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SUMMARY

The moderate entry heating environment predicted for out-of-orbit

entries into the Mars' atmosphere has led to the development of new

a01ation materials with densities less than 350 kg/mB. These new

materials along with previously available denser materials are being

evaluated for their application to Mars-entryvehicles of the type

proposed for Voyager. Initial evaluations, the results of which are

presented herein, include ablative performance in simulated entry

environments, RF transmission loss through thermally degraded material,

and flexibility at low temperatures following sterilization and vacuum

exposure. Most materials tested retained some flexibility to tempera--

tures as low as -lO0°C. At -130°C, however, most materials exhibited

brittle behavior. SeversJ.low density fiBBed silicones demonstrated

_ good thermal performance, but one7 two materials (which are not highly

efficient thermally) had acceptable RF transmission for conditions of

these tests.

INTRODUCTION

Man's long-time ambition to explore the solar system will be one

step closer to reality when scientific instruments are soft landed on

the surface of Mars. One mode of entry currently being considered for

a Voyager-Mars mission is shown in figure 1. Following the transit

from Earth to Mars, the interplanetary vehicle would be placed in orbit

about the planet. At the proper time, an entry capsule, shown here as

a spherically blunted cone, would be released and placed on a trajectory
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toward the planet. This type of entry is commonly called the out-of

orbit mode. An aeroshell covered with ablation material would protect

the payload during entry and provide deceleration of the capsule to the

point where the payload could be removed from the aeroshell and soft

landed on the pls_let.

Based on the currently accepted models of the Mars' atmosphere,

an entry into Mars poses a very nominal entry heating problem. This

is due largely to the low orbital velocity about Mars -- about 1/2 the

orbital velocity for Earth. Figure 2 shows the stagnation point heat

pulse and dynamic pressure calculated for an entry from orbit into

Mars for two postulated atmospheres - labeled "VM-7" and "VM-8." For

comparison, the entry conditions for Gemini are also shown. The heating

shown for Gemini is typical for an out-of--orbitentry into the Earth's

atmosphere. An entry into atmosphere VM-8 produces the highest stagnation-

point heating--rate and pressure loads for the atmospheres currently

postulated, but this is about half that for Gemini. Entry into atmosphere

VM-7 produces the highest total heat load, but this is less than 1/5

that of the Gemini heat pulse. The pressure loading on a vehicle entering

the Mars' atmosphere is also substantially less than that for an Earth-

orbital entry vehicle. Because of the mild heating environment associated

with a Mars entry, existing materials, for example, the Gemini heat-

shield material, would easily satisf_ the heat shield requirements. Such

materials, however, are inefficient at these low heating rates. The

development of materials particularly suited to the Mars-entry environment

offers substantial weight saving potential.

Heat shields for planetary entry vehicles are exposed to some new

environments, however, that do require special consideration. Some of

these are:

I. Prelaunch sterilization

2. Long space exposure

3. Low temperature

4. Unknown entry environment
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In addition, heat-shield designers cannot lose sight of the fact that

the prime purpose of planetary exploration missions is to learn more

about the planets and, therefore, the heat shield cannot interfere

with other devices such as pressure sensors, gas samplers, and radar

altimeters.

The purpose of this paper is to present the results of three

types of tests conducted on currently available materials in order to

determine their suitability for use on a Mars-entry capsule. The tests

performed were ablative performance and radio transmission transparency

under simulated Mars-entry conditions and material embrittlement at low

temperatures in vacuum.

DISCUSSION

An initial screening to determine the ablative performance of 23

materials was conducted at the Ames Research Center earlier this year

and the results are presented in reference i. The materials tested

at Ames represented a good cross section of commercial materials avail-

able at the time the program was initiated. On the basis of the Ames

test results, certain materials were selected to undergo the radio

transmission and low-temperature vacuum tests. A second round of ablation

tests was performed recently at the LanEley Research Center and included

some new low-density materials not included in the Ames tests.

In the figures and discussion that follow, the materials are referred

toby letter designations. In table i, the materials are described with

respect to their density, base resin system, and their principal fillers.

RF Transmission Tests

Some proposed modes of entry of capsules into the Mars' atmosphere

require a radar system which transmits through the heat shield. In

order to determine the transmission properties of some typical heat-

shield materials, eleven materials representative of several types of
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ablationmaterialwere evaluatedunder simulatedentry conditionsin

a plasma-arctunnel. The test configurationused is shown in figure 3.

A horn-typetransmittingantennawas locatedwithin a water-cooled,

wedge-shapedmodel. Ablation material about I cm thick formed part

of one face of the wedge and was bonded to a metal substratewhich

was not cooled. The substratehad a cut-out at the antenna location.

A receivinghorn was positionedwithin the arc tunnel test section

_just outside the plasma stream. The transmittedsignalwas monitored

during the test and for four minutes immediatelyafter the arc was

turned off.

The test conditionsused are gi_renin table 2. A summaryof the

test resultsi_ given in figure _. The transmissionloss in decibels

is shown in the form of bar graphs for each of the materials tested

at two heating rates. The first solid bar =epresents a measurement

made through the virgin material in an anechoic chamberprior to the

tests. The first cross hatch bar is a measurementmade in the arc

tunnel test section immediatelyafter the arc was turned off and the

materialwas still hot. The second cross hatch bar indicatesa measure-

ment made four minutes later after the material had cooled. The last

solid bar in each set is a measurementmade after the specimenwas

removedfrom the test section and again placed in the anechoic chamber.

The measurementlabeled "cold" and the post-test anechoic chamber

measurementwould be expected to be about the same. The differences

are generallynot too significantand can be attributedto changesin

the material as it continuedto cool and to the less-than-idealconditions

under which the in-tunnelmeasurementswere made. It is apparent from this

figure that most of the materials greatly attenuatethe signal. Two of

the materialstested - material D and material H, showed acceptable

performanceat the low heating-ratecondition_. Material H is a foamed

Teflonwith a densityof 750 kg/m3. Teflon is known to be a good RF

window. The Teflonwas was not tested at the higher heating-rate

condition. Although material D showed a slightlyhigher transmission

i

i

1968015941-005



e

5 --

loss Just after the high heating-rate test, its transmission loss

after t!minutes was again considered acceptable. No firm criteria

have been established for an acceptable RF transmission loss for

Voyager, but it should be remembered that a B decibel loss represents a

50 percent drop in power. Therefore, based on present concepts it

appears desirable to keep the one-way transmission loss below 2 decibels.

The relative thermal perform_ce of some of these material will be

discussed later.

Sterilization, Vacuum, Cold-Soak Tests

The sixteen materials selected for the sterilization, vacuum, and

cold-soak testing are representative of several classes of ablation

materials and included foamed and filled elastomers, Teflon, and filled

epoxies and phenolics.

Figure 5 shows the sterilization, vacuum, and cold soak test

i sequence being used. Materials are sterilized for 92 hours at IB5@C

in dry nitrogen at atmospheric pressure. This is followed by 28 hours
h

at 50°C in an atmosphere of 12% ethylene oxide, 88% Freon-12 at 50%

i_ relative humidity. The materials are then subjected on an acelerated

vacuum exposure by exposing them for two weeks at 65°C at a pressure of

10-5 to lg-6 N/m2. Materials are maintained in the vacuum and the

temperature lowered to-73, -lO0, and-1BO°C. At each of these tempera-

tures, bending tests are run on the material samples. The materials

are deflected an amount that produces a strain approximately that

expected due to the differential thermal contraction between the heat-

shield material and a metallic substrate.

A summary of the test results is shown in table B. Materials were

tested as received at the three temperatures. Note that most of the

materials can withstand the -lO0°C temperature without experiencing

failure; however, about half do fail when the temperature is lowered

to -130°C. The sterilization and vacuum appear to produce more failures

only at the lowest test temperature. A few of the materials noted by
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the NT on the table have not completed their test cycle. Moduli of

elasticity and rupture in bending measured before and after the

environmental exposures indicates that the mechanical properties

are slightly degraded by the sterilization and vacuum exposure. Based

on these tests, it appears that the hea_-shield temperature should

be limited to-IO0°C or above to avoid the possibility of brittle

cracking. This limitation does not appear to impose a severe restriction

on planetary vehicle thermal control.

Ablation Tests of Low Density Materials

It has been generally observed that most ablation materials become

less efficient as the heating-rate decreases. For conditions typical

of a Mars entry, however, this trend can be offset by lowering material

density, for it is also noted that the efficiency increases as the

material density decreases.

Figure 6 shows the results of some tests conducted at the Langley

Research Center and reported in reference 2 on a Langley formulated

filled silicone elastomer. The ratio between the silicone resin and

a low-density filler was varied to produce the density variation. The

ordinate has been normalzLzed to the efficiency of a fillem silicone

elastemer, designated Langley E4AI and commonSy called Purple Blend,

which has a density of abour 640 kg/m3 and is considered to have a

relatively good thermal performance for materials in that density range.

The figure shows that the performance of the low-denslty materials

increases considerably as the density is reduced. For a particular

entry environment, there is a practical lower density limit below which

a material begins to experience mechanical failure and has inherent

handling problems. For the Mars-entry environment, this density appears

to lie between 200 and 250 kilograms per cubic meter.

Major aerospace companies have responded to the new materials

requirements for a Mars mission by developing materials with densities

less than 350 kilograms per cubic meter. A simplified description of

1968015941-007



-7-

these materials would be lightweight ablative-insulators. Most of the

materials included in the previous two test programs were of higher

density than that presently known to be more advantageous for the Mars-

entry environment, but most low-density materials were still in the

early stages of development at the time those programs were initiated.

As part of the evaluation of some of the newer low-density materials,

arc--Jetablation tests were recently performed at the Langley Research

Center on nine low-density materials and E4AI, the 640 kg/m3 fille_,

silicone elastomer used as a reference for figure 6. The model coni'igura-

tion used is shown in figure 7 and the test conditions are given in table 4.

Figure 8 shows the temperature rise measured by the copper calorimeter

for two teat conditions. The lower part of each bar indicates th_

temperat_re measured at the end of the heating period. The top of the

shaded bands indicates the maximum temperature rise measured. For both

the high heating-rate and low heating-rate tests, the material mass per

unit area in front of the calorimeter was the same. The exposure time

at each of the heating rates was such that the total heat load for each

of the tests also was approximately the same. All of the materials tested

had densities less than 320 kilograms per cubic meter with the exception

of material C which is the Langley-filled--silicone elastomer with a

density approximately twice that of any of the other materials. Again,

the effect of the lower density can be seen. Materials W and X,

although they are low-density materials, have a very high permeability.

Recent studies at Lang/._jResearch Center have shown that high permeability

together with a small model size can increase the severity of the

effective heating environment and, therefore, may have a detrimental

effect on the material's performance. Because of this, the results

obtained here for materials W and X are not conclusive.

Although the test programs described thus far have not included all

of the same materials, some of the materials included in the RF transmission

and the recent ablation tests were the same. Comparative RF transmission

and ablative performance for these materials is shown in figure 9. At

the top of the figure, the RF transmission loss measured on the charred

1968015941-008



-8-

material at the low-heating-rate is again shown for material B,

a low-density cork filled elastomer; material C, the high-density

Langley elastomer; and material D, a low-density silicone ablator with

cmly silica fillers. At the bottom, their relative ablative perfcrmance

is shown along with that of material Z. Note that material D is not one

of the best thermal performers. Material Z is comparable to material B

in performance s2_dis similar to C in con_osition. Such a material may

offer a suitable compromise between RF transmission and ablative per-

formance and, therefore, will be evaluated further in subsequent tests.

CONCLUDING REMARKS

In stnmnary,a number of materials have been developed that appear

to meet the primary requirements for use on a Mars-entry capsule.

The HF transmission loss of heat-shield materials following exposure to

a simulated entry environment was found to be high for all but a few

materials, and those materials with an acceptable transmission loss

did not have a high thermal efficiency. Based on limited test results,

sterilization and long-time vacuum exposure do not significantly affect

t_o flexibility of most heat shield materials at temperatures above

-100°C. Some materials with densities between about 240 and 320 kilograms

per cubic meter show good thermal shield capability in a _imulated

Mars-entry environment.

The need for further development of materials with good RF

transparency together with high thermal efficiency is indicated.
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Table 2.- Nominal test conditions for RF transmission tests

Test condition Test i Test 2

Heat-transfer rate at center of panel, kW/m2 240 840

Total enthalpy, MJ/kg 6.5 6.3

Mach number 3.4 3.5

Free-stream velocity, km/s 2.9_ 2.93

Model stagnation pressure, atmospheres 0.15 0.17

Static pressure at center of panel, atmospheres 0.015 O.11

Mass-flo_ rate, kg/s 0.136 0.158

Test stream composltion Air Air

Model exposure time, s 60 30

Transmitter frequency, GHz 55 35

J
I

i
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Table 4.- Nominal test conditions for ablative tests

Test condition Test i Test 2

Stagnation point heat-transfer rate, kW/m2 170 _70

Total enthalpy, _/kg 3.0 7.0

Mach number 4.0 3.8

Free-streamvelocity, km/s 2.06 2.98

Model stagnation pressure, atmospheres 0.023 0.0_2

Mass-flow rate, kg/s 0.023 0.O4_

Test stream composition Air Air

Model exposure time, s lO0 30
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• Figure 7.- Ablation model ccnfiguration.
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