% LOCAL STRAIN)
THIS MARGIN SHOULD BE GREATER THAN +100 TO COVER THE LOWER
IMPACT TEMPERATURE OF FACE-ON CASE
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GPHS IMPACT TESTS

THE GPHS DESIGN IMPACT TESTS WERE CARRIED OUT
AT 58 M/s AND 9650C AND RESULTED IN THE FINAL MODULE
DESIGN,

THIS DESIGN WAS THEN TESTED AT 979°C anp 399°C.

A MORE SUBSTANTIAL GIS wAs TESTED AT 78M/s
AND 10759C (CUBE CONDITIONS).
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GPHS IMPACT RESULTS

AT 9659C anD 900°C (53M/S) THE IRIDIUM CAPSULE
WAS FINE-GRAINED AND DID NOT FAIL.

AT 800°C (58M/S) FINE-GRAINED IRIDIUM AND
MODERATE-GRAINED IRIDIUM DID NOT FAIL, BUT
COARSE-GRAINED IRIDIUM DID FAIL,

AT 1075°C (78M/s) MODERATE GRAINED IRIDIUM

FAILED AS A RESULT OF FUEL PUNCH-THROUGH (HIGH
LOCAL STRAINS),



—s] }— WELD BEAD (~2.5mm wide)

d ]
c |
E 60mm
E diam.
~—~~secondary
initial | b] fracture
fracture :§:]
; _, 0.66mm
thick

THE WELD DUCTILITY OF IRIDIUM (DOP-26)
IS BEING EVALUATED YITH THE LASL BIAXIAL CUP
TEST,
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GPHS BIAXIAL IMPACT TESTS

THE BIAXTAL CUP TEST RESULTS AND THE UNIAXIAL
TENSILE TEST RESULTS CAN BE COMBINED TO DETERMINE
THE LOCAL-STRAIN IMPACT CAPABILITY oF DCP-26
IRIDIUM AS A FUNCTION OF TEMPERATURE AND GRAIN
SIZE,

THE REQUIRED CAPABILITY DEPENDS ON THE
IMPACT VELOCITY AND THE DEGREE OF PROTECTION,
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PUNCH-THRU IMPACT EXPERIMENTS

o TO SIMULATE EFFECTS OF FUEL PUSH-THROUGH EVENTS
ON Ir-0.3% W CLADDING RESPONSE

1) LOCALIZED STRAINS FOR THE ORDER OF
10-15%

o IMPACTS AT 800° AND 61 m/s

® Ir-0.3% W HEAT TREATMENT: 19 hrs/15000
1) ~14 GRAINS/THICKNESS
2) SURVIVED PUNCH-THRU TEST WITHOUT FAILURE

e Ir-0.3% W HEAT TREATMENT: 1 hr/16500
1) ~10 GRAINS/THICKNESS
2) FRACTURE PRODUCED BY PUNCH-THRU TEST

W\

wos ~raersty of Cattorme
ALAMOS SCIENTIFIC LABORATORY *
Post Offuce Box 1663 Lav Alemes New Meacee 7545

» AR 2hermative sxtum) sumat appes tunity smpiover



PYROLYTIC GRAPHITE LOCATION

A PAIR oF 979°C PUNCH-THROUGH TESTS ON
FINE~GRAINED IRIDIUM(DOP-26) SHOWED THAT THERE
WAS CHANGE IN STRAIN WITH OR WITHOUT PG BETWEEN
THE IRIDIUM AND THE IMPACT GRAPHITE,

WITH P& 15.6%
wiTHout PG 15.77

HOWEVER, THE SAMPLE WITHOUT PG HAD SURFACE
CRACKS, WHILE THE ONE WITH PG DID NOT CRACK,



PYROLYTIC GRAPHITE PROPERTIES

THE INITIAL MEASUREMENTS MADE AT LASL ONM
THE ACTUAL GPHS PG CUPS SHON THAT THE MATERIAL
HAS A LOW THERMAL CONDUCTIVITY,



THERMAL CONDUCTIVITY, Wott em™ K™ o

em™ X

THERMAL CONDUCTIVITY, Wall

T

THERMAL CONDUCTIVITY OF

PYROLYTIC GRAPHITE _. [,

Continued on Figure ~2
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DESIGN COMPARISON

CUBE MODULE -590W.

ADVANTAGES:
~NO STRONG EFFECTS OF HYPERSONIC ORIENTATION
-LESS HEROIC EFFORTS NEEDED TO RAISE
IMPACT TEMPERATURE
~GREATER BASIC POWER DENSITY

DISADVANTAGE:
-HIGHER IMPACT VELOCITY - REQUIRES ADDITIONAL
DESIGN TESTS

HALF-CUBE MODULE -250.

ADVANTAGES :
~-LOWER AVERAGE PEAK REENTRY TEMPERATURE
~-LOWER IMPACT VELOCITY

DI1ISADVANTAGES:
~LOW IMPACT TEMPERATURE - REQUIRES DESIGN
MODIFICATIONS AND SOME TESTING
~SENSITIVE TO HYPERSONIC ORIENTATION
-REQUIRES SIDE-ON DESTABILIZATION
~REQUIRES WIND TUNNEL TESTS (EXTENSIVE)
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t rev._Lk c/ei /1 G
. At
‘ Prediction? of Minimum Impact Temperature Required to Survive

GPHS Capsule Impact
. STRAIN Minimum Impact Temperature (°C)
Operation tmeaet
Temperature? Yetomety Maximum Reentry Temperature (2 min)
(6 month) o)
CRITERIA 1500 1600 1700 1800 1900 2000
1275 AVe. 208 800 800 800 850 900 980
LockL 250 00 N5 940 975  Joas /100
1300 Ave 208 800 800 800 850 900 980
LockL 268 940 940 250 7785 j025 /09
1330 4V B8O 850 850 850 850 900 980
LocaL 850 - ¢85 978 975 9885 /050 /100
1375 Ave 280 900 900 900 900 900 980
2 LocAaL 290 /038 /098 /038 Jo2s5 /665 //0©
1400 Ave 200 900 900 900 900 900 980
Lock L350 /oso /oS0 /a0 /05D /4S80 //60

Zprediction is based on:

2. Criteria of successful capsule impact
: ?% minimum uniform elongation

L
’ 1 X0 % AVrumding,
Assuming starting condition 1 h at 1500°C.

Lpc

1. Tensile impact and grain growth data of base metal/n VAcvUM




MININMUMN ALLOWABLE TMPACT 7EMPERATVRES
AS 4 FUNCTION oF REENTRY TEMPERATURE AFTER
OPERARTION ForR S000 RS AT VARIO VS TEMFEELATVRES
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PECOMI ENLATIENS BASEL ON

TMEACT ANC GERIN GAUWTH LATA

/) USE &070 Locht STA4IN CRITEEIA TO PMINIVIZ E

POTENTIAL FoX FVEL PUNCH - THROVGH FAILVRES
— UNTIL CAPSILE IMPACT LAT A BASE GREATER

[
J} L INUT CFERATING TEN FEEATUFE TO /330 C TO
MINIMIZE POTENTIAL FVEL ENVIRONMENT/CLALOING

GKRAIN GROWTH JNTERACTIONS

35 USING THESE CRITERIA 4 DESIGNS 3A, HA ond 2
PROVIDE THE MOST /M PACT MARCIN

"f) DESIGNS 1, 3, 4, S Wovry LBE ACCEPTABLE
JE EMISSIVITY COATING 1S QUALIFIED For IR

oR GRAPHITES



ORNL IS PROVIDING IMPACT DATA ON IRIDIUM AND PHYSICAL
PROPERTIES DATA FOR GPHS MATERIALS

A. C. Schaffhauser
Liu
Eatherly

. McElroy

D O = O
. . . .
O - oo—H

. Wei

GPHS TASK FORCE REVIEW
WASHINGTON, DC
AUGUST 21-22, 1979




IMPACT ELONGATION (%)

COMPARISC™

N

BASE METAL AND WELDS

OF THe MPACT DUCTILITY OF DOP-26 IRIDIUM

ORNL-DWG 79-15876

35
BASE METAL, 1h AT 4500°C
30 /
BASE METAL, 1000h AT 41330°C
25
_ BASE METAL,
¢ J000h AT 4330°C
20
ol /
A A LONGITUDINAL WELD,
5 “, A&ﬂi {hr AT 4500°C
TRANSVERSE WELD,
| 1hr AT 1500°C
. LONGITUDINAL WELD, $hr AT 1650°C+2min AT 4800°C
700 800 900 1000 1400

IMPACT TEMPERATURE (°C)

1200

\
S




IMPACT DUCTILITY OF DOP-26 IRIDIUM AS A FUNCTION
OF GRAIN SIZE AND IMPACT TEMPERATURE

ORNL-DWG 79-15875

IMPACT ELONGATION (%)

35

30

25

20

15

10

NO. OF GRAINS PER 064 mm SHEET

A A 61 m/s{200 fps) 1050°C IMPACT
YV 76m/s (250 fps).
T — | 980°C,A
// o
/ 850°C A
‘/
P 7
/ 2~ tYeooc |
v
800°C DOP-26
'
0 5 10 15 20 25 30



—_ N n
(o)) O H

NO. OF GRAINS/064 mm
N

8

4

Gt.w7+ D

"~ ON DOP-26 IRIDIUM IN VACUUM

ORNL -DWG 79-15378

AL RN LU R R
\ % 1500°C | d = ki"
1400°C
i N\ 1330°C I d° - dg = kt
; | \feaoc |l 1240°C _
\I Bl ||
; —N
1500°C™\g <
$ 1600°C 3 1400°C
\I\i
¢ 1700°C ’
|
1800°C |
L L Lt L RN L
1 10 100 1000 10,000

TIME (hr)




Effect of 6-Month Operation + 2 Minute Reentry Heating
Pulse on Grain Size of DOP-26 Ir-0.3% W

Grain Size (Number of Grains per PICS Thickness)

Operation
Temperature g monthg Maximum Reentry Temperature (2 min)
operation  gpgec  1600°C  1700°C  1800°C  1900°C  2000°C
1275 18 18 17 14 12 9 6
1300 15 15 15 14 12 9 6
1330 12 12 12 12 12 8 6
1375 9 9 9 9 9 8 6

1400 8 8 8 8 8 8 6




‘ Prediction® of Minimum Impact Temperature Required to Survive
GPHS Capsule Impact

Minimum Impact Temperature (°C)

Operation Impact
Temperature? Velocity Maximum Reentry Temperature (2 min)

(6 month) (fps)

1500 1600 1700 1800 1900 2000

1275 AG 200 800 800 800 850 900 980
Locac256

1300 A 200- 800 800 800 850 800 980
256~

1330 200 850 850 850 850 900 980
250-

1375 200 900 900 900 900 900 980
250

1400 206 900 900 900 900 900 980
50"

%prediction is based on:
1. Tensile impact and grain growth data of base metal.

2. Criteria of successful capsule impact
200 fps: @% minimum uniform elongation;
250 fps:
bAssuming starting condition 1 h at 1500°C.



IMPACT DUCTILITY (%)

100
90 TENSILE IMPACT
REDUCTION OF AR
thr AT 1500°C ==
80 BIAXIAL IMPACT
FRACTURE STRAIN
ih AT 1500°C —~—__|
70 L |
TENSILE IMPACT
REDUCTION OF AREA
19h AT 4500°C
60 % ! 4
BIAXIAL IMPACT / V\S,
FRACTURE STRAIN DOP-26
19h AT 1500°C—~—_| /2 T
50
A
V4 =
’
/ 2
LI \
30 /A “TENSILE IMPACT
;{ UNIFORM ELONGATION
/ ,A°>4 / thr AT 1500°C
: / /@% /\ '
20 , F— \ l
/ A’ TENSILE IMPACT
,A’ UNIFORM ELONGATION
e 19h AT 1500°C
10 B
O [

700 800 900 1000 4100 4200 {300 1400 1500
TEMPERATURE (°C)




CORRELATION OF TENSILE AKD BIAXIAL IMPACT
DATA WITH GPHS CAPSULE IMPACTS

UNIFORM ELONGATION IN TENSILE IMPACTS CORRELATES WITH THE DIAMETRIAL
STRAIN OF GPHS IMPACTS.

REDUCTION IN AREA OF TENSILE IMPACTS IS EQUIVALENT TO FRACTURE STRAIN
IN BIAXIAL IMPACT TESTS. BOTH CAN BE CORRELATED WITH LOCAL STRAINS

IN CAPSULE IMPACTS.

MAJOR STRAIN IN CAPSULE WELDS CORRELATES WITH LONGITUDINAL TENSILE
IMPACT AND BIAXIAL IMPACT TESTS.

RESULTS OF TENSILE AND BIAXIAL IMPACTS AS FUNCTION OF IMPACT TEMPERATURE
AND GRAIN SIZE WILL PREDICT THE OUTCOME OF GPHS CAPSULE IMPACTS.



PRELIMINARY RESULTS INDICATE PICS ENVIRONMENT
MAY EFFECT GRAIN GROWTH ON REENTRY

3000 h at 1330°C in 1 x 10-5 TORR OXYGEN + 2 MIN AT 1900°C; 100x
SPECIMEN CUT FROM SHOULDER OF TENSILE IMPACT SPECIMEN




A LARGE AMOUNT OF EMISSIVITY DATA IS REQUIRED
(TOTAL HEMISPHERICAL EMITTANCE, 800 to 2000°C)

® PYROLYTIC GRAPHITE
1. NERVA SHEET: EARLY CONFIRMATION OF TASK FORCE RECOM-

MENDATIONS (ORNL)
2. GPHS CUPS: GEOMETRY AND FABRICATION EFFECTS (ORNL or TECO)

* COATINGS FOR PYROLYTIC GRAPHITE
1. CvD BN FROM PARMA (ORNL or PURDUE)
2. CVD NbC FROM Y-12 (ORNL or PURDUE)
3. PVD WC, ETC. FROM BCL (ORNL or PURDUE)

¢ IRIDIUM AND COATINGS
1. GRIT BLASTED f(T,t) (ORNL)
2. AQUA DAG ON GRIT BLAST SURFACE (ORNL)
3. PVD WC FROM BCL (ORNL)

® OTHER GRAPHITES
1. AVCO FWPF (ORNL or PURDUE)
2. CBCF-3 (ORNL or PURDUE)
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CONFIRMATORY THERMAL CONDUCTIVITY
DATA IS REQUIRED

® PYROLYTIC GRAPHITE
1. LASER DIFFUSIVITY (LASL and SORI)

2. ARC IMAGE DIFFUSIVITY (PARMA)
3. THERMAL CONDUCTIVITY, 60°C (ORNL)
4. GPHS CUPS — COOLDOWN (ORNL)

® CBCF-3
1. LASER DIFFUSIVITY (PURDUE and LASL)
2. ARC IMAGE DIFFUSIVITY (PARMA)

3. THERMAL CONDUCTIVITY (DYNATECK to 1000°C)
(TECO to 1800°C) .~ 3 ks

® GPHS ASSEMBLY
1. THERMAL MOCKUP — OPERATING (LASL)
2. THERMAL MOCKUP — REENTRY (ORNL)
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THE FOLLOWING MATERIALS ARE ON HAND AT ORNL FOR

INVESTIGATION OF GPHS INSULATORS:

MATERIAL MANUFACTURER IDENTIFICATION/GEOMETRY TYPE

PyC uce GPHS/CUP 2100°C

PyC PFIZER GPHS/CUP 2100°C

PyC ucc MONOCHROMATOR /PLATE 2300°C

PyC ucc MONOCHROMATOR/PLATE 2300°C + 3200°C HT

PyC PFIZER NERVA/TUBE OR PLATE 2100°C

NbC on G Y-12 NERVA/HEX TUBE CVD NbC ON BULK GRAPHITE

BN-PyC ucc COMMERCIAL TUBE CVD BN ON 2100°C PyC

CBCF-3 ORNL EXPERIMENTAL/PLATE LOW DENSITY FIBROUS MATTE INSULATOR
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THE FOLLOWING THERKMAL DIFFUSIVITY TESTS ARE EXPECTED TO BE PERFORMED AT THE
PARMA RESEARCH CENTER:

MATERIALS:

TEMPERATURE RANGE:

GEOMETRY:

TIME:

GPHS CUPS, BOTH UCC AND PFIZER.
CBCF-3 FIBER INSULATION, WITH AND AGAINST GRAIN.

1000°C to 2200°C MINIMUM, WITH FIVE DATA POINTS EACH ON REDUNDANT
SAMPLES.

FLAT DISCS. AN ATTEMPT WILL BE MADE TO DETERMINE DIFFUSIVITY AS
A FUNCTION OF THICKNESS FOR CBCF-3.

RESULTS ARE ANTICIPATED WITHIN THREE WEEKS OF CONTRACT INITIATION.

THE EQUIPMENT IS AN ARC IMAGE FURNACE WITH A SECTOR DISC, MEASURING PHASE CHANGE FROM FRONT
TO REAR FORCE OF SAMPLE TEMPERATURE PULSE.
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A NUMBER OF TECHNIQUES ARE AVAILABLE TO CHARACTERIZE
AND SPECIFY PYROLYTIC GRAPHITE:

NON-DESTRUCTIVE
APPARENT DENSITY IN HELIUM: ACCESSIBLE POROSITY
EDDY CURRENT MAPPING: ELECTRICAL CONDUCTIVITY
ACCOUSTIC REFLECTION: DELAMINATION
BET SURFACE AREA: TOTAL ACCESSIBLE SURFACE AREA

DESTRUCTIVE
LATTICE SPACINGS (X-RAY): STACKING ORDER AND X-RAY DENSITY
BACON ANISOTROPY FACTOR (BAF): PREFERRED ORIENTATION
SMALL ANGLE X-RAY SCATTERING (SAX): MICROPOROSITY DISTRIBUTION
MERCURY POROSIMETRY: MACROPOROSITY DISTRIBUTION

ALL THESE FACTORS ARE STRUCTURAL SENSITIVE AND WILL AFFECT THERMAL CONDUCTIVITY
AND EMISSIVITY.




CONCLUSIONSE
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