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TRANSCO INC.

INTRODUCTION

The Clinton Nuclear Station has supply air and return air ducts that
provide ventilation for Safety Class I electrical egquipment in the
control building. The ducts pass through a switchgear room near
column row 122V at the 781'~@" elevation in the auxiliary building.
The ventilation air provides for cooling the equipment essential for
safe shutdown.

A second ventilation duct system provides cooling air for the
switchgear room, Therefore, in the event of a fire in the
switchgear room, both systems could be disabled by this single fire.
To eliminate this possibility, Transco undertook a program to
develop an insulation system for the supply and return air ducts
passing through the switchgear room, This system was to have the
capability of experiencing a 3-hour fire ‘as defined by ASTM-E11l9)
without allowing the air to undergo more than a 12 deg. F rise (from
73 deg. F entering to 85 deg. F exiting) &s it passed through the
ductwork in the switchgear room,

The system developed, termed "FLAME GUARD" by Transco, combines
high-temperature insulation capable of withstanding operating
temperatures to 2300 deg. F (Cer-Wool, by CE Refractories) with
high-thermal-performance insulation (Microtherm, by Micropore
International) in a sandwich construction which also contains
protective stainless steel facings and stainless steel vapor
barriers. Proceeding from the fire-side of the FLAME GUARD system,
the construction is as follows (see Figure 1): outer lagging of
24 ga., stainless steel; (1) layer of 2-inch thick 8 1lb/cu.ft. Cer-
Wool; (7) layers of 1/2-inch thick Microtherm; @.002-inch thick
stainless steel foil vapor barrier; (1) layer of 1/2-inch thick
Microtherm,

Although the FLAME GUARD system can be applied to other fire
protection situations, the particular configuration described here
is unique to the Clinton project outlined above. For example, the
ducts to be treated are approximately 38 feet in length; because a
12 deg. F air temperature rise applies, longer ducts would require
more insulation while shorter would require less thickness.

Another aspect of the problem addressed was the extent of insulation
required on the steel support structures for the ductwork. Both
calculations and testing indicate 4'-6" of the support steel (from
the ductwork) must receive FLAME GUARD.

This report describes the developmental analyses and testing
performed by Transco to determine the proper configuration for FLAME
GUARD and provides support for its capability to meet the design
requirements outlined above.
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PRELIMINARY MATERIAL SELECTION

Transco contacted several companies which either manufacture
insulation products or are familiar with such products and solicited
their recommendations for materials which (a) proven fire-
environment capabilities and (b) which was both thin and light in
weight. These companies included:

Owens-Corning

Johns-Manville

Carborundum

Babcock & Wilcox

Fiberfrax

Combustion Engineering

W. R. Grace Co.

Micropore International

TSI, Incorporated

Portland Cement Association, Construction Technologies Lab.

These companies' unanimous recommendation was that either alumina
silica blanket or subliming materials be investigated by Transco.

Subliming materials are frequently applied in such areas as beam
and cable tray coatings. When these materials are exposed to flame
or high temperatures, they sublime (pass directly from the solid to
vapor state). One product, Thermalog by TSI, Inc., sublimes near
600 deg. F.

However, Transco found that subliming materials generally had
relatively high thermal conductivities, high density, and may also
suffer from product inconsistency due to the mixing process
required. This line of products was therefore discarded as a
possible material for FLAME GUARD.

Further study of alumina silicate blanket materials showed them to
be non-combustible, capable of withstanding temperatures of 23009
deg. F, light (3-8 1lb/cu.ft.), and to have relatively low thermal
conductivities and neglible water absorption and shrinkage
characteristics. This material was therefore selected as one
primary component of the FLAME GUARD system. Specifically, 8
lb/cu.ft. density Cer-Wool by CE Refractories was selected.

In the interest of minimizing interference problems with
installation of the insulation system, Transco looked for a material
with a very low thermal conductivity vis-a-vis Cer-Wool. The
objective was to minimize the total insulation thickness by using
the Cer-Wool to reduce the temperatures to such levels that better
insulating materials could be used behind the Cer-Wool; in
particular, Microtherm by Micropore International.
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As long as Cer-Wool of sufficient thickness is used on the fire-side
of the combination to reduce the Microtherm temperature to 1700 deg.
F or less, Microtherm properties are well suited for the present
appiication. (The physical properties of Microtherm are illustrated
on the following 4 pages.) Also, the potential advantage to be
gained by using a Cer-Wool/Microtherm combination in lieu of all
Cer-wWool, in terms of reduced total thickness, can be seen from
Figure 2 showing a comparison of thermal conductivities,

In summary, Transco's studies of suitable materials to be used in
the FLAME GUARD system resulted in the selection of a combination of
Cer-Wool ("hot" side) and Microtherm ("cold" side). Analyses and
testing was then required to determine the appropriate thicknesses
to ensure no more than a 12 deg, F air temperature rise in the
(approx.) 38-feet long supply and return ducts when exposed to the
ASTM-E119 3-hour fire test,.

Although mineral wool thermal conductivities are considerably
greater than Microtherm's, some published literature reviewed by
Transco indicated that its "thermal diffusivity" was quite low.

(The importance of this will be seen in the discussions presented
below.) Because of mineral wool's low cost, Transco therefore
included testing of mineral wool to determine if it could be used in
‘combination with Cer-Wool.

ANALYSES AND TESTING -- PROCEDURES AND RESULTS

- — - — - —— - -

A. Steady-State

The problem of determining appropriate insulation thicknesses for
the FLAME GUARD system was first approached from a steady-state
viewpoint., Consider Figure 3 illustrating a section of the ductwork
and an incremental volume of air:
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FIG. 3-Energy balance on incremental
volume of air in ductwork
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INTRODUCTION

MICROTHERM is a very high efficiency thermal
insulation matenal with a thermal conductivity only one
third that of most high temperature insulation matenals in
the temperature range 400 - 1000°C

MICROTHERM has a microporous structure whichis
also opacified to prevent infra red radiation passing
through Itis even better as a thermal insulation than “still
airt When 1t is used in ar or other gases it gives a better
insulation performance than any other known insulation

The only way to produce alower thermal conductivity
1810 use an evacuated system which, in general industrial
applications, is not feasible, and in more sophisticated
systems is usually very expensive and requires pumping
down facilities

The low thermal conductivity of MICROTHERM makes
it possible to perform any insulation task with a much
thinner layer of insulation than would normally be needed,
with a consequent saving in the overall size of the insulated
equipment and often a reduction in weight of the insulaton
and its contamning structure

MICROTHERM is used on all types of equipment to give
low surface temperatures and to reduce heat losses

MICROTHERM 1s totally incombustible, is resistant to
damage by vibration and mechanical shock and hasa
high resistance to compression. It is generally easy
and pleasantto handle

CONSTRUCTION

The principle constituents of MICROTHERM are
microporous silicas, ceramic fibres and opacifiers which
are intimately mixed and bonded to form a panel, block or
moulded shape The block may be contained in an
envelope of glass cloth to provide for robust handling and
flexibibity

The range of products produced by different
applicatons of the glass cloth are more fully discussed in
section 3to 7 of this brochure

AlIMICROTHERM products have the general properties

described in this section of the brochure

MOISTURE AND HUMIDITY

MICROTHERM normally has a moisture content of 1 - 3%
by weight This can increase if it1s stored in damp
conditions Dry storage is important.

The thermal and mechanical performances of
MICROTHERM are not affected by severe changes in
humidity or temperature

Liquid water, however, does have an adverse effect on
normal MICROTHERM and contact with water must be
avoided. If MICROTHERM has become thoroughly wetits
structure is ireversibly damaged by substantial shnnkage

Where contact with water is unavordable then the water
resistant grade - Hydrophobic MICROTHERM - should be
specified

HYDROPHOBIC
MICROTHERM

Normal MICROTHERM i1s made up from extremely fine
struchurad particles of amorphous silica which are linked
together to form a cellular structure When the cells are
perfused with watet the structure is damaged by capillary
forces

To avoid this damage a water resistant MICROTHERM |
has been developed in which the silica particles are coated
with a hydrophobic chemucal to inhibit water entering the
structure. This water resistant MICROTHERM can be totally
submerged in water without suffenng damage within the
following hirnuts:

(1) Maximum tume of submersion at room temperature is
72 hours. After this length of ime the MICROTHERM must
be dried |

(2) The water must not contain surface tension reducing
agents such as detergents !

(3) The temperature must not exceed 3650°PC. Above this ‘
temperature the hydrophobic MICROTHERM reverts to the |
properties of normal MICROTHERM and is no longer water |
resistant

Water resistant MICROTHERM 1s ideal for sit:ations
where refractory cements are cast against it as in some |
fumace constructions |

\

MAXIMUM OPERATING TEMPERATURE MICROTHERM

12001
11501
11004
10501
10004

9501

8001

4001

2001

MICROTHERM is available as a standard formulation or
as a high temperature formulation (MICROTHERM HT)

Standard MICROTHERM withstands prolonged exposure to
950°C and MICROTHERM HT has a similar life to 1025°C

Both can be used for short periods at higher
temperatures which depend on the exact nature of the
apphcation

The glass cloth in which MICROTHERM may be encased
as panel or slatted blanket retains its integnty up to 650°- 700°C
Above this temperature it devitrifies siowly This has no eflect on
the thermal performance of the MICROTHERM but mechanically
MICROTHERM paneis may be difficult to handle when the glass
cloth skin has been damaged

MICROTHERM panel is usually contained between
other matenals and continues to perform its insulation
function without the glass cloth envelope

On the rare occasions when it1s essential that the skin
remains intact at very high temperatures then the glass
cloth may be supplemented or replaced by other high
tempe. ature fabnes or fibres




CHEMICAL ATTACK

MICROTHERM is resistant to most chemicais
including the vapours of hydrochlone acid and sulphuric
acid but contact with most iquuds must be avoided

However. MICROTHERM can withstand direct contact
with liquid sodium at temperatures below about 450°C
At hugher temperatures the presence of the alkal: earth
metals accelerates the high tempera‘ure shrinkage of
MICROTHERM

Generally the chemical properties of MICROTHERM are
those of its pninciple individual constituents - siica and
titamia

HEALTH

MICROTHERM is safe to handle There are no known
health hazards assocmated with its use. No health hazards are
known to be associated with any of the indindual
constituents of MICROTHERM If the MICROTHERM is
machined in a way such that large quantites of dust are
generated then normal precautions associated with the
handling of nuisance dusts are necessary

MICROTHERM contains no asbestos.

CHEMICAL ANALYSIS

CHBM'.ICAL ANALY SIS OF STANDARD MICROTHERM

ln addmon WCRO’I‘HERM may be comamed in glas
fabnc treated with organic starch and sewn with glass
thread coatedwith PTFE

CHEMICAL ANALYSIS OF GLASS CLOTHBY
GHT.

Independent iests give the following fiqures which
indicate that all types of MICROTHERM may be used
satisfactonly in contact with stainless steel (It is widely used
on the stainless steel pipework of the cooling circuits of
nuclear reactors) However, the whole question of stainless
steel attack is the subject of debate and continuing
investigation, so testing in each situation is adwvised.

Summary of results from tests in accordance with the
Amencan Spectfication RDT M12 - 1T MIL-1-24244A (SHIPS)
are:

Leachable (Cl + F) content |00ppm
Leachable (Na + 5:03) content 4000ppm.

RESISTANCE TO
COMPRESSION

Resistance of Microtherm to compression
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The criteria for the selection of MICROTHERM density
are costand handleability High densities are available
where high resistance to compression 1s important but the
higher the density the greater the cost

THERMAL SHRINKAGE
AND EXPANSION

At high temperatures the thermal expansion of
MICROTHERM is small and can be ignored in practice
It has a resilient structure and no great stresses are created
After prolonged periods at high temperatures a small
amount of shnnkage can be measwed (on the cooled block)

o Thermal shnnkage of chzotherm
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VIBRATION

Acoustic

Tests in acoustic chambers camed out in connection with
aircraft applications show that MICROTHERM is unaffected
by high noise levels of varying frequency

Mechanical

MICROTHERM by itself is not very strong but only
continuous flexing causes the structure to break up Where
mechanical vibration is encountered MICROTHERM must
be wel! contained so that it can move with the vibrating
structure. Properly applied it gives indefinite life on diesel
exhaust pipes and pipework of ships and aeroplanes.

MICROTHERM does not shake down nor do its individual
constituents separate out
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& COMBUSTIRL

Because MICROTHERM is a vitreous ceramic matenal Organics are also present in Hydrophobic

[TY

contained in glass cloth it is entirely incombustible: MICROTHERM but again in quantities too small to ignite
Organic matenals present are those used for the fimishing MICROTHERM has been tested to the Amencan
treatrnent of the glass cloth and glass thread. Quantites are Standard A.S TME -84 and shownto be incombustible
too smallto ignite but when heat is applied they produce a and to have zero flame spread

brown colour before being completely removed by MICROTHERM has also been classified

oxidation. “incombustible” in tests to ISOR1182 by the University

of Ghent

EFFECT OF DENSITY
(QHAI\CE ON THERMAL
SONDUCTIVITY
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world

Limited

1. The CE G B's Hartlepool nucle v ,ower station
equipped with two Advanced
designed and built by the Nuciear Power Company

2 Belgian Naval Vessel built by Cockerill Yards with
exhaust system insulated with Microtherm.

3 Tomado Arcraft with Microtherm heat shield and
Microtherm Pipe Insulation - CourtesyBA.C

s Cooled reactors,

Within the density range 190 - 320 kg/m® there 1s a little change in thermal conductivity.

APPROVALS

MICROTHERM is approved for use on Civil and Military T T T ——
aircraft, on Naval Vessels and Military vehicles It is also
widely used on nuclear generating plant around the




Page §

1000

Hot -face temperature °C

900

700

g

=

400

.

200

100

’

Typical Surface temperatures which can be expected when using MICROTHERM
asst_xming the surface is plane and_ vertical wnh an emissivxty of 0,9.

RARSIARE P

\JJI .w...~.:,,_

N L1

cold-face temperature
rise above ambient (°CC)

| e i : i | - o
| i Roubamb st E S S S et ! Al
10 i 30 40

oy
Thickness of Mictrotherm in mm

T Eva-ugted tadianon shuelds

L Opacified powdiers | gvacuated) hmuted penod of exposure etc )

Absolute zero

-213

o Palysryrene
L L 1 J Cork boad and granules
ER 3 Plastc foargs
W D oo Boanke! a0 wool
B e TR Migerai wool - blanket and wodl

Optimum use temperatures for thermal insulating maternals in common useage

Super nsulston( evacuated layersof aluminium foil and glasscipth NOTE - Dashed lines indicate that
nsuiations used range require
special conaitions (hermetic seaiing

Many factors affect the choice of
msulation to be used e space
available chemucal resistance
weght, performance. handleabiity
formability malleability compress
ability. porosity, ava .

v
¥ Diity. and This table
hows the temperature range for
nsulatons are commonly used

may be exceptiona. Cases

[ R e T e ) A sbestos products
L R g Calcurs siioste
LS AT SR Bonded vermiculite board

)
B
-

BR8988828538888¢838¢8¢88¢

e




U et ol it D D B D ©O ™

1!4

1.2 4

2.8 |
8.6 .

004 T
8.2

Page. 9

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

Figure 2 - Thernal Conductivity (Bftu-in/he-sq.ft.-F)

400

..........,..,.l.....................,.., ..]......,......‘............. — N— s o | U
600 BB  '9E@ 1268 1488 16@@

" CER- sl (8p<¥)

mMicRotrerm (12.5 pe .{.) ......... e
— w-":::'“':,,‘:s'z:-... '''''''''' gy

mbwmmmmm . |

s

Nean Temperaturz (F)




TRANSCO INC, Page 10

An energy balance on the incremental air volume is:

MCpt+UPAX [t -1/2{t+(t+dt)}] = mCp(t+dt) «e..Eq. (1)
where U = overall heat transfer coefficient

t = temperature

dt = differential temperature

Cp = specific heat of air
m = air mass flow rate
x = distance along duct

dx = differential distance
P = duct perimeter

If second-order terms in the differentals are neglected, Eq. (1) can
be written:

dx/(mCp) = - dt/[UP(t-t.o)] vorsBlls {2)

Equation (2) has the solution
t(x) =[l-exp{ (-UP/MCp) x} ]t + exp{ (-UP/MCp) x}t, o oe Bils D)
which also may be written as

U = - (MCPp/Px)1n{(tee ~t)/(tuo ~to )] .e..Eq. (4)

This latter form is of interest since it expresses the steady-state
overall heat transfer coefficient U in terms of the air temperature
at a distance x from the duct entrance (x=0). U is related
directly to the thickness of the insulation and its "effective"
thermal conductivity kef¢ . In particular, setting x = 38 feet at
which point the temperature of the air is set at 85 deg. F, and
using the value of @.24 Btu/l1b-F for Cp, 7.33 feet for the duct
perimeter P, and 19,235 lb/hr for the air mass flow rate m
(corresponding to 4360 cfm of 13.6 cu.ft./lb air), Eq. (4) becomes

U = 0.108 Btu/hr-sq.ft.-F veoecBQes (5)

Assuming the fire-side of the insulation remains at the ASTM-E1ll9
temperatures at all points in time, U is related to the conductive
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resistance 1/kg¢ of the insulation and the convective resistance
h of the air film at the interior duct surface according to

U = 1/[1/ke¢f +1/h) svesBge (6)

where the total insulation thickness is represented by 1, in |
inches. From Eq. (6), the relationship between the effective
thermal conductivity and the total thickness of the insulation is

Kef¢ = 1/11/U - 1/h] 1 verBQ. (7)

The value of the internal convective film coefficient is estimated
from the ASHRAE Handbook of Fundamentals (1972, p. 42):

h % 0.00365 (G>%a%? ....EQ. (8)

= mass velocity of the air (lb/hr-sq.ft.)

= 5771 1b/hr-sq.ft.

d = 4 x (duct crnss sectional area/total perimeter)
= 1,82 feet.

where G

Therefore, h = 3,3 Btu/hr-sq.ft.~-F, and Eq. (8) becomes

Keff = 0.112 1 eee.Eq. (9)

Equation 9 is plotted in Figure 4, illustrating the required
relationship between the effective thermal conductivity and the
overall thickness of the insulation to ensure the air temperature
exiting the 38 feet of duct in the switchgear room does not exceed
85 deg. F when the entering air is 73 deg. F.

Remembering the fact that the thermal conductivity of a porous

material varies with temperature (see Figure 2), the possible range
of thicknesses for either all Cer-Wool or all Microtherm applied to
the duct is shown in Figure 4 for the temperatures encountered from
73 deg. F up to the 1925 deg. F maximum of the ASTM-E1l9 procedure.

Although this steady-state analysis provides some insight into the
potential minimum and maximum insulation thicknesses, it is not
adequate to establish the minimum acceptable thickness to limit
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interferences in the actual installation. 1Its primary limitations
are (a) the assumption of no variation in thermal conductivity with
temperature and (b) the assumption of no thermal capacitance (heat
storage capability) of the insulation. Therefore, Transco had to
undertake a more realistic transient analysis procedure in which
these limiting assumptions could be relaxed. 1In the hope of
minimizing analysis time, these assumptions were addressed
individually to see if a successful analytical model would result,

B. Transient Analysis -- Thermal Capacitance Effects of Insulation

——— - ————— - — - ————— i ———————————————-

Cer-Wool properties (8 lb/cu.ft.) were selected to determine the
adequacy of a transient analytical model including the effects of
the insulation's thermal capacitance. Actual lab testing on a
nominal thickness of l4-inches of Cer-Wool was conducted to (a)
provide information on a suitable "time/temperature averaged"
thermal conductivity to use in the analytical model and (b)
establish a baseline for comparison form analytical results.

Test TTR-3@0N (note: all TTR tests referred to in this report are
included at the end of the report) discusses in detail the
.analytical procedure used to evaluate transient temperatures inside
the insulation. A standard "Schmidt" approach was used, as
referenced in many heat transfer texts.

Referring to Figure XII in TTR-3@N, it is seen that, except for the
end points (faces of the insulation), the transient analysis which
does not account for variations in thermal conductivity with
temperature does not adequately represent the actual situation. For
example, at location #6 (about 5.4 inches from the hot face) the
measured temperature exceeds the calculated temperature by nearly
700 deg. F.

C. Transient Analysis -- Thermal Capacitance of Insulation and
Thermal Conductivity Variations.

————— - —— - - — - ————— -~

The analytical model derived to include the effects of both the
thermal capacitance and variations in thermal conductivity of the
insulation considers the elemental configuration in Figure 5 below.

H_ L __TorAL iNSULATION THICKNESS _>_1
:> L R YEHPERATU;&--SM 0 £
_——NODAL | |
IRE ' ‘ A el e 5o
c10E/ o :T 21 3] #, nlaﬂza
,,AJ-HJ. J L — S 1N R T A L,
7] ax | ax | | ax|ax |3

FIG., 5-Elemental Representation of
Insulation for Transient Analysis
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Twenty-one elemental (nodal) temperatures were selected to
characterize the insulation thickness depicted in Fig. 5. The
model is built around 12-inches of Microtherm,

Equating the difference in heat flow into and out of each element
for a short duration of time to the increase in the elements

internal energy, the expressions governing the transient heat
transfe~ process are:

Nodal Point "“@"

t(@,0) = 73 F
t(@,n*dt) = f(ASTM Profile)

Nodal Point "1"

t(1,0) = 73 F . vvnsBQs
t(l,n*dt) = t(1,{n=-1}*dt)+(B/dx)*[t(0,{n-1]}*dt)~

1.5*t(1,{n-1}*dt)+.5*t(2,{n-1}*dt]
.ll.Eq.

t(m,@) = 73 F cesEq (12a)

t(m,n*dt) = t(m,{n-1}*dt+(B/dx)*[t({m-1},{n-1}*dt)~
t(m,{n-1}*dt+.5*t({m+1l},{n=-1}*dt)]
I...Eq.

Nodal Point "20"

t(ze,c) - 73 F o..oEq.

t(20,n*dt) = t(20,{n-1}*dt+(B/dx)*[.5*t(19,{n-1}*dt)~
1.5*t(20,{n-1}*dt)+t(21,{n-1}*dt)]
..Q.Eq.

Nodal Point "21" (Adjacent to duct wall)

£(21,0) = 73 F ....Eq. (l4a)

t(21l,n*dt) = [h*t(air)+(2*k/dx)*t(20,n*dt) ] /[h+ (2*k/dx)]
ssssBEg. (14Db)
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In the above equations, the following boundary conditions were
assumed to prevail:

. 1. t(@,n*dt) = temperature of "@" nodal point after a time
increment of (n*dt) = ASTM-Ell9 profile

2, t(2l,n*dt) = temperature of the (last) "21" nodal point
afier a "n" time increments each of duration
"dt" adjusts instantaneously such that the
the conductive heat transfer rate due to the
temperature gradient between the "2@0" and the
"21" nodal points always equals the convect-
ive heat transfer from the "21" node to the
air in the duct. A convection coefficient of
h=5 Btu/hr-sq.ft.-F and constant air tempera-
ture of t(air)=73 F was assumed for the calcu-
lations.

3. The thermal conductivity "k" varies with temperature in
accordance with the manufactur~'s data.

4, Parameter values and definitions:

k=thermal conductivity as a function of insulation
temperature

dt=time increment=0@.15 hours=9 minutes
dx=element width=.6 inches=,05 feet

. rho=density of Microtherm insulation=12.5 lb/cu.ft.
cp=specific heat of Microtherm insulation=,24 Btu/lb-F
B=(2*k*dt)/(dx*rho*cp)
t(air)=air temperature in duct=constant=73 F
t(m,n*dt) =temperature of "m"-th nodal point after "n"

time increments each of "dt" duration.

n=number of time increments; n=1,2,...,20.

Figure 6 shows the results of the above transient (numerical) model
for 12-inches of Microtherm in terms of the predicted temperature
profile inside the insulation at various times during the 3-hour
ASTM-E119 fire test., Note that distances only up to about 5-inches
from the hot face of the insulation are shown since beyond this
point no temperature increase is predicted even at the end of 3
hours.

D. Selection of Insulation Thicknesses

- — - ———— -~ — -~

Figure 6 illustrates the results of the most comprehensive model
developed by Transco in the analytical area. These results were
used to select tentative final insulation thicknesses to be
confirmed as adequate by actual test results.
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A conservative criterion of allowing no temperature increase of the
duct wall (adjacent to the air flow) was used to select the
insulation thickness. Based on this, and referring to Figure 6, it
is seen that about 5-inches of Microtherm is sufficient.
Remembering, however, that (standard) Microtherm cannot be subjected
to more than 1700 deg. F, the problem of applying an appropriate
thickness of Cer-Wool on the fire-side (hot face) was still
unsolved,

In order to determine how much the Microtherm thickness could be
reduced and, simultaneously, how much Cer-wWool must replace this
amount of Microtherm, the following criterion was applied: for the
transient numerical model to remain valid, it is necessary that the
following relationship be satisfied:

(k.../&ho_.cp_'(dx:)) IMicro. = [k¢/fho, cpe (dxt))]Cer-Wool seseBg. (15)

From Eq. (15), the relationship between the thickness of Microtherm
dx,, to be replaced by an equivalent thickness of Cer-wool dx., .,
can be expressed as:

dx_ =[(ke/k,) (rho,cp, /rho, cp, ) lldxm e -

Using tne appropriate values for the physical parameters, the
relationship between equivalent thicknesses of Microtherm and Cer-
Wool is:

dx. ¥ 2,65 (dx,,) ces.Bq. (17)

Referring to Figure 6, it is seen that if approximately l-inch of
Microtherm is replaced on the hot side, the maximum temperature at
the Cer-Wool/Microtherm interface will be about 1700 deg. F.
According to Eq. (17), this requires about 2.65-inches of Cer-Wool
to replace the l-inch of Microtherm., Transco chose, for practical
reasons, to use 2-inches of Cer-Wool for testing. Therefore, the
final FLAME GUARD configuration (regarding insulation types and
thicknesses) became 2-inches Cer-Wool/4-inches Microtherm, as
illustrated in Figure 1, contingent upon tests showing its adequacy.

E. Testing and Model Vvalidation

- ———— - ———— - —— -

Test TTR-34N presents the measured results for the final FLAME GUARD
configuration, (Note that the test included the exterior stainless
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steel lagging and vapor barrier which is part of the actual FLAME
GUARD system--however, these components are not expected to have

. significant impact on the comparison of measurements with model
results.)

Figure IV of TTR-34N shows the relevant data for evaluating
Transco's final proposed configuration for the Clinton ventilating
ducts as well as for evaluating the adequacy of the model used in
its preliminary selection. The test data shows that, at the end of
the 3-hour fire test period, (a) the interface temperature between
the Cer-Wool and Microtherm is about 1780 F and (b) neglible
temperature rise is experienced at the cold side of the Microtherm
(i.e., adjacent to the duct wall); these are precisely as predicted
by the analytical model which includes both thermal capacitance and
variable thermal conductivity of the insulation.

Figure 7 shows a final comparison of predicted and measured results.
It compares the 3-hour temperature profile curve of Fig. 6 with the
TTR-34N results, shifted in accordance with the "thickness
equivalency” relationship discussed above. The model results and
measurements compare quite favorably. '

- F. Problem of Steel Duct Support Structures

——— -~ ——— -~ -~

Test TTR-31N addresses both the analytical and testing aspects of
the necessary extent of application of FLAME GUARD to the duct

. support steel, In summary, the results show about 4'-6" of steel
(measured from the duct) must be treated to avoid heat transfer to
the duct and air.

G. Alternative System Evaluation -- Mineral Wool/Foils

During its developmental program, Transco encountered two
potentially cost- and/or space-saving aspects of insulation systems
that seemed worth investigating. The first was the published fact
that mineral wool had a very low thermal diffusivity, which in the
final analytical model was the governing factor for insulation
thickness. The second was that foils used between layers of
insulation might provide better insulation characteristics than the
same total insulation thickness without the foils.

No analytical approach was used to investigate these possibilities,
however testing was conducted to determine their effects. Regarding
the use of mineral wool, testing showed (TTR-32N) that it was not
suitable due to the great thickness required. The foil concept did,
however, indicate the possibility of reducing the total thickness.

TTR-33N therefore addressed the foil concept with the Cer-Wool
product, However, unlike the case for mineral wool, the foil did
not seem to have such a space-saving potential.
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Based on the results of the testing, Transco excluded the use of
mineral wool and foil in the final FLAME GUARD system,

CONCLUSION

This program of analysis and testing was undertaken by Transco to
develop a practical fire-protection insulation system for the
ventilating ducts at the Clinton station which would limit the
temperature rise in the air to 12 deg. F when exposed to a 3-hour

ASTM-E119 fire test. The resulting system was termed FLAME GUARD by
Transco.

Both analytical results and actual tests show FLAME GUARD to meet
the design requirements at Clinton.

The FLAME GUARD insulation must be applied both to the ductwork and
about 4'-6" of all steel duct supports. Typical installation
details and scope are illustrated on Transco Dwg. Nos., DB-3822-SK1,
~-8K2 and -SK7, attached. '
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1.

INTRODUCTION

The Schmidt calculational technique has been used to predict the
temperature response of a wall of eight (8) pound per cubic foot
density Cer-wool to a three (3) hour fire. The temperature of
the fire being defined by ASTM El119.

The Schmidt method is ideal for one dimensional unsteady state
problems with varying boundary conditions.

The Schmidt method can be either a graphical or computer
technique. The wall section of interest is divided into equal
width segments, Temperature plots are then made on the assump-
tion that the temperature at a point one inch in from the front
face (or one division) must equal the average of the front face
temperature, and the temperature two inches in from the front
face: The temperature three inches in from the front face must
equal the average of the temperature two inches in and four
inches in from the front face: etc. This is a simplified
explanation. For a complete explanation, a heat transfer text
may be consulted. After a temperature versus thickness plot 1is
made, the total wall thickness is obtained by solving the
following equation:

to'tf'chzp/ZR
Where:

tyo"tg™ The time increments between temperature averages,

|
In this case, ten minutes, or 10/60 hours.
P The specific heat of the material, in BTU/Lb-°F.
Thermal Conductivity in BTU/Hr-Ft-°F,
Distance between glanes, in feet.
Density in Lbs/Ft”.
Number of wall increments (discussed in the following

B MNDH
L I

paragraphs).

A table was made to predict the thickness of Cer-wool required to
totally isolate a steel surface from the affects of a three (3)
hour fire, The table is in Appendix I.

Each horizontal row of the table is the predicted temperature
profile in that ten minute time increment. Each column

represents a plane L feet thick spaced n". feet from the front
face. The actual dimension L being determined by the above

equation.

To weight the thermal conductivity and specific heat by the time
averaged temperature, all temperatures were added in each column,
and the total number of time increments in each column were

noted.



TRANSCO INC
TEST REPORT No.: TTR-30N

2.

The total temperature, “in all the columns divided by the total
number of time increments-yield a time weighted temperature in
this case of 550.4°F, This temperature was then used to deter-
mine thermal conductivity, and specific heat values., Substitu-
ting the values of specific heat and thermal conductivity in the
Schmidt equation (above) yielded a distance between planes of
0.9214 1inches. '

The Schmidt calculation in Appendix I indicated that 12.9 (14 x
0.9214) inches of Cer-wool will thermally isolate a body from the
affects of a three hour fire. The cold face should see a two
degree temperature rise at the end of the three hours.

The purpose of this test is to validate the calculational tech-
nique,

TEST APPARATUS

The test assembly was mouated on the Construction Technologies
Laboratories gas fired pilot furnace. The test assembly
consisted of a horizontal 24 gage stainless plate laid over the
furnace opening. The plate was reinforced by 3 x 3 x 1/4" angles
spanning the furnace opening. The furnace opening is about 30
inches square (See figure I).

On top of the plate, seven (7) layers of two (2) inch thick
Cer-wool were stacked. The actual thickness varied between 1-3/4
and 2 inches. The layers were 36 inches square. Beginning at
the steel plate, each interface had three (3) thermocouples
mounted in it; one at the center, and two on quarter points (See
Figures IV and V).

The test assembly was completed with three two-inch thick
peripheral wraps of Cer-wool and a 24 gage stainless steel plate
mounted on top of the assembly.

Figures II and II1 show the nearly completed test assembly, less
top thermocouples. Thermocouples were later placed on the top of
the cover plate. No thermocouples were placed between the bottom
of the steel plate, and the top of the first layer of Cer-wool.
The furnace is instrumented normally for 24 thermocouples. To
record the temperature on the bottom surface of the steel plate
would have required an additional three thermocouples over the
furnace's standard 24,

Bricks were placed on the periphery of the top cover to minimize
air spaces between the plate and the insulation., Figures IV and
V show the completed assembly. Note the steel weights placed on
the thermocouples to assure metal-to-metal contact between the
thermocouples and the plate.
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The furnace is a gas fired, negative draft furnace capable of
producing a temperature/time curve in accordance with ASTM E-119,
Flue gas is inducted from the bottom of the furnace to the building
chimney by an induced draft fan, located below the floor. The fur-
nace had four (4) burners, one on each wall. The burner plane is
located approximately 30 inches below the test assembly bottom plate.

The thermocouples are connected to a computer in the control room.

TEST RESULTS

The test results are shown in Figures X, XI, and XI1. Figures X, XI,
and XI1 are the measured and calculated temperature profile in a 14
increment (14 x 0.9214 - 12.9 inches) thick wall of Cer-wool, at one
hour, two hours, and three hours into the fire.

In reviewing the three curves the following three points are obvious:
.

l. The slopes of the curves, dT/dL for the measured and the cal-
culated are approximately equal on each graph.

2. The asymptotic approach to room temperature of the measured
and calculated are approximately identical in regard to slope.
The calculated temperature curve lags the measured by approxi-

mately 1"-1%" of material thickness, in the intermediate tem-
peratures.

3. The temperature profile in the intermediate temperatures (at
the midpoint of the wall) are on the order of 400, 600, and

700°F difference between the measured and the calculated tem-
peratures.

The calculation was to determine the thickness required to assure the
three-hour fire did not reach the cold facc. The calculation is based
on the hot face and cold face temperatures being known; and the thermal
coefficients being determined by time and temperature weighting of the
thermal properties over the entire three-hour fire. The hot face tem-
perature is 1925°F, and the desired cold face temperature is 75°F,

Due to the weighting, the predicted value by the Schmidt calculational
technique should be most accurate at the three (3) hour point; and at

the indicated cold face temperature. Comparing the two asymptotes of

the calculated and the measured, on the three-hour graph, Figure XII,

at the cold face, the method seems accurate.
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Specifically, the calculational technique predicted at 12.9
inches from the hot face, the temperature would rise
approximately 2°F, assuming negligible resistance beyond the 12.9
inches (14 spaces times 0.9214 inches/space). Due to manufac-
turing tolerances, the Cer-wool piles of seven layers had a
actual dimension of between 12,5 and 13 inches thick. The back
face rose 2°F at the end of the three hour test. This is exactly
the temperature the Schmidt technijue predicted. When it {is
considered that there is a front face temperature of 1925°F, the
Schmidt calculational technique seems remarkably accurate.

At intermediate temperatures, however, the accuracy falls off
significantly.

THICKNESS ERROR IN PREDICTING THE 100°F THICKNESS, AND 1000°F

THICKNESS

To quantify the accuracy of the calculational technique, a
defined temperature may be chosen to compare the thickness pre-
dicted by the calculation, and the thickness actually measured.
The thickness required to provide a 75°F temperature cannot be
read from the graphs with any degree of accuracy, because the
temperature line is nearly horizontal at this point.

Choose the 100°F as the temperature point to compare the thickness
predicted with the thickness of material measured. By the
calculated curve of Figure XII, at the end of three hours at

(10.5 spaces x 0.9214 inches/space=) 9.67 inches into the pile,
the temperature should be 100°F, At 12,1 inches times 12,75/14,
or 11 inches into the pile, a 100°F temperature was measured,

The 0.9214 multiplier on the calculated thickness is the actual L
in the Schmidt calculation, Fortunately, the 12,75/14 inches
multiplier for the actual pile height is 0,910, Hence both
thickness multipliers are almost the same.

Using an error equation for equal temperature thickness of:

100 (calculated thickness-measured thickness)/Measured
thickness = percent of thickness error.

The error in the Schmidt calculational technique when used to
predict the thickness at the intermediate temperature of 100°F
three hours into the fire is:

100(9.67-11)/11 = - 13%
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.

Using the same equation at the 100°F point for the two and one
hour temperature profiles, the error is -14 percent, and =17
percent respectively.

However, at the 1000°F point for the three hour curve, the error
is on the order of 55 percent,

The raw data recorded by Construction Technologies Laboratory,
Fire Research Department is Appendix IT, available upon request
from Transco Inc,

CONCLUSIONS

The Schmidt calculational technique is accurate for Cer-wool when
used to predict the thickness and temperature of a cold face for
a one dimensional body experiencing a well defined temperature
transient, However, the thermal coefficients must be weighted by
time and temperature.

Tre Schmidt calculational technique has reduced accuracy at
temperatures and thicknesses between the hot face and the cold
face. s

Approximately 13 inches of 81b/P:3 Cer-wool will isolate a steel
member from the effects of a three (3) hour ASTM fire.
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. Figure |
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‘ Figure 111

Figure v
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Figure VI
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Figure VII

Figure VIII_
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Figure IX
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TRANSCO INC

TEST REPORT No.:

TTR-30N

APPENDIX |

SCHMIDT CALCULATION

For a 14" (Nominal) Thick
Blanket of 8 Ib/Ft?
CERWOOL

TABLUATION




TEST REPORT No.TTR-3ON
SLB/Ft? Cerwool, 7-2 Inch
Layers - Schmidt Method for a Three Hour ASTM E-119 Fire

Plane 0 1 2 3 3 5 6 7 B 7 10 1 2 3 4
Time
0 min. 75 75
10 min. 1300 687.5 75 e
20 min. 1962 687.5 381 75 :
30 min. 1556 966 381 228 75
%0 min. 1613 966 S97 228 152 TS .
50 min. 1661 1129 597 3I& 152 N8 75 () = 2 Kot
100 Hours 1700 1129 752 374 288 118 9% TS P
1:10 min. 1735 1284 752 398 288 169 94 83.5 75 l..' = (2) (0.36) (10 min.)
1:20min. 1765 12648 871 898 333 169 127 85.5 80 75 ) 10.212)(60)(8)(12)
1:30 min. 1782 1331 871 602 333 230 127  103.5 80 77.5 15

-

80 min. 1815 13n 966 602 §16 230 167 103.5 9.5 77.5 7.2 75

1:50 min, 1835 1400 966 691 416 22 167 129 90.5 83.8 76.2 75.6 75

2:00 Hours 1850 1800 1046 691 492 292 210 129 106 83.4 79.5 75.6 75.3 75
2:10 min. 1862 1458 1046 769 492 351 210 158 106 92.8 79.5 77.%& 75.3 75.2
2:20 min. 1875 1858 N2 769 560 351 258 158 125.4 | 92.8 85.1' 77.4 76.3 75.2
2:30 min, 1888 1500 1112 836 560 407 258 190 125.% 105.2 85.1 B80.7 76.3 75.8
2:40 min, 1900 1500 1168 836 621.5 807 298.5 190 147.6 105.2 93.0 80.7 78.2 75.8
2:50 min. 1912 1540 1168 855 621.5 460 298.5 223 187.6 120.3 93.0 85.56 78.2 7
3:00 min, 1925 1580 17 895 678 460 ELH 23 1m 120.3 103 85.6 81.3 ”

Lx = 0.07678 ft.
L = 0,9214 inch
nk = 14 x 0.9214 inches = 12.9

inches total thickness
75

75
75.2
75.2
75.8
77

31440 22503 15003 9786 6315 8086 2643 1776 N 958.4 770.6 638.6 S40. 8 856

18 18 17 16 15 14 13 12 n 10 9 8 7 6

378.2 99,525.5



TRANSCO INC
TEST REPORT No.: TTR-30N

APPENDIX 11

CONSTRUCTION TECHNOLOGY
LABORATORIES, FIRE RESEARCH
DEPARTMENT

TEST DATA




IRUCTION TECHNOLOGY { ABORAIORIES

A Division of the PORTLAND CEMENT ASSOCIATION

$420 0@ Orchard Road. Skokie 1hnois 60077/ Area Code 3129666200 i Clssé 3 LY ) S

Inivials ‘f’JV_ _Dete___ LY-"YV"- ’J_..

Checked . Daste_______ Revised_ s P issioniihonnionsiciis

we IRAVECO

.

+.3
+5

H

e — e —

SHEET METAL

57w LAYER

2-MD LAYER G-TH LAYER

3.0 LAYHER NEXT PAGE W/ TOP SHEET METAL




-CONSIRUCTION TECHNOLOGY LABORAIORIES

A Dwision of the PORTLAND CEMENT ASSOCIATION
8420 Ot Qrors v S Se e liingws KO0 7 Arca Code 312 W6 6700

o T fRAWS €0

e e ———————

3-RD LAYER

B LB DENS CERAMIC
BLANKET.

Project p‘( f/‘ 3 Shes é of 2.
Initialy Dare

Cheched Dare Re.ised Date

+
24
*23
+22
e -— —— — —J

TOP SHEET METAL COVER

~CERAMIC BLAMKET WRAP

/LAYER CERAMIC BLANKET

~ FURNACE

/




TRANECO CRS163)

- 04.14
THERMOCOUPLE REFERENCE CHART

a9
v

FRANE PRINT THERMOCOUFLE THERMOCOUFLE
NO. NO. NO.. LOCATION
1 1 1 1ST LAYER SHEET METAL W 14 PT
11 2 2 4TH LAYER ELANKET CENTER
11 3 3 16T LAYEP BLANKET W 1/4 PT (%)
1 4 4 : ZND LAYVEF BLANKET W 1.4 PT (M)
11 © s 15T LAYER SHEET METAL CENTEP
1 3 é ZND LAYER BLANKET CENTER
11 ? ? 3RD LAYER BLANKET W 14 PT ($)
11 8 3] 6TH LAYER BLANKET W 174 PT (MO
11 3 9 4TH LAYER BLANKET W 1.4 PT (N
1 10 10 15T LAYER BLANKET CENTER
1 11 11 STH LAYER BLANKET W 1.4 PT (N)
11 12 12 €TH LAYER BLANKET CENTER
12 1 13 16T LAYER SHEET METAL € 1-4 PY
12 2 14 STH LAYER BLANKET CENTER
12 3 'S ZND LAYER BLAMKET € 1.4 PT (§)
12 4 6 4TH LAYER BLANKET E 1-4 PT ($)
12 . '? ETH LAYER BLANKET E 14 PT ($)
12 6 '8 2HD LAYER BLANKET E 1-4 PT (§)
12 7 '9 3RD LAYER BLANKET CENTER
12 £ - STH LAYER BLANKET € 1-4 PT (N)
12 “ i 3RD LAYER BLANKET E 1-4 PT (W)
12 10 i3 TOP SHEET METAL COVER F 14 PT
12 1 93 TOP SHEET METAL COVER CENTER
12 12 § TOP SHEET METAL COVER W 1/4 PT




e R e e I L L R

TRANECO CRS1S2) - 94/14-82
FURNRCE RTHOSFHERE TEMFERRTURE (DEG, F.

|
. TEST TIME, FURNRCE ASTH E119 VARLIATION FROM ‘

Hrthin TENE. TEMP. ASTH TEMP.

F F F
-
0100 9 €8 1
0:95 1023 1000 22
9:10 1258 1300 -42
0: 18 1399 1299 -4
0:20 1471 1462 9
0:28 1592 1510 -1
0130 1950 1550 o
0: 38 1587 1534 3
0:40 1617 1613
0: 49 1633 1633 -5
0190 1662 1€61 1
. 0:55 1624 1651 ?
11090 1689 1700 -1
1105 1718 1718 o
1110 1738 - 1739 3
1:18 1793 1750 3
. 1120 1769 1765 4
1:29 1775 1779 -4
1130 1791 172 |
1:38 1807 1904 c
1140 1819 18195 -0
1:45 1831 1826 s
1:50 1940 1238 s
1:98 1642 1043 -1
2:00 1848 1950 -2
2:10 1367 1962 s
2:20 1874 1675 -1
2130 1899 1658 -3
2140 1969 1900 5
2:50 1914 1912 2
1100 1930 1929 s
1110 1166 1938 772
3120 903 1950 1047
— - SEE——— — —— - CS— IS E— S——




TRPANECD «(CRS1€2) - 04714783

T-C TEMP. (LEG. F.)

. TEST 1IME, T°C NO.

HriMin 4

0:00 L 7S 78
0:0% ) ; ?
@:16 7e
0:1% 2
0:20 e
0:29% €6
0:30
0:3%
140
0148
0:50
0:%%
1:00
1:0%
1:10
1119
1120
1:28
1130
1138
1:40
1:49
1:%0
1:99
2109
2110
2120
2130
2140
F13
3100
10
3120

TP, S —




- —

IvAHECE (PS1€3, - @4 14 37
T-.C TEMWP. <DEG. F.»
TEST TIME, T/C NO.

Hritan 7 £ 9 10 11 12
0100 78 79 - 78 ? ? 29
0:09 ? ?7 77 82 -7 o
2:10 77 ?? 77 104 ? 27
9:19 7?7 77 77 203 r? ;
0120 77 77 77 376 77 7
@:29 77 77 77 557 77 72
0:3@ 78 77 7?7 822 27 77
0:39 81 77 77 932 ?7? 77
9:40 g1 77 77 350 77 77
@:49 86 77 77 1029 77 78
0:%0 a6 27 77 1982 77 7
0198 111 77 78 1134 77 77
1100 120 77 ? ‘1182 77 77
1:09 152 77 79 226 77 7
1110 120 ? 0 1281 77 78
1519 210 77 83 1236 ? 78
1120 244 ? 66 1377 78 79
1329 279 77 39 1406 79 73
1120 317 78 94 1430 79 ?
1139 356 78 160 1493 £0 79
1140 397 78 110 1479 82 ?
1145 437 ? 122 1496 83 50
1:90 479 78 134 1517 &6 an
1199 $23 78 149 1539 29 o
2100 569 79 165 1557 93 o
2110 667 79 201 1589 193 81
2:20 768 20 241 1619 118 82
2130 349 g1 286 1641 126 24
2140 900 83 333 1664 150 38
2:%0 a2% 86 382 1687 189 a6
3:00 965 31 432 1708 224 @€
3110 1004 96 439 1551 60 17
1120 1024 104 542 136€ 299 32

!
'
|

1

i A————— . ——

et - ==

ST




TRANSCO ‘CRS163)

- 04-14.53

TC TEMP. (DEG. F.)>

TEST TINME, T/C NO.

HriMin 13 14. 15 1€ 17 1e
0:00 92 7e ? 7e ] 7e
¢:@% 376 rds 7e 77 77 78
@8:10 11€5 rd 4 141 7? 77 g
@:15% 1362 77 286 77 4y =)

120 1398 77 453 77 ?? 82
0:2% 1450 ?? 630 ?? 77 35
9:30 1508 rdra 853 v 77 128
9:35 1553 7? 991 ?? ?? 175
B:40 1587 ?? 1026 7 g 233
9:45 1610 ?? 1068 77 rdrd 3092
@:50 1627 77 1117 rd) *? 375
0:55 1660 rdd 1164 . 77 450
1:00 1666 7? 1204 30 ?? 529

To1:08 1701 rd 4 1241 83 77 €19
1:10 1722 78 1278 7 ?? 732
1:15% 1743 78 1312 a2 7e £es
1:20 1758 re 1244 a8 78 @27
1:29 1764 30 1372 107 78 320
1530 1778 81 1393 120 79 944
1338 1795 31 1424 135 79 974
1:40 1805 82 1447 153 79 1007
1:45 1817 83 1469 174 79 1040
1:50 1629 es 1491 197 50 1071
1:55 1830 ee 1510 222 £ 1181
2:00 1236 92 1526 248 20 1131
2:1@ 1894 104 1557 204 g1 1182
2:20 1861 120 1590 3€3 82 1229
2130 @ 142 1618 424 s 1271
2140 ) 169 1643 487 a0 1303
2:50 9 202 1661 552 a7 1346
3:00 0 239 1683 623 106 1381
3510 33 250 497 599 118 1294
3:20 J 794 323 o 770 132 1224 3




TRANSCO C(CRS1E. . - 04°14-33
T/C TEMF. <DEG. F.)
TEST TIME, T/C NO.

HriMin 19 20 - P 2z 23 24
0:00 78 73 ve 79 7a 50
0:09 76 77 7€ 78 78 78
@10 ?? 77 7E 78 78 78
ar1s 7? 77 77 78 77 78
9:20 ?? 77 7é 78 g 73
0:25 77 ?? 7?7 7? 77 78
0:30 ? ?? 79 77 7? 78
8: 35 79 ?? 30 i 77 78
0:40 80 77 30 ?? ?7? T8
0:45 24 77 34 ?? 77 rd:
9:50 92 77 30 ?? 77 7
0:5% 105 rd 191 toe? 77 4

. 1:00 123 7 117 77 7? 77
1:05 147 7? 138 ?? rdd 78
1:10 176 77 162 77 77 77
1:15 212 78 190 77 7? 77
1:20 255 78 222 77 ?? 78
1:2% 306 79 256 77 7?7 78
1:30 359 79 292 ?? 77 77
1:3% 40% %0 230 ?? 7?7 77
1140 458 e1 269 77 ?? 78
1:45 597 82 408 7 77 78
1150 Sé61 84 450 7? 77 78
1:55 €18 86 492 78 77 78
2:00 €56 89 543 78 77 78
2110 g2e 35 €52 78 27 ?
2:20 908 109 767 78 77 78
2:30 2095 124 955 78 78 78
2:40 947 145 290 78 78 78
2:%0 a34 172 913 79 78 79
3:00 1043 204 947 79 78 79
210 1092 236 389 79 78 )
3120 1116 271 1005 30 7 81
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TIME:

FURNRACE
TEMPER?
DIFFERE

RSTH

M

TEMP.
TEMP,
TEMP,
TEMP,
TEMP,
TEMP.
TEMP,
TENMP,

OF
OF
QF
OF
OF
OF
uF
OF

ATMOS

N( E:

~

4 ) - -, - -]
OO0 000




C
+
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“NDEX=

3

FRAME PEINT 1€ TEMFERATURE, TEMFERATURE TIME INCE.,
Wo. NO. NO. DEG. F INCR., DEG. F MINUTES
11 1 1 931.7 838.5 'S
1 2 2 76.7 -1.6 S
11 3 3 et de S
11 4 4 77.1 -1.1 S
11 5 S 953.0 £49.3 5
1 3 3 7€.7 -i.4 5
1 3 7 7 76€.7 -1.6 S
11 € e 7713 -1.6 S
11 9 9 76.8 -1.6 S
11 10 10 £2.4 4.5 5
11 11 11 iv.o0 -1.6 5
11 12 12 0.8 -78.8 5
12 1 13 975.6 £82.1 S
12 2 14 76.7 -1.7 S
12 3 15 72.1 l 5
12 4 16 76.7 -1.6 S
12 S 17 77.0 -1.8 5
12 3 18 77.? . -.4 5
12 ) rd 19 76.4 -1.7 S
12 ’ e 20 76.9 1.8 - 5

12 9 21 76.4 “1.7 S
12 10 22 772.7 -1.8 S
12 11 23 7?2.6 -1.9 - S
12 12 24 Sl - % -1.8 S

TEST TIME: 0:05:00

FURNACE ATMOSPHERE TEMPERATURE: 1023.5 DEG. F

ASTM TEMPERATURE: 1000 DEG. F
DIFFERENCE: 23.5 DEG. F

HVvG
AvG
HVG
AVG
iveG
ivG
AvG
“vG

1EMP, OF

TENP.
TENP,
TEMP.,
TENP,
TENF.
TENF,
TENF.

OF
OF
OF
OF
OF
OF
OF

T/C

T7C
T/C
T/C
T/C
17C
T7C
T7C

-

3-10-1S5= 20 F
4-6-16= 77 F
7-19-21= 7?7 F
9-2-16= 77 F
11-14-20= ?7 F
€-12-17= 77 F
22-22-24= 73 F

-5-13= 953 F
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TEST

FURNACE ATMOSFHERE TEMPERATURE:

ASTM TEMPERH 1200 DEG. F
DIFFERENCE: DEG.

TEMP. OF
TEMF OF
TEMF OF
TEMP, OF
TEMF., OF
TEMP,. OF
TEMP. OF
TEMF. OF




‘MDE %=

FREAME FRINT T/C TEMFERARTUERE, TEMFERARTURE

NO. NO. NO. DEG. F INCR., DEG.

11 1 1 1215.6 112.8 s
11 2 2 77.2 .2 s
1 3 3 259.¢ 119.5 5
11 4 a 7?7.5 -3 5
11 s 5 13%0. 1 153.3 5
i & 6 77.9 .3 s
1 ? 7 7E.9 ol 5
i1 € 8 774 . 1 S
11 E - 77.90 -.0 5
11 10 10 203.1 99.3 s
11 11 11 .1 -0 s
1 12 12 77.0 -1 5
12 1 13 1302. 4 137.1 5
12 2 14 76.9 3 5
12 3 15 28€.2 144.8 s
12 a 16 6.8 o1 s
12 5 1?7 77.1 .0 s
12 & 18 79.8 2.5 5
12 ? 19 76.6 @ s
12 8 20 76.9 v 5
12 3 21 76.6 o1 s
12 10 22 77.7 .o s
12 1 23 77.5 -1 5
12 12 24 77.8 .0 5

TEST TIME:

FURNRCE ATMOSPHERE TEMPERATURE:
ASTM TEMPERATURE:

DIFFERENCE:

1399 DEG.
"3-8 DEG.

F

1395.¢2

WG
HvG
nve
AvG
AvG
AvVG
HvG
VG

TENP,
TEMP,
TEMP,
TEMP,
TENMP,
TENMP,
TEMFP.,
TEMP.

OF
OF
OF
OF
OoF
OF
oF
OF

T/C
T-C
T-C
T/C
TsC
T7C
T/C
T-C

1-5-13= 1323 F
2-10-1S=
4-c-18= 78 F
7=19=21= 77 F
2-2~-16= ?7 F
11-14-20= 77
8-12=17= 77 F
22-23-24= 78 F

250 F



HDENX= €

FRAME PRINT TEMFERATURE, TENFERATURE TIME INCF.,
HO. KO, DEGC. F INCR., DEG. F MINUTES

11
i1
11
11
11
11
11
11
11
11
11
12
12
12
12
12
12
12
12
12
12
12
12 12

13%2.0
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TEST TINE: B:20:00

FURNARCE RTMOSFHERE TEMFERATURE: 1470.€ DEG. F
RSTM TEMPERATURE: 1462 DEG. F

DIFFEFENCE: 2.6 DEG. F

TEMP. OF 7-C 1-5-13= 1407 F
TEMP. OF T+C 3-10-15= 416 F
TEMP. OF T-C 4-€-18= 230 F
TEMP. OF T/C 7-19-21= 77 F
TEMP., OF T/C 9-2-16= ?7 F
TEMP, OF T-C 11-14-20= 77 F
TEMP. OF T/C 8-12-17= 77 F
TEMP, OF T-C 22-23-24= 77 F
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INCR., DEG. MINUTES

|
l
|
l
l
|
|
|

-~ J
AN AN
neaAnanOn

I QB WN e
n

)} @

o

4
W an

................-_....,,....
-0 W

P o= @
mMrenn

e e S G A B A e e B e e e e e
n ' P

.

o b y

D O

~

—
~N

g AN & W

—
~N "
b Bl b e G e e e b

L

—

o N
-

) O @
N YN
" NN
. .

)

—
[\

~n
-—

NN

IN
i NN N

MU AaAaa o

-

N

4

1)

.
NWDUANYR N -D®O

—
~

LU S N
w N

...
~n
TN

~N SN

NN

. TEST TIME: 0:25:00

|

FUENRCE ATM FHERE TEMPERRKRTURE:

ASTM TEMPERRATURE:

DIFFERENCE: ~-1.1 DEG.
WVG TEMP, OF T
AvGe TEMP, OF
AVG TEMP, OF
AvYG TEMP. OF
HVvG TENP. OF
AVG TEMFP. OF
AvG TEMP, OF
AVG TEMP. OF

N |
|

—
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I 'E B B
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—
H o |
- I O ) O »e




i ~NDEX= e

FREAME FRINT T/C TEMFEFATUERE, TEMPERATURE TIME INCR.,
NO, NO. NO . NEG. F INCF., DEG. F MINUTES
. 11 1 1 1431.8 4.4 S
11 2 2 77.5 ol S
11 3 3 75¢6.7 201.8 S
i1 - B 102.3 1€.1 5
11 S S 1533.1 S7.0 S
11 & & 164.8 19.0 S
11 7 7 7e.0 .9 S
11 S e 772 ~. 2 S
11 9 9 76.7 -yl S
11 10 10 821.7 2€4.7 S
11 11 11 7€.9 ~e2 S
11 12 12 77.1 =-ed S
12 1 13 1505.2 55.0 S
12 2 14 76.9 -.0 S
12 3 15 852.8 222.9 S
12 4 16 TE.6 =.1 S
12 S 17 77.0 t N | S
12 3 18 128.4 . 30.8 S
12 v 19 77.3 o7 S
12 € 20 76.9 -.0 S
12 9 21 78.6 1.9 S
12 19 22 77.3 “s1 S
12 11 23 77.1 "5 S
12 12 24 77.6 .l S

. TEST TIME:

B:36:00

FUPHACE ATMOSFHERE TEMPERATURE: 155€.4 DEG. F
ASTM TEMPERATURE: 1550 DEG. F

DIFFEFENCE:

.4 DEG. F

AvG
AVG
AVG
AVG
AvG
AVG
AvVG
AYG

23

TEMP.
TEMP.
TEMP,
TEMP.
TEMP.
TEMP.
TENP,
TEMP.

OF
OF
OF
OF
OF
OF
OF
OF

170
T7C
T/C
} £ >
T/C
T/C
T/C
12¢

1-5-13= 1510 F
3-18-1%= 81@ F
4-€-18= 112 F
7=19-21= 78 F
9-2-16= 7?7 F

11-14-20= 77 F
8-12-17= 77 F
22-23-24= 77 F
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TEST TIME: B:25:00

FURNRCE ATMUSFPHEI TEMPERATUF
ASTM TEMPEFATU - 1524 LDEG.
DIFFERENCE: £

HYG TEMP. OF
AYGC TEMFP., OF
AYG TEMP. OF
“‘v'i; TE”F. i
HVYG TEMP. I
AVYG TEMP. OF
AVG TENP,
HWVG TEMP. OF




S

~HD

EXs=

160

FFRAME FRINT T7C TEMPERRTUFE, TEMFEFRATUERE TIME INCR.,
NO. HO. HO. DEG. F INCR., DEG. F MINUTES
11 1 1 1570.2 32.¢ 5
11 2 2 . 78.3 N 5
1 3 3 993.7 -67.2 ]
11 a4 4 169, 4 39.3 S
11 s 5 1598.5 28.6 5
11 6 6 207.€ €5.7 5
11 4 ? £1.3 .4 5
1 8 & r .8 s
1 B 9 77,0 .0 s
11 10 10 79,8 -2.6 s
11 1 11 72.0 .0 ]
11 12 12 77.4 .2 S
12 1 13 1587.0 33.9 s
12 2 14 77.4 il 5
12 3 15 1920.4 29.8 s
12 4 16 ?7.1 .1 S
12 5 17 77.0 .0 s
12 6 18 233.3 8.8 s
12 ? 19 £€0.1 ; 1.0 s
12 B 20 77.1 .0 s
12 9 21 79.9 .4 s

“12 10 22 77.5 < S
12 1 2 ?7.0 -1 5
12 12 24 77.7 .0 5

TEST TIME: ©:40:00
FURNACE RTMOSPHERE TEMPERATURE: 1€17.4 DEG. F

ASTM TEMFERATURE:

DIFFERENCE:

4.4 DEG. F

1613 DEG.

F

Ave
AVG
AYG
AVG
AVG
HVG
AVG
AVG

TEMWP.
TENFP.
TEMP.
TENMP,
TEMP.
TEMP,
TEMP.
TEMP.

OF
OF
OF
OF
OF
OF
OF
OF

T-C
T/C
T7C
b
T/C
T/C
TC
T/C

1-S5~13= 1585 F
3-1¢-15= 998 F
4-6-18= 203 F
7-19=-21= 80 F
9-2-16= 77 F
11-14-20= 77 F
8-12-17= 77 F
22-23-24= 7?7 F
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TEST TIME:

FURNACE RTMOSFHERE TEMPERATURE:

ASTM TEMPERPRTURE: 1€38 DEG. F

DIFFERENCE: -4.9 DEG. F
AVG TEMFP. OF T/
AvYG TEMF. OF
AVG TEMP. OF
AvG TEMFP, OF
AVG TEMP. OF
AVGC TEMP, OF
AVG TEMP. OF
AVG TEMP, OF




— “NDEX= 1e

FRAME PRINT T/ TEMFERATURE, TEMFERATURE TIME IHCE.,
NO. HO. NO. DEG. F INCR., DEG. F MINUTES
‘ 11 1 1 1623.1 29.0 5
11 2 2 "78.2 -1 5
11 3 3 1652.9 41.4 S
11 4 4 76.3 $7.2 S
11 5 ] 1643, 0 29.0 s
11 5 3 256.6 74.9 5
11 ? ? 96.2 9.7 <
11 g ) 72 -1 5
11 a 4 77.2 .0 5
11 10 10 1022.1 53.4 5
11 11 11 76.8 -4 5
11 12 12 77.2 -3 5
12 1 13 1626, 3 27.0 5
12 2 14 77.4 o1 S
12 3 15 1117.1 43.2 <
12 4 16 76.90 .S s
12 5 17 77.0 .9 <
12 6 18 374.9 ¢ T8 s
12 7 19 92.2 8.2 5
12 8 20 77.8 -1 5
"12 9 21 @8,2 .4 s
12 10 2 77.3 -1 5
12 11 23 76.9 -2 s
12 12 24 77.5 . -2 B
. TEST TIME:  ©:58:00

FURHNACE ATMOSPHERE TEMPERATURE: 16€1.8 DEG. F
ARSTM TEMFERATURE: 1661 DEG. F
DIFFERENCE: .8 DEG. F

AVG TEMP. OF T-C 1-5-13= 1636 F
AvYG TEMP. OF T/C 3-106-15= 108€ F
AYG TEMP. OF T-C 4-€-18= 336 F
AYG TEMP, OF TsC 7-1%-21= 93 F
AYG TEMP, OF T/C 9-2-16= 78 F
AVG TEMP, OF T/C 11-14-20= 77 F
AVG TEMP., OF T/C 8-12-17= 77 F
AVG TEMP, OF T-/C 22-23-24= 77 F




NDEX= 13

FFANE PEINT T/¢ TEMPERATURE, TEMFEFATURE TIME INCF.,
NO. NO . NO, DEG. F INCR., DEG. F MINUTES
11 1 1 1647.6 24.5 s
11 2 2 «78.3 o1 s
11 2 3 1104,2 45.3 s
1 4 4 337.4 €1.2 S
1 S S 1676. 1 7.1 S
11 € € 431.6 75.0 S
11 7 7 110.5 14.3 5
11 2 & 77.93 .0 s
11 ) 9 77.5 50 5
11 10 10 1124,0 51.9 S
11 11 11 7.1 .3 S
11 12 12 77.4 o3 5
12 1 13 1659.8 22.9 S
12 2 14 77.4 -1 5
12 3 15 1163.9 46,7 S
12 4 1€ 78.9 - 5
12 | 1?7 76.% -.1 S
12 5 18 450,2 75.3 S
12 ? 19 10S.1 * 13,0 S
12 8 20 77.0 .0 5

.12 9 i ig1,.? 1.1 S
12 10 22 772.3 .0 S
12 11 23 77.0 .0 -
12 12 24 77.98 .0 S
TEST TIME: R:5%5:00

FURMACE ATMOSPHERE TEMPERRTURE: 1684.4 DEG.
QSTM TEMPERATURE: 1681 DEG.
D.FFEFENCE:

3.4 DEG. F

F

F

HVG
HVG
AVG
Hve
AVG
AVG
AVG
AvG

TENWP. OF

TENP.
TEMP,
TENFP.
TEMF.,
TEMF,
TENP.,
TENP,

0OF
OF
OF
OF
OF
OF
OF

TsC
T/C
T-C
T/C
T7C
T-C
TsC
T-C

1-5-13= 1661 F
3-10-15= 1134 F
4-6-18= 406 F
v=19-21= 106 F
9-2-16= 78 F
11-14-28= 77 F
8-12-17= 77 F
22-23-24= 77 F




“HDEX=

14

TENP,
TENP,
TENP.
TEMP,
TENP,
TENP,
1ENP.

TENP.

OF
OF
OF
OF
OF
OF
OF

OF

T7C
T-C
TsC
T-C
T/C
T/C
T7C
T-C

TEST TIME: 1:00:00
FURNACE ATMOSPHERE TEMPERATURE: 1689.4 DEG. F
ASTM TEMPERATURE: 1700 DEG. F
DIFFERENCE: -10.6 DEG. F

11-14-26= 77 F
8=12~1T= ¥T F
22-23-24= 77 F

1667 F

0

2'!
4"
6"

10"
13"
14"

FFANE PRINT /¢ TEMPERRTURE, TENPERATURE TIME INCE.,
NO. NO. NO. DEG. INCK., DEG. F MINUTES
1 1 1 1653. 4 5.8 5
1 2 2 . 7€.8 .5 5
1" 3 3 1146.2 42.0 5
1 4 4 400.§ 63.4 5
1 5 5 1€82.5 6.4 5
11 € € 507.0 75.4 5
1" 7 7 129.6 19.0 S
11 8 8 77,2 -1 S
1 o 9 78,1 .9 5
1 10 18 1121.6 47.6 5
1 11 1 76.6 -.5 5
1 12 12 77.4 -.2 5
12 1 13 16€6.0 6.2 S
12 2 14 77.3 -1 s
12 3 15 1204, 3 40.4 5
12 4 16 €9.5 1.6 5
12 5 1?7 77.0 .2 5
12 ‘ 18 $28.6€ 78.3 S
12 7 19 123.1 ' 18.0 5
12 8 2 ?7.2 2 5
12 3 21 117.2 15:. 8" S
12 19 22 ?77.2 -1 5
12 1 23 76.9 -1 5
12 12 24 77.5 -.0 5
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TEST TIME
FURNRCE AT
RASTM TEMFERF
DIFFERENCE:
TEMP., OF
TEMP., OF
TEMP, OF
TEMP. OF
TEMP. OF
TEMP, OF
TEMP., OF
TEMP. OF

"

O N O = )

R B S T B

T
o
¢

& n




_NDEX=

16

FEANE PRINT 1/C TEMPERATURE, TEMPERATURE TIME INCR.,
NO. NO. NO. DEG. F INCR., DEG. F MINUTES
11 1 1 1707.3 20.5 s
11 2 2 «82.6 2.5 s
11 3 3 1224,9 39,9 5
11 4 4 540.1 72.5 5
11 S s 1735.4 20.3 s
1 6 6 692.7 103.6 s
11 ? ? 179.6 26.8 s
11 B & 77.2 -.1 s
11 a 3 g0, 4 1.2 3
1 18 10 12€0.6 54,4 ©
1 11 11 77.0 -.3 s
11 12 12 77.5 .0 s
12 1 13 1721.8 20.3 s
12 2 14 77.7 .3 <
12 3 15 1277.9 37.2 5
12 4 16 87.2 4.1 s
12 5 17 77.4 R <
12 5 18 732.2 HE. -
12 7 19 176.3 v 29.3 S ;.
12 8 2 77.5 .8 5

.12 9 21 161.9 24.3° ]
12 10 22 77.2 -1 s
12 11 23 76.7 -.3 7 S
12 12 24 77.4 -.2 5

TEST TIME:

FURNARCE ATMOSFHERE TEMFERATURE:
ASTM TEMPERATURE:

DIFFERENCE:

1:10:00

3.3 DEG. F

¢35 DEG.

F

1738.3 DEG. F

VG
AVG
AvG
AVG
AvG
AvG
AVG
AVG

TEMP.
TENP,
TEMP,
TENP.
TEMP.
TENP.
TENMP.
TEMP.,

OF
OF
OF
OF
OF
OF
OF
OF

T7C
T/C
T7C
TsC
T/C
TsC
T7C
T-C

1-5-13= 1721 F
3-10-15= 1261 F
4-6-18= 655 F
7-19-21= 173 F
9-2-16= 83 F
11-14-20= 77 F
g-12-17= 772 F
22-23-24= 7?7 F




TEMPERRTURE TIME INCE.,
INCR., DEG. F MINUTES

18.6

- N
w
>

37.
90,
19.
31.

30.

Q@

b WWOWwLOMN

® W -
- O OVONNDALDWN-
SNweown

-
L]
]
N &~
NO WN
. o

W N = P e

NN &
. B e e e e
o~ N e w
D NP -
NN & N -

)

NN
~N
'
r
I @©
e e O WN NN W AN G

J
—

“d WO N -
e

N
w

auuaouoouauuauonaaoeraeaoaa e

S D= NNOODOHODNNDOOM

N U
. .

~
.
~

|
|
|
|
|

TEST TIME: 1:15: 6806
FUFNARCE ATMUSPHERE EMFEEARTURE:
ASTH TEMPERATURE: 1750 DEG. F
DIFFERENCE: 3.2 DEG. F

AYG TEMP., OF T/C 1-5-13= 1741 F

HvYG TENP. / 3-10-15= 1303 F

AYG TEMP, / -€-18= 780 F

AYG TEMP. 7-19-21= 204 F

AvVG TENMP, 9-2~-16= 87 F

AVG TEMP. 11-14-20= 78 F

AVGC TENMP.

AVG TEMP,
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‘ TEST TIME: 1:20:00
FURNHCE ATMOSFHERE TEMPERATURE:

|

ASTM TEMNPERATURE: 1765 DEG. F
DIFFERENCE:

AVG TEMP, OF
AVG TEMF., OF
AVvG TEMP. OF
AYG TEMP, OF
AVG TEMP. OF
AvG TEMP. OF
AVG TEMP. OF
AvG TEMP., OF
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TEST TIME: 1:25:008
FURNARCE ATHMOSPHERE TEMPERATURE: 1
ASTM TEMFPERATURE: 1779 DEG,. F
DIFFERENCE: -4.3 DEG., F

AVG TEMP. OF

AVG TEMP. OF
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TEST TIME: 1:30:00
FURNACE ATMOSFHERE TEMPERRATUR
RSTM TEMPERATURE: 1792 DEG.

2 »
DIFFERENCE: -.7 DEG. F

i
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HYG TEMP.
AVG TEMF.
HVG TEMP.
AVG TEMP,
AVG TEMP.
AVG TEMP.
AVG TEMP.,
AVG TENMP.
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FRANE PEINT ToC TEMFEFATURE, TENFERATURE TIME INCR.,
NO. NO. NO. LEG. F INCR., DEG. F MINUTES
1 1 . 1780.7 15.5 s
11 2 2 413.9 11.5 s
11 3 3 1396. 9 28.4 s
11 4 4 906, € -33.2 s
11 s s 1807.0 17,1 s
11 & 3 982.3 21.3 5
11 7 7 35€.3 23.0 S
11 3 8 77,7 -.0 5
11 9 - 106, 2 6.8 s
11 10 10 1452.5 22.8 5
11 11 11 80.3 .8 s
11 12 12 79.1 .4 S
12 1 13 1795.2 16.8 s
12 2 14 20.9 3 5
12 3 15 1423.€ 25.1 s
12 4 16 135.2 15.2 s
12 s 17 79.2 .2 5
12 & 18 974.4 30.5 5
12 ? 19 409.1 ‘' 58.2 s
12 = 20 79.6 .6 S

-12 9 21 329.8 37.6 s
12 10 22 77.3 .0 s
12 1 23 77.0 o} 5
12 12 24 77.9 -.0 s

TEST TIME: 1:35:00

FURNACZE ATMOSFHERE TEMPERATURE:®
ASTM TEMPERATURE: 1804 DEG. F
DIFFERENCE: 2.7 DEG. F

1€06.7 DEG. F

HVG
HVG
AvG
AvG
VG
AvVG
VG
AVG

TEMP. OF T.
TEMF, OF T
TEMP. OF T-C
TEMP., OF T/C
TEMP., OF T-C
TEMP. OF T-/C
TEMF., OF T/C
TEMP, OF T/C

'C 1=0=13" 1794 ¢
‘C 3-10-15= 1421 F
4-6-18= 954 F
7-19-21= 26S F
9-2-16= 117 F
11-14-20= 80 F
£-12-17= 7?9 F
22-23-24= 7?7 F
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“MDEx= 23

FRAME FREINT T-C TENPEFRTUFRE, TEMPEFRTURE TIME INCR.,
NO . NO. NU. DEG. F INCR., DEG. F MINUTES
1 1 1 1804.6 11.9 s
11 P 2 144.9 16.6 S
11 2 3 1436.2 23.2 5
11 4 4 940.4 22.7 3
11 5 5 1831.6 13.1 5
11 . - 1044.1 32.3 S
11 ? ? 437.3 40.6 s
11 8 ] 77,7 -2 s
11 9 - 121.7 11.8 5
11 10 10 1496,.1 20.8 s
11 11 11 £3.2 1.6 5
11 12 12 79.5% ol 5
12 1 13 1817.3 12.1 5
12 2 14 82.6 1.9 s
12 3 15 1468.5 21.2 S
12 4 16 173.7 20.5 S
12 5 17 79.4 | s
12 £ 18 1039.7 . 32.3 S
12 ré 19 507.9 4%.0 g
12 - 20 81,7 i3 5

12 9 21 408.5 40.0 5
12 10 22 77.4 s 1 5
12 11 23 77.1 o2 s
12 12 24 ?7.6 . .1 s
TEST TIME: 1:45:00

FURNARCE ATMOSPHERE TEMPERATURE: 1220.8 DEG. F
ASTM TEMPERATURE: 1826 DEG. F
DIFFERENCE:

4.8 DEG. F

HYG
AVG
AVG
VG
AVG
VG
AvG
HvG

TEMP.
TEMP.
TENP,
TEMP,
TEMP,
TEMP.
TENP.
TENMP.

OF
OF
OF
OF
OF
OF
OF
OF

T/C
T-C
T7C
T/C
T/C
T/C
T-/C
T-C

1-5-13= 1818 F
3-10-15= 1467 F
4-6-18= 1008 F
7-19-21= 4351 F
9-2-16= 147 F
11-14-20= 82 F
8-12-17= 79 F
22-23-24= 77 F
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FRAME

FRINT T1-C TEHPERRTUEE, TEMPERATURE TIME INCE.,
HO. ND, NC, DEG, F INCR., DEG. F MINUTES
11 1 1 1827.1 9.1 5
11 2 2 208.4 23.2 S
11 3 3 1500.2 18.3 5
11 4 4 1025. 4 29.1 S
1 5 s 1854.9 9.3 5
11 3 3 1148, 5 36,2 S
1 7 ? 5€8,7 46,2 5
11 3 ] 7el 1 .1 S
11 9 9 165.1 1€.0 S
11 10 10 1557.0 18.4 S
11 11 11 9. - 88 S
11 12 12 80,1 -.0 S
12 1 13 1832.0 8.3 S
12 2 14 ©2.0 4.1 5
12 3 1S 1525, 7 15.7 s
12 “ 16 247.8 26.3 S
12 5 17 79.8 ) 5
12 € 18 1130.5 . 29.1 S
12 ? 19 €65.9 £7.8 S
.8 8 20 £9.3 - T S S
12 3 21 $43,2 39.7 s
12 18 22 ?7.6 .0 L 5
12 11 23 i 7 -. 2 S
12 12 24 T .0 -

AvVG
AvG
AVG
Ave
nAvG
AVG
AvG
HvG

TEST TIME: 2:00:00
FURNACE ATMOSPHERE TEMPERATURE: 1847.7 DEG. F
AST TEMPFRATURE: 1850 DEG. F
DIFFERENCE: -2.3 DEG. F

TEMP. OF
TEMP. OF
TENP. OF
TEMP. OF
TEMP. OF
TEMP, OF
TEMP. OF
TEMP. OF

TC 1-5-13= 1240 F
TsC 2-10-15= 1528 F
i7/C 4-€-18= 1101 F
T/C 7-19-21= S99 F
T/C 9-2-16= 207 F
TsC 11-14-20= 91 F
TsC €-12-17= 7?9 F
TsC 22-23-24= 772 F
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FRAME PRINT T/C TEMPERATURE, TEMPERATURE TIME INCR.,

NG NO. NO. DEG. F INCR., DEG. F MINUTES
. 11 1 1 182¢.0 .9 s

11 2 2 233.7 25.3 s
11 2 3 1517.0 16.8 <
11 4 4 1053.4 25.0 s
11 s s 16856, 8 1.9 5
11 3 3 1180.8 32.3 s
11 7 7 €18.1 49.4 5
11 8 8 78,3 .2 s
11 “ 3 182.3 17.3 5
11 10 10 1573.2 16.2 s
11 11 11 97.8 5.1 <
11 12 12 £0.7 .6 s
12 1 13 1837.0 -1.0 S
12 2 14 97.2 5.2 s
12 3 15 1540, 2 14.5 s
12 4 16 275.8 28.0 S
12 5 1?7 £0.90 .2 S
12 < 18 1157.5 26.9 s
12 7 19 748.1 ' 62.3 5
12 8 20 93.1 3.7 s

-12 3 21 595.2 52.0 S
12 10 22 77.5 -1 5
12 11 23 77.1 -.0 5
12 12 24 s - -.2 s

. TEST TIME: 2:05:00

FURNACE ARTMOSPHERE “EMPERATURE: 1251.0 DEG. F

ASTM TEMPERRTURE: 1656 DEG. F
DIFFERENCE: -5 DEG. F

VG TEMP. OF
AVG TEMP. OF
AVG TEMP. OF
WVYG TEWP, OF
HVYG TEMP. OF
AVG TEMFP, OF
AVG TEMP. OF
AvVG TEMP. OF

1-5-13= 1841 F
3-10