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PRWFAC9

The information gained concerning the thermal conductivity of Q-felt micro-quartz
fiber Insulation material under Contract No. A733(657)-7132 for the design and
development of the X-20 Re-entry Vehicle Is reported in this docurient. This
document vas prepared under Contract A733(615)-1624.
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The thermal conductivity of -felt, a eom=ercial micro-quartz fibrous insulation
material, vas evaluatzd. Tests vere conducted on several densities each of as
received and thermally staized material at elevated temperatures and at
atmospheric and reduced pre.ssures. Mean teat temperatures ranged from 200"i to
2560*F and reduced pressures to 0.1 m /mercury vere used.

Cur*es have been prepared presenting the mean apparent thermal conductivity of
both thermally stabilized and tinstabilized Q-felt as a function of aean tempera-
ture, gas pressure and material density.
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The temperature differentials and heat flow restrictions encountered for the
X-20 Dyna-Soar vehicle required the development of reliable thermal conductance
data. The requirements for insculation systems operating above 2000F presented
ulwiltaneously the problems of the evaluation of the candidate materials at
atmospheric and reduced pressures and the development of test apparatus vhich
vould yield accurate data.

A micro-quartz fiber felt insulation was selected for X-20 usage. This report
provides the results of tests to evaluate the thermal conductivity of -felt,
vhich is the trde nam for micro-quartz fibers meufactured by the Johns-
tanville Corporation. Prior to thermal exposure, q-felt Is so..t, tellient and
flexible and can be draped over contours end curved shapes. However, at temp-
eratures above 180'F, the quartz fibers change from an amorphous to a crystal-
line state tich results in stiffening and shrinking of the fibers.

The term "thermal conductivity' as used in this report refers actuall to
"mean apparent thermal conductivity" since heat transferred through porous
insulation materials Is the result of all three basic mechanisms of heat flowj
nawely, gas and solid conduction, gas convection, and thermal radiation.

Heat flov through a porous material Is not only a function of material density

and temperature but also of pressure. This pressure phenomenon causes the
thermal conductivity to decrease nonlinearly vith decreasing pressure. There-
fore, the thermal conductivity of Q-felt was evaluated for various densities
under varying conditions of temperature and pressure.

The temperature and pressure ranges over which thermal conductivity measure-
ments vere required exceeded the capabilities of the conventional Guarded Hot
Plate and Infinite Cylinder test apparatus. Consequently, the majority of the
data vas obtained using a Heat Flov Transducer apparatus. This apparatus uses
the calibrated output :f a thermopile elvment 04 sense the heat flow.

Thermal conductivity measurements on Q.,felt vere accomplished up to maxims
hot face temperatures of approximately 2750"F and at pressures from atmos-
pheric dovn to 0.10 mm of mercury. Several densities each of as-produced and
thermally stabilized material were evaluated.

-1-



UT PLAN

The tests reported In this document vere conducted to provide mean apparent
thermal conductivity data for both as-produced and thermally stabilzed Q-felt
in several densities over a range of test temperatures and pressures. These
data vere collected from tests conducted over a period of three years.

Atmospheric pressure tests for the as-produced material were conducted ou 23
samples ranging from 3." to 7.5 lb/ft5 density. Reduced pressure tests vere
conducted on 4 of these samples. One sample each was tested in an Infinite
Cylinder Apparatus and a Guarded Hot Plate apparatus for comparison with the
remainder of the testing accomplished using the Heat Flow Transducer apparatus.
A total of 166 readings were accomplished on the as-produced material at hot
face temperatures to OO0 F and at atmospheric and reduced pressures to 0.1
:m/19 as shown in Table 1.

For the ther:al!$ stabilized mterial, 6 samples ranging in denaity from 4.93
to 10.8 lb/ft .,re tested at atmospheric pressure. Reduced pressure teats ve
conducted on 3 of these samples. One sample was tested in the Infinite Cylinder
apparatus and the remainder were tested using the Heat Flow Transducer test
apparatus. A total of 80 readings were accomplished on the thermally stabilzed
material at hot face temperatures to 2750* and at atmospheric and reduced
pressures to one cM/9g as shorn In Table 2.

_26 D2.81285



V4 4 4 4

(wt.4 .4

fo .4 .9

'. . . .4 .4

04 4 - 4 44

4 S 4.4 .4 .4

04t. ' 4 #

* . .4 V4 #4

.09- o

4 9



09L 144Ve4Ar

V4 04

09 . 4 A 4 A4 64

091. v4 .4.

S 4A. #4.#4 A

Olt . 4 .44eA

V4 r4 A4 A4..

r4t .4 ... 4 A4

On .4

_ _ _ _4 A4. .

4~f pq~ P42

-4- D2-MM8



MAT=IAL

The material tested in this program is intended for thermal insulation of
structures exposed to extremely high temperature environments. This insulation
is a felt couposed of interlaced micro-quartz fibers. Te fibers are .75 to 1.5
microns average diameter and are composed of a ninimun of 98.5 veight percent
silicon dioxide. This material is co-Tonly known as Q-felt which is a trade name
for Ticro-quartz fibei:% manufactured by the Johns-Kanville Corporation which
supplied all of the material used in this program.

The Q-felt tested in this program was of two types. Type I is the normal "as-
produced" condition and ij soft and flexible and can be draped over contours and
curved shapes. Its nominal density is 3.0 to 3.5 pounds per cubic foot in the
as-received condition. Testing was accomplished on Type I material of nominal
densities from 3.5 to 7.5 lb/ft 3 . The as-received material was mechanically
compressed to the required density for testing.

Exposure of Type I material to temperatures in excess of 1800F results in a
significant change in its physical state. At these high temperatures, thti quartz
fibers devitrify or change from an amorphous to a crystalline state. The result
of this is a shrinking and stiffening of the fibers which converts it to a rigid
state. The insulation can be thermally exposed to obtain a heat stabilized
condition where phase changes and denaification of te fibers are nearly complete
and dimensional stability for higher temperature applications" is attained. A
thernal exposure to 22001 for 3 hours results in a condition which exhibits less
than 1$ additional shrinkage when exposed to temperatures of 2750*' for 30
minutes. Material which has been thermally stabilized is designated as Type n.
Figure 1 ahovs a sample of Q-felt in both the as-received and beat stabilized
conditions.

Tests vere conducted on several densities of the Type II material. This
material vas mechanically compressed prig" to thermal stabilization to yield
densities ranging from 4.9 to 10.8 !b/fti.

A Boeing Material Specification was jp-pared to provide procurement control of
Q-felt. This specification was prepared under close coordination with the
material supplier to provide a more uniform product and prevent high temperature
reactions due to impurities in the product. A copy of this specification is
provided in Appendix C.
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TEST EM NW AND P1RCW fl8

Three types of conductometer apparatus were used for the measurements of thermal
conductivity presented in this report. They are as follows:

1. Guarded Hot Plate Apparatus

2. Infinite Cylinder Apparatus

3. Beet Flow Transducer Apparatus

A summarized comparieon of these pieces of equipment is presented in Table 3.
The majority of the test data was generated using the Heat Flow Transducer due
to the temperature and pressure requirements dictated by the anticipeted X-20
environment. tie Guarded Hot Plate and Infinite Cylinder apparatus vere used
primarily as back up for the calibration of the Heat Fly Transducer.

The Guarded Hot. Plate has been fully described in ON publications end has been
the standard testing method for conductivity measurements for more than a
decade. lb. u~t~ used in this program was constructed to the requirements of
ASTH C-177- .l) Figure 2 shows a pertly disassembled view of this apparatus.

The Infinite (blinder type of apparatus has been used extensively by numerous
investigators because the equipment offers few design problems for theoreti-
cally accurate thermal conductivity determination. This type of' apparatus has
been adequately described in published literature. (21 Coprehensive discussions
on the Guarded Hot Plate and Infinite Cylinder may be found in. most text books
dealing with heat transfer. Figure 3 shovs a partly dilsassebled view of the
Infinite Cylinder apparatus.

The Heat Flow Transducer apparatus used throughout this test propem van
developed from a lover temperature capability laboratory unit initially built
Ia 1956. Figure 4, shove a schematic of the present apparatus. The heat flow
sensing element is a theruppile transducer, a flat core around which is wound a
number of differential thermocouples connected in series. Figure 5 shovs the
components of the snsing unit. In operation, the thermopile produces an
electromotive force (EW) propurtional to the temperature gradient betveen the
hot and cold 4unctions. For a given heat flay rate, the outpat of the traue-
ducer depends upon the number of differential couples making up the sensing unit
and the thenral conductivity of the core material. After prop r calibration,
the EUP output may be translated into heat units of MU/see-in .

The heat source is composed of tvo Independent heaters, a five inch square main
unit and a one and one-half inch vide guard ring. This configuration makes
avallable an effectively uniform),y heated area approximateLy 6 inches square.
Two heat soures vere used, One uses "Kenthal-A" resistive wire elements in both
the main and guard heaters and is capable of producing temperatures to 22W0F.
For temperatures up to 2800F, a silicon carbide globar main heater with a
platinum-rhodi-., wire wound guard ring confiTuration was used.

Thermocouples were placed on both ti|e hot face and cold face of the insulation
specimen to alov measurement of the te:mprature drop across the specimen, and
computation of the man temperature. A lagging insulatio Was placed between the

D2.81285



specimen cold face and the thermopile transducer to maintain a reasonable temp-
erature gradient (200F to 5WF) through the.test sample. The thermoplla-
transducer was approxirmately 2 inches square and was bonded directly to the water
cooled copper heat sink.

Figure 6 shows the 2800* conductometer partly disassembled. T, e temperature
head has been placed at th rear. The four darker spots near the corners of the
9 x 9 inch square sanple are silicon carbide spacers used to support the tempera-
tur head &ad maintain the required specloen thickness.

The steady state heat flow condition required for all conductivity tests was
conmidered established vhen all pertinent zeasurements had stabilized for a period
of one hour. From measurements 'of the Etf generated by heat floving through the
transducer, the hot end cold face temperatures and the thic ness of the specimen,
thermal conductivity is foAnd by the equation below for unidirectional heat flow
in the steaLy state.

AT

where:

K *The apparent mean thermal conductivity in 10 "6 DT-.n/sec. -in 2 - F

AT - The temperature drop rcross the sample in 07

t w The sample thickness in inches

Q = The heat fbm through the trensducer in 10 6 BTU/seC-l 2

(Q is determined by multiplying the MY output of the
transducer in illivglts by the transducer calibration
factor in BrU/sec-in -millivolt)

*

For the measurements of thermal conductivity at reduced pressures, the Heat Flow
Transducer apparatus was mounted in an 18" glass bell jar. The bell Jar ban
plate contained sealed connectors to accotmodate all pover leads, instrument
leads, and coolant pass throughs. Figure 7 shovs the vacuim test set up.

The Q-felt samples were mounted in the test apparatus end the first reading vas
talen at the lowest temperature. Where only atmospheric pressure readings vere
taken, the specimen temperature was raised in increments and readings taken after
the required stabillzation period until the highest temperature was reached.
When reduced pressure tests were performed, the initial temperature was held and
the pressure reduced the required increients until the lowest pressure was
recorded. The temperature was then increased to the next increment vhile holding
this low pressure and this series of readings were taken by Increasing the
pressre through the required increments. This resulted in readings taken
alternatel, at decreasing end then increasing pressure increments for the
various temperatures.

-2-6125
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TMT DTA AND NAR=

The test data generated in this program van combined with other previouly
published data and an analsis made to determine suitable design allowable
thermal conductivity values.

Due to the nonlinear influence of test tenerature, pressure and material density
on the mean apparent thermal conductivity, a comparative method was used to
evaluate the data. The actual test data generated in this program are presented
in Appendix B for those wishing to review the raw data.

The effect of test temperature and pressure was determined for each reecimen.
Nominal thermal conductivity curves were developed for each specimen by plotting
the test data versus temperature and fairing curves through the data points.

For those specimens for which reduced pressure data was obtained, an additional
plot of thermal conductivity versus pressure was prepared and noinal curves for
several selected temperatures were drawn. T'ese curves are included in Appendix
A. The referenced test data included in the anasis was treated In the same
manner and plots of these data are also included in this appendix.

It was necessary to determine these nominal temperature and pressure relation.
ships for each Individual specimen since exact duplication of test conditions
were not obtained between speqimens. Determination of these nominal relation.
ships then alloed interpolation to several specific temperatures and pressures
in order to obtain a comparison between specimens.

The Individual specimen results were then compared by plotting the interpolated
thermal conductivity value for the selected teMperature and pressure as a
function of specimen density as shown in Figures 8 through 13. Mean tempera.
tures of .00, go, 100o, and i800'F wek selected for comparing the unutabllsed
material. In addition, 2000, 2250, and 25M00F temperatures were included fo
thermally stabilized material. The pressures selected for comparison were 760,
100, 20, , 1, and 0.1 /U.

Best estimate average property curves were then drawn through this cross plotted
data to define the most likely thermal conductivity versus density relationship
for the selected temperatures and pressures. The most data was available for
atmospheric pressure (760 m/g) as shown in Figure 8. Consequently this data
was used to develop the basic trends at the various temperatures.

Data in References (3), (4), and (6) in general agrees quite well with the data
generated in this program. No significant difference is evident between
unstabilized and thermally stabilized material at a given density. Therefore,
all data was grouped together to define the most likely average property curves.

For the higher temperatures and at some of the reduced pressures, the small
amount of data available required some interpretation of the data in order U
draw the curves. In these cases, the average curve placement took accoMt of
the relationship of the particular specimens to the average curves at lower
temperatures and pressures where sufficient data existed. For example, the
average curv; for 2500'? in Figure 8 was placed about 15$ above the data point

at 8.0 lb/ftJ since the data points for this 8.0 lb/ft3 specimen averaged about
i15% below the average Lines at 14M, 1800, and 2000"1.

D2-"18
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Design allowable thermal conductivity values are presented as average properties
with a stated range since the Intended application viii govern whether aximm
or mininum values are tonservative. The average property curves developed abobve
vere used to prepare design allowable curves for several selected densities.
These are presented in Figure 16 througA 21. The range of material variation is
provided on these curves to allow the user to adjust the values to silt the
application.

Sufficient duplication of test conditions vere not obtained to allow a rigorous
analysis of variance at the various conditions of density, pressure, and tempera-
ture. An estimate of variation vas obtained, hovever, by grouping some of the
data.

The first group consisted of the eleven sets of data for unstabli'.ed Q-felt of
3.9 ± 0.4 lb/ft3 as sumarized In Figure 14. The variation In thermal conducti-
vity about the mean for five temperatures was examined. The density and each
temperature vere treated as controlled independent variablex which assigned all
of the variation effect to the measured thermal conductivity values. A
statistical analysis was then performed on this set of data to determine the
coefficient of variation vhich was calczlated a follows:

where: - the coefficient of varlatlos

K w the individual measured value of thermal condctivity

F a the average of the measured values

n - the number of indlvidal values.

A sumery of the values determined from this group of data is provided below.
Tie coefficient of variation indicates that the variation at the several tempera-
turs Is not significantly different. The average coefficient of variation for
i1 five temperatures is 7.4$.

TAM It

Statistical Sumary of 3.9 1 .0 lb/ft3 data

Terperature, "F 325 25 710 t10 1080 1 20 1370 ± 30 1640 15

n 13 8 8 10 7

1 .720 1.1525 1.6750 2.1880 2.7671

l.0 725.3 371.5 40.62 59.6 296.

7.78% 1.;,4 7.56% 7.53$%.4
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If the dispersion of the values of the dependent variable are of approximately
equal percentage of average regardless of the value of the Independent variable,
an approximate method for estimating the variation about a fitted irregulaUr
curve =my be used. As this was the ease for the data above, this techrique was
applied to the interpolated data shown in Figure 8 which gronped all atmospheric
pressure tests of all densities and both unstabilized and thermally stabilized
material. This was used to get an estimate of the variation about the average
property curves determined previously.

In this procedure, the coefficient of variation is calculated from the devia-
tions of the individual value from the average curve value at the particular
density. This procedure assigns all of the variation to the dependent variable
K which is consistent with the technique used to present the variation range on
the allowable curves. The u=uaw rized analysis of the data included in Figure 8
Is shown belov.

TAZT 5

Statistical Summary Atmospheric Pressure Data

Temp., OF %00 900 lhoo 1800 2000 2250 2500

a 21 A1 23 1.3 11 6

(KK X10 1420.66 1823.27 1684.3T 1237.91 935.kO 788.64 245.30

6 ~ 8.%3j 8.91$ 8.75% 10.15$ 9.6$ 1.55% 9.04$

The coefficient of variation for this set of data Is compared to that for the
first group In Fioure 15, There is reasonable agreement at all temperatures. The
slight increase indicated at the higher temperatures is not considered significant
due to the smaller vumxber of data points at these temperatures. Thlsl indicates
that a s* igle pooled coefficient of variation may be used to determine the best
estiate limits applicable to the design allowable curves.

2 , 12 2n-i ~ 2 (a 2'1) + .. ~2 (a 1)a I + U2";;.,-,

where: the pooled coefficient of variation for m groups of data

S uthe coefficient of variation for the individual data group,
the subscripts Indicating the particular group.

n • the number of individual values in the group of data,
subscripts indicate the particular group.

m = the total number of data groups.

Substituting actual vel,,es into the above equation fron Tsble 5, we get a pooled
coefficient of variation of 9.254% for the 102 data points. The limit values ae
then determined (at a confidence level of 95%) by multiplying this coefficient

D2.81285



of variation 'y the appropriate statistical k factor. For a probability that 90%
of the values ill not exceed the limit (equivalent to MIL-HDBNC-5 "B" values),
k - 1.534. For 99% probability (equivalent to MIL-HDBiC-5 "A" values), k - 2.695.
The limits are as follows:

Reltabilly %Upler Lrlt Lower Limit

C - P Z + 1 f - 14
.95 .90

C - P i + 25$ - 25%
.95 .9

These are the limits used on the allowable curves ahovn in Figure 16 through 21.

a
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I-~SITY EFFECT 011 T1IEM!AL CONDUCTIVITY OF Qz4ELT AT ATIf)SPIRIC PWSSIB
Ifqun Tp ~ratxl Data Identiiction

M 40 A -20 r- Ufs~aiiedc&_etdt
O - 900 A - 2250 Q - nStabilized, current data
o - 900 a -2509 tblzdcretdt
o 140 > -~~ 250o tabjixe, Referenced

*-Stabilized, Referenced data~~6

5.0

- - ---- ...

1 .0

3.0

... ...-.. . .....

Z0



K FMDM 9
EENSXTY XFFCT ON TIER)(AL COMDiErTV1T 0? Q4;ELT AT 200 aui/B PJESSMJ

fteA. isweratiu I Data- jIdin.iatlon

4-00 A-200O1 - Unstabilised, current data
-900 o-2250 - Stabiused, 'current data

v - 1400 D-2500 9- Stabilized, Referenced data(6 )

o --

2.o.
0-- -o

1 --- - - -~ -

*~~ ..........

....... ... .. ...... ... .

.0

0 1 2 3 4 5 6 7 6 9 lO U 32

IEEPSIT; lb/ft 3
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!EJS!T.EflCT ON TIERPhAL CONDUCIVIT OF Q4EBLT AT 2D am/rg P1MS5ID

4..400 -2000 49 - UnstabilivAe, Current Data
0-900 a-2250 9 -Stabi4sed, Curren~tData
v - 1400 > - 2500 a - Stablised, Referenced Data( 6 )

01800

- 4-

--- --- ---- ~

0~ --- ---

4- -...- - Q66 boo 14-

3. 
--- bo o

19 4-4-

. .. ... .. ......

.~ . ....

. ... .. .
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DENSIT! EPICT ON THEMAL CM9DUCTZTIT OF Q4SL? AT 5 a*.% t&Sg

Mea Lg rstm -OFData I9dt kiAtian
4-IO0 a 2-00 @-Unstabilhzd, Current Data
0-900 a- 2250 -Stabiized, Current Data (6 )140 t),O - 2500 -Stabilized, Eoforiced Data

--- -- ......

.,.E 
-i

*44

~ .......... :--I:: . ...

.. .............
-- H.::

0 ............

iENSIT; lb/It?)
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iMLN 12

IENSMY NIFPM. ON TWEMhL CONDUCHIVIT OF Q-1IM AT 1 w/g Pt S SM

m-en Tem tu-O " Data Id.ntlfication

4-400 - 200 0  0 - Unstabilisod, Current Data

0-900 o - 2250 - Stabilzed,.Current Data 16"
V - 1400 9 - 2500 - Stabilized, Referenced Data''
0-1800

--~ ------ -

3 .o

" .-. -- -

4. *

- - --- - I

.... ... ... .

*~ 4- M 
-.

+. . .. -...

0 -- - - - - ----

0 1- 2 6 7-9 0 U 1
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~MUR 13

IENSMT EFFECT ON THERMAL CONDUCTIVNIT OF Q-.FELT AT 0.1 wi/g PIMSSU3S

)feun T~aiDepuro - OF Djt I tifo~t

4-400 A- 2 000 cjUnstabilized, Current Data
0- 900 a -2250 e-Stabilized, Current Data (6)
v - 1400 > - 2500 -Stabi~sed, Referenced Data
0- 1800

-- ---- ---

-. .- . - - - -

4.0

.. .~ .- ....

o2.0 A 5 6 7 0 1 1

ThNST!; b/tt

.z .~ s -. i. ..... .... 1 m



TIERiMAL CONDUCTIVITY OF SVERAL LOTS OF 3.9 ± .4 LB237 UNIXLIM
Q-PELT

Test Pressure - Atmospeic
Specimen Density - lb/ft3

Heat Flow franchier --- Infint, Cylinder qguaded Hot P]Late Vendor
0 -3.55 A -3.68 *-4.06 A-43.7Data

A-.7 -I3.785(

- 4 to t-4

(44

32 ..- .. . .~ .. .. ...

i -- ' - - -~ - . - -+-4 4

+
0V

200 00 00 00 000 120 140 1(0 800 200

I6AN F~)G~U-4-
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F2K~UE 15
COKFFCIENT OF VARIATION OF Q-FELT THERNAL COUDUCVITY

0 - AUl Q-Felt at ataospboric, presuur, variation about average lima
ja - Unstabilied, Q-elt, 3.9 ± 0.4 lb/ft , data shumf ini igure 3A

()- Number of points included in analysis

-- ~ -- -----

10 - -- ---
....... .......

4* *.4 ~ 4 . ---.-- - ----

.4 
.....

2 

-4... ....... .

0 20 4 6 1M 434 lZO 14W- 1600 1" 2 2
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CORCMIONS

The mean apparent thermal conductivity of micro-quartz fiber insulation ia a
nonlinear function of the mean insulation temperature, the density of the
insulation, and the pressure of the surrounding air. In general, the thermal
conductivity decreases with increasing density or decreasing pressure within the
ranges investigated.

Exposure of the as-produced material to temperatures much above 1800"F results
in stiffening, shrinking aad densification of the felt. The as-produced felt
may be thermally stabilized to provide an insulation usable to considerably
higher temperatures. There appears to be no significant differerce in the
thermal conductivity between as-produced material and thermally stabilized
material when tested at identical density and pressure within the temperature
range where the samples remain dimensionally stable.

Design allowable thermal conductivity values are presented as mean values with
the uppe., and lover range stated since the application rill govern whether maWd-
mum or minimum values are conservative. An estimate of the variation is included
to allow the user to determine his required value.

The allowable crves for unstabilized haterial are limited to mean temperatures
below 1800F due to dimensional instability aLove this temperature. These curves
are presented as a furction of mean teuperature at various pressures for 3.6A,
5.1, and 7.3 lb/ft3 densities in Figure 16 through 18.

The allowable curves for thermally stabilized material cover temperatures to
2500F. These curves axe also presented as a function of mean temperature at
various vressures for three densities, 4.5, 6.2, and 8.0 lb/ft3 s, as shown in
Figure 19 through 21.
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ALW4B~i i~RAL cI~DCTIVTY 16

A'JMM TRNA CMM.LJLT F L 3./PA 3 
faCRO-QURT MTR INSULATION

Q-Iuet (BJS 9-1, 7 ps 1) 0.50 in. thick
UNSTABIIZEDTest Condition: Thermial squilibrim in air

For azkimm or minimum values, &djust the gean thermal conductivity values an follows
Rliabiljty oe ~i

C9 P.01.14 x MGMz .86 x Mean
C -p1. 252z Mean .73 x Mean

3.6 : ..-- --

* - .~ . -- - .. 4. - 4.... -+

3.4-.

32- - ___ i? ?. 44--

3.0. ' ft- 444 4- 4. . . 4
- % ~ ' - - -

*-: r -. 4 . .. .* *.. .- .

14 ~~ ~+ + *- 4 --- .

2.- 
9 4.4 -

2.29
2.oA

e:D2-81-8V



ALLWABI TIERYAL CDUCTIVIT PbM 5.1 LB/PT3 MIICMO-QUAMTZ FIER INUATION
Q-Felt (MN 9.-i Type I) 0.50 in tWck

UWNSABILT1D
Test Condition: Thormal Equilibrim ini Air
For maxium or mmm values, adjust the mearn thezzal conductivity values &3
follows: RelWAbiY U~per imxitLoeLit

C 95 -:P.90  1.14 x Mean A8xP~ean
C:95  P9 1.25 x Mean .75 xMean

- *.~ 444-.-+.-44 44

3. -~ 1*~*- --. -7:=4

7:=~ ---

3.2-4-4~*4~49-.4

'a+

4+4 
2A4.

* 4-4.4 4 4 --. .. . - .4- - 1.. . *4

-4

0 ~ ~ ~ ~ ~ ~ -to00o080 00 Z ~~ 1. l+

4 +A
:AD2-8I...



FLGUI 18
ALLOWABLE THEMAL CONDUCTIVITY FOR 7.3 L B/Fr3 xiCRc-QUATZ FIMR INSULATIM

Q-Felt (MS 9-1 Type I) 0.50 in thick
UNSTABIhIZED

Test Condition: Thermal Equilibrium in Air
For m admum or minimum values, adjust the mean thermal conductivity values aP
follovs:

Rcliability Upper Limit Lower Limit
C.95 ?.g 1. xean B6 xMm

C P. 1.25 x Roan .75 x Hean
4 .0. . ....... .9"

T+ *'"#'7t "T . . ..
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-. 4-,..- . - : -_-4-. *. - -. 4.-4+ +
4-*.*. + ,,., 4--4 ,-

.4. .. , _.. * , *.++ ..

44. --4

21.8 . ... .. .. ..... . •

: : : : :. . . . . . . . . . .. .... . . . . . a ::

* .. '++ ; '+; 1................-
.............4-.. ~,4-.-. .4 4 .-

+, . .-. . . . .............. ,,-. .. ,.. . -.

+ . + 1..... - - -- J - .... - 14* 4 4...

t4,, - 4-t <+..... . ~44 *.+++ -*:*-.- *. .. . . . . .

... ........ ..... .... .-. ; . -1

6 ..-I ..: .....: ...j 4... .."-........4 4 t - .

-4... ....... -44 .. .. ~4 ...... ........ +++

+ -...

• ". - jx +... .+t*:.+ - . -+ ...-.+ .+:
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FIGUIS 19
ALLOWAME TERfAI. CONDUCTIVITY FOR 4.5 LB/fl' 1UCIR4.vUAR2 FIMR INSMJATIUM

Q-Felt (BM! 9-1 Type 11) - 0.25 In thick
Thermally Stabilized 3 Hours at 2200*y

Test Condition: Thental Equilibriu in Air
For maxium or minimm values, adjust the maean thvrmakl conductivity values as
follow:

Reliablity Upper Limit Lower Limit
C95 - 01.14 x Meaai .86 x Mleani
C 9$5 99 1.25 x ean .75x Mean

..........

4...

.4.4~,............

a 4.2 _ _ _ _ _4.6~~.. ... ..... __ _

....................4 .0 :. ... ... .... .... .......

3.6. ......
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.......... ...... .. . .:* .~

.. .... . .1 . .... .

3.0

2.:.:

O.... .... 1.0.1.0 .. 00..0
........... W E,
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FIGUI 20

ALLOWABIS THERM{AL CONDUCTIVITY FOR 6.2 L/n3 INICRO-UARVI n%R DWATMC

Q-Felt (NO~ 9-1 Typo 11) 0.25 in. thick
Thermlly Stabilized 3 flow's at 2200*F

Test ConWi ,ion: Thermatl Eqtibrium in Air
For mnaximum. or iiimum values, adjust the me=n therml conductivity values an
ronUows:

Reliability Uprer LlMit Lower Limi
C 9 5 p 1. 12. x ean .6xMa

C'.5l 9 .25 x Mean .73x Mean
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AL1fADIS VE~RNAL COMIUCTIVTY FOR 8.0 Is/"' XNIO-QUmfT FImu DMIAiCS

Q-F elt (ma 9-1 Tp II) o.25 Inutbick

Thsnaally Stabilized 3 hours at 220*F
lest Condition: Thenal Equilibrium in Air
For maxi= or mifniam nalues, adjuet the mean therzal conductivity values
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APPSNDflC A

TEST DATA PLOTS AND NOMNAL CURVFS

Included in this appendix -are plots of actual test dhta for the various
specimens tested in this program and also for referenced data used in the
analysis provided in the text of this document.

These data were plotted as a function of temperature end test pressu.e and
curves were faired through the data points to define thie norainal temperature-
pressre influence on the measured thermal conductivity of Lhe various
specimens.

Figures A-I through A-12 cover unstabilized mterial and Figures A-13 through
A-24 cover the thermally stabilized material. The figures are arranged in order
of increasing 'pecimen density for each material condition.]p
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FIDtI .- 1

VENDOR IMRMATION ON 3.0 TO 3.5 LU/AM) UNSTABILMD Q.-LT

pressure - atmospric

0 - 3.0 lb/t density, 3/6 in. thicknesu Data per Ref. (4)

o - 3.5 Ib/ft' density, j in. thickness
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PM1 A-2

7EMRAFM lMT ON 3.55-4.06 L/pr twaTABIL]D Q-PELT ROM WOT 9
§pecinn Density, itbt 3

0-355 A - 3.78

0 -3.58 a-4.o6
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F1MWI A-3

IMUTRAE IFFCT ON 3.6 LB/FT3 OMSABn=X7D Q-PELT

Test Prenqui M&

o-760 A- 10 Y- 0. 9-0.1
A-lUP 8- 5 a-.

-4 4. 44 4 4 -f .~ 4 V -4- **0 A - 44 2 0 .. .- 1 4 --
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FMUM A-5

TEWEATMi EMFCT 0O; 3.68 AND 3.75 LB/FT3 UNSTABILI Q-PELT M90
LOT I

§Min sity, lb/ft3

A - 3.68

a *-3.75
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3. .0- *4 4--- -- - * 4--- 4 - . * i . . ~ .- i- *- * .-

i-4 -4 44

t* 4-* .-. . . . .. .' ' 4 " ' ' -4 '4

............. ." *** t.

.... .. ... .... - .... ~4.. -*-

014 . . . ...... .*,

2DO 400 600 a-.000-....1400. 48 -

.4-MA T&WERjTM, V



FMM1 A-6

TEMURTUIM EMFCT ON 4.3 LB/FT3 UJNSTAILMZD Q4=EL

Text Prousuz 760 so.,%
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FUIM A-7

ISHMATUJS EHCT On 5.1 LB/PT3 UNSTABnhIZD Q.-FKLT

*Test Pressr - allps

0-760 o -I
A -l 1Wv i0.5
v - 50

.4-..4-4

m.3.0

4.-. ~.4 * 4* - 4 . -4- 4 4 -. t4.
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F1MU1 A-9

EFSATU EFFCT ON 7.3 WBP UNSTA3nJD Q-FELT

Test Pressure, IRaf
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?EMRATUJM EFFECT ON 7.5 LB/FY' tVS-.ABILIZD Q-MLT
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MW~1 A-3

VEND0R INFORMATION 01 4.5 TO 10.0 LW/pT3 TEMALLy STAMM=7
Q-FRL
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FMODE A-14

WJE!-INCED TEST DATA ON 4..58 "ZPT3 TJERK=I. STAM=IZD Q-PELT, IBM. IMCT

Test Prssue Data per Ref. (6)

* - 76o0a/Rg
A - 10 m/Ug
0 0-.1zmm/R4

*-10-
31/R

.4..--4.

5.0

**~**~4 4. .. . 9. .

--- -------

4.o..

- - - - - - -----:

sods as--. - . ,

__s ..... *

.. ......... ..... .... 4 -

..~~ ~ ~ .,:.. . . .... ... ... .. .. . .

.. . . .......

00 500 1000 1500Mo 2500
WEAN T1OMRATUD~i OF

A-15 P ossa "S8



il -T..+ T1

t4,

- .i'4 a

fro.

~r
CF1z:, ,LMMCO -IA

D"28



FIG= A-16

WEIRATU! EFCT 0,11 4.95 uB J TREXIr STA9ILED Q-ILT
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PIOU! A-i7

M!ERATUIM EFICT ON 5.84 LBM3T MILAT STADII17D Q-=~L
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FDmw A-19

ISNFERATUI EFFCT ON 6.21 LB/PT3 THSRKUIT STIBMLZ.D Q-PSLT
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FIGM A-21
MVATM EFFECT CS 6.34 LB/PT3 TERMALLT STABILIZED Q-PSLT
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FMM! A-M2

~~IEMTJi EFFBCT Cfl 8.0 LB/&T Tmi~fL= sTADILIZD Q-PSLT
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WXJERATMM EMFCT ON 10.8 LD/FT3 TMERMAU.Y STABILIZE Q-PELT
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APNDCIX B

TABULATED TEST DATA

The actital test data obtained in this test program is provided in tabular form
in this appendix Eacih table presents the data obtained on a particular lot
of material. The tabulated data is included for the convenience of those
wishing to reviev the actual test data.

Tables B-i through B-8 show the data for the unstabilized ,mterlal. Tables 3-9
throuh B-14 Includes the thermally stabilized test data. The tables are
arranged in order of increasing specinen density for each material condition.

w
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TAKE B-I

TEST DATA FOR 3.55 TO 4.06 LB/Fl' UNSTAILIZED Q-FELT FROM LOT D

Test Apparatus: Heat Flow Transducer

Test TeNertures - F Q K

Thermal Specimen Test Specimen Hot Cold Mean A T
Stabili- Density Pressure Thickness Face Face TM (TH-Tc) 10 BTU U

-i n

saio lb/ft' tIq/In t - in. TH Te seeinZse-Treat-
ment

rone 3.55 760 .50 400 300 350 100 153 .76
jIj 800 626 713 174 422 1.21

1200 967 1064 233 816 1.75
v 1500 1228 1364 272 1215 2.233.55 760 .50 1800 1502 1651 298 1722 2.89

3.58 760 .50 400 298 349 102 155 .76

1 800 621 710 179 422 1.18
• 1200 958 1079 242 812 1.68

- 1500 1220 1360 280 1206 2.15
3.58 760 .50 1800 1495 1648 305 1730 2.83

3.78 760 .50 400 291 346 109 1" .65
S1 98 615 706 183 38 1.05

1200 9641002 236 750 1.59
, 1502 1244 1373 258 1117 2.16

3.78 760 .50 1800 1508 1654 292 1568 2.68
3.76 760 .50 40 292 346 108 143 .66

3.6o5o10 623 712 177 384 1.08

1200 966 1083 234 745 1.59
15001230 1365 270 U09 2.05

3.76 760 .5C 1800 1510 1655 290 1572 2.71

4.06 76o .50 400 300 350 100 159 .79
00 300 350 1o 168 .4

.80 627 714 173 455 1.31
1200 972 1086 .228 861 .1.89
1500 1230 1365 270 1281 2.37

none 4.06 760 .50 1800 1505 1652 295 1823 3.09

B-2 D2-81285



TABO B-2

IEST DATA FOR 3.6t; AND 3.75 UNSTABMIIZED Q-FnLT FR0M LOT E

Test Apparatus: Heat Flow Transducer

Test Temperatures - OF Q K

Thermal Specimen Test Specimen Hot Cold Foan 4 T
Stabili- Density Pressure Thickness Face Face 'y (THTc) 10%'TU 1O'TU-In
Tation lb/ft 3 1/IG t in. T Tc sec-in2 sec-in2-°F

aent

None 3.68 760 .50 .00 290 345 10 153 .69• |400 288 3" 112 150 .67
800 610 7C5 190 17 1.09

1200 940 1070 260 785 1.51
1500 1200 1350 300 1163 1.943.6a 760 .50 lwoo 14,62 1631 338 1668 2.47

*3.75 760 .50 395 284 339 111 153 .69
40C 288 344 112 155 .69800 612 706 188 426 1.13U00 948 10716 252 806 1.60

1500 1205 1352 295 1191 2.02
None 3.75 1800 14841642 316 1707 2.70

!3-3 D2-81285



TABIE B-3

ISST DATA FM 3.6 LB/pT3 VINSTABILI23D Q-FELT

Test Apparatus: Heat Flow Trwiaucer

Q K

Thermal Specimen Test Specimen Test Temperatures - F
Stabili- Density Pressure Thickness Hot Cold Mean Z-T 10"T 10TU-jr
sation lb 3 M1/00 t - in, Face Face f,( (TH..Tc) see-in2  acv 7i-
Treat- IF
ment -H TC

None 3.6 760 .50 490 366 428 124 210 .85
,1 00 J 490 412 451 78 131 .81

50 490 418 454 72 120 .63
20 490 420 455 70 108 .77
10 490 412 451 '78 3-1 .715.0 ! 490 00 445 70 98 .54
1.0 " 4 90 388 439 102 94 .46
0.50 495 338 412 147 89 .30
o.20 1 495 330 412 165 90 .27
0.10 .50 495 330 412 165 89 .27

76o .50 1000 808 904 192 572 1.49
100 1000 865 932 135 414 1.53

000 865 932 135 355 1.31
5.0 1000 828 914 172 331 .96
1.0 1000 795 898 205 324 .79
0.50 1000 786 893 214 322 .750.2D 1000 776 888 22 319 .71

0.10 .50 1000 785 892 215 324 .75

76o .50 1505 1255 1375 250 113 2.27
100 1500 1305 1402 195 880 2.25
100 1500 1308 1404 192 880 2.29
20 I 1500 1296 1398 204 789 1.93.

5.0 1500 1260 1380 240 76o 1.58
1.0 1500 1234 1367 266 773 1.45
0.50 i 1500 1228 1364 272 779 1.43
0.20 1 1500 1225 1362 275 766 1.39
0.10 .50 1500 1225 3162 275 744 1.35

760 .50 2000 1698 1849 302 2035 3.37
100 2CCO 1"45 1872 255 1653 3.24

2 1995 "25 1860 270 1505 2.79
5.0 1990 16FC 1635 310 1"8 2.33
1.0 1985 1656 1820 329 1485 2.25
0.50 199C 165t 1823 334 1470 2.2

• 0.20 1990 1660 1825 330 L439 p.18
!or01 3.6 C.10 .50 1C5 1658 1822 327 1398 2.14

B-.4 D2-812 85



TAMBAE

IST DATA FOP 3.7 M/FT3 UM!SAULMD 0-FELT

Test Apparatus: Guarded Hot Plate

Thermal Specimen Test Specimen M~ean )o ErU-in
Stabilization Den ity Pressure Thickr.ess Temperature see-in2 -, F

Treatment 1b/ft 3  941W. t - in.

!one 3.7 760 .50 3140 .,71

I 11440 a82
r~n. 3.7 760 .50 550 .91.

B-5 D2-P1285



~TA$T" B-5

IES DATA FOR 4.3 LB/F?' UZiTA3I.IaD QZ4ELT

Test Apparatus: Infii te Cylinder

TestZTeertures - OF Q I
Thermal 3pecimer. Test 3pccifirn Pot old 'ean A T Io-6BTu 1O-3iTi-r
Stabili- De. sity Pressure Thickrsess Face ace Ti (TH-Tc) - -
zation lb/frt !O'!/I t - I. Te- cC
Treat-

me It

4 4.3 760 .50 350 260 303 9 127 ."0
5 l 599 471 535 128 240 .941060 860 .%0 200 62D 1.55

1i75 15 1340 270 1187 2.2U
Norm 1.3 0 .50 1750 1430 1590 20 1630 2.54

Ba

8- 2-1d
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TAMB4~1-

TEST DATA FOR 5.1 LB/FPT MIlSABILZD Q-ELT

Test Apparatus: Heat Flow Transducer

Test Temperatures - OF Q K

Thermal Specimen Test Specimen Hot Cold Hean a T XO U 0
Stabili- Density Pressure Thickness Face Face TM (T7-Tc)
zation II,/ft3 2/II t - in. T H TC ~se-.In 2 sc-ine
Treat-
mont

None 5.1 760 .50 500 365 432 135 195 .72
100o 500 407 454 93 131 .70
20 500 405 452 95 108 .57
5.O 379 40 121 96 .40
1.0 500 331 416 169 80 .24
0.50 500 315 408 185 76 W
0.20 500 302 401 198 72 .18
0.10 .50 50C 302 401 198 70 .18

760.' .50 '1008 779- 694 229 534 1.16
100 1002 M4 913 178 386 1.08
20 1005 A1. 910 191 334 .87
5.0 100* 760 680 240 301 .63
1.0 1005 714 860 291 283 .48
0.50 1000 704 852 296 280 .47
0.20 102 700 851 302 274 .45
0.10 .50 1002 700 851 302 268 .1/A

760 .50 1510 1205 1358 305 1051 1.72
100 1510 1252 1381 258 8* 1.59

20 1495 1215 1355 280 710 1.27
5.0 1498 1A.54 1328 340 677 .99
1.0 1498 1122 1310 376 644 .85
0.50 15C2 u6 1309 386 65o .84
0.20 15o0 1120 1310 380 667 .88
0.10 .5U 1500 1120 1310 380 654 .86

760 .50 1993 1645 1819 348 1846 2.65
100 1981 1668 182 313 1,486 2.37
20 1984 1622 1804 363 1377 1.89
5.0 1985 1600 1792 385 1240 1.61
1.0 1985 1530 1758 455 1273 1.40
C. 50 1M) 1522 1751 458 1265 1.38
0.20 1982 2 1754 456 1204 1.32

None 5.1 C.10 .50 1982 1530 1756 452 1169 1.29

B-7 D2-81285



TABlE P-4-7

TEST DATA FOR 7.3 LB/FP3 JNSABILIZED Q-PELT

Test Apparatus: Heat Flow Transducer

Test Temperatures - ?F Q K

Thermal Specimen Test Specimen Hot Cold Mean -AT IO Bu 1 'U-in
Stabili- Denzity Pressure Thickness Face Yace TM (THTc) i

ation Vb/t /I t-i. TH T0  e- o
Tree" - l/t 

Caci2sciZO

ment

None 7.3 760 .50 497 368 432 129 20] .78
1 300 4 500 391 446 139 161 .74

100 496 401 448 95 127 .67
20 496 396 446 10o 10 .52

:,5.0 495 355 425 140 .30
1.0 1 500 293 396 207 66 .15
0.50 500 276 388 224 63 .14
0.20 50U 266 383 234 60 .13
0.10 .50 503 262 382 241 57 .12
6O .50 000 775 .888 225 517 1.15

"760 992 76" 879 226 1.20300i 995 796 896 19" 453 1.14
100 990 L*o8 899 182 381 1.05
20I 985 786 886 199 318 .80
5.0 1000 735 868 265 284 .53
1.0 I 998 656 827 342 242 .35
0.50 1ooo 645 822 355 240 .34
0.20 998 640 819 358 235 .33
0.10 .50 998 637 818 361 231 .32

76o' .50 1505 1200 352 305 1034 1.69
760 4O J168 1329 ?12 105) 1.63
3r 190 1206 1 8 284 912 1.60
100 1495 1215 1355 280 810 1.44
20 1510 1222 1366 288 714 1.24
20 1495 1170 1332 325 6a 1.05
5.0 1.95 1089 1297 406 612 .75
1.0 1486 1040 1263 446 577 ..65
0.50 1490 1038 1264 452 576 .64
o.2o 195 1035 1265 460 566 .61
0.10 .50 1495 1038 126S 457 552 .60

760 .50 2007 1650 1828 357 1829 2.56
100 1 2007 1678 1842 329 1505 2.28
20 , G 5 1L20 112 385 1285 1.67
20 1980 1595 1788 385 1319 1.71
5.0 2012 1539 1776 473 1169 1.23
5.0 1985 15CO 1742 485 1171 1.21
:..c 1985 ,450 1718 535 u53 1.08

1990 1444 1717 546 1136 1.04
O 0.20 , 1990 1435 1712 555 1098 .99

N'one 7.3 0.10 .5 1985 1435 1710 550 1061 .96

B-8 D2-81285



TABl B-

lEST DATA FOR 7.5 LB/FT3 UNSTABILIZD Q-PELT

Test Apparatus: Heat Fow Tranedlicer

Test Temperatures - OF Q K
Theral Specimen Test Specimen Hot Cold Mean A T -6B I U-inStabili- Density Pressure Thickness Face Face T. (TH-Tc) '
xation lb/ft IWIJ t-in. TH Tc sc-in ac-p-'FTreat-

ment

nons 7.5 760 .50 270 137 203 133 178 .67
30 260 139 200 121 122 .50

5.0 294 141 217 153 73 .241.0 .50 283 137 210 146 36 .12

760 .50 776 410 593 366 725 .99

760 .50 1135 866 1001 269 652 1.21
30 1 1128 876 1002 252 419 .83
5.0 $ 1157 820 989 337 330 .49
1.0 -5 79" 998 397 283 .35

76o .5o 1558 1262 1410 296 1117 1.89
1.0 .5o 1617 16o 1388 457 577 .63

30 .50 1990 1588 1789 402 1331 1.655.0 1 2049 1586 1B8 463 1223 1.32-None 7.5 1.0 .50 2040 1575 1808 465 1097 1.18

B-9 D2-81285



TAN R-9

TEST DATA FOR 4.95 I/FT3 TERALLY sTABILIZED Q-nLT

Test Apparatus: Heat Flow Transducer

Test Tepertures - OF Q K

Thermal Specimen Test Specimen Hot Cold Mean A T
Stabili- Density Pressure Thickness Face Face T. (TH-1'c) 10-BTU 3'f"BTg-in
sation lb/ft3  x1w1 t - in. TH  TC se;:jW sec-±nr- -F
Treat-

ment

2200F 4.95 760 .425 504 356 430 148 199 .57
3hr ' 1003 733 868 270 598 .94

1500 1149 1324 351 1306 1.58
I 2012 1610 1811 402 2409 2.55

2263 1833 2048 430 3065 3.03
2473 2021 2247 452 37046 3.48

22006F 4.95 760 .425 2769 2358 2564 411 5044 5.21
3 hre4i

B-10 D2-81285



TABIB B-10

'MST DATA FOR 5.84 LB/n 3 TERIMA STABILIZED Q-oILT

Test Apparatus: Heat Flow Transducer

Test Temperatures - OF Q K
Thermal Specimen Test Specimen Hot Cold Mean T
Stabili- Density Pr eeure Thickness Face Face T M (TH-Tc) O'BTU1 TUin
lation lb/ft 3  'WIG t - in. T. TC sec-in2 3e=in F
Treat-
ment

2200F' 5.84 760 .355 375 291 333 84 155 .65
3 hrx

760 2252 1865 2058 387 3179 2.91
100 2248 1865 2056 383 2560 2.62
30 2264 1869 2067 395 2567 2.31
9.7 2270 1883 2076 387 2178 2.00

I 2.8 2268 1917 2092 351 1862 1.88

760 2488 092 2290 399 4049 3.63
98 494 101 2298 393 3584 3.24
30 24882115 2302 373 3248 3.09

, 9.8 2504 2140 2322 364 2866 2.79
22001F 5.84 3.0 . 55 2526 2194 2360 332 2606 2.78
3 hrx

IB

B-i 2;18



TABLE B-fl

TEST DATA MR 6.21 LB/W T TWMALLY STABILIZED Q-PELT

Test Apparatus: Heat Flow Transducer

Test T..pertures - OF Q K

Thermal Specimen Test Specimen Hot Cold Mean A T
Stabili- Density Pressure Thickness Face Pace TM  (TH-TC) 1 iBTU10 U_
zation lb/ft 3 14./1 t - in. TH  

TC sec-in sec-in -OF
Treat -

ment

2250F 6.21 760 .33 1010 852 931 158 609 1.27
2 b ra 760 1006 770 888 Z36 941 1.31

96.5 1023 82 923 199 723 iZ
30.0 997 797 97 200 611 1.01
9.6 1010 771 eQ1 239 552 .76
3.0 .33 1002 728 865 274 486 .58

760 .33 1510 1295 1403 215 1225 1.88
76 4 1507 1161 1334 346 • .717 "1.63
100 1509 1209 1359 300 1375 1.51
30.0 1509 1202 1356 307 1265 1.36
10.0 1502 1154 1328 348 1148 1.09
2.95 .33 1491 1102 1297 389 1074 .91

760 .33 2020 1740 1880 280 2077 2.45
76 4 1989 1557 1773 432 2924 2.23
100 2007 1620 1813 387 2504 2.13
30.0 2005 1601 1803 404 2297 1.87

9.2 2021 1568 17% 453 2137 1.55
3.0 .33 2000 1520 1760 480 1991 1.37

760 .33 2245 1786 2016 459 3869 2.78
100 2250 1833 2042 417 3279 2.59
30.0 2257 1821 2039 436 3017 2.28
10.0 2257 1783 2020 474 2832 1.97
3.0 .33 2250 1737 1994 513 2654 1.71

760 .33 2.405 2058 2232 347 3347 3.18
760 4 24,39 2028 2258 461 4911 3.51
100 2475 2027 2251 448 4099 3.02
30.0 2506 2036 2271 470 3945 2.77
10.0 i 2481 1970 2226 511 3646 2.35
3.0 .33 2525 1977 2251 548 3646 2.19

760 .33 2728 2224 2476 504 5980 3.91
2230F 6.21 10.0 .33 2602 2075 2339 527 4167 2.61

2, hr5
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TABME B-12

?EST DATA FOR 6.34 LB/FT3 TWRKULT STABILIZED Q-PELT

Test Apparatus: Heat Flow Transducer

T Tq rat.res - OF Q K
Theanal Specimer Test Specimen Hot Cold Mean A T
Stabill- Density Pessure Thickness Face Face TM (TH-Tc) 1O-±U 1OBU-i

Tation lb/ft3 XV/G t - in. TH  TC secin2 .oc-in 2-_F

ment

2250-Y 6.34 76o .33 700 563 632 135 276 .67jhrs 700 565 632 135 395 .96I IJ4IO 1187 1298 22 1153 1.70
00 1618 1759 282 201( 2.36

2250" 6.34 760 .33 2390 2050 2220 340 3510 3.41
2 -hre

B-13 D2-W185



TAMA B-13

7EST DATA F.R 8.0 LB/FT3 TOEMALLY STABILID Q-PHLT

Test Apparatus: Heat Flow Transducer

Test Temperatures - F Q I
Thermal Specimen Teat Specimen Hot Cold -Mean . T -.
Stabili- Density Pressure Thickness Face Face TM (TH-TC)IOBU IOcTU-
zation lb/ft 3  MM/W t - Ji. TH  TC  sec-in2 sec-in2 - FTreat-
merit

2250.F 8.0 760 .Z 40 350 395 90 242 .67
3 hrs 896 713 800 173 67 .97

1321 1076 1199 245 1276 1.30
1755 1429 1502 326 2030 1 56
2182 1797 1909 385 3008 1.95

760 2546 2262 2404 284 2861 2.52

30 45(1 347 398 103 222 .54
1328 1071 1199 257 1080 1.05

30 2125 1882 2003 243 1673 1.72

5 463 353 we 11o 162 .37
1325 1065 1195 260 775 .74
2171 1809 1990 362 2080 1.43

5 2746 2326 2536 40 281i5 1.69

1 452 354 403 98 105 .27
886 719 802 167 250 .37

1313 1080 1196 233 581 .62
1736 146 1591 290 1048 .90
2156 1828 1992 32s 1786 1.36

V 2595 2210 2402 385 2301 1.49
2250'? 8.0 1 .25 2747 2330 2538 417 2645 1.58
3 hrs

D2-aI=5



TAMl B-14

ISSM DATA ?OR 10.8 L3/P'I TWPJaLY STABLZE _F-ELT

Test Apparatus: Infi:ite Cylinder

Test 'Temeratures - F Q K

Thermal Specimen Test Speclnen Hot Cold Mean A T 66
Stabili- Density Pressure Thickness Face Face T M  (TH-r1C) BTU LO sru-in
zation lb/ft 3  IM t - in. TH  Tr secIn2 eF 2 -F
Treat-
ment

2250oF 10.8 760 .20 450 346 398 104 336 .64
2 s hIr 680 530 605 150 585 .78

1030 760 895 270 1380 1.02
S1490 1114 1302 376 2647 1.41

1790 1340 1565 450 3755 1.67
)*5F 10.8 760 .20 2190 1666 1928 52A 5155 1.97

2 hrs

IB4-



APPEND3IX C

MATERIA SPECIFCI.TIC, W1 9-1

Higb Irenperature Mineral Fiber Insulation

A copy of the miaterial specificatior prepared to provide procirei.,ent control
of the high temperature mineral fiber insulation, Q-Velt is provided in this
appendix. This specification .ms prepered to provide a more uniform product
and prevent high temperature reactions due to impurities in the product.

C-i Dr2-8l2E5



1.SCP

This OPOecficat'on covers minrad fiber matertmlu intenaded
for thodmil insulat ion of structure.. exposed to extremely
high temperature environments.

2. ..y" C S

The isevie of the following reference* in effect on the
date of invitation for bid shall form a part of this apecl-
ficat:on to the extent Indicated herein.

a. Am C 161- O, ot,kndard Method of Test for Thickneas
and Denulty of blanket or Batt Type Thermal Insulat-
Int Material

l. Fiborglaee Industry Test Method, Procedure for Cheek-
Ing Average Diameter of Ceass Fiber In the Vtlliam

Preenee Tenter

The mterial shall be mineral fiber insulation material
compued of silicon dioxde (SIS 2 ) fiWers.

5.1 Type I 10stabillted

Type I unstabilized material @hall be soft and flexible.
The maimum exposure temperature of this type should not
exceed I OP.

5.2 Type It - Heat Stabilized

Type 11 twat stabilized viatoiel is obtained byt shrtkage
of the Type I material upon t9-Cl treatment at elevated
tempuratures. .tftor thermal treatwent the Type 11 materia
3hail bo ,liandtonally stable and shall meet such require-

imerits o" -;ootion as are applicable.

( Itl ( IL l '~~i."A."4A4M A 8 I"R I NIbULA? IO1

I lII)MATERIAL SPECIFICATION
BOEING .. .
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)t

The notrI&al eiill b suppied in the form, specified In Section 4.1.6
land 's.ib.

.1 Streeter*

The bisuiht and sheet miterlal. shall be composed of interlaced

fibers wih eest the diameter requisemeools specified In Sec~tion 5.2.

a, T~je I mterial @hell be sapplieJl In the form of flexilie, flat
shoets.

b. ?y; e It mnettriuu shull be *w1*plled In tbe form of non-fleliloi sheets-

4 *The sp..,mei eiltht per sqeati Flet or density e4ong with the deiatru
djellu~iws ohed I be specifield u th purchase order. Date for

Zt I we sumh-s - -U

les4gtl Vidtis Mcikneesl Weight Doesty3
* . 18.1 (lot.) J IML.. MLe~~ *Lsf

14 $b 4.1' 0.032 3.0

0 . 32.

*gh1 41 I .'l 0.16( tI .0

I .At %fit jeeasetL law, too". muted i Is comercilliy
.u~sesi-ele Ito li. eies jislej. If other thIckness
A sirroicut eeuterit.1 welglto are desired, It must be

issi.I~llsl tioat tltor e*..-pier .ekn produce the material
whiao ill &*aImt tlo. esigi. .erteg requirewouts.

[ U16'.10 Lblckitasa stool% In felted blasketts with
1.4 ;%atis Of density l8e L40 thicasiess pie-ne.

Is*i.-*I 111esul 4tersibl..s1 ISO limited by meftaaturing
aatlm..le ai.d pseLleal h..sadllssg and shilping *. ze.

C-3 2828



The requirements of this Sectic-i shall apply to all materials
unless otherwise specifie-.

5.1 Quality

The material Pli-ll be of uniform quality, composition, weight per
square foot, thickness, and ehil contain no shot or ezy foreign
contminalnts.

5.2 Fiber Diameter

The saterisl shall be composed of fibers, 0.75 to 1.5 aieromne
averae dlaster, as deterinod by the Williams Preenesa Test.

5.5 Chemical Compositiom

The material shall be fibers cosiposed of a mintmum of 98.5 weight
percent illicon diozde (3102). The smonts of impurities shall
not exceed tho followings

VIGHT plFacET~
IMPURITYl FWai. Allowed"

Dores (as B) 0.01

Iran (as Ts) 0.06

Aluminum Oxide (A2 0,)_ 0.50
Magnesium oxide (O) 0.55

Calciui Oxide (CaO) 0.55

Sodium Oxide (Ira 2 0) 0.15

*Total - All other impurities O.(s

*01T! If the total cf all other impurities, determined by
difference between 100t and the sum of silica end all
alloyed mperities is higher than 0.Oh weight percente
further qualification will be necessary. In this
case. the material to be acooptable east then paes

the requirements an established in sectioo 5. ia or

5.5.2.b.

0641bzxumm Allowed" a jlies to the Maximum s&qust found

is'ariq single datemalnatiom.

. imeusional ,itability -type l

a. Measurements of thicknesses used to determine copliace with
this Section shalA be sme as specified in Sectioa 6.2.4.



. Measurements of linear dimensions used to determine compliance
with this Section shall be made to the nearest 0.01 inch unless
otherwise specified.

c. No'more than 14 dimensionl shrinkage shall be llowed after the
matorial is subjected to a thermal treatment or 2750? t Z5?
for l/. hour.

d. The heating and coolirg rate shall be slow enouigh to prevent
eo:-.isive warpage or the sample. Heating rate to 2750P is not
specified other than to prevent Yarpgae of the smples.

jurfac* Contftaination and Detwity Identification

" olor

a. ?Type I

VA.#rlal khull be ihxte or very light buff in color. Tra presence
of surface discolorations (yellow, red, pink) totaling more tha
)4 of tne total surface area of an sheet shall be cause for
rejection of that sheet of miterial.

b. Type 11

To readily distinuaish between he three densitiew of Type It
material (4.55 6.2 or 0.0 lb/ft ), one surface of the 4.5 lb/ft5
and 8.0 lb,,' t materials shall be colored. The eoloring shall
bum off at a low temsp.rature, -50 - loot*, without leaving a
residue which will react with the insulation when it is heated
to 2750 t 25? and held for 50 minutes. The insulation shall
be within the density tolerances as specified La Section 5.6.l.a
kbith before and after aplication of the coloring dye.

-,e folloding forulation is recomendeds

W0 al - methyl ethyl ketone

0.02 gram die - "Calco hviatv:n Oil blue," Calco Chemical
Divisions, American Cjenaamd CompWan

Dias,lve the dye in the ketone and then spray apply to one surface
of the tnsulati(n as required for the applicable density as list-
*d below. kir dry for 15 - 50 minutes followed by drying for I
hour at 5i0- 16(3,

C-S-C



5o .1 .b (Continued)

The Type II material shall be color coated as followas

(1) 4.5 Lb/Ft 5 Density (It-Iped)

The 4.5 lb/ft5 material shall be a white material vith blue
stripes on one surface. The blue stripes shell be approri-
nately 1/4" wide on 1" *enters, shall exted frree .me end
of the sheet to the other, and shall run parallel to the 14*
sheet dimension.

(2) 6.2 L.b/Ft5 Qnsity_ (Wit.)

The 6.2 lb/ft5 material shall be the natural white eolor.

(3) 8.0 L?/t 5 Donsit (ilid Blue)

one surface (120 x 14- plane) of the 6.0 lb/ft5 material
shall be colored oapletely with the blue color.

5.5.2 Class Formation Or boftelmng.

a. Type!I

The Type I material shall not exhibit any indication of softon-
ing or glassy formation on any surface after being uubjeoted
-to the thermal treatment of Section 6.1.1.

b. Type I!

Type II material shall not have any areas indicative of glass
for ation or having softeaed during the stabillation process
used to ounvert the material into the ?ype II classification.
go sign of softening or glass formation shall be visible on any
surface after subjeotinj the stabilized material to the additilonal
thermal cycles per riection 5.4.o.

5.6 Nateriel weight, Thickness. atrength and Saplkng

C-6D241&



a. Toernce fr the Weight pier square too% and/or density of
material based on the overall sheet size as spe~ified on the
purchase order shall be as specified below#

(Wei ~t2  
Den. ity,

TIM Thickness (in.) (Lbs/Ft ) (Lbs/Pt>)

10.125 "na. 0.052 1 0.00, 3.0

0.605 Kin. 0-047 It 0.005 3.0

Li>0.500 "in. 0.146 t 0.015 5.5

0.250 0 1 .09i, 4.5 1 0.25
*0.00

0.250 0 oo0 0.129 6.2 * 0.5

Or~ .25M 0.010 o110.0 1 0.5
-0:000

H ininums thicakness and weight per square toot art
controlling values. Density is listed for information
only.

1' Thtckrwessand density are Ventrolling values. weighat
per e~lprv, foot to listed for Information only.

b. tbe weight per square foot of ay three randomly selected
12" x 1?" sampes, sacks frro a different sheet of the Type I
at..ril, shall also bie within t tolerances above as allowed

for Its ordered thicknesus.

a. AIight per square foot of tie Type I material shall be detemamed
as spectfied in Section 6.1.3.

'J.6.2 Thickneess

The thickneds of the material when determined per eoti-n 6.1.4
or t..2.4, as appilable, shall be within the tolerances listed
in Seatioe 5j...

Density

The density of Otw Type 11 aterial when determined per Statioe
6..P.5 mhell be within the applicable tolerance as specified in

C-? eO1B



.6.4 Fleaursl Strength

The minimum value of the strength of the Type I material whm
tested as specified in Seotion 6.2.5 shall be 12 lba/tma.

W(Ti Due to limited test results available at the present
ties, the value above &&y have to be aijustei at a
later date.

5.6.5 sampling

To dotermlne comFliaono with the requirements of Sectiom 5.6, a
random sample of 5 sheets or blankets 8hall be tested from each
receival lot.*

a receival lot shall be defined an the material of one thicknes,
received by the purohaser at one time, from one productien lot
of bauie fibers.

NOMl: Nrchase ardera met include saffluieat material
* d (in satess of that required) to allow for this

sample pige.

6. T IRIIIOVS

The following test methods shall be uzsd for product acoeptance

testing done by the jurchaser'nl iuality Control bepartuent.

6.1 Type I Unstabilized Nterial

6.1.1 Glass Yormation Or Softenung Of Type 1.

76 check for the e rwssnce of impurities which maV cause softealg
and/or glaes torat . a whan the Type I material is subjected te
elevated tuelaraturea, tho followiW Tg-.cedure hal be usod,

a. Throw reMd.ly eellcted spectmions, 6" K 6", shall be takem fam
each of tLm three saaplwd f.teot or blankets.

b. Ileat ti e1e Afrns to M0,P i-OP, .l',4) and huld at this temper-
aLure for i Io.ur. The fun;isce should not be over $IPOV at the
time the material i. pltcie4 tn it. The rate of heating 4sd
cool ns shml be slo w .. ',u.a tU prevent eacei;sive wArpa. of the
sosple. (4 -suegv te aating aid cooli1ig rate 5k: to 55F jper
winute to a tempratuare Ll 15.7Fl from 1'a')F tW ?.()UP at a rate
of 14i to N)V Per minute - x¢ol at a rate no fastvr then '4IW Ier

hour dim to ')X,?).

c4



a. iia. Oeilren gtaoi be Pla.ze4 so that the smaertq iii not exposed
tv Jist raditti.v from the hsal~ng elementts of the uNaac*.
In .J It ion. tfluse stiml I be it free flow of air below the sup-
Iwoo tain platforem ail over the top surface of the speoSimen

ereant~sus Indicated In Vidure 1.

d. The seljortimor josial;,shl ,Uconsit or a material evch ae s~r-
ouihiwa siside or iraon-tree 9% pure aluminum ouide. This material
Willi! not rdueS with the Insulatioa at elevated temperatuares%

so. Thu -" ita wiasil be exuasared by a Pt, lot. -Rh., thers*-
..vuu-I j-ius...ud uoider a Oieci&eS as asoi to Plire 1. At least

Ogletiwv~t;U'jo .r oil-elf 3I1a4l be *Omz4.

to At ttr Ilang, vi aaahI inspeloct the vitecimenaend check for lb.
r .f ttoing~ ir iheis formation.'

* . ~~visiul - ue.,gn or il ourfe, es for tonforsance to requlraate
of ...octs-vo *a.I. sall how omno. Areas whicha ate of questionable
cuelooeto a..lopeei to eoeetislg the rloquiroests may be verified by
dubeittiag t,. the tioaurmsI .acs to ,)action 6.1.1. Isauhtetiona of
fultsiliego e'r iloss re.rmets4m aell them require rojeetom or that
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FinERFRm PAPIA OR~ OTHEA

LOAD

tLISUVAt IUb? 01 IYK U SIABILBZLD INSIJLAJIOW
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.rver.go Veight Per Square Foot

a. To determine copilance with the applicable !q2s-eats of
Section 5.6.1.&. the sheet site as specified sa'" be votoed
to the nearest 10 grano. The linear dimensions of the sheet
shall be deterained to the nearest 0.1 of an. izcb. CICalc&iazn
and determination of conformes to Section 5.6.1 shall tun.
Ua Ado from those sesumrenents.

b. To determine compllance vith Section 5.6.l.b a rsadoaly so.l. -
12" z 12" sa.ple shall be out from each of 3 sheets of mater;a.
The eelection of the sheet material shall also be done ina
random manner. the linear dimensions shall be takes to the
nearest 0.1 inch and the s"pIS weighed to the meormst 1.0 Sw.

a. The aserso w tilt per Square toot shall be osloaslted fru.
the following foimlas

L/sq. foot -SA.-*& (square Inches)

Thickmee

The test epeolvea shall be placed on a rigid plate sad the thsbieooe
meassred using a modified AS" 0 167-50 thiokess tester. thm
modification shall be suck that the disk be a animme of 5 inches
in diameter. In .4ditlon, the total weight of disk stall be
adjusted to produce a uniform lUad of 0.05 Iba/in2 am the lInalstlow
whea the disk is freely resting on the material. 01.. wremonle *hall
be taken to the nearest 0.01O inch And .he value used edoll 4. time

0 averae of all mes'jrrenots taken. The number of mssmremeate
shall not be loes tha 4 for 12" x 12 and smaller sas!eo and
not less than 8 lor the larger sheet else.

t.2 Tpe It Stablltaod Hatertma

6.2.1 Di osioztal Stabilitg

a. Test saples. -4 x 41, Ohel be measured for duCmeious per
Sections 5.4 end 6.2.4 ad then heated to 27501P 251 ed
held for 50 minates. after cooling and reieaesuwment ol" the
saWe so change of dimemions greater than I perasat shall be
allowed. The heating end sooling rate shall be slew Smougdn to
pevest essaove warpe of the teat opelamem.

b. Positioaimg of thm type II teat samples shall be the s am
selolfied Ls Section 6.1.1.. through 6.1.1..

c-i.l r -C.12



6.2.2 Color and surface Contamination

a. Visual ezamanation of the Type I material shall be used to
determine oompllance to the color requirements a speolfied
i Section 5.5.1.b.

b. Visual examination of the T7pe I! mteriAl shall be used to
check for the presence of forel'i matsrial and/or surface
contaminants to insure that the material meets the ftqulroments
of 3ection 5.1 and SeCtion 5.5.,'.b.

6.2.)~ ~D ity

To determine conformance to the applicable density requireaente
as pecified in Section 5.6.1.a, the follovlng procedures shall
be ueds

a. Measurements (length and width) of the ordered sheet eize
shall be taken to the nearest 0.1 inch.

b. At leat 4 random measurements of thickness shall be taken
a specified in SectLon 6.2.4. The average value of these
measurements ahwll be used.

o. 'Ph ve#iht of tre sheet for which the dimeaional e;qsureaeat
were token shall be determined to the nearest 1.0 gram.

d. Caloulations of tie density o all be made usimg the values
obtained in seotions 6.2.5.a through 6 D.7.e. Density ehal
be computed vaing the following formulas

Density (lbo/cu~ft.) -wt rsax!0
Vl. (cuble inches)

6.2.4 Dimensions

a. Thickness of the Type It aterial shtall iw measured to
the nearest 0.001 inch, inless othervise specified.

b. Length and width of Type IT material, after :. ;;.rmal treat-
mat at 2750?, shall be measured to the nearest 0.01 Inch.

c. A minimum of 4 random mesutevento shall be made on each sample
measured, using an a&propriate tool. Carq vnall be taken not
to emjpnrsm !he material, so that accurate measurements can be

c-12 D2-3 35
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6.2.5 Flexral itrength

a. Plerural ntrength testing of the Type II material to determine
oomplinoe to Stotion 5.6.4 shall be done on a minimum of three
esamles per shet of ateriml. the number of shoots tested
shall be as speotfiod. per Seztlon 5.6.5.

b. The test setup shall be as shove by Figure 2 with a load rate
of 0.5 In./minute. The support and loading a, ubers shall be
at least 3 inches wide. The test staple dimensions shall be
5.0 t 0.030 inch by 3.0 t 0.030 inch.

a. All values obtained shall be equal to or peater than the
minLaul value specified in Se tin 5-.6.4. Values shall be
expronsed tn pounds per square inch mnd caloulated using
the following formulal

Where. *1 * ils:rl :trcngth lbes/a2

P - Applied lod4 t lbs.
I . .Span betiton supports In inahes
b . Width of specimen in Inshoe
4 - Thickness of specimen in inches

blawasional seasurementu shall be msie to the nearest 0.01 inch.

7. QIIALITY CONTROL

7.1 suppller

.%ppltera shkll furnish a statement Indisatttg bonforsanaoe to

.ections 5.1, 5.5.2 and tust data shoeing conformance with Setions
S.*' and 5.5 vit' -ah shipment.

.. 2 Purchaser

Ti.. piurolmosrs ,juslity 4otrol shall perfurm ay of the teuts of this
rpecification nocd.ouarj to insure that saturitlo conform to the
. *4 u1ireaents vf this spuolfloation.

In addtlun, quality C:.outrl shall test eaih rvaoivai lot -., the
rs 1 ,2vawsnta of isetttno 5.4 .5 a d 15.6.1 as !& appllcatle to
the type of stertal received.
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rACYAlM AN~D HAPRcIM

a. Vsekagip" sMi b. Pitch is3 too usurc' safe deliviry.

b. Each packtiog -OviZI be duribly 'mnl legibly marlepi uth Ow

failtswigwit nformation:

(2) Bo~t Nrcha-e Or4..r !Njmhrr.

(3) Suppliers Lot NtUmbr

wv-ri Dtfrproot lot Nit.r Ilesiplation must boo nn~tlnored
*to %aM.riqla pro Piced fr.'. ditreront ;'ridatlafl

Kritoiliae o sic fiboorm.

(4) Suppliers Dci. of R4snufncturp Wo)t- frnt mnufivt'r4).

(5) Supplipro Hiot-rin] IDoaigfnwtino.

((a) quastity.

-. Type '.1 .itt-flexible shett 1.5 lb/ft "nd e.0 lb/rt Idensity.

shall be ortlor cnmt.'d one at. p~r Section 5.5.1.11.

If the r'.awlts nf any test m-4e up'nn a vample do lnt cmflflt"r
to the roo-uiroiasnts stated in thir r-pfifietIim. thm mmit. aim)
shall be rejpcted.
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