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ABSTRACT 

The a b l a t i v e r e s p o n s e of t h e SNAP-27 G r a p h i t e LM F u e l Cask (GLFC) 
i s p r e s e n t e d f o r e a c h p a s s t h r o u g h t h e a t m o s p h e r e i n a m u l t i p l e o r b i t 
a t m o s p h e r i c r e e n t r y f o r s e v e r a l i n i t i a l p e r i g e e a l t i t u d e s . The t h e r m a l 
r e s p o n s e o f t h e GLFC i s p r e s e n t e d f o r one p a s s t h r o u g h t h e a t m o s p h e r e 
d u r i n g a m u l t i p l e o r b i t r e e n t r y . 

% 

The c u t o f f d a t e f o r i n f o r m a t i o n i n t h i s r e p o r t , 
w i t h t h e e x c e p t i o n of t h e " e x a c t " t r a j e c t o r y 
m u l t i p l e o r b i t r e e n t r y a b l a t i o n a n a l y s i s , i s 
O c t o b e r 2 8 , 1 9 6 8 . The c u t o f f d a t e f o r t h e e x a c t 
t r a j e c t o r y a b l a t i o n a n a l y s i s i s May 1 5 , 1 9 6 9 . 

„s™»x,...o.T..,s„nc,n,rxT,s.M™ 
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SUMMARY 

As part of the Aerospace Nuclear Safety Program, Sandia Labora­

tories' Aerospace Nuclear Safety Department conducted a number of 

aerothermodynamic analyses of the SNAP-27 Graphite Lunar Module Fuel 

Cask (GLFC). The analyses included orbital decay atmospheric reentries 

and prompt supercircular velocity reentries from translunar aborts. 

In addition to the above mentioned atmospheric reentries, the 

SNAP-27 GLFC and the Lunar Module (LM) can reenter the atmosphere at 

angles shallower than the nominal reentry angles. This possibility 

exists if an Apollo mission abort should occur during or after trans-

lunar injection. For these shallow reentry angles, the GLFC would 

undergo a multiple orbit reentry, passing through the atmosphere sev­

eral times before final reentry, as the highly elliptical orbit (with 

initial apogee near the moon) decayed. 

This report summarizes the thermal response of the GLFC on one 

of these passes through the atmosphere, and the ablation which occurs 

on the GLFC each time it passes through the atmosphere. 
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ABLATION AND THERMAL RESPONSE 
OF THE SNAP-27 GRAPHITE LM FUEL CASK 

DURING MULTIPLE ORBIT REENTRY 

Introduction 

As part of the NASA Apollo program, the Apollo Lunar Surface 

Experiment Package (ALSEP) (Figure 1) will gather data on the charac­

teristics and environment of the lunar surface and subsurface. Refer­

ences 1 and 2 describe the various experiments that are part of the 

ALSEP array. 

The AEC developed the SNAP-27 radioisotope thermoelectric gener­

ator (RTG) to provide electrical power for the ALSEP. The General 

Electric Company (GE) designed and fabricated the SNAP-27 generator, 

fuel capsule, and Graphite Lunar Module Fuel Cask (GLFC) under AEC 

contract. The SNAP-27 fuel capsule (Figure 2) is contained in the 

GLFC (Figure 3) during transport to the lunar surface. The GLFC is 

designed to provide protection to the fuel capsule during possible 

mission aborts and thus prevent the release of radioactive fuel to the 

atmosphere. 

As part of the Aerospace Nuclear Safety Program, the Aerospace 

Nuclear Safety Department of Sandia Laboratories conducted several 

aerothermodynamic analyses of the GLFC to determine its capability to 

protect adequately the fuel capsule assembly. (Previous analyses of 

earlier protection systems showed that fuel capsule protection for 

some mission aborts was inadequate. ' These analyses ' included 

orbital decay atmospheric reentry and supercircular velocity lunar 

return reentries. 
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In addition to the above abort reentry conditions, it is possible, 

after an abort following translunar injection, for the LM and the GLFC 

to reenter the Earth's atmosphere at an angle too shallow to cause 

prompt reentry to Earth impact. For these shallow reentry angles, the 

GLFC and LM will experience a multiple revolution orbital decay from a 

highly elliptical orbit with initial apogee near the moon. 

At the request of the Reentry Working Group of the SNAP-27/ALSEP 

Interagency Review Panel, the Aerospace Nuclear Safety Department of 

Sandia Laboratories conducted an aerothermod5mamic analysis to deter­

mine: (1) the temperature response of the GLFC during multiple orbit 

reentry, (2) the ablation of the GLFC during a multiple orbit reentry, 

and (3) the reentry angle which separates prompt lunar return reentries 

from the lunar return multiple orbit reentry. At the suggestion of 

NASA/Ames, the ablation and thermal analyses were conducted for a side-

on-stable orientation during the multiple orbit reentry. This assump­

tion results in maximum mass removal by ablation along the stagnation 

line. These analyses were conducted from September 23, 1968, to 

October 28, 1968, and the results were presented at the Reentry Working 

Group meeting at King of Prussia, Pennsylvania, on October 29 through 

31, 1968. 

This report documents the ablation and thermal analyses that were 

conducted to determine the thermal and ablative responses of the GLFC 

during a multiple orbit reentry. The environment experienced by the 

GLFC during a multiple orbit reentry is documented in Reference 7. 

Ablation Model 

The ablation model of the GLFC was constructed for use with the 
Q 

Charring Material Ablation (CMA) computer code. This code is opera­

tional on the Sandia CDC 3600 and CDC 6600 computers. The CMA code 

uses an implicit, finite-difference computational procedure for comput­

ing the one-dimensional transient transport of thermal energy in a 

three-dimensional isotropic material which can ablate from the front 

surface and decompose (char) in depth. The finite-difference equations 

in the code are obtained from the laws of conservation of mass and 
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energy. A mass and energy balance is maintained internally in the 

ablating material and also at the material surface. The printout from 

the code includes such information as total ablation, current ablation 

rates, nodal temperatures and densities, and convective, radiative, 

and conductive heat transfer rates. 

The nodal construction used for the GLFC ablation model is shown 

in Figure 4. The ablation model consists of only the graphite portion 

of the GLFC since this is the ablating portion of the cask. The rear 

wall is assumed to be adiabatic. 

Flow Direction 

E 
X 3 

X 4 

X 5 

X 6 

X 7 

X 8 

X 9 

X 10 

X n 

Adiabatic Walls 
X -Node Location and Number 

Figure 4. One-dimensional CMA ablation model 
of GLFC graphite wall 

In the CMA code, the aerodynamic heating experienced by the GLFC 

during passage through the atmosphere is input as a function of time 

to the external node. The code corrects this cold wall heating rate 
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to account for the hot wall, mass injection into the boundary layer 

(blowing effect), and surface oxidation. Any surface recession causes 

the last (deepest) node of the ablating material to shrink. When the 

surface recedes far enough, this node is dropped fran the rear surface 

of the ablating material, the remaining mass is added to the next node, 

and the number of nodes is reduced by one. 

The material properties of the graphite are input as a function 

of temperature and are given in Appendix A. Other required input 

parameters and a typical CMA output are given in Appendix B. 

Thermal Model 

The thermal model of the GLFC was constructed for use with the 

Chrysler Improved Numerical Differencing Analyzer for Third Generation 

computers (CINDA-3G). CINDA is a multioption systems compiler com­

puter code and is operational on the Sandia Univac 1108 computer. The 

code analyzes a mathematical model of any arbitrary one-, two-, or 

three-dimensional lumped parameter representation of a physical system 

governed by a set of diffusion equations. To utilize the code, a 

thermal analog network representative of the physical system must be 

constructed. Nonlinear material properties and boundary conditions 

can be input as functions of one or more independent variables. 

The nodal construction of the two-dimensional thermal model of 

the GLFC is shown in Figure 5. The model consists of 112 nodes, as 

shown in Table I. The model allows for heat transfer by both conduc­

tion and radiation between the appropriate nodes. All radiating sur­

faces are assumed to be gray with temperature varying emissivities. 

All other thermal properties are also allowed to vary with temperature. 

The internal energy generation in the GLFC is included in the fuel 

nodes. The reentry aerodynamic heating is accounted for by applying a 

time-varying heat generation to the nodes on the external surface. 

Each surface node can have a different aerodynamic heating rate applied 

to it to account for the heating distribution which occurs over the 

GLFC as it reenters the Earth's atmosphere in a side-on-stable orienta­

tion. Radiant cooling is accounted for by allowing each external node 

to radiate to space. 

13 
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TABLE I 

GLFC Two-Dimensional 
Thermal Model Node Materials 

Material 

Graphite (Pyrocarb 406) 

Beryllium 

Haynes 25 

Fuel (238pu02 microspheres) 

Total 

Number 
of Nodes 

28 

49 

21 

14 

112 

The radiation view factors across the radiation gaps internal to 

the GLFC were determined with computer code CONFAC II. CONFAC II is 

a digital computer program which uses a numerical method to determine 

the geometric radiant-interchange factor used in radiant heat transfer. 

The source of flux may be any general plane polygon, and the receiver 

may be any general plane or nonplanar polygon, the surface of any arbi­

trary polyhedron, or an arbitrary combination of such surfaces. 

Aerodynamic Heating 

During reentry into the atmosphere, the GLFC is subjected to 

high heating rates. The convective heating occurs in both the free-

molecular and continuum flow regimes. Radiant heating from the high 

temperature gas cap formed in front of the reentering GLFC must also 

be considered. This section of the report describes how the aerody­

namic heat input to the GLFC was determined. 

The convective heat input to the cask in the free-molecular flow 

regime is determined by the equation 

an V • 
f̂ CO CO 

IPM " 50,063 
(Reference 11) 
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where 

q„^ = free-molecular flow, stagnation point heating 
rate (Btu/ft2-sec) 

a = thermal accommodation coefficient 

p = free stream density (Ib/ft^) 

V = free stream velocity (ft/sec) 

In the continuum flow regime, the convective reference heating 

rate to a 1-foot radius sphere is determined by the equation 

0.5 3.15 

•̂c = 8 6 5 ( ^ ) (^o!oOo) (Reference 12) 

where 

q = continuum convective stagnation point heating 
^ rate (Btu/ft2-sec) 

p = local air density 

p„j = sea level air density 

V = free stream velocity (ft/sec) 

The convective heating which occurs in the transition flow regime 

is obtained by extending the free-molecular and continuum heating 

curves to their intersection. The free-molecular heating rate is used 

until it intersects the continuum heating rate; then the continuum rate 

is used at all altitudes below the intersection of the two curves. An 

example for one pass through the atmosphere of a multiple orbit reentry 

is shown in Figure 6. The heating rate used for this particular pass 

can be obtained from Figure 6 by staying on the lower of the two curves. 

This method gives results which are close to the results obtained from 

various theories of transition flow heating as well as experimental 

results. 
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Figure 6. Transition-flow heating to the GLFC 

The heating rates determined from the previously mentioned equa­

tions are calculated during the multiple orbit reentry trajectory by 

computer code HRS017-3. -̂  This code determines the multiple orbit 

trajectory by an approximate closed-form solution. In order to deter­

mine how this closed-form solution trajectory compares to a more exact 

trajectory code, two multiple orbit reentry conditions (260,000 and 

300,000 feet initial perigees) were run on the TTA computer code, which 

integrates the equations of motion. The heating rates to the GLFC, 

however, were still determined by the equations which were described 

previously. This was done by inputing the time-velocity-altitude his­

tory determined from the TTA computer code into computer code HRS017-4, 

which subsequently calculated the heating rates without going through 

a trajectory calculation. Code HRS017-4 also provides punched card 

output in a format compatible with punched card input for the CMA com­

puter code. 
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The heating rates determined by the equations given previously 

are reference values equivalent to the rate experienced by the stagna­

tion point of a 1-foot radius sphere flying the same trajectory. To 

obtain the actual rates, these reference heating rates must be scaled 

for the size, configuration, and reentry orientation of the GLFC. The 

size effect is l/vRj where R is the GLFC cylindrical radius. The heat­

ing ratio scale factor, Fq, which accounts for the GLFC configuration 

and reentry orientation, was based upon wind tunnel tests conducted on 

cylinders at Cornell Aeronautical Laboratory and at Rhodes and Bloxom 

by Sandia Laboratories. ' Figure 7 shows the heating ratio to a 

cylinder, referenced to a 1-foot radius sphere, as a function of the 

circumferential angle. The heating ratios shown occur near the center-

plane of the GLFC; since the thermal model was two-dimensional only, 

the axial variations (end effects) were not considered. For the multi­

ple orbit reentry problem, maximum ablation and maximum local tempera­

tures were of interest. Therefore, the heating rates applied to the 

ablation and thermal models were for the GLFC passing through the 

atmosphere in a side-on-stable orientation. 

Fq = Heat Rate To 1' Radius Cylinder 
Heat Rate To 1' Radius Sphere Stagnation Point 

90 120 

Q (Degrees) 

150 180 

Figure 7. Heating ratio to a cylinder 
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The radiant heating to the GLFC during a multiple orbit reentry 

was determined by 

q^. (3.748 xl0ip„l-^6R^°-5u„3^-!^- 3.25) " 

r a d i a t i v e h e a t i n g t o s t a g n a t i o n p o i n t ( B t u / f t - s e c ) 

f r e e - s t r e a m d e n s i t y ( l b / f t ) 

nose r a d i u s ( f t ) 

free-stream velocity (ft/sec) 

This equation correlates well with available experimental data. " Com­

puter code RADHTG was written to evaluate the above radiant heating 

equation and the continuum convective heating equation. The code was 

written for use on the Sandia QUIKTRAN remote terminal, in connection 

with an IBM 7040-44 computer in Los Angeles. The radiant heating to 

the GLFC was determined by computer code RADHTG for several passes 

through the atmosphere during a multiple orbit reentry. Due to the 

relatively small size of the GLFC, the radiant heating rate for each 

pass through the atmosphere was less than 2 percent of the continuum 

convective heating (see Appendix D for the output of computer code 

RADHTG). Therefore, the radiant heating to the GLFC was ignored. 

The aerodynamic heating rates discussed thus far in this section 

of the report are cold wall heating rates. These cold wall rates are 

input to the CMA computer code. The CMA code calculates a corrected 

heat flux based upon the more realistic conditions of a hot wall, with 

mass injection into the boundary layer and oxidation of the graphite 

surface. A comparison of the cold wall heating rate and the CMA cor­

rected rate along the GLFC stagnation line for one pass through the 

atmosphere in a side-on-stable orientation is shown in Figure 8. 

where 

^R = 

\ = 

U 
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100 h 

Figure 8. 

Cold Wall Rate 
CMA Correc ted Rate 

50 100 150 

Time (Seconds) 

Comparison of cold wall heating and 
CMA corrected heating to the GLFC 
stagnation line for one pass through 
the atmosphere 

Results 

Ablation Analysis 

The results of the ablation analysis are shown in Figures 9, 10, 

and 11. Figure 9 shows the cumulative ablation which would occur on 

the GLFC stagnation line for a side-on-stable reentry for eight differ­

ent initial perigee altitudes. The number of orbits shown on the 

abscissa is the number of passes through the atmosphere, excluding the 

final atmospheric reentry which terminates at Earth impact. The rela­

tionship between the number of orbits prior to final reentry and the 

initial perigee altitude is shown in Table II. The relationship shown 

here between the number of orbits required for the trajectory to decay 

and the corresponding perigee altitude is based on results obtained with 

the HRS017 computer code. The dotted line in Figure 9 is the envelope 

of the curves and shows the maximum expected stagnation line ablation. 
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Figure 9. GLFC stagnation line ablation 
for multiple orbit reentry 
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Figure 11. Comparison of ablation resulting from exact 
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reentry 

TABLE II 

Number of Orbits to Decay 
and Corresponding Perigee Altitudes 

Orbits to 
1 Final Reentry 

5 

10 

14 

18 

30 

39 

50 

65 

Initial 
Perigee Altitude 

(ft) 

260,000 

265,000 

270,000 

275,000 

285,000 

290,000 

295,000 

300,000 
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Two multiple orbit reentry trajectories (260,000 and 300,000 feet 

initial perigee altitudes) were run on the TTA computer code at a later 

date to determine how these trajectories compared to those calculated 

by the HRS017 computer code and to determine how much ablation would 

occur during these reentry trajectories. The TTA code was not used 

for calculating all the multiple orbit trajectories since it requires 

relatively large amounts of computer time. Another factor preventing 

the use of the TTA computer code is that the output is not compatible 

with the CMA code input, as is the HRS017 computer code output. This 

incompatibility created a time delay which could not have been toler­

ated in the time schedule allowed for the multiple orbit reentry analy­

sis. The results of the comparison are shown in Figures 10 and 11. 

The difference in the total number of orbits to Earth impact and the 

difference in total stagnation line ablation obtained from the two 

methods can be seen in the figures. The total ablation occurring dur­

ing the TTA computed trajectory was 10 to 40 percent lower than that 

occurring during the HRS017 computed trajectory. 

The ablation results indicate that based on the trajectory deter­

mined by the HRS017 code, the 0.35 inch of Pyrocarb graphite can ablate 

through along the stagnation line of the GLFC if a multiple orbit re­

entry occurs which has approximately 20 or more passes through the 

atmosphere (280,000 feet perigee or higher) in a side-on-stable orien­

tation followed by a near orbital decay final reentry. (The near 

orbital decay final reentry must have the same stagnation line forward, 

and this results in approximately 0.1 inch of ablation.) It should be 

noted that the lack of three-dimensional heat transfer in the ablation 

model maximizes the ablation along the GLFC stagnation line. 

Reentry Thermal Analysis 

The complete results of the multiple orbit reentry two-dimensional 

thermal analysis are contained in Appendix C, where the temperature as 

a function of time is printed for each node for the first atmospheric 

pass of the five orbit reentry (260,000 feet initial perigee). Fig­

ure 12 shows the maximum temperature which occurs along the stagnation 

line for the outer graphite surface, the beryllium secondary heat shield, 

and the outer surface of the fuel capsule. As shown, the beryllium 

secondary heat shield and the Haynes 25 capsule cladding remain well 
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below the melt temperatures of these materials (see Appendix A for melt 

temperatures). It can also be seen that the GLFC returns to steady-

state temperature approximately 3500 seconds after passing through the 

atmosphere. This prevents the GLFC internal components from building 

up to a higher temperature on each sequential pass of a multiple orbit 

reentry. Figures 13 and 14 show the radial and circumferential tempera 

ture distribution as a function of time in the graphite portion of the 

GLFC for the first atmospheric pass of the five orbit reentry case. 

4200 

3600 

3000 

3 2400 -

a 
6 

1800 

1200 

600 

Capsule Clad 

Beryllium SHS 

100 1000 4000 
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Figure 12. Temperature response of GLFC 
during one orbit of multiple 
orbit reentry 
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Figure 13, Radial temperature distribution of 
GLFC graphite shield during one 
pass of a multiple orbit reentry 

Figure 14. Circumferential temperature distri­
bution of GLFC during one pass of 
a multiple orbit reentry 



The final atmospheric reentry of the various multiple orbit 

reentries is closely approximated by an orbital decay reentry. The 

thermal response of the GLFC during this final reentry in a side-on-

stable orientation is shown in Figures 15, 16, and 17. Figure 15 shows 

the maximum temperatures along the stagnation line for the cask sur­

face, the beryllium secondary heat shield, and the fuel capsule outer 

surface. The beryllium heat shield and Haynes 25 cladding still remain 

below the melt temperatures of the materials although they reach a 

higher temperature than for the earlier atmospheric passes. Figures 16 

and 17 show the radial and circumferential temperature distributions in 

the graphite for this final atmospheric reentry environment. The time 

in Figures 15, 16, and 17 is referenced from an altitude of 400,000 feet. 

Figure 18 shows the temperature distribution throughout the GLFC during 

the final reentry when the outer graphite surface is at peak temperature. 

The thermal results indicate that the GLFC provides adequate thermal 

protection of the SNAP-27 fuel capsule as long as the graphite cask re­

mains Intact. 

3400 -
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6001 I I I I I 1 
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Figure 15. Maximum temperature of GLFC along 
stagnation line during final reentry 

26 



3500 

3000 h 

2500h 

b. 
o 

2000 

1500 

1000 h 

500 
5000 5200 5400 5600 5800 

Time (Seconds) 

6000 6200 

Figure 16. Radial temperature distribution of 
GLFC graphite shield along stagna­
tion line during final reentry 
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Figure 17. Circumferential temperature 
distribution of GLFC during 
final reentry 
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Figure 18. GLFC temperature distribution at 
maximum graphite temperature during 
final reentry 
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Conclusions 

Based on the analyses and results documented in this report, the 

following conclusions are drawn. 

1. For a side-on-stable orientation and using the ap­
proximate trajectory technique, the GLFC graphite 
heat shield is predicted to lose all material along 
the stagnation line by ablation, as the result of 
20 or more passes through the atmosphere prior to 
final reentry. 

2. The GLFC cask surface reaches a maximum temperature 
of 4213°F during a multiple orbit reentry. 

3. The capsule cladding reaches a maximum temperature 
of 1848°F before the final reentry on a multiple 
orbit reentry, and it reaches a maximum temperature 
of 2365°F during the final reentry. 

4. The GLFC returns to steady-state temperature prior to 
each pass through the atmosphere for a multiple orbit 
reentry. 

5. The GLFC provides adequate thermal protection of the 
SNAP-27 fuel capsule provided the graphite heat shield 
remains intact. 
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Pyrocarb 406 Graphite 

Density = 88 Ib/ft"̂  

Emissivity, ̂  

Temperature 
(°F) 

0 
400 
800 
1200 
2000 
3200 
4000 
8000 

Specific Heat, Cp 

Thermal Conductivity, K 

0 
0 
0 
0 
0 
0 
0 
0 

70 
73 
78 
81 
86 
90 
93 
96 

Temperature '-'P 
(°F) (Btu/lb-°F) 

70 0.22 
1000 0.39 
4000 0.53 
8000 0.53 

Temperature 
(°F) 

0 
165 
565 
965 
1365 
1965 
2365 
2965 
4165 
5665 

(Btu 
K 

/hr-ft-°F) 

4.50 
4.85 
5.22 
5.50 
5.76 
6.04 
6.15 
6.30 
6.66 
6.92 



Beryllium 

Density = 114 Ib/ft"̂  

Emissivity (coated), e = 0.85 

Specific Heat, Cp 

Temperature 
(°F) 

150 
200 
1000 
2600 
5000 

Cp 
(Btu/lb-°F) 

0.20 
0.55 
0.70 
0.90 
0.90 

Thermal Conductivity, K 

Temperature 
(°F) 

0 
800 
1600 
2400 
5000 

K 
(Btu/hr-ft-°F) 

110.0 
70.0 
43.0 
30.0 
30.0 

Melting Point = 2345°F 

238 
Plutonium Dioxide ( Pu02) Microspheres 

Density = 662 Ib/ft"̂  

Specific Heat, Cp = 0.0633 (Btu/lb-°F) 

Thermal Conductivity, K 

Temperature 
(°F) 

1000 
1200 
1400 
1600 
1700 
8000 

K 
(Btu/hr-ft-°F) 

0.46 
0.52 
0.58 
0.68 
0.75 
0.75 

36 



Haynes 25 

Density = 570 Ib/ft"̂  

Emissivity (coated), e = 0.85 

Specific Heat, Cp 

Temperature 
(°F) 

500 
1000 
1500 
2000 
2425 

(Bt 
Cp 

u/lb-°F) 

0.080 
0.090 
0.105 
0.115 
0.120 

Thermal Conductivity, K 

Temperature 
(°F) 

500 
1000 
1500 
2100 
3000 

(Bt 
K 

:u/hr-ft-°F) 

8.1 
11.5 
14.6 
19.5 
27.7 

Melting Range = 2425° to 2570°F 
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SANDIA ABLATION PROQHAM (VERSION T W O 
- - - - HAGfa 

SNAP"27~(jl.FC"MUL"TIPL'E"0RBrT^R?ErrRY^STUTrY 
THJS RUN IS FIVE ORBIT CASE FROM HHS017 Te»5500 K 

ORBIT 1 OF 5 " D W LARSON* 9513 

- - -REACTION KINETIC EQUATION---

DRHO/DTIME ' GAMMA ( 8A*EXP t-EA/T ) RHOOA ( tRHQA-RHORA )/RHOnA 1 ••PSI A"'" 
• GAMf'A ( BB*tXP(-EB/T)RH003( (RHOS-RHORS)/RHOOB)**Pi>IB ) 

• • ( I - G A M M A ) C B C * E X P ( - E C / T ) K H 0 0 : ( ( R H O C - R H O R C ) / R H O O C ) * * P S 1 C - 1 -

---REACTIQ.M KI\ETIC CONSTANTS---

REACTION RHOO RHOR R " PSl E T REAC^" 
(LB/CU fT) tl/SEC) (DEG R) (DEG R) 

A 38,00 88,00 0, 000*000 ""~ 0,00 ' 0.000*000 90000"' 
B _ 3 » , 0 0 86,03 0,000*000 0,00 0.000*000 9 0 0 0 0 _ 
"C "" "88,00 88,00 0,000*000 " 0\00 0,000*000 900TJO 

RESIN VOLUME FRACTION', G A M M A = •••••(MASS F R A C T J C N = 0,000) 

•--TIME INCREMENT INFORMATION---

INITIAL TIME (SEC) 0.000 FINAL TIME (SEC) 40^.53 

OUTPUT INTERVAL =•••«•« SEC FROM INITIAL TIME UNTIL500.000 SEC 
OUTPUT INTERVAL =**•••• SEC "FROMbO 0 , OC 0 SEC UNTIL50 0 , 000 "SEC """ 
OUTPUT INTERVAL <=**••»* SEC FROMSOO.OOO SEC UNTIL FINAL TIME 

MAXIMUM TIME STEH = 5.00 SECONDS 



N3 

SANDIA ABLATION PROG-'AM (VERSION TwQT 

OHBIT 1 OF 5 D W LARSOMi 9513 

PAGE 

---NODAL DATA-

THE TJTLE OF 
NODE 

NO, 
1 
2 
3 
4 
5 
6 
7 

' " 8 " 
9 

10 
11 

THIS FILE IS 
M A T L TEMPtRATURE 

NO-, -IDEG.HANKINE 
1 1245,00 
1 •- ^ 1245.00 
1 1245,00 
1 • 12«5,00 
1 1245,00 
1 1245,00 
1 1245,00 
1 ' " 1245,00 
1 1245,00 
1 " - 1245,00 -
1 12«5,00 

- 0 , 3 5 0 0 0 - 0 . 0 0 0 0 0 - - 0 . 0 0 0 0 0 - -
RELATIVfc THICKNESS NODAL DfcPT 

) AREA 1 INCHES-) ClNCHhS)— 
1,0000*000 0.01000 O.OOOOOO* 
1.0000*000 0.01000 0.015000 
1,0000*000 0 .02000 0.030000 
1,0000*000 0.02O0O 0.050000 
1,0000*000 0.02000 0.070000 
'1,0000*000^ 0.03000 0,005000" 
1.0000*000 0,04000 0.130000 
1.0000*000" 0.05000'- "0.175003-
1,0000*000 0,05000 0.225000 
'1,0000*000 0,05000" 0.27^000-

1 , 0 0 0 0 * 0 0 0 0 , 0 5 0 0 0 0 . 3 2 5 0 0 0 
• P C A N ^ A R ' S U R F A C C 

M I N I M U M T H I C K N E S S OF LAST A B L A T Q H NODE ( I N C H E S ) 

THERE A R t 10 NCDELETS ASSIGNED TO : A C H A B L A T I N G 

0 . 0 0 0 0 0 -
h CONT.R 

t S O F T - S 

0 . 0 0 
0 . 0 0 
0 , 0 0 
0 . 0 0 
0 , 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 , 0 0 

o . u o 
0_^0^ 

coioo 
NODE 

E ^ I S T A N C E 
- D t ' J / e T t J ) -
0 0 * 0 0 0 
0 0 * 0 0 0 
0 0 * 0 0 0 
0 0 * 0 0 0 
0 0 * 0 0 0 
0 0 * 0 0 0 
0 0 * 0 0 0 
0 0 * 0 0 0 — 
0 0 * 0 0 0 
0 0*0 00 ' " 
0 0 * 0 0 0 

BACK WALL CONVECTION 
COEF_BTU/^ TSu-HP-DEG R 

-0,000 0 

BACK WALL" • 
fcMlSSIVITr 

'"-0,"000 

-RESERVOIR-
TEMPERATURb 

~ 1245,00 

.--HbAT OF FORMATI0N""0F"MAT£RIAL""CONSTlTUENTS---
( B T U / L B > 

'"""PLASTIC "CHAR GAS"""-
-0.00 '0.00 "0.00 

ENTHALPY DATUM TEMPtRATURE •• 536.000 DEG RANKINE 

• MATERIAL' THERMAL PROPERTY DATA". 

MATERIAL NO, 1 
VIRGIN PLASTIC 

MATERIAL NO, 1 
TEMPERATURE 

MATER'UTTiO, 2 
CHAH 

'M"7rTERlAL N5S. 3 THHUUGH20 
BACK-UP 

"SPECIFIC'HEAT" 
DENSITY 

"CONDUCTIVITY 

"(UbG R) 

0.00 
625,00 

( B T L 7 L B - D E G ^ 

0,0000 
0,1800 

1025,00 0.3200 
1425,00 0.3900 

0,46 0 0 
0,4800 

1825,00 
2425,00 

T¥TLI/FT^5S"C"-"13'E 

0,0013000 
0,0013500 "" 
0,0014500 
0.0015300 
0.0016000 
0.0016700 
0,0017100 

" 0.0 0175 0 0 
2625,00 0.5000 ̂  
3425,00 '" ' ^ 0.5100 
4625,00 0,5200 _ 0.0018500 
6125,00 0.5200 0.0019200 

a 88,000 LiS/CU FT 
SENSIBLE " EMMIS1V1T1 
ENTHALPY 
^(BTU/LB) 

-4B.24 0.5000 
B.Ol 0,7000"""" 

108.01 0.7500 
" 25U.01 0.8000 """ 

420,01 0.8300 
7 0 2,01 0 ,8500 
858,01 0.8700 

"1201.01 0,8900 ""' 
1819,01 0.9400 

""2599,01 0,9600""" 



SANDIA ABLATION PROGRAM (VERSION TWO) 

OHBIT 1 OF 5 D W LARSON, 9513 

PAGE 3 

MATERIAL NO, 2 
TEMPERATURE 

(DEG R} 
0 , 0 0 

625,00 
10 2 5,00 
1425,00 
1825,00 
2425,00 
2825,00 
3425,00 
4625,00 
6125,00 

SPECIFIC HE"AT 

(BTU/L8-DEG) 
0 .0 0 0 0 
0,1800 

DENSITY 
'" CONDUCTIVITY 

(BTU/FT-SEC-DEG) 
0 ,001300 0 
0,0013500 
0,0014500 
0.00153OO 
n n n ^ t^ n n n 

• 88,000 L8/CU FT 
SENSIBLE EMMISIVITY" 
ENTHALPY 
(BTU/LB) 

•48.24 0,5000 
"~0"r70 00 

0.3200 0,0014500 108,ol_ 
0.3900 0,0015300 250.01 
0,4600 0,0016000 42o.ol 
0,4800 "' " 0,0016700 702,01"" 

_0,50 0 0 0,0017100 896,01 
0,5100 0,0017500 1201,01 
0.5200 O.0O185OO 1819,ol 
"0.5200 " 0,001^200 ' ""' 2599,01"" " 
0.5200 
"0.5200 

---RESIN DECOMPOSITION GAS SENSIBLE ENTHALPY---

TEMPERATURE (DEG R) 
ENTHALPY (BTU/LB) 

500.00 
0.00 

1000,00 
" 100,00 

0.7500 
0.80 0 0 "" 
0.8300 
0.8500 " 
0.8700 

"O.B'OO— 
0 .9400 
0.9600 "" 

--•TIME DEPENDENT BOUNDARY CONDITIONS-

THE TITLE OF THIS'FILE IS 
TIME 

(SEC) 

oooooooooooooooooooooooo 
RECOVERY RADIATION 
ENTHALPY "" '" HEAT RATE """ 
(BTU/LB) (BTU/SQ FT-SEC) 

0,00 
21,57 
4 2.91 
64,03 
84.97 
105.76 
126,40 
146,91 
167,26 
187.25 
202,26 
217.28 
237,27 
257.62 
278.13 
298,77 
319,56 
340.50 
361.62 
382.96 
404.53 

25359,13 
25507.66 
25641,04 
25759,12 
25861,74 
25948.79 
2o020,16 
26075,75 
26115,51 
26139,39 
26147,35 
26139.39 
26115.51 
26075.75 
26020.16 
25948.79 
25861.74 
25759.12 
25641.04 
25507.66 
25359.13 

0.00 
0.00 
0.00 
0.00 

"0.00 
0.00 
0,00 
0,00 
0.00 
0.00 
0,00 
0,00 
0.00 
0,00 
0,00 
0,00 
0.00 
0,00 
0,00 
0,00 
0.00 

HEAT 
"""" COHFF —• 

(LB/SO FT-SEC) 
0"; 0 0 im 

PRESSURE 

0.0000 
0,0000 • 
0.0000 
0,0000 • 
0.0000 

"0,0002-
0.Q02U 
0.0049 
0,0084 
0,0100 
O.0O84 
-0,0049-

O.U020 
"0.0002 
0,0000 
0.0000 
0,0000 
"o.oooo-
0.0000 
0,0000 

(ATMS) 
- O.ODOOO 
0,00000 
0,00000 • 
0,00000 
0,00000 
0.00001 

—0,00011-
0,00107 
0,00660 
0,01915 

" 0.02707 
0.01915 

~0.00660-
0.00107 

•" 0.0 0 011 
0.00001 
0,00000 
0,00000 

"^0700000-
0.00000 

" 0.00000 

CH/CHO = PHI/(EXP(PHI )-l. ) WHERE PHl " 2.*8RP*M DOT/CHQ"," BRP IS 0.4 rOR STAGNATION 
AND TURBULENTJLOW, AND 0.5 ^0R LAMINAR FLOW. 
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RATIO OF MASS TO HEAT TRANSFER COEFFICIENTS « 0.930 

UNEQUAL DIFFUSION EXPONENT = 0.333 
NOMINAL SURFACE VIEW FACTOR » 1.000 (OPTION 1) 



SANDIA ABLATION PROGRAM (VERSION TWO) 

OHBIT 1 OF 5 D W LARSOV, 9513 
PAGE 

----OUTPUT--

TIME SURF 
"STEP"" ITER 

1 0 

PROS SURFACE 
"OPTN"~TiA"D'(IN-r 

1 0,0000 

0.0000 SECONDS""-
H WALL H EDGE 

rsTu/L^) tBTj/cg"r 
0 .00 2 5 3 5 9 , 1 3 

HEAT COEFF 
nn;B/SQ-TT-"SECT-

0 ,0000 

CH/CHO 

0 .00000 

PRESSURE 
— fATM) 

0 ,00000 

SURFACE 

9 PRIME B PRIME G 

0.00000 0,00000 

•" ---ABLATION RATES--" 
M DOT CHAR M DOT GAS 

(VB/SQ FT-SEC) 
0,000000 0.000000 

M CHAR M GAS 
—aB/ORiG SO FT) 
0,000000 0,000000 

"^"URFACE" 

---RECESSIONS/RECESSION RATES---
(IN) / (IN/SEC) 

CHAR"(0.00) 
0,0000000/0,0000000 0.0000000/0,0000000 

PTROLYSIS (0,98T-
OtOOOOOOO/0.0000000 

CONVECTED 
IN " 

RATE 0,000*000 
TOTAL 0,000*000 

"- ""---SURFACE ENERGY FLU* TERMS---" 
CURRENT RATES (BTU/SU FT SURFACE-SEC) 

-A"ND""r:>rTEGRATED-VALUES "(gTU/ORIG "SO" FT) 
RADIATED RADIATED CHEMICAL 

IN OUT GENERATION"" 
0.000*000 0,000*000 0,000*000 
0,030*000 '- 0,000*000 " 0.000*000 

CONDUCTION 
AWAY 

0,000*000 
•0.000*000 

RATE 
TOTAL 

PYROL GAS 
PICK U P _ 
6.000-000 
0,000*000 

•INTERIOR ENERGY TERMS---
"CURRENT RATES (BTU/SO FT SURFACE-SEC) "" 
AND INTEGRATED VALUES (3TU/ORIG SQ K ) 

DECOMP CONVECTION STORAGE 
ABSORPTION WjTw SOLIDS IN SOLID 

O.OuO-00 0 0,000*000 
0.000*000 0.000*000 

"0.000*000 
0,000*000 

LOSS AT " 
REAR FACE 

""0"." 0 0 D"* 0 0 0" 
0.000*000 

NODE MAT TEMP 
(DbG R)_ 
1245,00 
1245.00 
1245,00 
1245.00 
1245.00 
1245,00 

DENSITY 
J L E / C U F T ) 

8 8 . 0 0 0 
8 8 . 0 0 0 
8 8 . 0 0 0 
8 8 , 0 0 0 
8 8 , 0 0 0 
8 8 , 0 0 0 

ENTHALPY 
(aTU/L3) 
186,11 
186,11 
186,11 
186,11 
186,11 
186,11 

NODE MAT "TEMP 
(DEG R) 

7" "1 1245,00' 

9 
10 
11 

1245.00 
1245.00 
1245.00 
1245,00 

DENSITY ENTHALPY 
(LB/CUFT) (BTU/LB) 
" 8 8 ."0 0 0 
88.000 
88,000 
88,000 
88,000 

i8 6-.i-r 
186,11 
186.11 
186,11 
186,11 
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OHBIT 1 OF 5 D W L*PSO>J, 9513 
PAGE 

TIME 
STEP 
29 

SURF 
ITER 

2 

PRoa 
- OPTN 

1 

"100.0000 SECONDS " -
SURFACE H WALL H EDGE 
RAD (IN) - (BTU/LB) (BTU/LB) 

0.0000 12896,69 25924,t)8 

HEAT COEFF CH/CHO PRESSURE SURFACE 
(LB/SQ FT-SEC) - (ATM) 

0,0000 0,95564 0,00001 (i* 

3 PRIME B PRIME G 

0.16575 0,00000 

- ---ABLATION RAT:S---" 
M DOT C H A R M DOT GAS 

(LB/SQ FT-SbC) " 
0,000002 0,000000 

M CHAR M GAS 
-"- (LB/ORIG sa FT) --
0,000026 0,000000 

(IN) / (IN/SEC) 
SURFACE CHAR (3,00)"""" """' 

0.0000036/0.0000003 0.00000 36/0,0000003 
PYROLYSIS-(0,98> 

0,0000036/0 .0000003 

CONVECTED 

RATE 
TOTAL" 

IN 
2.048-001 
3,699*000" 

"--"-"SURFACE ENERGY FLUX TERMS---
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

"AND INTEGRATED VALUES (ATU"/ARIG SQ FT)"""" 
RADIATED RAD;AT:D CHEMICAL 

-GENERA"TrON-IN 
0,000*000 
0,000*000" 

OUT 
8,309-001 
" 8,8 2 4•0 01" 

1.971-001 
"3.573-000" 

CONDUCTION 
AWAY 

-4,280-001 
""-1".835*001" 

RATE 
TOTAL 

•INTERIOR ENERGY TEHMS---
T U R R ' E N T "RATES-~{9TU/S!; FT"-SURF"ACc-SE"C"r 

AND INTEGRATED VALUES (BTU/QRIG SQ FT) 
PYROL 'GA'S'" " DECOMP "" CONVECTION STORAGE""' 
PICK UP __ ^ABSORPTION WITH SOLIDS IN SOLID 
0.000*00"0 " 0.000*000 -3,533-005 -"<t, 230-UQl" 
0̂_, n_0 0 *_0 0_0 p . 00 0'J OO -4,755-005 - 1 . 8 3 5 * D 0 1 

" " L O S S - A T " 
REAR FACE 

'--3,175-007' 
-5.605-006 

NODE MAT TEMP DE"NSITY ENTHALPY 
(DbG R) (LB/CUFT) (3TU/LB) 

1 2 1222.03 88.000 177.96 
2 2__12 22,3 9 8̂ 8,000 l78,08_ 
3 2 1222,73 88,000 178,20 
4 2 1223,17 88,000 178,36 
5 2 1223,58 68,000 178,5l 
6 2 1224,07 88.000 178,68 

NODE MAT'" T E M P 

(DEG R) 
7 2 "1224,68" 
8 2 12 2 5 , 3 5_ 
9 2 1225,92 

10 2 1226,30 
11" 2"~"1226,49" 

DENSITY 
(LB/CUFT) 

38,000 
8 8,0 0 0_ 
85,000 
88,000 
88,000 

ENTHALPT' 
(aTU/LB) 

1 7 8 . 9 0 " 
1 7 9 , 1 3 
1 7 9 7 5 4 -
1 7 9 . 4 7 

" 1 7 9 . 5 4 " 



SANDIA ABLATION PROGRAM (VERSION TWQ) 
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PAGE 

TIME SURF 
STEP ITER 
101 2 

PROS 
OPTN 

1 

SURFACE 
RAD (IN) 

0,0075 

200.0000 SECONDS "• 
H WALL H EDGE 
(BTU/LB) "(BTJ/LB)" 
6850.31 26146,15 

HEAT COEFF 
(LS/SQ FT-SEC)" 

0,0091 

CH/CHO 

0,93459 

PRESSURE 
(ATM) 
0,02569 

SURFACE 

---ABLATION RATES---"""" " " "" " 
B PRIME B PRIME G M DOT CHAR M DOT GAS M CHAR M GAS 

(LB/SQ FT-SEC) (LB/0RI5 SQ FT) " "" 
0,19559 0.00000 0,001559 0,000000 0,055024 0,000000 

"--"-RECESSIONS/RECESSION RATES--- " " " "" 
(IN) / (IN/SEC) 

SURFACE - ' CHAR (0.00) PYROLYSIS (0,98) 
0,0075033/0,0002262 0,0 075033/0,0 0 02224 0,0075033/0,0002224 

---SURFACE ENERGY FLUX TERMS---
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 
AND INTEGRATED VALUES (3TU/QRIG SO FT)" 

CONVECTED RADIATED RADIATED CHEMICAL 
IN IK " OUT GENERAriDTT 

RATE 1,759*002 0,000*000 1.930*002 5,977*001 
TOTAL 5,879*003 0,000*000 " 4.804*003 2,673*003' 

RATE 
TOTAL 

PYROL GAS" 
PICK UP 
0.000*000 

_0,000*00 0 

•INTERIOR ENERGY TERMS 

CONDUCTION 
A W A Y — • — 

3.785*001 
- 3.831*003" 

CURRENT RATES'(HTU/SQ FT SURFACE-SECI 
AND INTEGRATED VALUES (3TU/0RIG SQ FT) 

DECOMP CONVECTION STORAGE LOSS AT 
ABSORPTION WITH SOLIDS IN SOLID REAH FACE 
0.000*000 2,790-001 3,756*001 "" 5.934-005 
0.000*000 1.352*001 3.813*003 1.883.003 

NODE MAT TEMP 
(DEG R) 
4 5 7 6.81 
4551.70 
4527.13" 
4495,96 
4466 ,'(4 
4431,68 

DENSITY 
(LB/CUFT) 
88,000 
88.000 
88,000 
88.000 
88,000 
88.000 

ENTHALPY 
(BTU/LB) 
179«,19 
1781.26 
1768,61 
1752,55 
1737,35 
1719,45 

NODE MAT TEMP 
(CEG R! 

" 9 

10 
11 

4387 .83 
4340,19 
4300.23" 
4273,92 
4562 ,65 

DENSITY fcNTHALPY" 
(LB/CUFT) (BTU/LB) 
86.000 
88,000 
"RB.OOO" 
88.000 
88.000 

1596.87 
1572.33 
-1651.75-
1638.20 
1532.40 
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SANDIA ABLATION PROGRAM (VERSION TWO) 

OHBIT 1 OF 5 D W LARSON, 9513 
•PAGE 8 

TIME 
STEP 
144 

SURF PROB 
ITER OPTN 

2 1 

SURFACE 
RAO (IN) 

0,0165 
( 
1 

300,0000 SECONDS • 
H WALL H EDGE 
(BTU/LB) (BTJ/L3) 
13416,15 25943,55 

HbAT COEFF 
"(L8/S(j FT-SEC) 

0,0000 

CH/CHO 

0,91219 

PRESSURE 
(ATM) 
0,00001 

SURFACE 

C* 

• """ " ---ABLATION RATES " "' " 
8 PRIME B PRIME G M DOT CHAR M DOT GAS M CHAR M GAS 

(LB/SQ FT-SEC) (LB/ORIG"SO"FT) 
0,17044 0,00000 0,000003 0.000000 0,121335 0,000000 

---RECESSIONS/RECESSION RATES---"" " 
(IN) / (IN/SEC) 

SURFACE " """" CHAR (0.00) PTROLYS! S "^0,98) " 
0.0165456/0,0000004 0,0165456/0,0 0 00 0 06 0.0155456/0.0 000 006 

RATE 
TOTAL" 

CONVECTED 
IN 

2,293-001 
1,307*004 

---"SURFACE" ENERGY FLU* TERMS---
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

AND INTEGRATED VALUES (PTU/ORIG SQ FT) 
RADIATED RADIATED CHEMICAL 

GENERATION-"IN " '" 
0.000*000 
0,000*000' 

—"OUT 
2,231*001 
1,574*004 

2,319-001 
'5,477*003 

CONDUCTION 
AWAY 

-2,173*001 
•" 1".925*C03 

RATE 
TOTAL 

PYROL GAS 
PICK UP 
0,000*000 
0,000+000 

INTERIOR ENERGY T5RMS---
~C^R-RENT-RATES~( BTU/SQ- FT""SURrAXE^FC") 
AND INTEGRATED VALUES (3 TU/QR I_G_ SQ ̂ T) 

DECOMP " CONVECTION " "STORAGE"' 
ABSORPTION WpH SOLIDS ^ IN SOLID 
0,000*000 -4,426-004'"" -2,173*001"' 
0,000*000 1,413*001 1,912*003 

"Voss'"Ar"" 
REAR FACE 
-3.411*005" 
7.345-003 

NODE MAT TEMP 
(HcG R) 
2721,16 
2736.71^ 
2751.84 
2770.89 
2788,77 
2809.63 

"DENSITY 
(LB/CUFT) 
68,000 
88.000_ 
68.000 
88.000 
8 8.000 ' 
68,000 

ENTHALPY 
(BTU/LB) 
847,13 
8p4j^7j_ 

862.16' 
871,49 

"" 880,26 
890,43 

NODE MAT " TEMP 
(CEG R) 

7 2 2835,53 
8 2 2853,35 
9 2 28 85.98' 

10 2 2900,22 
11 -" 2 " 2904,99 

"DENSITY ENTHALP'T' 
(LB/CUFT) (BTU/LB) 
88,000 903,38"" 
8 8,00 0 917,33 
8 8,00 0 9 28,80"-
86,000 935,99 

" 83,000"" "938,41" 



SANDIA ABLATION PROGRAM (VERSION TWQ) 

ORBIT 1 OF 5 D W LARSON, 9513 
PAGE 

TIME SURF 
STEP ITER 
166 2 

PRna 
OPTN 

1 

SURFACE 
RAD (IN) 

0,0166 

"400.0000 SECQMDS • 
H WALL H EDGE 
(BTU/L3) (BTJ/L3) 
131''9,96 25390.31 

HEAT COEFF 
(LB/SCJ FT-SEC)" 

o.oooo 

CH/CWO 

0.92447 

PRESSURE 
- (ATM) 
0.00000 

SURFACE 

C* 

---A3LATI0N RATES-'-
0 PRIME S PRIME G M DOT CMAR M DOT GAS 

(LB/bQ FT-SEC) 
0.170^9 0.00000 0.000000 0,000000 

M CHAR M GAS 
"' (LS/ORIG S3 FT) 
0.121390 0.000000 

--'RECESSIONS/RECESSION RATES--- " '" " 
(IN) / (IN/SEC) 

SURFACE: CHAR (0.00) ' PTROLVSIS (0,98> 
0,0165532/0,0000000 0,0165532/0,0 0 0 0 0 0 0 0.0165532/0.0000000 

RATE 

RATE 
TOTAL 

'' " "" " SURFACE ENERGY FLUX TERMS "" "" " 
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

" '" " AND INTEGRATED VALUES (eTg/oRiG so FT) 

CONVECTED RADIATED PADIAT^D CHEMICAL 
[N IN OUT GENEHATrOTT 

1,607-003 0.000*000 5.439*000 1,652-003 
TOTAL' "• 1.208*00" 

PYROL GAS" 
PIC« U° 
0,000*000 
0,000*000 

0,000*000 1,630*004 5.':ai*003" 

INTERIOR ENERGY TERMS 
~ W R R " E N T RATES^OTU/SC-PT SURFACP-SEC) 
AND INTEGRATED VALUES (BTU/ORIG SQ FT) 

DfcCGMP CONVECTION STORAGE 
ABSORPTION WJTH SOLIDS [N SOLID 
0.000*000 -6,470-007 -5,481*000" 
0.000*000 1,418*001 8,662*002 

CONUUCTION 
AWAY 

-5,''Bl*C00 
- 8".788.002" 

LOSS AT" 
REAR FACE 
1.501-005 
9.568-003 

NODE MAT TEMP DENSITY ENTHALPY 
(ntG R) (LB/CUFT) (3TU/LB) 

1 2 1923,72 88,000 466,4j, 
_ 2 2 1927,84 88,000 _ 468,35 

3 "2 lOJl.BS • E3,OaO" "470,23 
4 2 19>J6,B6 88,000 472,53 
5 2 1941.55 88,000 474,79 
6 2 1946.09 88,000 477,35 

NODE MAT TEMP D E N S I T Y fcNTHALPY" 
( C E R R ) ( L P ^ ' C U F T ) ( B T U / L B ) 

" 9 
10 
11 

2 1553,73 
2 1960,88 
2 ^ 1566.68-
2 l97o,32 
2 1571,54 

68.000 
83,000 
88,000" 
88,000 
88,000 

480,51 
483,87 
486,60" 
488.31 
438,88 



O 

TIME SURF 
STEP ITER 
167 2 

SANDIA ABLATION PROGRAM (VERSION TWO) 
PAGE 10 — 

QHBJT 1 OF 5 D W LARSON. 9513 

- - 404,7619 SECONDS . . , . - - . , . . . . . 
PROS SURFACE H WftLL H =DGE HEAT COEFF CH/CHO PRESSURE 
OP-N RAD (IN) (3TU/L3) «8TJ/LB» (LB/SO ^ T - S E O U T M ) 

1 0,0166 13142,80 25357,53 0,0000 0,91737 0,00000 

SURFACE 

C* 

3 PRIME B PRIME G 

0.17038 O.OOOOO 

---ABLATION RATES---
M DOT CHAR M DOT GAS 

(L3/bQ FT-S=C) 
0.000000 0,000000 

M CHAR M GAS 
(Id/ORIG sa FT) 

0.121390 0.000000 

---RECESSIONS/RECESSIOM RATES"--- " " ' 
(IN) / (IN/SEC) 

SURFACE " CHAR (D.OC) P'ROLTSIS" C 0.98) 
0.0165532/0.0000000 0,0165532/0,0000000 0,0165532/0.0000000 

SURFACE ENERGY FLÛ t TERMS - - -
CURRENT RATES (8TU/SQ FT SURFACE-SEC) 

" "" AND INTEGRATED VALUES (3TU/3RIG SQ FT) 
CONVECTFD RADIATED RADIAT:D CHEMICAL CONUUCTION 

^ ~ IN IN~ OUT GENERATION AWAY 
RATE 1,096-003 0,000*000 5,253*000 1,129-003 -5,246*000 
TOTAL 1,208+00" 0.000*000 1,682*004 " 5,481*003" 8,538*002 

RATE 
TOTAL 

PYROL GAS 
PICK UP 
0,000*300 

__0. 0 0 0*0 00^ 

INTERIOR ENERGY TERMS 
~CCrRRENT RATES (bTU/SC FT SURFACE-SBXT) 
AND INTEGHA'ED VALUES (9Tu/0^IG SQ FT) 

QhCOMP ' CONVECTION STORAGE LOSS AT 
ABSORPTION " I T H S O L I D S IN SOLID P£AH FACE 
0,000*000 " -4,675-007 •5,246*000 1,"53-0Q5 
0,0 0 0*0 00 1.418*0 31 6,412*0 02 9.638-0 03 

NODE MAT TEM' 
(DE3 R) 

1 2 1903.n5 
2 2 _ 19 0 7.0 0_ 
3 2 1910,'•>" 
4 2 1915.65 
5 2 1920.14 
6 2 1925,35 

DENSITY ENTHALPY NODE MAT TEMP U E N S I T V ENTHALPY 
(LB/CJFT) (BTU/LB) ( D E G R ) (Lf/CUFT) ( B T U / L B ) 

88,000 456,69 7 2 153l,82 88,000 470.21 
88, COO 4 58,55 8 2 19 3 8,66 8 8,00 0 4 7 3,43 
88.000 460,35 9 2 1544,22 8B.0OQ 476,04" 
83,000 462,61 10 2 1947,71 88,C0J 477,68 

83,000 464,72 11 2 1943,38 88,000 478,23 

88,000 _ 467,18 



SANDIA ABLATION PROGRAM (VERSION TWO) 
PAGE It' 

OHBIT 1 OF 5 D W LARSOM, 9513 
'0PtI0NAir~00TPUT~"0r"THERM0CrOUFir5-"TEMPERATUF!ES Â ND/OR I S>OTKE(M-irE"f THS" 

DEPTHS MEASURED FROM ORIGINAL SURFACE 
" ""' '"" TEMPERATURES IN DEGREES RANKINE " 

EACH OUTPUTBLOCK SHOWS THE TIME IN SECONDS, THE CURRENT SURFACE TEMPERATURE.""--
THE TEMPERATURES OF l THERMOCOUPLES, AND THE DEPTHS IN INCHES OF -0 ISOTHERMS 

THE FIRST BLOCK SHOWS A SAMPLE TIME AND SURFACE TEMPERATURE. TwE SPECIFIED 
DEPTHS OF THE THbRMQCOUPLES (IF ANY) AND THE ISOTHERM TEMPERATURES, THE " 
ARRANGEMbNT OF THJS eLCC»< CORRESPONDS TC THE ARRANGEMENT OF THE OUTPUT DATA, 

404,7619 1903,0469 0,3500 

OUTPUT DATA 

0,0000 12"5.0000 12"5,0000_ 
""100,0000"" 1222,0341 1226.4900" 
200,0000 4576.1111 4262,6471 
300,0000 2721,1571 " 2904,9945" 
400.0000 1923,7169 1971,5414 
404,7619 1903,0469 " 1948,8750'" 

THECALCULATIONTIMEIS 57,66 SO SECONDS 



SANDIA ABLATION PROGRAM (VERSION TWO) 
PAGE 

6 
SNAP""27"GUrC MULTlPL"e"0RBf1"RfcENTHY-STUDr-
rnlS RUN IS FIVE ORRIT C A S E F P C HRS017 TE=5500 

ORBIT 4 OF 5 0 W LARSON/ 9513 

•--REACTION KINETIC EQUATION" 

DRHQ/DTIME = GAMMA ( BA*EXP(-EA/T)HHOOA((RHQA-RHORA)/RHOOA)••PS I A > 
* GAMMA ( BP*fcXP(-E3/T)RH03B((RH06-RH0RB)/RH00B)^«PSIB ) 

*(1-GAMMA)( BC*fcXP(-EC/")HHOC:((PHOC-RHORC)/RHOOC)»*P^IC ) 
RESIN VOLUME FRACTION, GAMMA = «««*«(MASS FRACTION a 0,000) 

---TIME INCREMENT IKFCRMATI ON--- ' 

INITIAL TIME (SEC) 0,000 FINAL TIME (SEC) 490,09 

OUTPUT INTERVAL =•*•**• SEC FROM INITIAL TIME UNTIL5O0.OO0 SEC 
OUTPUT INTERVAL =•*•*•* SEC FRO"500,000 SFC UNTlLSoO.OOO SEC " 
OUTPUT INTERVAL =*«**** SEC FROM'500,D00 SEC UNTIL FINAL TIME 

MAXIMUM-TIME STEP-=5T00"3ECONDS' 

•--NODAL DATA---

THE TITLE OF THIS FILE IS 0.35OO0 -0,00000 0,00000 0,00000 

NODE M A T L ^TEMPbRATLTRE RELATIVE THICKNESS NODAL"" DEPTH CONTTR"E!nSTANCE 
N : ^ N O . ( D E G . H A N K I N E ) A R E A ( I N C H E S ) (INCHES) (SOFT-S-DfcG/BTU) 

•PLANAR SURFACb 
MPUMUM THICKNESS OF LAST A B L A T O P V O D E (INCHES) 0.0100 

THERE ARE lo NODELETS ASSIGNED TO EACH ABLATING NODE 



SANDIA ABLATION PROGRAM (VERSION TWO) 

OHBiT 4 O'' 5 D W LARSON; 9513 

PAGE - 2-

•-TIME DEPENDENT BOUNDARY CONDITIONS--

JHEJ-IT_LB_OFJ'HIS FILE IS 
TIME 

(SEC) 
0,00 

25,13 
50,10 

^74,95" 
99,67 

124,29 
143,83 
173,31 
157,73_ 
2*22.10 
245.04 
267,99 
292.36 
316,73 
341.25 
365,79" 
390 ,42 
415,14 
439.98 
464,96 
490.0" 

oooooooooooooooooooooooo 
"RECOVERY -RADIATION 
ENTHALPY HEAT RATE 
(BTU/LB) " (BTU/Sn FT-SEO" 
17942.22 
18025,93 
18101,09 
16167.63 
18225.47 
18274.52 
18314,74 
18346,07 
18368,43 
-18331.93-
18385,42 
18381,93 
18363,48 
18346,07 
18314,74 
13274,52" 
18225.47 
18167.63 
18101,09 
18025,93 
17942,22 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 " 

0 , 0 0 
0 . 0 0 
0 , 0 0 
0 , 0 0 
0 , 0 0 

" 0 , 0 0 " 
0 . 0 0 
0 , 0 0 
0 , 0 0 
0 , 0 0 
0 . 0 0 

" 0 , 0 0 
0 . 0 0 
0 . 0 0 " 
0 . 0 0 
0 . 0 0 
0 . 0 0 

H F A l 
COEFF 

" ( L B / S 3 F T - S E C ) -

0 . 0 0 0 0 
0 , 0 0 0 0 " -
0 . 0 0 0 0 
0 , 0 0 0 0 

o , o o o : 

-PRESSURE-

0003 
0016 
0033 
0055 
0074-

0,0082 
0.0074• 
0.Q055 
0,0033 
0,0016 
0 ,- C 0 0 3"-
0.0001 
O . o o o o 
0 , 0 0 0 J 
0 , 0 0 0 0 • 

0 . 0 0 0 0 

" (ATMS) -

0 , 0 0 0 0 0 
" 0 , 0 0 0 0 0 " 

0 , 0 0 0 0 0 
—o.oooor 
0,00002 
0,0001" 
0,00075 
0, 00315 
0.00866 

-^0 ,-"01566" 
0,01903 

" 0,01566 
0,00866 

" 0,00315 
0,00075 

~0,00014" 
0.00002 

""0.0 00 00 
0.00000 

" 0.00000 
0.00000 

CH/CHO = PHI/(EXP(PHI1.1 
AND TURBULENT F L O W , AND 

) WHERE PHI • 2,*BRP*M DOT/CHO. 
0,5 FOR LAMJNAR FLOW, 

BRP IS 0.4 FOR STAGNATION 



SANDIA ABLATION PROGRAM (VERSION TWQ) 

OHBIT 4 OF 5 D W LARSOM, 9513 
PAGE 

----OUTPUT. 

. , . . . . . . . . - . - . 0,0000 SECONDS - - . - - - - - - • . - - - - - - - - - - - • - - - - - - - - • 
TI^E SURF PR03 SURFACE H WALL H :DGE HEAT COEFF CH/CHQ PRESSURE SURFACE 
"STEP—5TER ~DPTN—RAD (IN) (BTU/L"B) (3'J/LB) rVB/SO-FT-tECl (Â TMI 

1 0 1 0,0000 0,00 17942,22 0,0000 0,00000 0,00000 C* 

---ABLATION RATSS--- " " 
B PRIME B PRIME G M DOT CHAR M DOT GAS M CHAR M GAS 

— (LB/SQ FT-SEC) tLH/CRIG SQ FT") 
0,00000 0,00000 0,000000 0,000000 O.OQOOOO 0,000000 

---RECESSIONS/HECESSrON RATES---
(IN) / (IN/5EC) 

-"SURFACE" " " -"CHAR'tCOO) "PTROCYSTS—(^795) 
0,0000000/5,0000000 0,0000000/0,0000000 0.0000000/0.0000000 

SURFACE ENERGY FLUX TERMS--- " """" — 
CURRENT RATES (BTU/S3 FT SJRFACE-SEC) 

AND"-INTEGRATED~VALUES^(OTU"/ORIG^Sa FT J 
CONVECTED RADIA'ED RADJAT^D CHEMICAL CONDUCTION 

IN " IN OUT " GENERATION" " AWAY 
RATE 0,000 + 000 0,000*000 0,000*000 0.000*000 0.000*000 
TOTAL 0,000*000 '"0,000*000 0,000*000 0,000*000 0,000*000 

INTERIOR ENERGY TSRMS---
CURRENT RA'ES (BTU/SQ FT SURFACE-SEC) " " 
AND INTEGRATED VALUES (gTU/QRIG SQ FT) 

PYROL GAS DbCOMP CONVECTION STQRAG-E - LOSS A T — -
PICK_U° ABSORPTION ŵI TH SOLIDS IN SOLID REAR FACE 

RATE 0.000*000 oTO 00*000 0 ,""0 0 0 * 0 0 0 o"". 0 0 0* DO'S bT0 0O"*0 0 0 
TO'AL 0.000*000 0.000*000 0,000*000 0,000*000 0.000*000 

NODE MAT TEMP DENSITY e>JTHALPY NQDE MAT TE"P DENSITY bNTHALPY" 
_ _ (DEG R) (LB/CUF*) (BTU/LB) (DEGR) (L3/CUFT) (BTU/LS) 

1 ~ 1 1245,00 83,000 186,11 7" 1 1245,00 88.001] 186,l"!:" 
2 1 1245.00 88,000 186,11 8 1 1245.00 83,000 186,11 
3 1 1245,00 83,000 186,11 9 1 1245,00 83,000 186,11" 
4 1 1245.00 83,000 136,11 10 1 1245,00 86,000 186,11 
5 1 1245.00 88,000 186,11 11 1 1245.00 83,000 186,11 
6 1 1245,10 83.000 l86.ll 

http://l86.ll


SANDIA ABLATION PROGRAM (VERSION Twrj) 

OHBIT 4 OF 5 D W LARSON. 9513 
PAGE 

TIME SURF 
STEP ITER 

29 2 

PROrf 
OPTN 

1 

SURFACE 
RAD (IN) 

0,0000 

100,0000 SECONDS • 
H WALL ^ =DGE 
(STU/LB) (BTU/L3) 
12829,37 18225,12 

HEAT COEFF 
(LB/SG FT-SEC) 

0,0001 

CH/CHO 

0,95483 

PRESSURE 
(ATM) 
0,00002 

SURFACE 

C* 

---ABLATION RATES---
g PRIME B PRIME G M DOT CHAR M DOT GAS 

(L3/SQ FT-SEC) 
0,000008 0,000000 0,15849 0,00000 

M CHAR M GAS 
(LB/0RI3 SO FT) 

0,000139 0,000000 

---RECESSIONS/RECESSION RATES---
(IN) / (IN/SEC) 

SURFACt CHAR (0.00) PYROLYSIS (0,98) 
0,0000190/0,0000011 0.0000190/0.0000009 0,000 0190/0.0 0 0 00 09 

---SURFACE ENERGY FLUX TERMS---
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

AND INTEGRATED VALUES (BTU/QRIG SQ FT) - -
CONVECTED RADIATED RADIATED CHEMICAL 

IN IN- CUT GFNEHATION" 
RATE 2 , 9 9 2 - 0 0 1 0 . 0 0 0 * 0 0 0 8 , 2 4 8 - 0 0 1 5 . 9 4 7 - 0 0 1 
TOTAL 6 , 3 9 7 * 0 0 0 0 . 0 0 0 * 0 0 0 " 8 , 5 2 5 * 0 0 1 1 , 5 0 8 * 0 0 1 " 

CONUUCTION 
AWAI" 

1 , 5 9 7 - 0 0 1 
" • 2 , 4 1 7 * 0 0 1 

RATE 
TOTAL 

PYROL GAS 
P I C K UP 
0 , 0 0 0 * 0 0 0 
0 . 0 0 0 * 3 0 0 

• I N T E R I O R ENERGY T E R M S - -
" C ^ ' R R E N T RATES ( H T U / S Q F r S U R F A C E - S E C ) 

AND INTEGRATED VALUES ( B T U / Q R I G SQ F T ) 
DfcCOMP CONVECTION STORAGE LOSS -AT 

A B S O R P T I O N WITH S O L I D S I N S O L I D REAR FACE 
0,000*000 7,244.006 1,697-001 "-5.633-007 
0,000*000 -9.255-005 -?,"17*001 -2,386-005 

NODE MAT TEMP 
(DEG R) 
1219,36 
1219.72 
121«,53 • 
1219.39 
1219,71 
1219.00 

DENSITY 
(LE/CUFT) 
88,000 
88,000 
83,000 
88,000 
88,000 
88.000 

ENTHALPY 
(dTU/L3) 
177,19 
177,14 
177,08 
177,02 
l76,96 
176,6d 

NODE MAT 

7 
8 
9 
10 
11 

TEMP 
( r. E G R ) 
1218,73 
1218,44 
1218.20' 
1213,03 
1217.95 

DENSITY 
ILB/CUFT) 
88.000 
68.000 

"" 88,000-
88,000 
38.000 

bNTHALPY 
( B T U / L B ) 

1 7 6 , 7 9 
176 .58 
176,59" 
176 ,54 

• 1 7 5 , 5 1 

IJ1 
U l 



SANDIA ABLATION PROGRAM (VERSION TWO) 

ORBIT 4 OF 5 D W LARSON, 9513 
PAGE 5 

TIME SURF 
STEP ITER 

77 2 

PROS 
OPTN 

1 

SURFACE 
HAD (IN) 

0,0043 

200,0000 SECONDS • 
H WALL ^ =DGE 
(BTL/LB) (BTJ/L8) 
8075,20 18359,73 

HEAT COEFF 
(LS/SQ FT-SEC) 

0,0053 

CH/CHO 

0,93795 

PRESSURE 
(ATM) 
0,00915 

SURFACE 

C* 

---ABLATION RATES---
B PRIME B PRIME G M DOT CHAR M DOT GAS 

(LB/SQ FT-SEC) 
0-18543 0.00000 0.00091« 0,000000 

M CHAR M GAS 
(LB/ORIG SO FT) 

0,031776 0.000000 

---RECESSIONS/RECESSION RATES---
(IN) / (IN/5EC) 

SURFACE CHAR (0.00) " P'ROLYSIS (0,98) 
0.00"3331/0,0001253 0,0 043331/0,0 0 01228 0.0 043331/0,0 0 01228 

" " '---SURFACE ENERGY FLUX TERHS---
CURBENT RATES (3TU/S3 7'' SURFACE-SEC) 

'" - - ~" AND INTEGRATED VALUES (BTU/ORIG SQ FT) 
CONVECTED RADIATED RADIATED CHEMICAL 

IN IN OUT GENEPATrON" 
RATE 5,485*001 0.000*000 5,963*001 4,298*001 
TOTAL 1.730*003 0.000*000 " 1.430*003 " 1,981*003 

INTERIOR ENERGY TERMS---
""^"17R"RENT RATES (BTU/SQ FT SURFACE^SFC") 
AND INTEGRATED VALUES (BTU/QRIG SQ FT) 

DfcCCMP CONVECTION STORAIJE 
ABSORPTION wpH SOLIDS IN SOLID 
0.000*000 1.5O2-O01 3.816*001" 
0 ,000*00 0 4 ,652*00 0 2.3 23*003 

PYROL GAS 
PICK UP 

RATE 0,000*000 
TOTAL 0.000*^00 

CONDUCTION 
AWA'I' 

3.833*001 
2.323*003 

• " LOSS AT 
REAR FACE 

- 3.640-C05" 
1.103-033 

NODE MAT. TEMP 
(nfcG R) 
3435.02 
3408,33 
3332,34 
3349,63 
3318,91 
3283. 00 

DENSITY EN'HALPY NODE MAT 
(LB/CUFT) (BTU/LB) 
88,000 

_8 3 , 0 0 0 
38,000 
83,000 
38,000 
88,000 

1206,17 
1192,59^ 
1179,47 
1162,95 
1147,43 
1129,30 

— 9 -
10 
11 

T E M P 
(CEG R) 
3238,13 
3139.9U 
'3149,73" 
3123,23 
3111.09 

DENSITY 
(LB/CUFT) 
38,000 
R 8,0 0 0_ 
38,000 
88,000 
38,000 

ENTHALPY' 
(BTU/LB) 
1106 ,64 
1082,23 
1062,00 
1048,51 
1042,48-



SANDIA ABLATION PROGRAM (VERSION TwQ) 

OHBIT 4 OF 5 D W LARSON, 9513 
•• PAGE 

TIME SURF 
STEP ITER 
105 2 

PR03 
OPTN 

1 

SURFACE 
RAD (IN) 

0,0199 

300,0000 SECONDS • 
H WALL H EDGE 
(STU/L3) (BTU/L3' 
8892,47 18361,47 

HEAT COEFF 
(LB/SQ FT-SEC) 

0,0045 

CH/CHO 

0,93421 

PRESSURE 
(ATM) 
0,00631 

SURFACE 

C* 

3 PRIME B PRIME G 

0,18544 0,00000 

"---ABLATION HATES---
M DOT CHAR M DOT ijAS 

(LB/SQ FT-SEC) 
0,000777 0.000000 

M CHAR M GAS 
( L B / O R I G SQ FT) 

0,145881 0,000000 

---RECESSIONS/RECESSION RATES-
(IN) / (IN/SEC) 

SURFACb CHAR (Q.OO) 
0,0198929/0,0001059 0,0193929/0,0001106 

PYROLYSIS (0,981 
0,0198929/0,0001106 

RATE 
TOTAL 

---SURFACE ENERGY FLUX TERMS " "" 
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

-' -' • AND INTEGRATED VALUES (BTU/QRIG SQ FT) 
CONVECTED RADIATED RADIATED CHEMICAL 

IN IN "" CUT" GENERATION-
4,264*001 0,000*000 9,454*001 3,894*001 
8,732*003 0,000*000 " 1,242*0 04""-" 5,841*003 

CONUUCTION 
A w A Y 

-1,285*001 
" 3,214*003 

RATE 
TOTAL 

PYROL GAS 
PICK UP 
0.000*000 
0.000*000 

INTERIOR ENERGY TERMS---
C U R K E N T RATES (BTU/35 "T S U R F A C E - S E C ) 

AND INTEGRATED VALUES (BTU/QRIG 5Q ^T) 
DECOMP CONVECTION STORAGE ' 

ABSORPTION WITH SOLIDS IN SOLID 
0,000*000 -3,637-002 -1,281*001" 
0.000*000 1,037*001 3.2 0 5*003 

LOSS AT 
REAR FACE 
"5.419-C05 
5.341-003 

NODE MAT 

1 2 
2 2 
3 2 
4 2 
5 2 
6 2 

TEMP 
(DEG R) 
3837,51 
3846,27 
3854.62 
3164,93 
3374,44 
3885,35 

DENSITY ENTHALPY 
(LB/CU^T) (BTU/LB) 

88,000 1413,50 
83,000 
88,000 
88.000 
88.000 
83,000 

1417,07 
1422,27 
1427,53 
1432,47 
1438,09 

NODE MAT TEMP UENSITY ENTHALPY 
(CEG R) (LB/CUFT) (BTU/LB) 

7 2 3393,63 88,000 1444,93 
8 2 351?,40 88,030 1452,02 
9 2 3523,31""- 88,000 1457,54" 

10 2 3529,56 PS,003 1461,07 
11 2 3531,96 08.000 1462,09 
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SANDIA ABLATION PROGRAM (VERSION TWQ) 

OHBIT 4 OF 5 D W LARSON, 9513 
PAGE 

TIME SURF 
STEP ITER 
136 2 

PROB 
OPTN 

1 

SURFACE 
RAD (IN) 

0,0234 

400,0000 SECONDS • 
H WALL H :DGE 
(BTU/LB) (B'U/LB) 
13285,10 18203,05 

HEAT COEî F 
(LB/SU FT-SEC) 

0,0000 

CH/CHO 

0,93570 

PRESSURE 
(ATM) 
0,00001 

SURFACE 

C« 

ABLATION RA- = S---
q PRIME B PRIME G M DOT CHAR M DOT GAS 

(LR/sa FT-SjC) 
0,000006 0,000000 0,170"3 0,00000 

M CHAR M GAS 
(LB/ORiG SJ FT) 

0,171765 0.000000 

---RECESSIONS/RECESSION RATES-
(IN) / (IN/3 EC) 

SURFACt CHAP (0.00) 
0,0234225/0,0000008 0,0234225/0,0000008 

P'ROLYSIS (0,98) 
0,0234225/0.0000008 

---SURFACE ENERGY FLUX TERMS---
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 
AND INTEGRATED VALUES (BTU/QRIG S3 FT) " 

CONVfcCT=D RADIATED RAUIAT=D CHEMICAL 
IN IN^ OUT GENERAT-IO-tr 

RATE 1.735-001 0.000*000 1.357*001 4.450-DOl 
TOTAL 9,778*003 0.000*000" 1.563*004 ""'" 3.282*003 

RATE 
TOTAL 

PYRTL GAS 
PICK UP 
0,000*000 
0,000*000 

.,.INTERIOR ENcRGY TERMS-

CONDUCTION 
A w A Y 

-1,279*001 
l,4a2*333 

~CllRR"ENT RATES {BTU/SQ pr-SUPFACE-SEC) 
AND INTEGRATED VALUES (R^'U/QRIG SQ F*) 

DfcCO"P CONVECTION STORAGE -LOSS "AT 
ABSORPTION WITH SOLIDS IN SOLID PEAK FACE 

0 . 0 0 0 * 0 0 0 - 3 , 3 4 8 - 0 0 4 - 1 , 2 7 9 * 0 0 1 " 2 , 5 7 8 - 0 3 5 " 
0 . 0 0 0 * 0 0 0 8 . 7 0 3 * 0 0 0 1 , 4 7 4 * 0 0 3 1 . 0 3 6 . 0 0 2 

NODE MAT TEMD 
(DtG R) 
2400.Rl 
2 410.12 
2419.16 
2430,48 
2441.T6 
2453,35 

DENSITY ENT-JALPY N O D E MAT T F ^ P 
(Lfc/CUFT) (BTU/LB) 

88,000 690,64 7 
83,000 
88.000 
33.000 
83.000 
83.000 

695,02_ 
609 .25 
70",70 
709,88 
715,90 

" 9 " 
1 0 
1 1 

(DEG R) 
2 2 4 6 8 , 5 5 
2 2 4 3 4 , 5 9 

' 2 ~ 2 4 5 7 ,45 
2 2 5 3 5 , 2 6 
2 2 5 0 7 , 3 4 

UENSITY bNTHALPY 
(LB/CUFT) (BTU/LB) 

8 8 , 0 0 0 7 2 3 . 3 5 
8 8 , 0 0 0 7 3 1 . 2 1 
flS.OOO 7 3 7 , 5 1 " " 
8 8 , 0 0 0 7 4 1 . 3 4 
88 .000 7 4 2 , 3 5 



SANDIA ABLATION PROGRAM (VERSION TWQ) 

OHBIT 4 OF 5 D W LARSON, 9513 
PAGE 8 

TIME SURF 
STEP ITER 
155 2 

PROB 
OPTN 

1 

SURFACE 
RAD (IN) 

0.0234 

490,4762 SECONDS -
H WALL H EDGE 
(BTU/LB) (BTJ/L3) 
13123,76 179"0,92 

HEAT COEFF 
(LB/SU FT-SEC) 

0.0000 

CH/CHQ 

0.93115 

PRESSURE 
(ATM) 
O.OOOOO 

SURFACE 

C* 

3 PRIME B PRIME G 

L7038 0.00000 

---ABLATION RATES---
M DOT CHAR M DOT GAS 

(LB/SO FT-SEC) 
0.000000 0.000000 

M CHAR M GAS 
(UB/ORIG SQ FT) 

3,171874 0.000000 

.--RECESSIONS/RECESSION RATES-
(!N) / (IN/SEC) 

SURFACt CHAR 10.00) 
0.0234373/0,0000000 0,0234373/0,0000000 

PYROLYSIS (0f98> 
0,0234373/0.0000000 

RATE 

- -.-SURFACE ENERGY FLUX TERMS---
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

AND INTEGRATED VALUES (BTU/ORIG SQ FT) -"• 
C_ONVECTE_D RADIATED RADJATED CHEMICAL 

"'IN" ^IN-" OUT " -GENERATION" 
3,533-003 0,030*000 4,662*300 9,224-003 

TOTAL 9,781*003 0.000*000 1.737*004 3,269*003-" 

CONUUCTION 
ÂUAY 

-4,645*000 
• 5,067*002 

RATE 
TOTAL 

PYROL GAS 
PICK UP 
0,000*000 
0,000*30 0 

---INTERIOR ENERGY TERMS---
(jURRENT RATES^(BTU/SQ FT SJRFACE-SEC) 

AND INTEGRATED VALUES (BTU/QRIG SO FT) 
DECOHP CONVECTION STORAGE ' 

ABSORPTION WITH SOLIDS IN SOLID 
0.000*000 -2,705-006 .4.646*000 
0.000*000 8,69 9*000 7,990*002 

" LOSS AT " 
REAH FACE 
1.327-005 
1.202-002 

NODE MAT TEMP 
(DEG R) 
1848.15 
1851.'•7_ 
1855.08 
1359.33 
1R63.31 
1867,91 

DENSITY ENTHALPY 
(LP/CUFT) (BTU/LB) 
88.000 
83.000 
'83.000 
88,000 
83.000 
88,000 

430,89 
432,54 
434,13 
4 36.15 
438,01 
"40,18 

NODE MAT TEMP DENSITY bNTHALPY 
(DEG R) (LB/CUFT) (BTU/LB) 

7 2 1873.59 38,330 4^2,85 
8 2 1879,56 88,000 445,66 
9 2 1834,34 88,000 4 4 7 , 9 o-

10 2 1387,24 86,000 "49,26 
11 2 1638,01 86,000 449,62 



o 
SANDIA ABLATION PROGRAM (VERSION TWO) 

PAGE 9 -
OHBIT 4 C^ 5 D W LARSON, 9513 

OPTIONAL OUTPUT OF THERMOCOUPLE TE-PERATUPES AND/OR-I-SOTHERM-DE-PTHS 
DEPTHS MEASURED FROM ORIGINAL SURFACE 
TtMPSRA-URta W DEGREES RANKINE 

EACH OUTPUT BLOCK SHOWS THE TIME IN SECONDS, THE CURRENT SUR'^ACE TbMPERATURE. 
THE TEMPERATURES OF i THEPMOcOUPLES, AND THE DEPTHS IN INCHES DF -Q ISOTHERMS 

THE FIRST BLOCK SHOWS A SA"PLE TIME AND SURFACE TEMPERATURE, THE SPECIFIED 
D-PTHS OF THE THbR"OCOUPLES (I^ ANY) AND TH£ ISO'HFrtM TfPERATUPES. THE 
ARRANGEMENT OF THIS bUCCK CORRESPONDS TO THE APR4NGE*' = NT OF "HE OUTPUT DATA. 

490,4762 1848,1539 0,3500 

OUTPUT DATA 

0.0000 
"103.0000 
200,0000 
300,0000 
400.3000 
490.4702 

1245,0000 
1219.-t612-
3'i35.C241 
3637,6070 
2400,8110 
1343.1539 

1245,0000 
1217,5514"-
3111,0881 
3931,9599 
2507,3350 
1838,0063 

THECALCULAT;ONTIM=IS IS.0430 SECONDS 



SANDIA ABLATION PROGRAM (VERSION TWO) 
- - - PAGE 

6 
SNAP 27 GLFC MULTIPLE ORBIT ^EE'JTRY-STUDIY 
THIS RUN IS FIVE ORBIT C A S E FROM HRS017 TE=5500 K 

ORBIT 5 OF 5 D U LARSONi 9513 

•REACTION KINETIC ECUATION---

DRHO/DTIME = GAM^A ( 8A-EXP(-EA/T)RHOCA( (RHQA-RHORA>/RUOOA)••PS J A ) 
* G A M M A ( BB*EXP(-£R/T)PHOOB((RH05-RH0RB)/RH00B)**RSIB ) 

* ( 1 - G A M M A ) ( BC*EXP(-EC/T)RHCO:((RHCC-RHORC)/RHOOC)*^PSIC-) 
RESIN VOLUME FRACTION, G A M M A = •••••(MASS FRACTION = 0,000) 

TIME INCREMENT INFORMATION "" " 

INITIAL TIME (SEC) 0,000 FIN'L TIME (SEC 525,00 

OUTPUT INTERVAL =*•.•*• SEC FROM INITIAl. TIME U N T I L 5 O 0 , 0 O 0 SEC 
OUTPUT INTERVAL =•••*•• SEC FROM500,000 S=C UNTIL500,000 SEC 
OUTPUT INTERVAL =••***• SEC FROM500,000 SEC UNTIL FINAL TIME 

"AXIMUM TIME STEP"=5,O0 SECONDS 

NODAL DATA 

THF TlTLF OF THIS FILE IS 0,35000 -0.00000 0,00000 0,00000 
NODE M A T L TEMPbRATUrRE'^ RELATIVE "THICKNESS NOC AL" DEPT>r-CONTTRE»ISTA-NCH" 
NO, NO. (DEG.HANKlNE) A^EA (INCHbS) (INCHES) (SOFT-S-UtG/BTU) 
•PLANAR SURFACt 

MINIMUM THICKNESS OF LAST A B L A T C NODE (INCHES) 0,0100 
T H E R E A R E lo N C D E L E T S A S S I G N E D 7 0 E A C H A B L A T I N G N O D E 

Oi 



ON 

SANDIA ABLATION PROGRAM (VERSION TwO) 

PAGE 2 
OHBIT 5 OF 5 D W LARSON, 9513 

TIME DEPENDENT BOUNDARY CONDITIONS - -- - — 

THE TITLE OF THIS FILE IS OOOOOOOOOOOOOOOOOOOOOOOO 
TIME RECOVERY '^ADIATION MCAT i»HeSSyRe— 

ENTHALPY HEAT RATE COEFF 
(SEC) •"- (BTU/LB) -— (BTU/bQ rT-SEC) "" tL9/S0 FT-SEC) - (ATMS) " 
0.00 15545,82 0,00 0,0000 0,00000 

26,68 15695.52 "" 0,00 " " 0,0000 "- -- 0,00050" 
53,26 15740,15 0,00 0.0003 0,00002 

~~~~~~ 79.76 15779.66 —O.OO 0.0001 • 0.00006-
106.19 15814,01 0,00 0.0006 0.00023 
132.55 •--" 15343.13 0.00 " 0.CC17 0.00062 
15 8,86 15867,01 0,00 0.0029 0.00245 
185.13 •'" 15885.62 " 0.00 0.0044 - - -- 0.00572 
211,36 15896,92 0.00 0.0060 0.31035 

'• " 2 3 7.56 15906.91 0 . 0 0 0.0171 0 .01467-
262,50 15909,53 0.00 0.0075 0.01647 

— . 287,44 15R06.91 """ — 0,00 0,0C71 0.01467-
313,64 15398,92 0.00 0.0060 0.01036 

-• -•- 339.37 15835.62- 0.00 0.004" 0,00572 
306.14 15367.01 0,00 0.0029 0.00246 

. 3 9 2,45 15343,13 0,0 0 0.0 017 0.0 0 082" 
418,61 15814,01 0,00 0.C006 0,00023 
445,24 15775,66 0,03 0.3001 0.00006-
471,74 15740.15 0,00 0.0000 0.00002 

" " • " 493,32 15695.52 " 0,00 0.0000 0.00000" 
525,00 15645,32 0.00 0.0030 0.00000 

CH/CHO = PHI/(EXP(RWI )-i, ) WHbRE PHI = 2,*BRP*M DOT/CHO, P R P IS 0.4 FOR STAGNATION 
AND T U R B U L E N T F L O W , A N D 0,5 F O R L A M I N A R FLOW,"" "-"- - — 

f 



SANDIA ABLATION PROGRAM (VERSION TwQ) 

OHBIT 5 OF 5 D W LARSON, 9513 
PAGE 

OUTPUT 

- - - 0,0000 SECONDS - - - - - - ". -- --.". . . . 
TIMC SURF PROB SURFACE H WALL H EDGE HEAT COEFF CH/CHQ 
"STEP ITER ̂ OPTN ^RAD (IN") (BTU/LB) (BTU/LB") n;B/Sa""FT-SEC1 

1 0 1 0,0000 0,00 156"5.32 0,0000 0,00000 

PRESSURE 
—(ATM) 
0,00000 

SURFACE 

C* 

3 PRIME B PRIME G 

0,00000 0,00000 

" ---ABLATION RATES---
M DOT C " A R M DOT GAS 

(LB/SQ-PT-SEC)" 
0,000000 0,000000 

M CHAR M GAS 

(LB/oRiG^strrr) 
0,000000 0.000000 

---RECESSIONS/RECESSION RATES---
(IN) / (IN/SEC) 

SURFACE "CHAR- to . 00) PTROL-TS-IS-( 0T98"r 
0 , 0 0 0 0 0 0 0 / 0 , 0 0 0 0 0 0 0 0 , 0 0 0 0 3 0 0 / 0 , 0 0 0 0 0 0 0 0 , 0 0 0 0 0 0 0 / 0 , 0 0 0 0 0 0 0 

RATE 
TOTAL 

---SURFACE ENERGY FLUX TERMS---
CURRENT RATES (BTU/SQ FT SURFiCE-SEC) 

AN D INTEGRATED' VALUES OTU/QRIG SQ T T ) 
CONVECTED RADIATED RADIATED CHEMICAL 

IN IN OUT GENERATION' 
0.000*000 0.000*000 0.000*000 0,000*000 
0.000+000 0.000*000 0,000*000 0,000+000' 

CONUUCTION 
AWAY 

0 .000*000 
- 0.030*030" 

RATE 
TOTAL 

INTERIOR ENERGY TERMS---
C U R R E N T R A T E S (BTU/SQ FT SURFACE-SEC) " " 

AND INTEGRATED VALUES ( B T U / O R I G SQ FT) 
PYROL GAS DECOMP CONVECTION STQRATIE LOSS AT 
PICK UR ABSORPTION WJTH SOLIDS IN SOLID PEAR FACE 

""0.000*000 0.000*0 00 0,000*000 0,000*000 0.000*000-" 
O,000*n0O 0,000*000 0,000*000 0,000*000 0.000*000 

NODE MAT TEMP 
(PEG R) 

1245,00 
1245,00 
1245.00 
1245, 00 
1245.00 
1245.00 

DENSITY ENTHALPY 
(LB/CUFT) (BTU/LB) 

NODE MAT 

68.000 
68,003 
86,000 
88,000 
88.000 
83.000 

186.11 
136,11 
106,11 
135.11 
186,11 
186,11 

9 
10 
11 

TEMP 
(CEG R) 
1245,00• 
1245,00 
1245.00 
1245,00 
1245,00 

DENSITY 
(LB/CUFT) 

" " 88", 00 0 " 
88,000 
88,000 
88,030 
88,000 

tNTHALPY-
(BTU/LB) 

- 186,11"" 
186,11 
185,11-
186,11 
185,11 



4> 
SANDIA ABLATION PROGRAM (VERSION TWO) 

ORBIT 5 OF 5 D W LARSQN, 9513 
PAGE 

TIME SURF 
STEP ITER 

29 2 

PROB 
OPTN 

1 

SURFACE 
HAD (IN) 

0.0001 

100.0000 SECONDS • 
H WALL H EDGE 

(BTU/LB) (BTU/LB) 
12480,59 15805,96 

HEAT COE'̂ F 
(LB/SU FT-SEC) 

0,0004 

CH/CHQ 

0,95179 

PRESSURE 
(ATM) 
0.00017 

SURFACE 

C* 

---ABLATION RATES---
B PRIME Q PRIME G M DOT CHAR M DOT GAS 

(LB/SQ FT-SEC) 
0,000065 0,000000 0,16877 0,00000 

M CHAR M GAS 
"""(LB/QRIG S3"-FT) 
0,000957 0.000000 

-•-RECESSIONS/RECESSION RATES. 
(IN) / (JN/SEC) 

SURFACE "" "- CHAP (0.00) -
0.0001305/0,0000095 0,0001305/0,0000078 

-"- P'ROLYStS -(0,98)" 
0,0001305/0 .0000078 

RATE 
TOTAL" 

CONVECTED 
IN 

1,470*000 
3,189*001 

- —...SURPACE ENERGY FLUX TERMS---
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

A.NC IJTEGRATED VALUES (BTU/QRIG SQ FT) 
RADIATED RADIATED CHEMICAL 

IK OUT GENERAT-IC-N^ 

0,000*000 
0.000*000" 

1,339*000 
- 9,"97*001' 

5,334*000 
"1,279*002• 

CONDUCTION 
AWAY 

5,515*000 
-" 9,563*001" 

RATE 
TOTAL 

•INTERIOR ENERGY TERMS---
CC"R"PENT" RATES'~{BTU/SQ"FT-SURFA'CE--'SCC") 

AND INTEGRATED VALUES ( 3 TU/QR I_G_ SQ FT) 
PYROL GAS""' DECCMP "' CONVECTION STORAGE'"' 
PICK UP ABSORPTION wiTu SOLIDS IN SOLID 
0,000*000 0.300*000 "" 3,099-004 5,514*000" 
0.000*000 0.000*000 7.741-003 9,562*001 

""LOSS—AT"" 
REAR FACE 
1.203-006" 
2.309^006 

NODE MAI TEMP DENSITY ENTHALPY 
(DbG R) (LD/CUFT) (BTU/LB) 
1380.81 
1376.42 
1372.18 
1366,04 
1362.10 
1356.52 

88,000 
83,000 
"83,000 
83,000 
88,000 
63,000 

234,32 
232, 76_ 
231 ,"26 
229.40 
227,63 
225,70 

NODE MAT " TEMP 
(DEG R) 

7 2 "'1349,59 
8 2 134J.50 
"9 2 1336,62 
10 2 1332,75 
11 ' 2 '1330,33 

UENSITV ENTHALPY"" 
(LB/CUFT) (dTU/LB) 

33,000 223,28" 
88,000 220,72 
33,"0 3 0 216 .63-
38,000 217,26 
88,000 ' 216,53 " 



SANDIA ABLATION PROGRAM (VERSION TWO) 

OHBIT 5 OF 5 D W LARSON, 9513 
PAGE 

TIME SURF 
STEP ITER 

70 2 

PROS 
OPTN 

1 

SURFACb 
RAD (IN) 

0,0056 

200,0000 SECONDS -
H WALL H EDGE 
(BTU/L3) (STU/LB) 
3295,53 15393,16 

HEAT COEFF 
(LE/SU FT-SEC) 

0,0050 

CH/CHQ 

0.93818 

PRESSURE 
(ATM) 
0,00801 

SURFACE 

B PRIME B PRIME G 

0.18543 0,00000 

---ABLATION RATES---
M DOT CHAR M DO* GAS 

(L3/S3 FT-SEC) 
0,000856 0,000000 

M CHAP M GAS 
"" (LB/ORIG Sa FT) " "" 
0,0"0915 O.OOOOOO 

-•-RECESSIONS/RECESSION R A T E S - - -
(IN) / (IN/SEC) 

SURFACt CHAR (3,00) PYROLYSIS (0,98) 
0.0055794/(5,0001168 0,0 055794/0,00 01139 0.0055794/0,0001139 

' -• " ---SURFACE ENERGY FLUX TERMS---
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

' AND INTEGRATED VALUES (BTU/QRIG SQ FT) 
CONVECTED RADIATED RADIATED CHEMICAL 

IN IN ' DJT GENERATION" 
RATE 3.772*001 0.000*000 5.433*001 4,102*001 
TOTAL 1.547*003 0,000*000 "1,834*003"" 2,577*003-

CONUUCTION 
AWAY 

2,457*001 
-"- 2.327*003" 

•INTERIOR ENERGY TERMS---

RATE 
TOTAL 

CLTRRENT RATES-(BTU/SQ FT SURFACE-SEC") 
AND INTEGRATED VALUES (RTu/QRIG SQ FT) 

PYRDL GAS DECOMP CONVECTION STORAGE'"' LOSS AT 
PICK UP ABSORPTION W p H SOLIDS IN SOLID REAR FACE 
0.000*000 0.000*000 8.940-002 2,441*001 "3,725-005 

^ 0, 00 0*3 0 0 0. 0 0 0*000 ^4,243*000 2,323*00_3 1^678j^5j)3^ 

NODE MAT TEMP DENSITY ENTHALPY 
(DEG R) (LB/CUFT) (3TU/LB) 
3358,53 
3341,39_ 
3324.70 
3303.74 
3284,06 
3251.09 

88,000 
63,000 
63.000 
88,000 
88.000 
83.000 

1167,44 
1158,79 
1150 ,36 
1139,77 
1129,83 
1118,24 

NODE MAT TEMP UENSITY ENTHALPY 

(CEG R) (LB/CUFT) (bTU/LB) 
7 2 3232,43 88,000 1103.76 
3 2 3201.63 88,000 1083,23 
9" 2 3175,14- 88,000 ""1075.34" 

10 2 3159,37 85,000 1066,87 
11 ? 3l5l,90 86,000 1063,10 



SANDIA ABLATION PROGRAM (VERSION TWQ) 

OHBIT 5 OF 5 D W LARSON, 9513 
PAGE 

TIME SURF 
STCP ITbR 

93 2 

PROB 
OPTN 

1 

SURFACE 
RAC (IN) 

0,0206 

300,0000 SECONDS -
H WALL H -DGE 
(BTu/LB) (HTJ/LB> 
7733,29 15933,08 

HEAT COEFF 
(LB/SQ FT-SEC) 

0.0061 

CH/CHQ 

0 .93488 

PRESSURE 
(ATM) 
0,01242 

SURFACE 

---ABLATION PATES---
R PRIME B PRIME G M DOT CHAR M DOT GAS 

" (LB/SQ FT-SEC) 
0,18548 0,00000 0,001055 0,000000 

M CHAR M GAS 
• (Lb/ORIG SO FT) 
0,151274 0.000000 

---RECESSIONS/RECESSION RATES " 
(IN) / (IN/5£C> 

SURFACE - " CHAR (0.00) "-• PTRQLYSIS (0,98) 
0,0206283/0,0001439 0.0206283/0,0 0 01436 0.0206283/0.0 001486 

RATE 
TOTAL" 

- " - " "" SURFACE ENERGY FLUX TERMS--- "" 
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

- " •' "AND INTEGRATED VALUES (3TU/0R1G SQ FT) 
CONVECTED RADIATED PADIATED CHEMICAL 
- IN IN OUT GENERATlOsr 
4,098*001 0.000*000 1,036*002 4.683*001 

"5,917*003" 0.330*000"" "1.116*004 7.397*003 

I N T E R I O R ENERGY T E R M S - - -
" C l l R R E N T ' R A T E S - ( B T U / S Q FT SURFACE" :ECT" 

RATE 
TOTAL 

CONUUCTION 
AWAY 

-3.455*000 
'" 3.210*033" 

AND INTEGRATED VALUES (BTU/ORIG SQ FT) 
PYROL GAS" DECOMP CONVECTION " "" STORAGE ""-LOSS-AT " 
PICK UP ABSORPTION wpH SOLIDS IN SOLID PEAR FACE 
0.000*00"0""" 0.000*000 -3.691-003 "-3.4"2*O0O 5.368-005" 
0 ,000*00 0 0 .000*00 0 8 , 7^8_* 0 0 0 3 . 2 Q2 + O03 6.6o5.303 

NODE MAT TEMP DENSITY ENTHALPY NODE MAT T E " P DENSITY ENTHALPY-
(DbG R) (LB/CUFT) (BTU/L3) (CEG °) (LB/CUFT) (BTU/LB) 
3394,39 88,000 1442,75 7 " 2 " 3510.13 88.030 1450.85"' 
3395,70 88,000 1443,94 8 2 3913,49 86,000 1452.58_ 
3396.01 "83.000 144i,C7 9" 2 3516.09 68,000 1453,92 
3'01.60 83.300 1445,46 10 2 3917,65 33,030 1454.72 
3904.05 ' 68.000 1"47,72 11 ' 2 3913.10 86.000 1"54.96' 
3905,32 88.000 1449,15 



SANDIA ABLATION PROGRAM (VERSION TwQ) 

OHBIT 5 OF 5 D W LARSON, 9513 
PAGE 

TIME SURF 
STEP ITER 
115 2 

PROS 
OPTN 

1 

SURFACE 
RAC (IN) 

0,0293 

400,0000 SECONDS • 
H WALL H =DGE 
(BTU/LB) (BTU/LB) 
12332,53 15834,79 

HEA* COEFF 
(LB/SU FT-SEC) 

0,0013 

CH/CHQ 

0,93303 

PRESSURE 
(ATM) 
0,00057 

SURFACE 

C* 

B PRIME B PRIME G 

0.17409 0,00000 

---ABLATION RA'ES---
M DOT CHAR f DOT GAS 

(LB/SQ FT-SEC) 
0,000204 0,000000 

H CHAR M GAS 
(Lo/CRIG SO FT) 

0,215171 0.000000 

---RECESSIONS/RECESSION RATES 
(IN) / (1N/5EC) 

SURFACE CHAR (0-00) PYPCLYSIS (0,98) 
0,0293415/0,0000279 0,0293415/0,0 0 0 0316 0,0293415/0.0 0 00316 

---SURFACE ENERGY FLUX TERMS---
CURRENT PATES (BTU/SQ FT SURFACE-SEC) 

AND INTEGRATED VALUES (BTU/JRIG SQ FT) 
CONVECTED RAJUTfcD RADJAT^D CHEMICAL CONUUCTION 

IN IN OUT GENERATION AWAT 
RATE 4,420*000 0,000*000 3,360*001 1.481*001 -1.343*001 
TOTAL 9,245+003 0.000*000 1.773*004 " 1,0=3*004 """ 2,179*003 

•INTERIOR ENERGY TERMS---

RATE 
TOTAL 

C"̂ RRENT RATES (BTU/SQ FT SURFACE-SEC") 
AND INTEGRATED VALUES (BTU/QRIC SQ FT) 

PYROL GAS DECOMP QONVCCTION STOHMGE "" " LOSS AT 
"ICK UP ABSORPTION wiTw SOLIDS IN SOLID REAR FACE 
0.300*000 0,000*000 -1,201-002 -1,342-001 3,791-005 
0.000*000 0.000*000 5,685*030 2,173*003 1.131-002 

NODE MAT TEMP 
(DbG R) 
2933.32 
2998.25 
3007.37 
3018.70 
3029.22 
3041.35 

DENSITY 
(LB/CUFT) 
88,000 
83,000 
88,000 
88,000 
68,000 
88,000 

ENTHALPY 
(BTJ/LB) 
980,74 
985,50 
990,10 
99b,83 
1001,14 
1007,27 

NODE MAT TEMP 
(CEG R) 

7 2 3056,20 
8 2 307l,64 
9 2-3033.75 

10 2 3090.84 
11 2 3392,31 

DENSITY bNTHALPY 
(LP/CUi^T) (bTU/LB) 
88.000 
88,000 
85,03 0 
86,000 
33,000 

1014,76 
1022,55 
1323.63" 
1032,26 
1033,00 



ON 
00 

SANDIA ABLATION PROGRAM (VERSION TWQ) 

OHBIT 5 QF 5 D W LARSON, 9513 

PAGE 8 

TIME SURF 
STEP ITER 
137 2 

PROB 
OPTN 

1 

SURFACE 
RAD (IN) 

0.0300 

500.0000 SECONDS"-"- - -""- - - -"-

H WALL H EDGE HEAT COEFF 
(BTU/LB) (BTU/LB) "-(LB/SU FT-SEC>-
13186,42 15692,39 O.OOOO 

CH/CHQ 

0.92321 

PRESSURE 
(ATM)- -
0.00000 

SURFACE 

C* 

B PRIME B PRIME G 

0.170''2 O.OOOOO 

~ """i--A3LAT50N"HAT:S---
M DOT CHAR M DOT GAS M CHAR M GAS 

(LB/SQ FT-SEC) " " (LB/ORlG"SQ"rT) """• 
0.000002 0,300000 0.220143 O.OQOOOO 

- "- - RECESSIONS/RECESSION"RATES---""" 
(IN) / (IN/SEC) 

SURFACE CHAR (0-00) PYROLYSIS-( 0 ,98 )"" 
0,0300195/0,0000002 0,0300195/0 ,00 00003 0,0300195/0 ,0000003 

"---SURFACE" ENERGY-FLUX TERMS 
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

^^^ INTEGRATED"VALUES ( B T U / Q R I G SG FT) 
CONVECTED R A D I A T E D R A D I A T E D CHEMICAL 

IN IN OUT GENERATTOTT 

RATE 
TOTAL" 

2,538-002 
9,323*003 

1 N 
0.000*000 
0.000*000" 

7,377*000 
1,928*00" 

1,275-001 
-1. 039*0 04" 

---INTERIOR ENERGY TFRMS---

RATE 
TOTAL 

CONDUCTION 
A W AT 

-6.829*000 
- 1, 363*003" 

'CTR'RENT "RATES'"( BTU/SQ Fr-SUPrACE-^E-tD 
AND INTEGRATED VALUES (BTU/QRIG SQ FT) 

P'ROL GAS""" DECCMP CONVECTION '""""STORAGE LOSS-"Ar"" 
PICK UP ABSORPTION W I T H SOLIDS IN SOLID _ __ REAR FACE 

" 0,000*000 0,000*000 -6,047-005 ""-5,829*000 1,782-005" 
0,000*00 0 0 . 000*00 0 6 ,421* a_0_0 1.05 8*003 1,394-002 

NODE MAT TEMP DENSITY bNTHALPY 
(OEG R) (LB/CUFT) (BTU/LB) 

1 2 2047,34 63,000 524,51 
2 _ 2 2052.43 88,000 526,90 
3 2 2057,36 38.000 529,22 
4 2 2063.51 68,000 532,11 
5 2 2069,24 " 68,000"" 534,80 
6 2 2075.87 88.000 537,92 

DDE 

7 
8 

- 9 ' 
10 
11 

MAT 

2 
? 
2 
2 
2 

TEMP 
(DEG R) 
2084,02 
2092,54 
2099.25 
210 3.18 
2103.95 

DENSITY 
(LB/CUFT) 

38,000 
88.000 
60.000 
83,000 
88.000 

ENTHALPY" 
(BTU/LB) 

541.75"' 
545.76 
548.91"-
550.75 
551.12 " 



SANDIA ABLATION PROGRAM (VERSION TWO) 

QHBIT 5 OF 5 D W LARSQN, 9513 
PAGE 

- , - - - . - . 524.9998 SECONDS -
TIME SURF PROB SURFACE H WALL H EDGE 
STEP ITER OPTN HAD (IN) (BTU/LB) (BTU/LB) 
137 2 1 0.0300 13186.42 15692,39 

HEAT COEFF 
(LB/SO FT-SEC) 

0 .0000 

CH/CHQ 

0.92321 

PRESSURE 
(ATM) 
0.00000 

SURFACE 

---ABLATION RATES---
B PRIME B PRIME G M DOT CHAR M DOT GAS 

(LB/SQ FT-SEC) 
0.000002 0,000000 0,15733 0,00000 

M CHAR M GAS 
(LB/ORiG SU FT) 

0,220143 0.000000 

---RECESSIONS/RECESSION RATES--- """ "- " 
(IN) / (IN/SEC) 

SURFACt CHAR (0,00) - " " PYROLYSIS (0,98) 
0,0300195/0.0000002 0,0300195/0,0000003 0•0300195/0.0000003 

RATE 
TOTAL 

CONVECTED 
" "'IN 
2,538-002 
9,323*003 

---SURFACE' ENERGY FLUX TERMS---""" 
CURRENT RATES (BTU/SQ FT SURFACE-SEC) 

AND INTEGRATED VALUES (BTU/QRIG SQ FT) " " 
RADIATED RADIATED CHEMICAL 

CUT GENERATICR" -"" IN" " -
0,000*000 
0,000*000 

7,077*030 
1,928*004 

1.275-001 
'1.089*004 

CONDUCTION 
AWAY 

- 5 . 8 2 9 * 0 0 0 
- 1 . 0 6 3 * 0 0 3 

PATE 
TOTAL 

• I N T E R I O R ENERGY T E R M S - - -
"RATES""{BTU/SQ F T " S U R F A C E - S E C T ' CURRENT 

AND INTEGRATED VALUES (BTU/ORIG SQ FT) 
PYROL GAS ' DECOMP CONVECTION "" STORAGE LOSS-AT"" 
PICK U° ABSORPTION WITH SOLIDS IN SOLID R£*R FACE 
0,000*00"0""" 0,000*000 "" -6.047-005' '"'.'5,829*0 0 0 i.7B2-"005" 
0.000*000 0.000*000 6i"21*000 l.O5d*O03 1.394-002 

NODE MAT TEMP DENSITY ENTHALPY 
(DEG R) (LB/CUFT) (BTU/LB) 
2047,34 
2352,43 
2057.36 
2063.51 
2069.54 
2075,37 

88,000 
8 8,000_ 
88,000 
63,000 
68,000 
88,000 

52",51 
526,90 
529,22 
532,11 
534,30 
537,92 

NODE MAT' TEMP UENSITY' ENTHALPY' 

(CEG R) (LB/CUfT) (BTU/LB) 
7 2 2084,02 88,000 541,75"" 

_8 2 2092.54 88.000 543.76_ 
9 2 2099.25 "So.000 543.91 

10 2 2103.13 38.030 550.75 
11 2 " 2103.96 83.030 551.12 " 



o 
S A N D I A A B L A T I O N PROGi^AM ( V E R S I O N TWO) 

"" • " - . - - P A G E 1 0 
OHBIT 5 OF 5 D W LARSON, 9513 

UPfrONTnTTJCrTPUT OF THERMOCOUPLE "TEMPERATURES "AND/OR""lSOTHEftM-DEPTHS 
DEPTHS MEASURED FRO" ORIGINAL SURFACE 
TcMPERA*URES IN DEGREES RANKINE """ 

EACH OUTPUT BLOCK SHOWS THE TIME IN SECONDS, THE CURRENT SURFACE TfaMPERATUREi""-
THE TEMPERATURES OF 1 THERMOCOUPLES, AND THE DEPTHS IN INCHES OF -0 ISOTHERMS 

THE FIRST BLOCK SHOWS A SAMPLE TIME AND SURFACE TEMPERATURE, THE SPECIFIED 
DEPTHS OF THE THtRMQCOUPLES (IF ANY) AND THF ISOTHERM TEMPERATURES, THE "" 
ARRANGEMENT OF THIS BLOCK CORRESPONDS TQ THE ARRANGEMENT OF THE OUTPUT DATA, 

524.9998 2047.3437 0^3500 

OUTPUT DATA 

0,0000 12"5.0000 1245,0000_ 
"""100,0000 1380,8117 "1330,8325 

200,0000 3358,53"3 3151.9014 
300,0000 389",39"0 3918,1000" 
400,0000 2988,3197 3092,3077 
500,0000 2047,3437 2103.9601 
524.9998 2347.3437 2103.9501 

"THECALCULATIONTIHCIS 16","3 68 0 SECONDS" 



APPENDIX C 

Sample CINDA Computer Runs 

1. CINDA Input for Two-Dimensional 
GLFC Thermal Mocdel 

2. CINDA Printout for Orbit One of 
Five Orbit Reentry 

71-72 
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1. CINDA Input for Two-Dimensional 
GLFC Thermal Model 

73-74 
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• 1 1 3 , - 6 0 , , 0 . S SPACE aoUN^ iARy NODE 
L.'D 

Kfl^^'.vt NODE NUMBERS ACTUAL NODE N U M B E K S 

1 THRU 10 
11 1 MRU "̂' 20^ 
21 T H R U 3o 

31 T H R U MO " 

M 1 T H R U 5 D 
SI T t) R U 6 0 
61 T H R U 7n 

7'. T H R U "" RP 

el T H R U 9II 

9 1 T H R U 10 U 

10! TH«U iin 
111 T H R U 113 

". rO 3r0'>0l)CT0R DATA 
Kr'l G9t,Pn[TL CONOUCTORS 

1 
""l 1 ' 
21 

" 31 

51 

71 

._ fl I _^ 
91 

J » 1 _ 
I 1 1 

2 

"\Y 
22 
"32 

_ M 2 _ 
S2 
62 
72 ' 

_ » 2 . 
92 

A a ?_ 
1 12 

3 
13" 
23 

"33 
_J3_ 
53 
63 

"'7 3" 

_83 
93 

113 

""3t 

bH 
6<t 
7M" 

9'( 
lot 

S 
IS 
2S 
3b 

_HS_ 
SS 

liS. 
7b 

as 
95 
105 

6 

" u 
26 

'36 

56 
66 
76 

_ e* 
94 

7 
17 
27 
37 
17 
57 
67 
77 
67 
97 

_iD7_ 

6 
IS 
28 
38""' 
H8 

se 
68 
78 

88..__ 
9a 
08 

9 
11 
2* 
3V 
M» 
59 
69 
79 
89 
99 
109 

10 
20 
30 
to 

60 

„ ?0 
BO 

(00 

1 . I •,o. 2,2.3,0., _3.3,M,0. 

kf-H 

-J 

'*, I 

7 ,«< 

in, 
13, 
1 ^ • 
19, 

72, 
2S, 
2 M , 

31 , 
3'H, 
37, 

'*!:, 
I ' i , 

H L K 

t t , 
t9, 
52, 

S», 
Al , 
6M , 
47. 
70, 
73 , 
74, 
79, 
U2, 
"•b, 

H.1 , 

'M , 

9" , 

9 7 > 

,17,0., 
. 2 t) . 0 . , 

1 9 , 2 0 , n , 

1 V , 3 S , 0 , 

V f , V 9 , n, 

U 2 , 9 8 , D . 

3 3,31,0. 
3 3,'.9.0. 
3 4,52,0. 
51 ,52,0. 
5 1 ,47,0. 
4 4,47,0, 
44,82,0. 
» 1 , H 2 , 0 . 
T L L I U M C O N P U 

5 , 6 , 0 . , 
0 , 9 , 0 . , 
5 , 2 1 > II • , 

8 . 2 M , U . , 
1 1 , 2 7 , 0 , , 
1 0 3 , 1 0 1 , 0 . , 
10 4 , 1 0 7 , 0 . , 
') 7 , 10 3 , 0 
9 0 , 1 0 6 , 0 
2 7 , 2 3 , 0 . 
2 5 , 2 4 , 0 . 
27 , 3 8 , 0 . 

2 5 , 1 1 , 0 . 
3 7 , 3 U , 0 . 
1 0 , 1 ! , n . 
3 7 , 5 3 , 0 . 
1 0 , 5 6 , 0 , 
1 ; , ' j V , n . 

5 , 2 , 
B , 17 

1 I 

1« 

1 7 

2 

2-1 

2 4 

2 , 
37 
3 s 
3 , 

C T O R S 

17 

53 
5/, 
5v 

47 
4' . 
4 i 

7 1 
7 ' . 

7 7 
C 
4 -̂  

b', 
9^/ 
9 -
9 

1 •>. n . , 
H , 0 . • . 1 H , 0 . , 

. 7 , 3 3 , 0 . , __ 
i ' 0 , 3 6 , n , , 
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2. CINDA printout for Orbit One of 
Five Orbit Reentry 

TIME is the time in seconds. 

Nodal numbers are the two columns 
of numbers on the left of the page. 

Nodal temperatures, in degrees 
Fahrenheit, are the columns of num­
bers immediately following the nodal 
numbers. 
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15 
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. 103 
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.759 
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.341 
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i 7 37+Oj^_ 
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58 1 7 * 0 3 

,984677*02 
, 10"350*03_ 
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96* 
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03 
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. 107165*03 
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. 106700*03 
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,597 
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505+03_ 
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CHRYSLER IMoRoVED NU^'ERICAL DIFFERENCING ANALYZER - C00015 (FORTRAN V VERSION) 
PASE 

THEwMAL RESPONSE OF THE GLFC FOR O R B I T 1 OF 5 MOR 
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T H R U 

T H R U 

95 

100 
J O S 
1 10 
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7.662107*02" 
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.204252 
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.597039 
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.103544 

.341310 

.757113 
,103188 
, 3 4 3 1" 8 

.8307/1 
,10 2113 
,104228 
,740123 

J_, L10356*U3_ 
1 . 105650*03 
1.366962*03 
1.1?1B98*O3" 
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_ 1 . 0 3 9 1 7 1 * u 3_ 
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1.1065/3*03 
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7 . 9 U 9 0 5 H * 0 2 

1.101116*u3 
1.597178*J 3 
7.788290*02. 
1.1U39h0*03 

-1.345391*03_ 
7.611248*02 

3 1 , 103 180*03. 
1.341152*03 
«4,000000*01 

1.08 
.10 
.59 
,05 
.10 
. 36 
^4 2 
. 10 
,36 
.52 
. 10 
. 10 
^7 6 
. 10 
,10 
.76 
,62 
. ID 
.59 
.82 
. 10 
,36 

33B4* 
6111* 
7981* 
6010* 
5l9l* 
5750* 
5300* 
37 19; 
2151* 
699U* 
2 1 86* 
5997* 
06 9 4 * 

1126 

5296* 

0711* 
7773* 
1B05* 

7519* 
9132* 
3969* 
6346* 

OJ 
0 3 
03 
03 
03 
03" 
0 2_ 

03 
03 
02 
03 
03 
0 3_ 
03 
03. 
03 
02 
03 
03_ 
02 
03 
03 

1 .1019 35 
1,10 7 15 2 
1 ,740502 
1 ,031260 
1.104115 
1.597673 
9,103719 

r , 1 0 1 1 0 0 
I .341105 
b.3l165M 
1 , 1 02928 
I.362157 
7.655 I 21 
I ,lOl910 
1 > 105912 
1.760703 
I.101936 
I.105669 
1,760666 
7 . B 4 M 3 0 9 

1,101/66 
1,59758/ 

•03 
•03 
•03 
*Q3 
*03" 
• 02_ 
*03 
•03 
+ 02 
+ 03 
+ 03" 
+ 02 
+ 03 " 

+ U3 

+ 03 

+ 03 

+ 03 

+ 03_ 

+ 02 

•U3. 
+ 03 

HV.CORl 9 . 8 6 1 8 7 - 0 1 HV .C0 I7 
Hi ' .C097 9 . 9 3 3 0 8 - 0 1 H I 

031 1.38051+0 1 Q97 

9.876M1-0I MAC033 
1 .0980 1 +0 1 J 1 7 
6.99265+CO L O O P C T 

9.90809-01 HftC019 
2.04519*01 S33 
1,00000*00 

9.92636-01 H*C04b 9,93281-01 H*COei 
1 .70763 + Oi_.a1? Ii18204+Ql Q45 

9,93389-01 
.l.'̂ OI 10*01. 

„1,55000 + 02 DTIMEU S,OPOOO-D1 CSG;.iN( n 5 } 1 , 5 3 2 3 1-_OJ__0 IMpC C! I 1_ _J . liO 2 2*J13_J HiJ' Cii. JJ_ 

1 T-'RU 
6 T H R U 

ll T H R U 

5 
10 
15 

1.7 5 5428*03 
1 • I 0 7 1 7 9 * 0 1 

1 . 108915*0 3 

I,18M73o*03 
1.107145*03 
1,365130*03 

I.260360*03 
1.1U737J *u3 
I,367037+03 

.1 ,237814 + 03 
I,107781*03 
1,598072*03 

_Li.2.52^?3-0L 

|,107351*03. 
1,1083/9*03 
1,740417*03 
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THfrMAL R E S P O N S E OF THE GLFC FQR O R B I T 1 OF 5 MOR 
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8. 
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7. 
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7 . 
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"1 . 

1 . 

1 . 

7404 

1042 

107s 
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4559 
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1174 
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36Mn 

9 1 59 

I025 

3423 

8117 
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1 040 

7407 
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28*03 
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75*07 
0 1 * 0 3 
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59*02 
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5 9*03 
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0 1+0-., 

03 + 03 

0 0 • 0 -, 

9 8*03 

..-_ 1 

7 

.402931 

.104209 

.1OBMSS 

.7407 7 7 

.10374M 
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.740737 

. M 1 2 1 2 M 

.101589 

.597051 

.922284 

,103101 

.341271 

.799503 

.102943 

.343138 

.935210 
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.10 5 9 91 

.740520 

• 03 
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*̂ 0 3 
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• 0 3 
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1.37 

1 . 10 

J .34 

1.17 
1.10 

1 . lu 

1.74 

1.10 

1 . lo 

1 .74 

7.94 

1.10 

1 .59 

7.82 

..1.10 

1 .36 

7.86 

1.10 

1 .34 

.6 .00 

22B8+03 

6371+U3 

3 8 6 5 + 0 3 _ 

3180+03 

399M+03 

7041•u3 
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1215+03 
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.362 
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.101 
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,760 
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.597 
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2 9 1 *"o 
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1,760739 
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.597059 

.005525 

•103330 

.341220 

7,345809 
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3672 

6^74 

1071 

3610 

3361 

1057 

1081 

7 407 

1021 

105 / 
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U3 
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03 
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U3 

03 

U3 
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02 
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u3 
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.74072 
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7*0 

1*0 
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,760713 
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THERMAL RESPONSE OF THE GLFC FoR 0 R 3 I T I OF 5 MOR 
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1 .T 6 THRU 
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1.10 15 2 1*03 
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J .76D591*0j_ 

1,102000*03 
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1 .760409 + 03 
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PACE 

l,1013lt*03 
1,597789*03 
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2.191228*0 
1 .I 19002 + 0 
1 . 1 1 5 n 0 3 * 0 

1 .740815*0 
1.114755+0 
I . 1 13454*0 
1.74 0 9MB+0 
1,176186*0 
1.109130+0 
1.597725+0 
9.17 8823*0 
1.101919+0 
1.34"040+a 
a.152727+0 
1.102435+0 
1.342729+0 
8.0 0 51M9+0 
1.10 19 15+0 
1.1U5703+0 
1.740808.0 
1.10 13 9 0*0 
1.105018*0 
1 .76048 I+0 

9.77115-01 
1.73351+01 
7.22483+30 

3 2.1 15118 + 0 
. I 1 7l35*0 
.365487+0 

2,251550+0 
.11557 1+0 
. 1 H I 17 + 0 
.740904+0 
,I 09158+0 
,I 09661 to 
,7608U5+0 

2 9 .139150 + 0 
3 1.105630+0 
3 1 ,597067 + 0 
7 " 8.123172+0 
3 I .10 310 8 + 0 
3 1 , 3 4 '. 1 o 5 + 0 
7 7.951910*0 

" ,"102651+0 
,363104+0 
.221593+0 
.10 18 5 9+0 
,10 5 4 11+0 
.740490+0 

H1C033 
iJIT 
LOOPCT 

9.85522-01 
_3 . 1.7 1 1 0 + 0 1 . 

1,00000+00 

,798299, 
. 1 15956' 
. 3 6 7 5 6 Bji 

.921311. 

.111351, 

.361325. 

.521350-
, 109080. 
.11019 1, 
,760799' 
.103429, 
. 106101, 
.760712' 

8.1/5078' 
. 101221' 
.597193' 
.917890. 
.103126' 
.365352. 

8.111OOQ. 
102601' 
341560-

03 
03 
03^ 
03 
03 
03 
03 
03 

uJ_ 
03 
U3 
03 
u3 
02" 
0 3_ 
03 

H«C019 
Q33 

•02 
•03" 
•03 
•02" 
• 03_ 
•03 

-6.000000+01 

1 ,7)891 
i,lIS10 
1 . 5 9 8̂ 2 7 

1,^4 6 11 
I.I 1365 
I.36621 
1.31161 

108B1 
1,36267 
.01571 
. 10386 
,10699 
,76071 
.10111 
.loSOB 
,760/7 
.99132 
.10123 
.59761 

a.05576 
ĵ l 0 3 3 7 

.36617 

03 
03 

O l _ 
03 
03 
03 
03 
03 
Q3_ 
03 
03 
03 
03 
03 
0 3_ 
03 
02 
03 
03 
02" 
03 

8 

.120 

.1 15 
^7 6 0 
,579 
,113 
,597 
,201 
, 108 
,361 
,5Bs 
,101 
,342 
.250 
.101 
, 105 
."7 6 0 
.101 
, 105 
.760 
.080 
. 101 
.597 

716*03 
106+03 
6 I 6 + g 3_ 

966+03 
139+03 
869+03 
795+03 
811+03 
4 1 7 + 0 3_ 

193+02 
346*03 
I 10 + 03"" 

059+02 
9U1+03"" 
692+03_ 
767+03 
152+03 
091*03 
811+03 
I 13 + 02" 
l76 + 03_ 
876+03 

9.9l031-0| HAC04& 
2.26301+01 Q19 

9,92905-01 MWCOei 
1.67540*01 845 

9,93111-01 
_l .11777*01 

TIME .1.70000 + 02 DTIMEU S.OoOOO-Ol C5G..IN( 85) I.. 53 ( 92-0 | PT MpCC I 

1 
6 

.. 1 I 
l4 

... .71 

T H R U 

T H R U 

T H R U .. 
T H R U 

T H R U 

5 2 
10 1 

. 15 1 
20 1 
25 1 

85 7 0_3 9_*03 

1 . 1 3 2 5 1 7 + 0 3 

_2,_1_4025B + 0 3 _ 

1.128713+03 
1.121051*03 1,364111*0 3. 
1.7409D2+0X 2,589091*03 
1.128673*03 1,126278*03 

I ) . „.3.51l2Bt0l_J^RLXCCl__ 

.2_L0 0 9 4 11*03 

51 2^57124.01 

L» J.35_910 îD i_ 2 . 1U 915 7*0 3 
1.126019*03 1,121152*03 1,123810*03 
1,348242*03 1.598112*03 1,740908*03. 
2.2328/4*03 1,923539*03 1,810112*03 
1.123409*03 1,121809*03 1,120811*03 
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THERMAL R E S P O N S E OF THE GLFC FOR O R B I T I OF S MOR 

74 

- 34 

M 1 
,.6 
51 
•;6 

41 
,.4 

7 1 
76 

o4 

9l 

' '' 
"l 1 
Ir 4 

111 

THRU 
ThRU 
T H R U 

T H R U 

TRRU 
T H R U 

T H R U 

-uRU 
T H R U _ 

ThRu 
T H R U 

ThRU 

THRU 
THRU 

T H R U 

T H R U 

T M R U 

T H K U 

30 
35 

_ 1 0 . 
15 
50 
55 

40 
45 

_ 70 

75 

80 
85 
9 0 

95 

100^ 
105 

1 10 
1 13 

. 120 

.741 

.321 

.113 

.597 

.724 

. I 04 

.341 

.321 

. 102 

.342 

.131 

.101 
> IU5 
.740 
.101 
. 101 
,740 

5 1 5 * 0 3 
0 I 8*03 
a 9 5 * 0 3 _ 
2 3 3 * 0 , 
283*03 

7/2*02 
"71*03 
168*03 
2 1 5 * 0 2 _ 
9 / 8 * 0 , 

224»0i 

370+02 
8 9 8 * 0 1 
4 3 B * 0 , 
8 5 7 * 0 ,_ 

3 3 1 * 0 , 
9 0 1 * 0 , 
74 1 *03 

.1208 

.7609 
,J 1_5 8 
.1 135 
.7608 
.6820 
. 1070 
.5970 

8.2820 
" .1037 
.3411 
.0596 
, 1026 
.3433 
.1071 
.1017 
. 1051 
,7407 

8 1 * 0 3 
7 5 * 0 3 
7 0*0_3_ 
1 5 * 0 3 
14 + 03 
87+02 
15 + 03 
61+03 
79+02^ 
14 + 03 
81+03 
22 + 02 
19 + 03 
92 + 03 
02+02_ 
87 + 03 
96+03 
45 + 03 

1 .341 
1.721 

_l.|ll 
I.113 
t .740 
1 .105 
1.107 
1.740 

_8,3b0 
1,101 
1 .597 
8,017 
1 . 103 
1,365 

_E . 2 4 3 
1,102 
I .341 

-4.0U0 

913*03 
0 8 8 * 0 3 
8 7 9 * Q 3_ 
986+03 
8 1 0 * 0 3 
640*03 

/5l*03 
76M+03 
9 5 l * 0 2 _ 

504*03 
195*03 

005*02 

377*03 
339*03 

3 6 2 * 0 2 _ 
513*03 

5 6 M + 0 3 

000+01 

,344 

,522 

iJj3 
,343 
,089 
,105 
,108 
,760 
...10 1 
• IDS 
. 760 

8,098 
,101 
.597 

8, 161 
, 103 
,366 

832*03 
114*03 
BB1*03 

031*03 
830*03 

751+03 

321+03 
768+03 
872+03 

319+03 
796+03 

739+02 

181+03 
677*03 

683+02 
272+03 

182+03 

1,597978*03 

1,357180*03 
1,113311*03 

1,341955*03 
1,021795*03 

1,104039*03 

1,342221*03 

8.113779*02 
1.102291*03 

1,105955*03 
1,740792+03 

1,101150+03 

1,105031*03 
l,740BUa*UJ 

8,207489+02 
1,101048+03 

1,597950+03 

HI'Coo 1 9.69 355-0 1 HACJ)J_7_ 

H,C0 9/ 9.927 5 2-01 <1 

'£I 1.M337M+D1 Q77 

_9_. 7 2 7 a 6 - n 1_ H'.^C^ 3J_ 
1,95510+01 017 

_7.33370 + 00 L°OPCT 

9.83278-0 1_ 

3.57757+01 

M . 0 0 0 0 0 + 00 

H<vC0l9 
"933 

9.90221-0] 

2.52260*01 
HJVC045_ 
9 1 9 

_ ? . 9 2 7 1 7 - 0 1 HtVCoei 
1 . 7 4 2 3 2 * 0 1 « 4 5 

_9.93023-01_ 
1.17024+01 

TI' ^ ,75000+02 DTIMEU 6,0r000-01 C S G H I N ( 85) 1,53201-01 DTMpCCI 21 3.20432*01 ARLXCCI 5) 3,94149.01 

1 
4 
I 1 
1 4 
-1 

_ 7 4 
, 1 
^h 

Hi 

< 4 

^1 

1,4 

/ 1 

/ 4 

7 1 

•6 

1 

4 

', 1 

,: 4 

I 1 

lr4 

Tl RU 
T H R U 

T H R U 

Tl RU 
T H R U 

T H R U 

T, RU 
T H R U 

T H R U 

T H ^ U 

T H R U 

T RU 
T, R U 

+ , Ru 
T, -Nl 
- Ru 

T H 'U 

• RU 

T <U 

T H R U 

T H R U 

T H R U 

5 
10 
15 
20 
25 

_ 3 0_ 
35 
10 

15 

50 
55 

_ 40 
45 
7 0 
75 
80 
85 
90 
9 b 

100 
105 
1 10 

3.19 
1 . IS 
1.13 
1 .74 
1.11 
1.13 
I ./4 
1 .18 
1.12 
1 .59 
I .03 
1.10 
1.34 
8.53 
1.10 
1 .34 
8.28 
1.10 
1.1-1 
1 .74 
1.10 
1.10 

0839 + 0 , 
1 1 0 1 * 0 3 
8 0 1 1 + 0 3 
0 9 9 1*0, 
7 8 5 2*0^ 
2 2 5 3 + 0 3 _ 
1103*03 
7727*03 

0187*03 
/3ei+03 

9 0 7 0 + 0 , 
9 | 1 1 * 0 , 
1 M 1 7 * 0 , 

0 3 4 8 * 0 2 
3 4 U ,. • 0 , 

2 7 7 4 * 0 , 

0 7 0 9 * 0 2 
2 0 1 7 * 0 , 

5493 + O3 
09 0 2 * 0 3 
1373*03 
1 8 7 5 * 0 3 

.79 

. n 

.34 

.90 

. 11 

. 13 

. 74 
, 12 
. 12 
. 74 
.03 
. 10 
.59 
.19 
. 10 
.34 
. 19 
. 10 
.34 
.4 1 
. 10 
.10 

2546*03 
7672*03 
7711*03 
3404*03 
3485*03 
2112*03 
1053+03 
4250+03 

009M+03 
0398+03 
5169+03 
9528*03 
7 1 1 3 * 0 3 " 
0 3 8 4 * 0 2 
M3/2*03 
1220*03 

2542*02 

2713*03 

3 3 9 2*03" 
19 11*02 

1812*03 
5145*03 

0 2 7 6 * 0 3 
2801*03 
9 5 3 8 * 0 3 
30/1*03 
8866*03 
6 Q a 6 * o 3 _ 
7/B9*u3 
1359*03 
0171*03 
0 8 8 9*03 

9U13*03 
0132*03 
0 7 9 2 * 0 3 " 
6772*02 
5 I28*U3 
7 2 u 0 • 0 3 

5672 + 02 
31b1+u3_ 

5338+03 

2250 + 02 
25 17+03 
1569*03 

2,297 
J.139 
1.596 
2.209 
.135 
,367 
.714 
. 122 
.363 
.173 
. 106 
.110 
, 760 
.102 
. 105 
.740 

e,2Mi 

, 101 
. 5 9 7 

8.312 
, 103 
,366 

553*03 
615*03 
6 2 7 * 0 3 
961*03 
120*03 
930* 0 3 _ 
4 1 3 * 0 3 
268*03 

709*03 

232*03 
899*03 
477*03_ 
79b*03 
497*03 
919*03 
620*03 
5 3 1 * U 2 
215* U 3 _ 
703*03 
3 1 7 * 0 2 
260*03 
167*03 

, 140 
, I3B 
,741 
.107 
.133 
,598 
.530 
,120 
,365 
,095 
. 108 
,362 

8 , 4 / b 
.103 
. 106 
.760 
.101 
,105 
,760 

8, 346 
, 101 
,598 

191*03 
032*03 
0 0 1 * 0 3 
18U*03 
255*03 
| 5 M * D 3 _ 

8 2 8 * 0 3 
891*03 
606*03 
187*03 
900*03 
1 61 * 0 3_ 

5 3 8 * 0 2 
0 6 2 * 0 3 
5 1 9 * 0 3 

818*03 
5 6 8 * 0 3 
0 6 7 * 0 3 

933*03 

3 2 4 * 0 2 
014*03 

017*03 

L/l 
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T H F P M A L RESPONSE OF THE GLFC FOR O R R I T 1 OF 5 MOR 

111 THRU 113 1.740831*03 1.740831*03 . 6 , 0 0 0 0 0 0 * 0 1 

H'ACOR 1 
H . C 0 9 7 
' ' ,-i 1 

9 . 4 5 0 1 0 - 0 1 HIV C 0 1 7 
9 . 9 2 5 5 0 - 0 1 <U 
1 . 1 5 ! 0 1 * 0 \ IJ 9 7 

9 , 6 8 6 1 1 - 0 1 H « C 0 3 3 
2 , 1 5 9 4 1 * 0 1 I3 l7 
7 . 1 5 1 7 3 + 0 0 LOOPCT 

9 . 8 0 9 0 7 - 0 1 HrtC019 
3 . 9 4 1 1 2 + 0 1 U33 

1.00000+00 

9.89303-01 HiCOili 
2.77175 + 01 (319 

9,92192.01 HWCOei 
1.85919*01 (J65 

9.92878-01 
1.19700*01 

T I M L 3 . B 0 0 n 0 + 0 2_ D T I M, E U 5 .JVlD 0 0 - 0 I ^5_G < I N_(_ U 5 3 2 3 0 - 0 1 DTMPCCI 21 2.83994*01 A R L X C C I 5) _5j553'Ll".0J_ 

4 

ll 
l4 
-. J 
74 

1I 
.4 
.ll 
..4 
r- I 
5 4 

4l 

44 

4 
r 1 
94 
1 '. I 
I -4 

.ll!_ 

ThRU 
T, RU 
THRU 
T H K U 

T H R U 

Tl RU 
TH 'U 

T H R U 

T t 5 U 

T H R U 
T H " U 

"'TH.-<U 
T H R U 

T H ' - ' U 

T i . K U 
T H K U 

T : '' U _ 
T H R U 

T H R I J 

T l - R U 
T , j R U 
T H R U 

_T H R U 

5 

10 

15 
20 
25 
30 
3 5 

10 

15 

50 
55 
40 
45 
7 0 
75 
8 0 
,- 5 
90 
95 
100 
105 
1 10 
113 

3 

... - -_.. j 

J 

1 

,18 1;49+ 
. I8454M + 
, 159792 + 
,741090* 
,17 6 17 2* 
, 150589* 
,741215* 
,447M33* 
,131 153* 
,597551* 
,117137+ 
,113 3 8 1+ 
, 3 6 M 3 V 2 * 

,787352* 
,101921* 
,342110+ 
, M 5 7 2 t. 'i * 

, ! 02329* 
.10 5 9 2 1* 
.7609M4* 
.10 1553* 
. 101945 + 
.740901* 

03 
a-K 

03 
03 
0 3_ 
0^ 
O3 
Oj 
0, 
0 3 " 

°.3_ 
U3 
03 
0?" 
0 3 
C3 
0 7 

03 
03 
0 3_ 
Dl 
03_ 

.093921+03 

. 1 74034*03 

.37 0 014*03 

.194338*03 

.149 447*03 

.15U5U3+a3 

.741151*03 
,1M1872*03 
.I 30512*03 
.740971+03' 
.1117 7 3+03 
.1135/9+03 
.597 1 74+03 
.755907+02 
.1055MM*Q3 
.341357*03 
.35111M*0?_ 
. I 0 2 9 'll 3 + 0 3 

2,709118+03 
I,168250+03 
1.371757+03 
2.a31u14+03 
_l.l619B7 + u3 
1.368U78+U3 
2,1^5 717+U3 
1,l38/69*u3 
1.130790+03 
1 ,740956+03" 

_1 . 1 1 1 31 B + 0 3_ 

1.111013+03 
I.740830+U3 
8.89Q201+02 
1 . 106251*03 
1.597214*03 
8,338405+02 
I . 103/ 1 l+Ui" 

.343117+03 1 .365342 + 03 

.819l1p*Q2 8.418803+02 

.10 1970 + 03 1,102419+03 

.105553+03 1,361561+03 
i.,74oa97 + g3 - 6 J O U O O O O + QJ_ 

,560665. 
,163U06. 
,598975. 
,185513. 
,15 4 3 31. 
,369819-
,921360' 
,135195. 
,361909' 
.265825. 
^1 l3o7/. 
, I 11519. 
,760832. 
,101100' 
. 107015. 
,760817. 
,121696. 
,10118 6". 
,597730' 
,530508' 
.10337 2' 
, 346502' 

03 
03 
03 
03 
0 3_ 
03 
03 
03 
03 
03 
0 3_ 
03 
03 
03 

03 
03" 
^2_ 
03 
03 
02 
03 
•03 

1,195177+03 
1,140093+03 
1.761101+03 
2.3606U0+03 
1,152568. 
I,598117 
1,718725 
1,132671 
1,364743 
1 , 1 79163 

03 
•03 
•03 
•03 
• 0 3 

• 0 3 

1 , 1 131/9*03 
I ,362977*03 
8,952201 
1.10139| 

•02 
• 0 3 

I , 107636*03 
I ,76UB16 •03 
1,101927*03 
1,105318 
I.760971 
B,55B164 
1. l O H H 
1 ,598074 

•03 
'03 
•02 
•03 
•03 

H r. C 0 R 1 

Hi.C097 
181 

9.41221-01 H'...C017 
9.97321-01 11 
1 .17 1 32*01 Q97 

9.4M894-ni HrtC033 
2,33950*01 S17 
7.59058*00 LOOPCT 

9.78250-01 H,.,C019 
...1,31511*01 i.'33 ... 
1 ,00000*00 

9.88281-0] HWC045 
3.03198 + U1..Q1.9 

9.92223-01 MrtCOBl 
. 1.96499*01 _Q65. _. 

9,92707-01 
.li52873*Ql 

T;ME i.B5orO+o2 UTIMEU S.OoOOD-Ol CSGvINj 85) 1.53288-01 DTMECCI I 8 L. . 2 . . 1 1 . 1 0 9 _ * 0 L _ ARLXCCI 5 1 . _-7 . 1 1 4 7 0 - 0 1 

1 
4 

1 1 

1 4 

7l 
74 
31 

T H R U 

T 11 R U 

T H R U . _ 

Tt'RU 

T H R U 
T H R U 

T H R U 

5 
ID 
15 
20 
25 
30 

. 35 . 

2 . 9 6 l 8 0 9 + 0 3 _ ^ ^ _ 2 , 7 8 7 0 2 8 + 0 3 _ 1 , 2 1 2 5 2 5 * 0 3 
1 . 2 0 3 6 1 2 + 0 3 1 . 1 9 5 9 0 0 + U3 l . l 9 l H 5 + 0 3 
1 . 3 7 5 3 7 9 + 0.3 I J 5 9 9 5 1 5 + 0 3 I . 7 6 I 2 3 1 + 0 3_ 

3 . 7 2 6 9 4 9 + 0 3 3 , 3 5 1 7 8 0 + 0 3 
1.229938*0, " " 1 ,211907 + 03 " " 
1.190730 + 0, 1.373795*03 _ 
l./41713 + o', 3.115789 + 03 3.091010 + 03 2.735150 + 03 2,586779 + 03 
1.211471+0, 1.205342 + 03 l,l9l227+03 1J,1B589Q + 0 3 1,180209 + 03 
1.176985+0, 1,176593+03 1,371331*03 1.372991*03 1,598939+03 
I.7Ll3eo + 0 3 . . .1.761296 + 03 . ..2,3/1299 + 0 3 . 2.128819*0 3 .__ l,9|3159*03 
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T H E S M A L R E S P O N S E O F T H E GLFC FOR O R B I T 1 OF 5 MOR 

,6 THRU 

Ml ThRU 

u6 THRU 

5l 
r. 4 

4l 

/. 6 

7 1 

7 4 
r 1 
1-4 
'.'1 
94 
l,-l 
1 ' 4 
1 1 1 

T H R U 
ThRU 
THRU 
THRU 
THRU 
ThRU_ 
TI'RU 
THRU 
ThRU 
THRU 
ThRu 
T,.RU 
T H K U 

10 
15 

_50 
55 
40 
45 
70 
75 
80 
85" 
90 
95 
1 00 
105 
.110 
1 13 

H.'.CORI 9.58011-01 H'.VC0I7 
H.'. C097 9.92041-0! 01 
:J1 1.19512+01 Q97 

8530 
1172 
597a 
204M 
1 I 9a 

3457 
0988 
1049 
3474 
4450 
1 029 
1043 
7409 
1019 
1052 
7409 

01+03 
21*03 
15+D3_ 
61+03 
76 + 0, 
17+03 
00*02 
20 + 0, 
7 5 + 0 3_ 

68*02 
I2 + O3 
94 + 0 , 
88*03 
2 3*03 
2 7*0 3_ 
4 3 . 0 3 

,143775*03 
. 115955*03" 
, 7 4 1 0 B 1 * 0 3_ 

,204155*03 
. 1 19763*03 
.597291*03 
,001144*02 
. 107151*03" 
, 3 4 M 4 I 1 * 0 3_ 

.618 4/0*02 

I.159168 
1.114034 

J_.J4!054 
I.I222I1 
_1 . 120060 
1.760887 
9,261207 
1.108100 

. I .597251 
6.510029 

. 103534*03 .. _ 1 , 101223 
,363181*03 1,345127 
. 1 1 1 25 1 *02 8.86M7Q6 
,102312*03 1,102958 
, 105807*03 1 ,34M422 
,760955*03 -6,000000+ 

+ 0 3 
• 0 3 
• U 3 _ 
+ 0 3 

+ 03 
+ 03 
+ 02 
+ 03 
+ 0 3 _ 
+ 0 2 
• 0 3 
+ 0 3 
+ U2 
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T H E B M A L RESPONSE OF THE GLFC FOR O R B I T 1 OF 5 MOR 
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,579894*03 
.787095*03 
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IMPROVED NUMERICAL DIFFERENCING ANALYZER » 

GLFC FOR ORBIT 1 OF 5 MOR 
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1.127577*03 I 
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1.6 19560*03 
1.215816*03 
1.192U16*U3 
1,395811*03 
1.191234*u3 
1 . r/2271*03 
1 .387126*03 

-6.000000*01 

AN V VCRSIONI 
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"" "2.42532*or"1*& " ' 

)'rARLxccr"""i7) i 

!',73012l*03 
.9 11170*03 1 
.731072*03 
2,689772*03 i 
,853993*03 
,688111*03 
!.331097*03 i 
,660817*03 
,592039*03 
.831053+03 
.138511*03 

1,128239*03 • 
1,789235*03 
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.346651*03 
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