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1. INTRODUCTION AND SUMMARY

A special materials processing furnace is being developed by NASA -
MSFC for use in forthcoming Spacelab missions to study the solidification
under closely controlled conditions of various sample materials in the absence
of gravity, The samples are to be rod shaped and will be subjected to both
heating and cooling simultaneously with the heating and cooling distributed
along the length of the rod by annular heat pipes concentric with the sample
rod. The heat pipes will serve to maintain near-uniform temperature dis-
tributions along the hot and cold sections of the rod with a very steep tem-
perature gradient in between,

The thermal model is based on a Lockheed-Huntsville developed Thermal
Analyzer computer program. The model was developed to be very general to
enable the simulation of variations in the furnace design and, hence, serve as

an aid in finalizing the design,

The thermal model is described in Section 2, with a user's guide given
in Section 3. Some preliminary results obtained in testing the model are

given in Section 4,
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2. THERMAL MODEL

The thermal model for the furnace was based on a number of preliminary
design drawings and sketches provided by NASA-MSFC. A simplified schematic
of the furnace is shown in Fig. 1. We concentrated our detailed thermal model-
ing efforts in the inner core region, including the sample, heat pipes, core tube
(heating elements) and heat sink, Some of the outer region was not modeled
exactly, since this would introduce considerable complexity into the model

without significantly enhancing accuracy,

In modeling the furnace, we divided the overall model into thrze regions,
The center section contains the core tube. hot heat pipe and surrounding insu-
lation and housing and is labeled as Regicn 1, The end section opposite to the
cold heat pipe and heat sink contains primarily structural stiffeners and insu-
lation and is labeled Region 2. The end section containing the cold heat pipe
and heat sink is labeled Region 3,

Heat is generated in the core tube and is distributed to the sample rod
after being transferred through the muffle and hot heat pipe. Some heat is
lost by conduction through the multilayer insulation to the external housing,
where it is collected in a cooling jacket. The heat flowing through the sample

into the cold heat pipe and heat sink is collected and removed through the heat
sink,

A detailed schematic of the Region 1 nodal network is given in Fig. 2
with a table of conductors. In this contiguration, the sample rod is fully
extended into the heated region, The position of the sample can be altered
to simulate translation from the heated region into the cc led region. We
assumed that the heat pipe is an infinite conductor and, hence, is isothermal.
The region within the muffle is partially pressurized by helium to enhance

heat transfer by conduction, We modeled heat transfer in the radial direction
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within the muffle by a combination of conduction through the helium gas
medium and radiation across the gaps separating the sample, heat pipe and
muffle. Outside of the muffle, we modeled heat transfer in the radial di-

rection by radiation only, Radiation through the multilayer foil is given by

¢ 4 4
9= Tmeon (T - T2 (1

wheie q is the radiant heat flux, € is the emissivity of the foil, n is the num-
ber of foil layers and T, and T, are the temperatures on the surfaces bound-
ing the n foil layers,

Heat transfer in the axial direction was modeled by conduction along
the structural slements,

A detailed schematic of the Region 2 nodal network and conductors is
given in Fig. 3. The configuration of stiffeners and multilayer insulation
which we modeled in Region 2 is a simplification of the actual design shown
in Fig. 1. This simplification was made to facilitate the modeling of heat
transfer in this region without unduly sacrificing accuracy, Heat transfer
was modeled by conduction along the stiffeners and radiation through the

multilayer insulation,

The Region 3 nodal network and conductors is shown in Fig. 4. The
sample ie thermally connected to the cold heat pipe only if it is translated
into the cooled region. As in Region 1, heat transfer within the muffle is
by a combination of conduction through the helium gas and radiation be-
tween structural members. OQutside the muffle, radial heat transfer is by
radiation only, and axial heat transfer is by conduction along structural mem-

bers. The cold heat pipe, like the hot heat pipe, is assumed isothermal.

In Regions 1, 2 and 3, the external housing is maintained at a constant
temperature by a cooling jacket. The furnace is assumed to be controlled by
maintaining the four core tube sections at fixed temperatures. The cold heat
pipe is maintained at a fixed temperature by cooling from some arbitrary
heat sink.
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3, COMPUTER PROGRAM

A complete listing of the computer program for the thermal model is
given in Appendix A, The program is coded in FORTRAN V language for
the NASA-MSFC Univa. 1108 computer. The program can be run for various
core tube temperatures and sample translations with various heat sink and
cooling jacket temperatures by varying the program inputs. The thermal
model can be changed to simulate furnace design changes by modifying the

program.

The main program contains the thermal analyzer coding, but calls sub-
routines for defining initial conditions, nodal networks, capacitances and con-
ductances. Initial conditions for the temperatures are computed in subroutine
CONI. The initial temperatures in Region | are computed based on fixed core
tube and housing temperatures assuming radial conduction at equilibrium,

The initial temperatures interior to the core tube in Region 1 are made equal
to the core tube temperatures. The temperatures in Regions 2 and 3 are
initialized at the cooling jacket, heat sink cr some other temperature near a
Regiona 1 temperature. The idea is to start the program calculations at initial
temperatures as near as possible to the actual equilibrium temperatures. This

approach to initializing temperatures reduces the required program run time.

The linking between nodes in the nodal network is defined in subroutine
LINKUP, and conductances for each link are defined in subroutine COND. In
COND, there are basically three kinds of conductances considered: (1) radia-
tion, (2) solid conduction, and (3) helium conduction, The radiant conductance,

CD, for a single gap is given by

1 2 2

LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING ENTER
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where a and ¢, are the emissivities and 'l'l and 'I‘2 are the temperatures of
the two surfaces, o is the Stephan-Boltzmann constant, and A is the area,
The conductance for multilayer insulation is given by the same expression

divided by the number of foil layers.

The conductance of solid conductors is given by

where K is conductivity, AX is thickness and A is cross-sectional area. The
K values are read into the program in table form in subroutine DATA as a
function of terniperature, The tabular data is interpolated in subroutine INTP.
Provision is nade for 16 tables in the program giving conductivity and specific
heat for stainless steel, alumina, tungsten, molybdenum and tantalum alloy, In
addition, tables are set aside for the sample material and the hot and cold heat

pipes. The tables are described in the listing of COND in Appendix A.

Conductan - . ‘re also calculated for helium conduction in the region
contained with’ "~ the muffle. These calculations are noted by comments in
the ~rogram listing.

Since the program computes an equilibrium solution, the values of the
capacitances are not significant to the final solution except when used to flag
nodes where temperatures are held constant. When the value of the capaci-
tance is -1, the node is flagged as a constant temperature node. This is done
in subroutine CAP. Subroutine HTRT is provided for defining heat generation
rates. In our case, however, we set all heat rates (Q equal to zero and, in-

stead, use constant temperature nodes at points of heat generation or loss.

The time step in the numerical solution is recomputed to ensure sta-

bility at each step in the solution. This is done in subroutine TSTP.

The program inputs and their formats are given in Table 1.

LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER
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The program output lists the program inpat data, the conductors and
their nodal end points, the nodes and the connecting nodes and conductors,
and the tables of material properties prior to entering the thermal analyzer
loop. After entering the thermal anclyzer loop, a listing is made of tem-
peratures, heat rates and conductance values at specified intervals, After
completion of a run, totals are made of heat transferred to the cooling jacket
(QCASE) and to the cold heat pipe heat sink (QCOQOL), The sum of these heat
flow rates is the furnace requirement (POWER). The heat flow rates QCASE
and QCOOL are printed out in units of kcal/sec, and the power level POWER

is printed out in kilowatts,

11
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4. SAMPLE PROBLEM

A sample case was run for a tungsten sample rod translated 5 in. into
the cooled region, The four core tube temperatures -ere assumed to be
838 C (2000 R), with the external housing and cold heat pipe cooled to 27 C
(540 R). The input cards for this case are listed in Appendix B. The values
of PRIN and NEXCT are not significant to our model and were arbitrarily set
equal to 100, NPKk1 was set equal to 50 to print date every 50 iterations,
TSCON was set equal to 2 to assure a stable solution, TMAX was set equal

to 100, since we found by experiznce that equilibrium is reached by that time.

The calculated temperatures at equilibrium are plotted in Fig. 5 along
a radius at the inidpoint of the core tube. The calculated sample temperatures
are plotted in Fig. 6 along the sample length. The total heat lost to the external
hor.ing cooling jacket QCASE was found to be 146 kcwl/hr, and the heat flow
to the cold heat pipe was found to be 255 kcal/hr. This corresponds to a total

power level for the core tube of .47 kW.

12
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5. CONCLUDING REMARKS

The thermal model developed during this elfort uccurately simulates
heat transfer in the baseline furnace design, and is sufficiently genreral to
model a broad range of design modifications. The model can be utilized to
perform heat transfer analyses for various anticipated test conditions to

determine required furnace power levels, cooling rates and sample tem-
perature distributions,

It is recommended that experimental data be obtained on the conductance
of the multilayer foil insulation, This updated data can be inccrporated into
the present thermal model with little difficulty.

15
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Appendix A

LISTING OF COMPUTER PROGRAM FOR SPECIAL
MATERIALS PROCESSING FURNACE THERMAL MODEL

LOCKHEED - HUNTSVILLE RESEARCH & ENGINEERING CENTER
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Conipnnny
COMMON/TRANS / N TKANS
CUMMONZXINIT/ ICONTsCLET+CLTBLLBYWCLUYI10
o T HeE R MAL AN AL Y S E W
CHumannny
LIMENSION T(2U0)+C(200)+CLIS00) +WI200)+TO(200)
DIMENSION L(50092)eM(200041%)
LDIMENSION TCUKE(&4)
701 FORMAT(215+¢F10e0)
7.2 FORMAT (415)
703 FORMATIELIN«0921594E10.0)
T4 FORMAT(4EL10,.,0)
TS5 FORMATUIHI» 'PIRINZT sF 100 2Xs INPRI=V s [Se2Xe INEXCT= 00 [Se2Xe ' TSCONE 1 s
$ FlCealeZ2Xe ' TMAX==2F1040)
TUue FORMATEIHO s 2 | CASE=1eF 100 ¢2Xs ' ICCOL="4F 10e0¢2X o4 (' TCORE (ol a0 )=,
L F1O0e0e2X0))
TU7 FORMAT(IHO« 'NTRANS=Y 4 12)
1 l9eAX6HNIT = 4 195)
 F10e60¢2X0))
Tu7 FORMAT(1HOs vy RANS= 41 2)
1 ISe3XE6HNIT = 4 15)

BY JOHN FPONDL

711 FORMAT(1IH «(2HTI
2HT(
ZHTH
2HT(
ZHTI(
712 FURMAT(IH o (2HCH
2HC I
2HC I
2HCI
2HCI
713 FORMAT(IH o (2H&L
2HK (
ZHK
ZHK(
ZHK
714 FORMATEIH o ( 2HQIL
2HA
2HJ(
ZHL
ZHA
719 FURMATI(LIHOW31H)
716 FORMAT(1IHOW219/71(

L S W ~- W -

P LK

& LWk~

2 IS e2H) = 2XsE1Qede3X 0
P ISe2H)= 02X EL1Qed e 3X 0
2 1S e2H) =0 2XsEIQed e 3X 0
2 IS5e2H) =0 2XvE1Qed s 3X s
1 ISe2H)=1Z2XWE1Qe4 v 3X)
P S e2H)= e 2XsFBe 303X

y IS 2H) = 12X Fe 303X

piSe2H)I = 02X eFBe 303X

P Se2H) = 2X s Fbe 303X

2 1542H)=e2XeFHBe3:3X))
P IS 2H) = 02X E1Ue4 v 3X 0
1 1Se2H)= 02X El1Qed v 353X
2 1S 2H)= s 2XsE1Qed 03X
2 S 2H) = Z2XsE1Qed e 3X s
y ISe2H)= 42X E10ed e 3X)
P IS 2H)= 12X E10ed 93X
P I5e2H) = 02X E1Qed e 3X e
P IO 2H) = 2K ETQed v 3X 0
2l 2H)= e Z2XvELlUVed v 3R
1154 2H)= e 2XeE1Qed e 3X))

~

-

1H +2015))

717 FORMAT(1HL +24HCUNDUCTUR NODE=1 NODE=2)
718 FORMAT(IH] +25HNUDE NUMBER OF RESISTORS//

1 IH s JOHENODE==CONe +SX s l OHNODE==CONe S X »
e IH + JOHNUDE=-=CUNes 15X+ lOHNCDE==CONe +SX»
3 I1H « J]OHNUODE==CUNe +5X s lOHNODE==CUNe +5X
4 IH « JOANCODE==CONe +S5X e | OHNODE==CONe +5X)

A-1]
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720 FORMATI(/Z/7: %, l8HMAX TEMP CHANGE =
26MuUM UF AbS TEMP CHANGES =

WFlOeS e 3Xe9HAT NODE
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v 15
'E1546)

730 FURMATUIH s (HHJUITEe1Se2H) =0 2AvEL2ed s 3X 0
SEHALUT e 1 De2r) e 2XeE 1204 03X
BHADOT (e lSe2H) e 2XeE 1204 03X

1

IS

3

BHALOT (s lLs2H) =e2Xos 12040 3X))

2000 CUNTINUE
READ(S+¢703) PRININPRI yNEXCT o TSCONs TMAX « TCASE » TCOOL

c

READ(S54704 ) (TCORE(L) 0 I=144)
READ(Ss 702 )NTRANS

WHITE(EsTO0S)IPKININPR] sNEXCT« TSCONs TMAX
WRITE(EYTUE) TCASEYTCUULY (1o TCURE(L ) s l=144)

WHITE(6+ 707 )NTRANS

CH oy

IF (PRINsEQsQ«0)
NNDS=163
NCDS=347
KEKF.5=100

GU TU 4000

CALL CONI(T,TCORE+TCASE+TCOOL +CDWL)

CALL LINKUP (L)

CRENmnnEy

c
Cc

SORT OUT CONDUCTORS AND ADJACENT NODES

CRumugnny

[=19] <]

ovuy
eu7

DO 606 IN =
N =

DO 607 IR = 1sNCDS
IF(LUIRs 1) eNEo I N)
NR = N + |

11 = Nk®2

12 = NR#24.]
MUINsTL) = L(IR»2)
MOINsI2) = IR

GO TO 609

CONT INUE
IF(L(IRs2)eNEe IN)
N = Nk + 1

11 = Nk#2

12 = NR¥*2+ |

LaNNDS

GO TO 608

GO TO 609

MEINTL) = LIRS L)
MOIN«LI2) = R

CONT INUE

CONT INUE

MUINel) = NR

6U6 CONTINUE
C Moo n

Cc
C
c

PRINT QUT INITIAL INFURMAT ION

A-2
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Comtannngnnn
- WHITE(G 71 7))
C LY 502 1| o= 1 enNCLS
C WHRITE(Gs 71O Lol lald st o)
CH0d  CUNT INUE
WHRITE(O718)
LU 500 I=1+NNUS
INsM(lol)®oel
WRITE(ESTIE)Y oM (TeJd)ed=10IN)
S0V  CONTINUE
TIM = Q0
NIT = 0
IrT=1
NPR = 0O
OT = 0.0
NCTRL = O

MAXTND = 0
TMAXCG = Qa0
TSMCG = Q0
C
C READ IN TABULAK DATA
C
CALL DATA
CHRE gy
c START CQOP
LU 1012 1=14NNDS
L([)-‘-Eoo
1012 CONTINUE
1000 COUNT INUL
CALL CAF(CsT)
CALL CONDI(CDLST)

=
CWwwmwnny
o
e COMPUTE HEAT RATES
CALL HTRTUIT 4TIMsOTaNNDSUW)
192 CUNT INUE
C
CHmuamrny
G
C PRINT QUT RESULTS

CH*NaRnHy

IF(NPR1*(NPR/NPR]1)eNE«NPR) GO TO 160
WIKITE(Es710) TIMeDTeNCTRLNIT
WRITE(E+720) TMAXCG«MAXTND 9 TSMLG
WHITE(Es 71 1) Lina TIN)aN=]1oeNNLS)
WHITE(Es714) (insuWiN) sN=1 sNNDS)
WHITE(E* 71 3) (s COUN) oN=1oNCDS)
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100 CUNT INUL

N

MR+ ]

190 CUNT INUE

CRummunny

C
c

C

COMPUTE TIME STeP
CALL TOIPIC CUMNCTHL sMaNNDSsNPRAPRIN'sTIMs IRPT« 15CONDT)

CHnmunnmny
MAXTND = Q.0
TMAXCG = UeD
TSMCG = Q0

Cc

c
C

Y45

800

Tim

TIM ¢+ DT

NIT=NIT+1

DO 800 I =1+NNDS

TCG = AUSET(L)=-TO(1))
IF(TCGaLTe TMAXCG) GO TO YahH
MAXTND = |

TMAXCG = TCG

CONT INUE

TOMCG=ToMCG+TLO

TOC !

)

s TiLl)

COUNT INUE
CRummmnsy

LUMPUTE New TEMPERATURES

CHERE "Ny
LU 900 | = 1sNNDS
IF(C(1))903,902+901

OGO

201

B6BOJ3

TRANSIENT CALCULATION

CUNT INUE

NADY = M(Jo])

Fl = 0

Fe = 0

DO BO3 J = 1nvALJ

NK] = J#*2

NR2 = J*2+]

JN = MUl eNKR1L)

JOC = MUI eNRD2)

Fl = F1 + TO(JN)#CD{JC)
F2 = F2 + Toll)*CDt(JuC)
CONT INUE

TUp) = TOUL)+(FLl=F2+2(1))%DTrsC( 1)
Gu TO U0
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804

YVS
900

290

29!

300

LMSC-HREC TR D697553

LTFADY STATF CALCULATION

CUNT I NUL

NADY = M(ley)

Fl = 0O

Fe = O

DU B804 J = | sNADJ
NH] = U2

N2 = %2+ ]

JN = oMl eNK])

JC = M1 eNR2)
FlasF1+TO(JN)®*CDI( JC)
F2 = F2 + CDIJC)
CONT INUE
T(1)=(F1+QC1))/F2
CUNT INULE

CONT INUE

HOT HEAT PIpPL TEMPERATURE ASSUMING INFINITE CUNDUCTUR

SUMI=Qe

SUMZ=0e

SUMI=Q0e

OUM&=0e
IMAX=]12-N"HANDS

0O 290 I=1+1MAX
K=|+]10#%(]l=1)
SUMI=SUML+T(K)*CDIK)
SUMZ2=SUM2+CDIK)

CONT INUE

DO 291 I=1412
K=4+10%(1=1)
SUM3=5UM3+T(K+] ) #CLI(IK)
SUM4=SUMa+CDIN)

CUNT INUL

SUMA=SUM3+T (141 )%#CD(3a7)
SUM4=5UMG+CDI( 347)
TEA)=(HUM] +SUM3 ) / (LUMZ2+5UM4 )
LU 300 I=2+11ds1l0

TC1)sT(3)

T(I+1)=T(3)

T(r+2)=T(3)

CONT INUE

IF(TIMeLtze TMAA) GO TO 1000
NPTLaNPN
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HEAT RATES

WLASE=Qe
DO 320 1394119010
QUASE=QLASE+CUI [ )*(T(I1)=TCASE)

320 CONT INUE
WCASE=GUWCA e+ I26T7)R(TOLIY)=TL]120))
QUASE=GCASE+CLI252)%(T(130)=T(121))
QLASE=UCASE+CLIZ254) (T 129)=T(122))
UCASE=GCASE+CUIZ256)%(T(128)=-T(123))
CCASE=sUCASE+CLI258)%(T(127)=T(124))
UCASE=UCASE+CLIZ236)%(T(127)=T(126))
QCASE=ULASE+CL( 261 (T(o2)=TC131))
WCASEsUCASE+CUI3LII®M(T(159)=-T(162))
UCASE=UCASE+(LI 312" (T(160)=TL163))
WCASE=UCASE+CLI286)1#(T(1599)=TL158))
WCASE=UWLALSE+CLUI30TIMIT(1%4)=TL18H))
WCALE=ULASE+CUI 3061 % 1(193)=TL157))
WCASE=UCALE+CLI280)1#(T(153)=T(152))
GUCASE=UGWCASE+CLI2TS)%(T(1a48)=T(147))
QLASF =QCABE+CLI295)#(T(142)=TL147))
WCOOL 20 e
DO 330 I=lss
WCOOL =WCOOL 4+ (CDI2B9+1)+CD(341+1))#(T(14]1--1)=-TCOOL)

330 CONTINUE
WCOOL=LCUUL+CUI34T)I*(T(3)=T(141))
IFI(NTRANSeEQeQ) GO TO 340
DU 335 I=1+NTRANS
Kl=1410%(1i+]=-NTRANS)
2= 329-NTHRANS*]

JE1+10%(1=1)
WCOULsWCUUL 4 (CDIRLI+CDIR2) IR (T(J)=TCOOL)

335 CONTINUE

340 COMTINUE
QCASE=UWCASE®R( 6292736004
WCOOL=WCOOL*( 292735004
POwER=(WCASE+WCJUL ) 44 4 1 BO
WHITE(Es350)JCASE +WCOUL +POWER

3950 FURMAT(1HU e ' WCASE=E" s 10030 KCAL/ZSEC 12X e ' GCULL=T'E 10 a3

$ ' KCAL/SEC)
B SXe'POWER=1 L] Ue30 ' Kw')
GO TO £000

4U0V0 S5ToR
END
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UBRUUTINE CUNTET o TQUWE s TCALE « TCUOL s LD L)
CUMMUNZ THANS / s TRAINS
COMMUNZXINTIT/Z QUL sCLOT L THCLBYLLYIO0
DIMENSIUN T(200) 2 TCORE(4)+COI200) L1500 2)

INITIAL TEMPLKATURES eREGIUN e

ICONL=0

CALL CulwlCowsT)
ICONL=]

UV 10 l=6ello0r]V
JE(I=6)/730+]
Til)eTCU=E (D)
TCl+a4)=TCALE

QCONST2(T (1) %d4=Tile])1#24) 701 e/7CLOET+1e7CLUT8+1]1 ¢/7/COUY*+]e/7CLYI10)

T(l+1)=(TU(] ) R L=UCONST/ZCOATIR® 25
TOI+2)= (T 4] ) *%84=UCONSTZCOTE)I % 25
TOI+3)s (Tl |2 ) % 4=UCONST/CLED) ** 25
TO1=1)=T(1)

Tli=2)=T(1)

Til=3)=7¢1)

T(l=a)=T"'})

Az =54+ TANS

IF(KeGTelllauww TO 10

TIK)=T(1)

CUNT I NUE

INITIAL TEMPERATURESs REGION Ze

DU 20 I=1214146
T(1)=TCASE

CONT INUE

T(131)=2TCASE

Ti136)=TCAGE
Tl1d5)=T(11H)
Ti134)=T(119)
TU]133)=TCALF

T(132)=TCASE

T(127T)=TCASE

TO128)=TCALE
T129)zue* (T} 34)+TCASE)
T130)=0e5* (T(]135)+TCASE)

INTTIAL TErMPERATURESsREGION Ze

LU 30 I=1374149l
T(]1)aTCUVL
CUNT I NUE

VU 40 I=lecdylold
Tl1)=TCASE
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40

a5
=1V)

CONT INUE

IF (NTRANSeLGQeD! GO TO S0
DU 45 1=]1eNTRANS
Ti1)=2TCOOL

CUNT INUL.

wE TURN

LiND

SUBROUTINE HTHTITeTIMDTsNNUS W)
RIMENSION T(2J0)»G(200)

D 1 I=1«NADS

WUlil)=0e

CONT INUE

FETURN

eND

SURRCUTINE CAP(CsT)
DIMENSIUN T(2J0)C(200)
DO 5 1=6+s116+10
Cl]l)==]40

CONT INUE

v e 1213761640
Cll)==100

CounT INUE

DU 3 12101201910
Cll)==100

CuUNT INUE

DU 4 [=12l12o
Cll)==1.0

CUNT INUE
Cl131)==100
Cl136)==100
Cl162)==100
«(163)==100
Cl)16l1)==100
Cl1uB)==100
Cli157)==100
CL152)==100
Cll14z)==140
Cl147)==10
RETURN

END
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SUHKOUTINE L LanUuP L)
CUMMUNYZ TiIRANS /N T IKANS
LIMENSTON L(50092) ¢LL(50002)
DATAILLGJU 1Yy 2 d=2490264) 7
17211000l dv Ll 7011801190 13001300104012%9

& 1330128612291 T0 1260101011601 100101301117

1
<

I

DATAGLL I Z) 2 J=245420664)7

1182 194120913901 3001300 1300lclol@oelacy

1280123, 127912441510 126013001200136e]1306/
DATA(LLI(Je 1)y e Jd=305+317)/

1220 1934124915594 1560 158010901600 146015101556+1600163/
DATAILL(Je 2y J=30De317)/

LS /791974l 00r oY lo0v 0l lOas OISy o v ue U/

CUNDUCTUR HOUN=UJPS FOR KEGION 1

DY 100 J=lel LY

LiJe]l)sJ

LiJe2)=J+]

CuNT INUE

DU 200 J=120+42Y

JsJd=11Y

LiJel)=Jd

LlJe2)=JJ+10

CUNT I INUE

RADIATIUN OETWELN SAMPLE AND HOT HEAT PIPE
lraAXz12=-MTKANS

UV 110 1=1s10AX

KE1+10%0[=1)

LIKel)=K+NTRANS*]0

LiKe2)=R+1

HE CONDUCTION BLTWEEN SAMRPLE AND HOT HEAT PIPL
J=317+1

LIEJe1)=K+NTRANS*]0

LiJes2)=K+]

CUNT INUE

LY 111 =112

RADIATIUN UETwELN HOT HEAT PIFE ANu MUFFLL
=4+ 10%([=1)

LIKel) =K

LIKe2)=K+]

HE CONDUCTION BtlwbEeEN HOT HEAT PIPE AND MUFFLE
v=329+1

LliJeld=K

LlJge2)=x+]

CONT INUE

CUNDUCTUR HOUA=UPS FOR REGION 2
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i DU 300 J=40e24k

. JJsJ=110
LiJel)=dd
Llge2)sud+l

300 CUNTINUE

CUNDUCTUR HOUA=UPS FOR REGION J

ann

DO 400 JY=£65%9290

JJded=120
LlJeldedd
LiJge2lizsdd+l
aul COUNTINUE
Y 500 J=£29C 304
! JsJ=154
LlJel)sJd
Lige2)=zJdJd+d
SO0 «UNT INULE
LY 700 J=245+264
LiJeld=l(J,e]l)
LiJe2)isltJe2)
TO0u CUNTINUE
LUV HB00 J=30%+31/7
LiJeldsliJgl)
LiJe2)slltU,2)
800 CUNT INUE
IF(NTRANGeEQeVU)w) TO 850
LU 84S lI=1+NTKAND
c RADIATIUN LETWEEN SAMPLE AND COLD HEAT PIFRE
K=E1+]10%(11+1=-nTRANS)
Likeldzstl=1)%10+1]
LiKe2)z=lal=-NTRANS*+]
C HE CONDUCTION BETWEEN SAMPLE AND CUOLD HEAT RIPE
ANE32I=NTRANS+ |
LIKel)=(l=1)%]10+1]
LiKe2)=lal=NTANDS+]
=343+ 1
LiKel)=|
LiKe2)=14=NTiIKAND+]
bBas CUNT INUE
UH0 CONTINUE
DU 846 =15
G HE CONDUCTION BLIWEEN COLD HEAT PIPE AND MUFFLE
f JEA4 1+ 1
LlJdel)=146+1
LiJe2)=14)4+]
Ha6 CUNTINUE
C CUNDUCT LN BE IWweey HUT Anp CULL HEAT PIFE>
LU34741)=3
L34T7+2)=141
. WITE(E'OLUU ) LU L LU ) sl l) e d=[9347)
| LU FURMATEIXe3159949315¢0Xe3l9e5A031505X031515Xe315)
HETURN
. END
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SUBROUTINE CUNDICLLT)

CUMMONZTIRANS / vT KANS

CUMMONZXITIT/Z TCUNTsCOET+LDTHLLEYCDYI0

DIMENSTUN CDIH500) L (80002) T (L200)

DIMENSTON OLU) 2+ XR(H00e 16) sk 10)

UATA Llvieo s arbosltosl FobtdsdosbwolbMoLo Ze4U0vecvedee JUredlU e
be VU v el v e e e 00/

DATAGIREL ) o1 =10 lU) a3 1003000080008 301 e00/70lel /00l etbO00ceT00N
bIe2U0WG U0/

DATA THIRISTOIF Ly lwAL1 e IMUF L SDELAX el 190010 e290 UL eU/

ALSUMPT JUNS JSED Iin CALCULATING CONDUCTOR VALUES

ReGION 1
(1y 030 INCH CLEARANCE BETwWEEN SAMPLE ANLD HEAT PIPE
(2y o340 INCH CLEARANCE bETwEEN HEAT RPIPE AND MUFFL'
(3) 020 INCH CLEARANCE BLTwebEN MUFFLE AND HEATING LLEMENT
(4y ¢480 INCH CLEARANCE bhTwebhN HEATING ELEM+NT A-D FIRST STIFFNEK
(9y o 010 STIFFNER THICKNESS

NoWsNSAsNoos AKE ITHE NUMBEK OF LAYERDS OF TUNGSITEN sMOLY AND 5T STEE

SIGYMA=1 e« 71 4FE=UY
NHw=30
NSM=30
N5S5=30

IHE UNTTO UN nsULLA THIRsISIFs lwaLy TmUF Axe Fles ITHE VALUVES Axb
~EAD IN IN INCHES AND CONVERTED TO FTe

CELX 15 AXIAL DISTANCE STER SIZE

TMUF 1S THE MJFFLz THICKNESS

THTR |5 THE ALATER THICKNESS

TSTF 1S THE STIFNER THICKNESLSS

TABLE NUe MATERITAL PROPERTY
i STeSTEEL P
P4 HTeSTEEL (S
3 ALUMm LiNA CP
& ALUMLINA [
2 TUNGSTEN CP
(o} TUNGSTEN [
/ mMOLY CH
8 MOLY [
E TA=-U/W (o
L0 TA=U/W <

1 SAMPLE P
12 SAMPLE [N
i3 HEAT RIPE CP
L& HEAT RPI1PE 3
15 CUOLDL HePe Cr
16 CULD HelPe K

A-11
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XRAE=00063
eCHP = 4400
00 10 I=1+10

ROII=RRL)/1 2
DELX=DELXX/])12¢
THTR=THTRL 712
TOSTFaTSTFL1 /12
TwAL=TWALL /12
TogFsTomJuF 1712
Pl=3de 14123927

Al=2 e #P | #R (2 ) *DLELX
AdzZe®P 2= (3 ) *PDLLX
AG4=2¢%P 1l (4 )*DELX
AS=2¢#P i (8 ) YDELX
AE=2 e #P I ® (g ) *DLLX
AT7z2#P I #R(T7)*DLLX
AB=2 #P I ¥R (R ) "DELX
Az *P 1 *l () *DELX
AlO=2«#*P1*R(]10)*LELX
K129 = Le®VELA
K126 = SeD¥DELX
131 = =(7)

AM235 = PI*¥(RI20+R126)*DELX
AM2oYy = PI®(K120+R131)%0ELX
F21=R(1)/k(2)
Foask(a)/(5)
Fées=R(5)/R(g)
Flil=1e0

Fl15=1.0C

Fli18=1.0C

Fl127=].v

Flie=1e0

Fll13=10

FlivY=]le0Q

Flzg=1leu

CALL INTERROLATIUN ROUTINE WiTH PREVIOUS TEMPERATURCS TO CETERMINE
NeEw CONDUCTIVITY

VO 700 J=2+16192

DO 700 l=1+317
Ni=L([+s1)

N2=L(1+2)
TAVG=(TINL)&TINZ))Z72e0
CALL INTRITAVGOsJr>*K)
X ([ o)) = XA
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TOO CUNT INUL

100

CLZ21 = (le/(le/ Lt/ l=le) ) "ol OMARAZRE |

CLUNE = ARGl @) FIMIRIII+RIL) IR =KI2) )DL X

CLGE = ARl la]l4) ® HIRIRIGI+RIS)IZIia)=RII) ) HDELX

CLBG=(le/ g/ le/ba=1e) ) 0L]OMARALRFLY

CLAL = (le/(le/LE*1e/LE=]1e))NSICGMARAGRF LS

CORT = (le/(le/Lb*1e/7LT=1e))R51GMARAS

COTE = (EW/(2e=LW))/INSWHI2o%LW)/(2e=EW)IH( ] 7T+l e/EW=]1e))#
b SIGMARAT

COBY = (EM/(2e=LM))I/INSM*(2eREM)/(2e=EM)I®( ] o/EB+] e /EM=]14))
+ S'OMARAR

L9910 = Lo/ 2e=LD) )/ INSSH+(2e%ED)/ (2=~ ) ¥ (] e/EY9+]1e7ED=10))
b SIGVMA*AG

IF(ICUNTI sEwe Q) RLE TUKN

A23T=PI #(ROJQ)I®E2=(T)%%2)

CO2IT=CLTB/AT*ALITAF 28

CL261 = (lesl]le/E6 e FES) )RS GMARP |

CL2Y0 = (le/(1e/ES+14/7ECHP) ) #5]1 GMARASHF 54
CO296 = (le/(]1e/ES+]1e/7ETIIXSIOGMARATHRRIG)/R(T)
CLA30] = CUTBRAB/AT*RIT)/KIB)

CL306 = COBO*AY/ABRR(B)/RLY)

COdLL = CLOYIIRALUV/AYRRI(Y9)/KL10)

oo 100 I=1e1)llelV

AREL+ 1O =14NTRAND)

IF(<eLbelll)

COCII=CL21%(TIK)**24T(3)*%2 ;% (T (K)+T(3) )
Cotl+1)=ColpaAk( [+1es14)/7XK(]1014)

COCT+2)=CoaAK{ [+2414)/7XK(1014)
COCT+2)=CoE4# (T [+2)#%224T(14+4)%%2)%(T(1+3)+T(1+4))
COMT+a)=COEE* (T [ +4 )% %24T (48 )%*%2) % (T(144)4T(14+5))
COCI+D)=COo67H (T +5) %% 4T (I+6)%*%#2)  T(I+5)+T(1+6))
COUI+6)=CLTR* (T [+6)2 %24 T([+T7)%%2)%(T(]+6)+T(147))
CLOCI+T)I=CoB8aR (T(I+7) %24+4T(1l+)*%#2) % (T(1+7)+TL1+8))
COCI+B8)=COPO* (T (I+8)*R24T([+9)RE2 )X (T(I+8)+T(1+S))
CUNT INUE

COC120)=AK (1209 12) %P #R( 1) #*27DELX

CL(121)=0e0

COC122)=A AR 1229214 *P | # (R4 ) ®A2<-R(3)%*#2) /DELX
COC123)1=0e0

CLOC124)=XK (1242 JOI*PIH((RIS)+TMUF ) * %2 (5 )%%2 ) /DELX
COM125)=XK (12994 ) %P *¥ ((RIE)+THITR)*¥2=R(6)*#2)/DELX
COU126)=Xl (1206 JUI*P 2 ((ROT7)+TETF)I)®RR2=R(T7)#*#2)/7DELX
COC1I2T)=X 12T O XP X ((RIB)+TLHTF ) *%2=R(B)#*2) /DELX
CO18)=XK (1289 01 *P A ((R(Q)+TOSTF I %#%#2=-R(9Q)##2) /DELX
COC129) =A< 1292 ) %P [ ¥ ((RI1O)+TWAL)I *#2=( 10)#%2) /DELX
DU 200 1=1200810010

COCTH10)=COCL20) *XR(I+100l}7AK(120012)
CLU(l+11)=0e0
COlCl+12)=COLc2)*XK(1+12v14)7AK(1cev14)

A-13
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COCI+13)=2040
COCI+1a)=CLIL24)*XK(1+14+10)7RK(124+10)
CUCL419)=CLIL2)#XK(1+419%va J/RK(129¢4)

" COCI+10)=COCLL6) XK (4162 10)/7AK1126+10)
COML+I T =COCLLT)IRXK(I+1T7+10)/7XK(127+10)
COI+10)=CLC LB XK({ [+18+10)7XK(128+10)
COCI+41)1=CRLILLIY ) #XK (1 +1992 V/XK(129e&)

200 CUNT INUE

CUNRDUCTUR VALULS FUR WEGIUN 2

aona

CR(230) = X (230921 #P [ #((K(JO)+TWAL I *E2=-R(]10)**z) JUELX
CLI231)= COL230)#XK(221e2)7XK(230+¢2)

CO(232)= CL(230)#XK(232+2)7/XK(230+2)

COI233)= COI230)#XR(233¢2)7/XK(230e2)

CL234)= CO(230)MAK(234+2)/7XK(230+2)

COt235) = Xk(235+2)%AM2357/ (R125-K126)
CO236)1=CLZATH(T(126)##2+4+T(127)%##2)%(T(126)+T(127))
COIZ2AT) = CP2AT*(TLI28)%R2+T(I12T7I®%2)%(T(128)+T(.27))

Cul238) = CR23T*(TL12u)n%24+T{128)%# %2 ) #(T(129)+T(128))
COME9) = CP23THITUI30)%#2+T(129)8%2)%(T(13Q0)+T(129))
CO(240) = Q.0

CLLR241) =2 CDIL26) 72 XK(241410)/XK(126410)

CLILE2) = CDILI26)/72eXK(242010)/7XK(126410)

CLL242) = CPILI26) 72 XK(243010)/7XK(]126+10)

CO244) = CDIL26)72e%XK(244+10)/XK(]126+10)

CLI2458) = X (2459 1C)%#P ¥ (RIB)I+RI(TII*TSTF/(RIB)=RIT))
COM246) = Xl 2469101 #P [ (RIG)+RIAV)I*TSTF/IR(I9)=-RIB))
ColZa7) = XK(26T»10) 2P [ # (R (10)+RIG)I*TOHTF/(R(10)=-R(G))
CLl248) = CDILIV)I*RAK(248+2)7Xn(23002)

Col2a9)=CLaal/2.% (T 118)%*#2+TL30)##2)#(T(118)+T(130))#F118/F120

CUIZ2EV) = CRZ3T/2e*(T L1 10) %5241 (130)%%2)#(T(119)+T(130))*F119/F 128
Colesl) = XU v 1O P #2664+ (7)) RTETF/IR]I2E6=0T))
Culeh2) = XK Z252+10) %P (xUIC)I+RIZEI*TLTF/Z(RIIQ)=<126)
COLEnd) = CDILHLINMXK(2E3010)/7AK(25]1+10)

CLIEEG) = CDIZHELZ)I AR 254+ 10)/7XK(252+10)

COI258) = CDIZHL)I*XL (2550 10)/XK(251+10)

COLeB) = CDILS2)4XK(256210)/7XK(252+10)

CLIEST) = CDI25]1)#XK(25T7:10)/XK(25]1+10)

CO258) = CRI221)*XK(258¢10)/XK(252+10)

CO(2B9) = XK(25992)%AM2SY/ (R126=R131)

COM260) = AK(2604+2)%P [ %#R13 1% 2%DELX/R]3]

COMZ61) = CD2OL¥((RIEI+THTR) ¥ U2=R(E)* %) *F | 1 6*

1 (TC116)#R24T(136)%*%2) % (T(116)+T(136))

CLIZE2) = CLO201* (IS )+ TMUF ) **2=R(5)*#2 )%F | | 5%

1 (TOp Lo ) *#24T(136)%#2) % (T(]11%5)4T(136))

CULB3) = LD2O6L%IR(g)ar2=Rn(2)R%D ) HF | ]| 3%

1 (T 13)* %2407 (136 #2)%(T(]113)%T(136))

COlLLBY) = CD2OLI*RO1)*%2%F ] ] *®

1 (TOPL1)*%24T(136)%%2) #(T(111)*T(136))

IFINTRANS e GT e ) L2264 )=00

e
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CUNDUCTULIS FUK REGION 3

CULZLOS)=ANI2690 LE) "R R4 )+ 3) ) /DLX
CLILOBL)=CLI20L ) MARIZ200 1) 7 XKD 10B)
COIZ2E6T)I=CLIPEL ) MARIZ2E6TIC) /XK (LE9910)
COLLOB)=CLIPEL )R AR (26U 10) 7 XK (B0 16)
CL£69)=00
CR(2TOI=CL 124 ) #AK(2TU«10)/7XK(1244+10)
CO(2T1)1=CO0124) % AR(2T71+10)7XK(124+10)
CO2T72)1=Co 124 )% XK(2T72+10) /XK 1244+10)
CO273)=CI (124 ) * XK(2T73+10)7XK(124+10)
CLIE2T4)=0+0
COM279)1=CRO126 ) AK(2T79+10)/7XK(126+10)
COM2TE)=CLIL 126 )R AKI(2T0+¢10) 7 Xk 126+10)
CUETTI=CLLI1L20)*ARIZ2TT+ 1017 XK(126+10)
COIeT7BI=CLIL 126 ) AKI2T78+¢10)/7XK(]126+10)
CR(ETY)=00
CR2H0)=CL 127 )% AK(28B0+10) /XKL 12T7+10)
CRIESBII=CLI12T)#XK(281+10)/7XK(12T7+10)
COMZ2B2)=CDL 12T )1 #AK(282+10)7XK(12T7+10)
COEB3)=CO12T)* AR (2B3+10)/7XK(127+10)
CO(284)=0e0
CO2ES)=1eBO¥AK( 28S+2 ) %P I *DELX
CLIEBE)I=COI12B8)*XK(286+10)/7XK(128+10)
CO287)=CO 128 )R XK(287+10)/7Xk(128+10)
CO(2B88)=00
CRABY)I=CLU 129 )% AR(2BY42)/XK(129¢2)
CRE90) = CO2Y90%(TUI37)#%24+T(142)%%2)%(T(137)+T(142))

CO2U8) = CO296% (T 1as) %24 T(150)1%%2)#(T(145)+T(150)
COC2YY) = Co296% (TO146)*R24T (151 )%%2 )% (T(146)+T(15])
COM300)=C 295 ) # 24 OXXK (3002 )/ XK (2954 2)

COC301) = CRAJVL*(T148)*%24+T(153)%%2)%(T(148)+T(153)

CO(Z2Y1) = CO290% (TO138)%%2+4T(143)%%2) % (T(138)+T(143))
COl2u2) = CL290% LT 139)% %241 (144)%*2)*#(1(]139)+T(144))
COZY3) = CR2Y0* (T L140)**¥2+T(145)%%2) % (T(140)4T(145))
COL294) = CR290*(T1g 1) ¥ %247 (146)%%2)%(T(141)+T(146))
COPO9) =X (29592 ) HP [ # (R(T)+R(5) )HDELX* e SO/ (R(T)I+R(5))
CLEZ29E) = CD296%ITU143) % 2+T(14B)*%#2)%(T(143)+T(148))
COC297) = CO296* (TU144)#%2+T(149)% %2 )% (T(144)1+T(149))

)

)

)
COC302) = COBJL¥(TO1au)#%24T(1S54)%*%2)%(T(149)+T(154))
CL(303) = L03J1k(Tl150)**2+l(155)§*2)*(T(1503+T(155))
CO(304) = CDBUI*IT(ISIl**2+Tllbé)**al*(T(lbl)+T(156))

COCS0S)=CL28LH ) ¥ XK (305:2)/7XK(2B85+2)

COC306) = CP3IO* (T8 ##24T(1ST7)#X2)X(T(153)+T(157))
COC307) = CORVERIT(1S4)#42+T(158)*¥%2)% (T(154)+T(158))
COC308) = CDBJ&*(T([55)**2+T{159)**2)*(T(|55)+T(i59))

)

COC309) = Co3Je*(TUI50)#*24T(160)*22) % (T(156)+T(160)
COC310)=xKEalJs 2 )#*PI* (RUIO)I+R(9) ) *DELX/(R(10)+R(9))
CD(311) CO3LLAITOIE N *¥*¥2+T162)%%¥2)%(T(159)+T(162))
coczig) COBLI*(TOIE0)* ¥ o+T(162)%%2 )% (T(160)+T(163))
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COC313)=CRL 1246 )" AK(3]1 4+ 10)/7XK(124+10)

CwlI16)=CLL 126 )" XAR(3]14sJUI/XKL]26010)

COCAIS)=CL12T)*XK(315:10)/7XK(12T7+10)

COLINIE)=CLIIZ2B)I®ARI316010) /XK ]128+10)

CulIITI=CLLI2F)%ARI31 742 V1/7XKL 12902 )

COUd61)=0e0

CO(LE2)=0.0

CO(L63)=0.0

CLIZ264)=00

IFINTRANS<EQ«Q) GU TO 250

DU 245 I=1 «NTKAND

KE1+10%(11+1=-nTRANS)

JELI+10%(]1=])

COMRI=CL2IM(TIJ)#R24T(137)%82)%(T(J)+T(137))

CUNT INUE

CONT INUL

ITHE FULLUWING CunDUCTURS AxE FUKR THE HELIUM GAS CUNTAINED Iin

THE MUFFLE

Alz=2e*PI®*= (] )*DELX

AVGI=(Al+A2)/ 2

X01S1=R(2)=-R(1)

AVGEZ=(A4+A- )Y/ 2o

XD152=R(5)=R(4)

CUNME I s XKHE#®AVO L/ XUTIS]

CONHE = XKHE®#AVO L/ XDIS2

DO 2001 I1=0518+329Y

COCl)=CuNHE ]

CUNT INUE

DU 2002 1=2330» 346

CO(1)=CUNHE?

CONT INUE

CUNDUCTION BETWLEN HOT AND COLL HEAT PIPES

NLAYER=230

ELAYER=EW

COl3GTI=PI* (KIL) "R (2 )% %2 ) #5 | GMAR(ELAYENR/(2e=ELAYER) )/NLAYER®
(TU3)*#*24+T (4] ) *%2 )% (T(3)+T(141))

HETURN

END
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SURROUTINE To P LCyCUNCTRL sMaNNDSsNEPR PR IN'T LM IRPTVTSCONLT)
DIMENSION C(220)+CLIS00)MI200015)
SMAL = 10E30

LO 100 1

CAp = Ct(1)
10041009400

IFcCarP)
CUNT INUE
NCOND =

CSUM = Ue0

1 oaNLS

MClal)

wJ 200 ¥ =
IC = Unz2+)
NC = MIULWIC)

COUM = CSUM + CUINC)

CUNT INUE
STEST =

NCTHRL =
CONT INUL
CONT INUE

1 o CUND

CARP/CoUM
IF(STESTeGE . >MAL) GO TO 300
SMaL. = STEST

DT = SMAL/TSCUN
TPR = FLOAT(NPR) *PRIN
TT1 = TiM+oT

IkT = 0

IF(TPR«GTTTL) U TO 500
UT = TPR=TIM

IPT = |
CUNT INUE
HKETURN
END
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SUBROUTINE INTPIXeNsY)
CUMMUN/DTAZCCL40»S]1)
“ = CClnNel)
J1 B Jug
XLST = CCINGZ)
AKHST = CCiNgJL)
IF(XeEULXLST) GU TO 700
IF(XelTeXL5T) GV TO 100
IF(XaGTeXHS5T) GU TO 200
JT = 4
Sv0 CONT INUE
IF(CCUINsJT)=X) 300+600+400
JO0 CONTINUE
JT = JT+2
GU TO %S00
4U0 CUNT INUL
NI = JT=2
NZg = Nil+l
N3 = JUT
Na = N3+|
GU TO 900
600 CUNT INUE
NT = JT+1
¥ = CCI(NeNT)
GO TO 1C00
700 CONTINUE
Y =2 CC(Ne3)
GU TO 1000
100 CUNTINUE

NL = 2
Ne = 3
N3 = 4
N4 5

GO TU w00
200 CONT INUE

Nl = 2#J=2
NZ = Nl+]
N3 = 2%J
NG = N3+1

900 CONTINUE
ok = (COUNING)=CLlNaN2I)IZLCCINING)=CCININL) )
Y = CCUNaNZ)+oL*(X=CCIN'NI1))
10C0 CUNTINUE
HETURN
END
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SUBROUTINE DATA
CUMMONZUTA/ZCCI40951)
FORMAT(21%)

FURMAT (21040
FURMATCOLIHMIJUARLLINT A B L E 5)
FUORMAT( IHO«s8Xs215)
FURMAT( IMO s X 02 12e5)
WHITELEs703)

CONT INUE
READ(Se 7O INJ
WHRITE(Gy7Ca )N J
IFI(NEQ«) GO TU 300
CCI(Nw1) = J

DO 200 | = 1sJ
READ(5+702) AsB
WRITE(&+TO05) A8

w1

Ing

K = Kl+1]

CC(NeK] ) =
COC(NeK2) =

A
B8

CUNT INUE
GV TO 100
CONT INUE
HE TURN

END
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Appendix B
LISTING OF INPUT DATA CARDS FOR SAMPLE PROBLEM
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I1UO e oy 1Jd YY) 100« D4 D40
£00u e <00V 2UU0 2000
=
1 v
CeQ ' USS CP = STAINLESS STEEL
€20 « QUS
S0C. « 108
7900 el
1000 o133
1500 slag
2CU0e 152
25u0e o 164
3000« o177
4 E
Oe0 detd A = STAINLESS STEEL
2200 Ge7
D00 Held
750 Je 3
1000 11e!
1500 lde g
2000 192
2900 1761
300 170
X ] 10
0«0 «0le CP = ALUMINA
U0 e Q22
4GuCoe « 025
GU0. «0c7
EUQe « 028
1CU0. +029
1500 « Q30
2000 041
290Q « 032
3000 « Q32
13 2
100 « 100 CP=HEAT PIPE
4000 « 100
la P
100+ 10 A=HEAT PIPE
40u0e 1«0
15 <
1U0e « 100 CP=COLD HEAT FIPL
4000 « 100
16 z
I1COe 1«0 K-CCulU HEAT PIPE
4000 10
B-1
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Q«0
cJQe
4U0
LUQ e
VOO0
10OUQ
1OU0e

2000
29J0
J0U0e

1UQe
3500

100
2WQe
3UQe
SV
100UQe
1500
2000
25U0e
J0UQ.
39U0e

c20e
HUQ e

790
1U:10e
125Ce
1500
v 'Qe
2500
3000+«
35UQ0e
4000

Q0

c¢2Qe
D00
/95Qe
1000
1950
19500
2000
2900QCe
3000
3500
400Q.

10
225
I 7«8
le o td
Sed
fed
el
SeY
Jel
Je
Jat

« 036
2« 036
10
22vel
1300
109
EET
Tde
Tie
Oe
He
Gle
YHY'deH
12
s U4,
« QD7
062
« 064
2y 65
« 066
« 067
«070
076
« 083
«+ 091
« 100
ic
B e
Hde
T7e
Toeo
1445
T2¢5
OYe D
63e5
HT7e
510
495
42 e

K = ALUMINA

CP = TUNGSTEN

K = TUNGSTEN

P = mMOLY

N = MOLY
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Qe

40Ul
10

Q0

L4000
J2000
“wulQe
4BU0e
13
100
ADU0 e
1
1U0.
SUQ e
SO0
DUl
10U0.
19V0e
20U0e
2900
JOU0
3900

« lOU
e 10V

3325
JieY
dYe D
JOe

edehH

o Vg
PRSI TN

L2V
130e0
100
‘e
/Yo
/e
Ode
e
(SFa]
Dde D

&

LS

(&

N
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TA=10w

TA=10Ww

TUNGSTENCSAMIPLL )

TUNGSTEN
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