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I. ABSTRACT

The objective of this program was to provide an experimental
basis for specifying materials for heat exchangers and gas turbines
exposed to a pressurized fluidized bed combustor environment. A 1000
hour test was completed which:

e Exposed heat exchanger materials both within the
fluidized bed and in the freeboard of a pressurized
fluidized bed combustor at temperatures ranging from
1050°F to 1600°F for up to 1117 hours,

o Provided the first successful long term exposure of
turbine blade materials subjected to PFBC flue gas
where the particulates were removed solely by
cyclones.

This report describes the operating conditions and major observations
during this test period. Subsequent reports (1,2) will provide detailed
metallurgical analysis of the test specimens to quantitatively determine
the degree of hot gas corrosion and erosion present.

OPERATING CONDITIONS

Typical operating conditions for the PFBC miniplant combustor
during this test period were 9 atm pressure, 915 to 950°C (1680-1740°F)
bed temperature, 1.8 m/sec (6 ft/sec) fluidizing velocity, 15 to 25%
excess air. Emission levels of SO2 were 250 to 300 ppm and NOy was
approximately 100 ppm - both well below current EPA standards. Approxi-
mately 2 ppm of sodium and 0.5 ppm potassium was detected as alkali in

the flue gas. Particulate concentration typically ranged from 0.025 to
0.07 gr/SCF.

RESULTS

Turbine Blade Section

During the 1000 hour test, operating conditions varied sufficiently
to significantly alter the particulate loading and mean particle diameter

of the particulate entering the turbine section. This permitted several
observations to be made:

® Most of the turbine blade specimens visually appeared

to be in satisfactory condition showing little, if any,
erosion.

e Particulate loading and/or particle size had a profound

effect on the degree of deposition and erosion on the
turbine blades.



e In general, erosion was not visually apparent when
3 stages of conventional cyclones were used to clean
the PFBC flue gas. However, upsets could cause
marked erosion if the grain loading and particulate
size increased only by small amounts.

Heat Exchanger Specimens

The heat exchanger specimens appeared to be in satisfactory
condition both in bed and above the fluidized bed. However, several
in-bed probes showed some visible signs of corrosion (one probe actually
fatled). The above-bed probes showed little, if any, visible corrosion
or erosion.

CONCLUSIONS

o These tests indicated the possibility that conventional
cyclones alone may be sufficient to protect gas turbine
blade materials exposed to PFBC flue gas. This needs
to be validated by further experimentation and
metallurgical analysis of the test specimens.

e There seems to be satisfactory heat exchanger materials
for above-bed use and probably in-bed use. Further
experimentation and metallurgical analysis of the test
specimens will better quantify the 1ifetime which can
be expected.



IT. SCOPE OF WORK

INTRODUCTION

Pressurized fluidized bed combustion offers the potential of an
efficient and compact coal combustion technique also capable of providing
pollution control. The technology involves the combustion of coal in a
bed of particles maintained in a state of fluidization by the air required
for combustion. The use of limestone or other suitable sorbent as the bed
material permits the capture and removal of sulfur dioxide concurrently
with the combustion process.

The objective of this program was to expose specimens of potential
PFBCC fireside heat exchanger alloys (supplied by Westinghouse Research
Center) and gas turbine materials (supplied by General Electric Company) to
a pressurized fluidized bed coal combustion environment for 1100 hours.
The Exxon Miniplant provided a test site for this test facility. The intent
of the PFBCC exposure tests was to compile a sound engineering data base
for the characterization of the corrosion/erosion behavior of a number of
commercially available alloys when exposed to a pressurized fluidized bed
combustion environment. These pressurized fluidized bed combustion exposures
will provide corrosion/erosion data and comparisons of materials for
application to advanced power systems using coal-derived fuels.

TEST PROGRAM AND OPERATING CONDITIONS

The initial 100 hours of testing represented the shakedown phase
of the program. It was intended to assess the performance of the heat
exchanger specimen probes and the turbine test section and to evaluate the
compatibility of these components with the miniplant combustor operating
conditions and controls, It also provided an early opportunity for General
Electric and Westinghouse to evaluate materials after a short test run,
The shakedown run was completed and the results were reported in the first
task report, March 1978,

Following the shakedown run are the extended exposure tests of
the heat exchanger materials supplied by Westinghouse Research and the gas
turbine materials supplied by General Electric Company. Total exposure
times were intended to be up to 1000 hours, with the tests interrupted at
the 250, 500 and 700 accumulated hour intervals to allow removal, inspection
and re-insertion of the material specimens,

The target Exxon FBC miniplant operating conditions for the
extended hot corrosion/erosion run were - pressure: 8.7-9.1 atmospheres;
combustor bed temperature: 1700-1750°F (925-950°C); superficial bed
velocity: 6 ft/sec (1.8 m/sec); excess air: 15-20%. Illinois No. §
coal and the sorbent Pfizer dolomite was used. GE turbine test section
inlet conditions were 9 atmospheres pressure, 1550°F gas temperature and
0.72 to 0.92 1b/sec gas mass flow rate.



DESCRIPTION OF PFBCC MINIPLANT

The Exxon miniplant combustor is a 32 ft (10 m) tall vessel with
a 24 inch (61 cm) pressure shell, refractory lined to a 13 inch (33 cm)
inside diameter, It was modified by fabricating and inserting new sections
%o accongdate the 12 in-bed and 9 above-bed heat exchanger specimens
Figure 1).

Figure 2 is a flow schematic of the PFBC miniplant. Main fluidizing
air for the combustor is supplied at pressures to 10 atmospheres and con-
trolled flow rates of 600 to 1100 SCFM, Coal and dolomite (or 1imestone)
are proportioned, premixed and continuously injected into the combustor at
a port 11 inches (28 cm) above the distributor grid. The air passes up
through the distributor grid where it fluidizes the bed material and
provides the air required for combustion,

Heat extraction in the combustor is achieved by cooling coils
through which water is circulated; they are mounted on flanges and immersed
in the fluidized bed. The coils, fabricated from type 316 stainless steel
1/2 inch Sch, 40 pipe, are arranged in a serpentine, vertical orientation.
Each coil covers a vertical distance of 18 inches and consists of 5.9 ft2
(0.55 m¢) of surface area. Three coils were inserted in the combustor for
the shakedown run - one below the new lower probe section and two above.
This coil surface area was calculated to provide desired combustor tempera-
tures for the shakedown run conditions. From the shakedown run it was
ascertained that two coils would suffice and subsequently the uppermost
one was removed.

Flue gas exits the combustor and flows through three stages of
cyclones (Figure 2) for particulate removal. The solids collected by the
first stage cyclone are returned to the combustor 20 inches above the grid.
Solids, mainly flyash, collected by the second and third cyclones are
collected by means of a lock hopper system. The expanded bed height is
controlled by continuously rejecting solids at a controlled rate through
a port at the 90 inch (2.3 m) elevation, Final particulate removal was
achieved by passing the flue gases through three conventional cyclones.
The first cyclone recycled material back to the combustor while the
remaining two cyclones rejected the solids through lock hoppers.

Pressure control is accomplished by bleeding a small amount of
flue gas through a by-pass line around the turbine test section (Figure 3).
The by-pass stream is expanded through a choked nozzle with make up air
supplying the back pressure control. A measuring orifice was installed
downstream of the turbine test section. During a run, both turbine mass
flow and inlet temperature are scanned once a minute and recorded on
magnetic tape. Particulate and analytical sampling trains are also
located downstream of the turbine section at 200 kPa pressure.
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ITI, EQUIPMENT AND TECHNIQUES

HEAT EXCHANGER SPECIMEN PROBES

The specimens prepared by Westinghouse for the PFBC combustor
fireside corrosion/erosion exposures are 1.25 inch OD x 1,00 inch ID by
3 inch long cylinders with thermocouples inserted in the walls. Specimens
of 2 different alloys selected for a given test matrix temperature are
welded together, plugged at the end and welded to a tube section to form a
bayonet probe. This specimen probe consists of a central cooling tube,
thermocouple conduits, cooling air inlet and outlet and a flange for con-
nection to the miniplant combustor port (Figure 4). The temperature of
each sgecimen probe is controlled independently by regulating the flow rate
of cooling air delivered to that probe. Each probe has a separate tempera-
ture control loop (Figure 4) consisting of a temperature controller,
transducer (current-to-pneumatic) and control valve. Cooling air to the
in-bed probes is supplied by an air compressor and a blower supplies air
to the probes in the free board. This provides a reliable, independent
and readily adjustable temperature control for the 21 specimens probes
(each with 2 alloy specimens) inserted in the combustor. It permits control
of 12 in-bed specimen probes at mean temperatures of 1050°F, 1200°F, 1400°F
and 1600°F and 9 above-bed specimen probes at temperatures of 1200°F, 1400°F
and 1600°F, with 3 specimen probes at each temperature.

The alloy-temperature matrix for in-bed and above-bed Exxon
miniplant PFBCC exposure tests is shown in Table 1.

Table 1

Heat Exchanger Materials
Alloy-Temperature Matrix

Specimen Temperature (°F)

In-Bed Onl In-Bed and Above-Bed
Alloy YE - TH00-TA00 1600

21/4Cr -1 Mo X
9Cr -1Mo X
304 Stainless Steel X
Incoloy 800 X X
Hastelloy X X X
Haynes 188 X

The heat exchanger specimen probes were installed in the combustor
according to the location schedule presented in Table 2. Probes in ports
#1 to 12 are immersed in the fluidized bed (i.e., "in-bed" probes). The
nominal composition of the probe alloy specimens are listed in Table 3.

Individual heat exchanger specimen temperatures are recorded on
a 100-point data logger - a Doric "Digitrend 210" with alarm capabilities.
This unit provides a time-temperature record of the heat exchanger probe
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Table 2

Material Description and Location

Target Operating

Combustor Specimen Material Temperature
Port # (Tnner)* °F T

1 H X 1600 8N
2 X 8 1400 760
3 X H 1600 8N
4 8 X 1400 760
5 X H 1600 8N
6 8 X 1400 760
7 8 3 1200 649
8 9 2 1050 566
9 3 8 1200 649
10 2 9 1050 566
n 3 8 1200 649
12 el 2 - 1050 566
TTRIYTTTTTT | X ~oTTT 1500 N
14 8 X 1400 760
15 X H 1600 8N
16 8 X 1400 760
17 X H 1600 8N
18 X 8 1400 760
19 3 8 1200 649
20 8 3 1200 649
22 3 8 1200 649

Materials: H - Haynes 188 1600

X - Hastelloy X 1600 and 1400
8 - Incoloy 800 1400 and 1200

9-.9Cr-1M 1050

2 -2-174Cr -1 M 1050

3 - 304 stainless steel 1200

* Inner specimen is closest to center of combustor

* Quter specimen is closest to combustor wall



Table 3

Typical Composition of Alloys Tested in PFBC

Composition (%)

Heat Exchanger Probes € ~ Cr_ Ni_ Fe Co Mo W Al Ti Mn_ ST Others
21/4 Cr -1 Mo 0.1 2,2 -- Bal, -~ 1 . e= aa 0.4 0.3 -
9Cr-1Mo 0.1 9 -- Bal, -- 1 L TR 0.5 0.5 --

Type 304 SS 0.08 18 10 Bal. ~-- - - e= - 1 0.5 --
Incoloy 800 0.04 20.5 32 46 ~-— == -- 0.4 0.4 0.7 0.4 0.3 Cu
Hastelloy X 0.1 21,5 Bal. 18,5 2.1 9 0.7 == -- 0.6 0.4 0.002 B
Haynes 188 0.08 22,2 22,3 1.8 Bal. -- 14 - a- 0.7 0.4 0.005 B
Turbine Blade Alloys

U-700 0.07 15 55 0.1 17 50 -- 4,0 3.5 <0.1 <0.1 <0.04 Zr, 0.15 B
IN-738 0.1 16 64 0.2 85 1.8 2,6 3.5 3.5 0.01 0.05 2,5 Nb, Ta
FSX-414 0.2 29 10.8 1.2 50 - 7 - -- 0.8 1.0 0.008 B
Blade Claddings

IN-671 0.05 48 51 0.4 -- - -- =-- 0,2 0,04 0.3

$-57 0.1 25 10 0.5 Bal., -- - 3 -- -- -- 5 Ta, 0.15 Y

GE-2541 0.1 25 - Bal., - = - & .. -- -- 1Y

-ll-
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specimens at specified intervals, If the temperature of any specimen
deviates from a pre-selected acceptable range, the data logger system

will (1) alarm, (2) print out all specimen temperatures and the time

once, and (3) continue to print the temperatures of the specimens outside
of the control span until the proper specimen test temperature is restored.

GAS TURBINE TEST SECTION

The turbine test section is intended to provide a region with
representative flow velocities to furnish engineering information on the
possible corrosion/erosion deterioration of gas turbine materials exposed
to the exhaust gas from a pressurized fluidized bed coal combustor. A

photograph of the turbine test section components in their proper flow
sequence is presented in Figure 5.

The General Electric test section for gas turbine materials
corrosion/erosion evaluation incorporates both buckets and nozzle test
specimens (Figures 6 and 7). The bucket (impulse profile) specimens-are
arranged in 3 cascades (6 specimens in each cascade) forming 3 right angle
turns in the flow stream, A fourth cascade, which returns the flow to its
original direction, consists of 6 nozzles (reaction profiles) which
accelerate the exit flow to a 1.0 Mach number. The rectangular duct is
5/8 inch deep and 2-5/8 inch wide at the bucket cascade section. All
profile chords are 1.0 inch,

GE supplied bare and clad alloy airfoil specimens. The bare, base
alloy specimens were IN-738, U-700 and FSX-414, The IN-738 were clad with
IN-671, S-57 and GE 2541, and the FSX-414 were clad with GE 2541, One blade
with IN-738 as the base alloy was coated with RT-22 (platinum-aluminide).
The nominal composition of the alloys and claddings is presented in Table 3.

Enclosing the flow duct containing the airfoil specimens is a
pressure she!l which comprises the GE turbine test section. A pressure
reducing section is an integral part of the turbine test section and located
Just upstream of the test passage. This is intended to adjust the turbine
test section pressure so that proper blade velocities will be attained at
miniplant test conditions.

The turbine test section was installed in the discharge line
immediately downstream of the granular bed filter vessel (now housing the
third stage cyclone). A new section of discharge pipe was fabricated and
refractory lined to permit the insertion of the turbine test section.

Turbine test section flow control and combustor pressure control
is accomplished by diverting a fraction of the flue gas through a by-pass
loop around the turbine test section (Figure 3). The by-pass stream is
expanded through a choked nozzle, with makeup air supplying the back pressure
control. A measuring orifice was installed downstream of the turbine test
section, so that turbine mass flow rate can be determined.
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550-722 scfm



3rd Cascade
(Impulse Vanes)

2nd Cascade

(Impulse Vanes)\\\fﬁzz__
0
s
05
&O N
|(‘

O SIS P —————————D SO  S——y

1st Cascade
(Impulse Vanes)

4th Cascade
(Reaction Vanes)

FIGURE 7 SCHEMATIC OF CASCADES IN TURBINE TEST SECTION

-Sl-



- 16 -

The study of turbine blade hot corrosion is deeply concerned with
the possible attack of alkali salts on the blade materials. Since a com-
mercial system would be designed to operate at high temperatures, the mini-
plant system was modified to attempt to maintain the flue gas at a tempera-
ture of at least 1550° at the turbine test section inlet. To satisfy
these temperature conditions it was found necessary and practicable to
combust some methane in the discharge piping. This compensates for the
thermal losses in the pipe lines and the third cyclone vessel and assures
that temperatures upstream of the turbine test section remain above 1550°F
(see section on Methane Injection).

HOT GAS CLEANUP

Estimates of the allowable particulate concentration in the flue
gas entering the turbine range from 0.04 to 0.00] g/Nm3 (0.02 to 0,0004
grains/SCF). To meet these estimated requirements, the flue gas leaving a
pressurized combustor must first be precleaned in two stages of cyclones
and then sent to a third stage high efficiency device for final cleaning.
The efficiency of the third stage device must be in the range of 95 to
99.7% to be within the currently estimated particulate loading target
range,

Initially, particulate removal was to be achieved by using two
stages of conventional cyclones followed by a granular bed filter of a
design developed by the Ducon Company. This granular bed was to have been
tested at Exxon Research and Engineering Company under sponsorship to the
U.S. Environmental Protection Agency (Contract 68-02-1312), However, during
this test program of the granular bed filter a number of major operating
di fficulties were encountered which led to the abandonment of the device as
a third stage cleanup device. These problems included (1) the formation
of a hard filter cake particulate retaining screens of the granular bed
filter reducing gas throughput rates; (2) the excessive loss of filter
bed materfal after retaining screens had been removed and freeboard
increased; (3) a retention of a significant amount of particulate in the
filter bed which, then, uniformly distributed through the filter bed
causfng a decrease in collection efficiency with time; (4) an inability
to achieve outlet concentrations less than 0.05 gr/SCF for a significant
period and (5) high vulnerability to process upsets causing shutdown of the
system, A detailed description of the granular bed filter test program is
given elsewhere (3).

Because correction of the operating problems of the granular bed
filter were beyond the scope of the EPA program, a third stage cyclone
replaced the granular bed filter in order to provide the final particulate
cleanup. Throughout some 2000 hours of testing under various conditions
the third cyclone has averaged an efficiency of 90% + 3%, This conventional
cyclone was used in conjunction with .the first two stages of cyclones to
provide particulate cleanup of the PFBC flue gas for these hot gas corrosion
turbine tests. The dimensions of the cyclone are shown in Figure 8,

Normal operating conditions for the cyclone are listed in Table 4.
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Figure 8
Miniplant Third Cyclone Dimensions
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Table 4

Normal 3rd Cyclone
Operating Conditions

Pressure 900 kPa
Temperature 870°C
Inlet Velocity 50 m/sec
Inlet Loading 1.1 g/Nm3
Inlet Average

Particle Size 3-4 um

METHANE INJECTION

In order to simulate gas turbine operation, care must be taken to
prevent the gas temperature from dropping below 843°C (1550°F). Below this
temperature gas phase alkali will condense on duct walls or particulate
matter. This would unrealistically reduce the gas phase alkali concentration
to which the turbine blades are exposed. For this purpose a total of five
(5) natural gas injection nozzles were installed in the flue gas line. Four
(4) of the ports are located between the second and third cyclone and the
fifth between the third cyclone (in the GBF vessel) and the turbine test
section (Figure 9). The five ports are staggered to maintain gas tempera-
tures between 1560°F and 1650°F (850°C and 900°C), The total amount of
natural gas (typically 60 to 90 Ndm3/min) is controlled to maintain a set
third cyclone inlet temperature. The flow distribution between the five
nozzles is manually controlled. The injection nozzle consists of a closed
end 3/8 inch alonized tube projecting to the duct centerline with a 0.10 cm
diameter hole facing downstream. The probes are purged with nitrogen when
not in use.

Temperature measurements have revealed that the methane gas does
not begin to burn until it is several inches downstream of the injection
point. Combustion then occurs uniformly over the next 5 feet before it is
complete as indicated by a temperature decl-ne.

The only effect of natural gas injection that has been measured
besides a 0,5 to 1% reducticn in flue gas oxygen is a drastic reduction in
CO. During run 81, CO emissions fell from 525 ppm 1-1/2 hours after coal
injection was begun to 30 ppm after methane injection into the flue gas
lines was started. Reduction in CO emissions was also observed in runs 79
and 80 with methane injection. CO emissions observed in the past for mini-
plant runs without methane injection were in the range of 100 to 200 ppm.
For the runs with methane injection, the residence time of the flue gas in
~we niging at the temperaciure range of 15CC to 17330°F (816 to 943°C) was
about ?wice as long as for runs withcut methane injecticn. Thus, methane
injection could provide increased opportunity for burnout of CO.
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PARTICULATE SAMPLING AND MEASUREMENT

Particulate Sampling

Since the start of the 1000 hour exposure test program, two
particulate sampling systems have been used to measure flue gas particulate
loadings into the turbine test section. The oldest system, also used
during the shakedown run, is located downstream of the turbine test section.
This is near the point where the gas is sampled for flue gas composition.
The other measurement system is only several feet upstream of the turbine
test section. This system was initially designed to be used with a Southern
Research Institute 5-cyclone train or a University of Washington 7-stage
impactor for high temperature and high pressure particulate sampling.

The particulate sampling system located downstream of the turbine
test section consists of a 1/2 inch (0.035 in wall) 316 stainless steel tube
facing into the flow., A high temperature valve provides shut off for the
changing of the Balston total filter during a run. After the Balston filter
there are various coolers and a water knockout followed by a manual flow
control globe valve. After the expansion valve, the flow may either be
sent to a wet test meter for direct measurement, or the flow rate may be
measured through a rotameter and the total flow obtained by integration
over the sampling time. This system is shown schematically in Figure 10,
Note both the probe and the filter are purged when not in use.

The other system upstream of the turbine test section is referred
to as the cyclone and impactor particulate sampling system (CIPSS). The
CIPSS was initially intended to accommodate any sampling device. A
Southern Research Institute 5-cyclone sampling train and a University of
Washington 7-stage impactor have been used in this system to sample the
flue gas for particulate. The use of both the SRI cyclone and the UoW
impactor is still experimental, so none of the results obtained are
reported here. With a minor piping change the pressure vessel used
to house the other sampling systems was by-passed and a 7 inch Balston
total filter was installed in its place. This filter made use of the
remainder of the sampling train (cooler, knockout, flow control valve, etc.)
as shown in Figure 11, The section of the CIPSS before the sampling device
is similar to the other sampling system with two exceptions. First the
?robe is 3/8 inch (0.035 in wall) 316 stainless steel tubing. Second the

ine is fairly long and thereby necessitates electrical heating to prevent
condensation.

The locations of these particulate sampling systems are shown in
Figure 3. During the corrosion test program both the Balston filter and
the CIPSS particulate sampling systems were used. The CIPSS system was
used with one Balston total filter. Once the validity of the modified CIPSS
system results were confirmed by comparing them to a Balston filter sampling
system results taken concurrently, the CIPSS system was used preferentially.
This was done primarily because the sample flow of the high pressure gas
upstream of the turbine test section was easier to regulate than that of the
lower pressure gas downstream,
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Figure 11

CYCLONE AND IMPACTOR PARTICULATE SAMPLING SYSTEM
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Particulate Size Measurement

Particle size measurements for all of the 1000 hour exposure
tests were done with a combination sonic sifter/Coulter Counter technique.
Samples with significant concentrations of particles larger than 40 um
were first screened through a sonic sifter. The -325 US Mesh (44 um)
fraction from the sifter was analyzed with the Coulter Counter Model TA II
with a 100 {im aperture. Material sized in this manner includes all second
cyclone dump material, and some third cyclone dump material. Finer material,
without significant material larger than 40 um, is analyzed only with the
Coulter Counter.

Balston filter particulates are carefully removed from the filter
cake. Care must be taken to avoid mechanically brushing the filter cartridge
material to prevent contamination. The particulate is redispersed in Isoton
II with a dispersant in a sonic bath. This mixture is further diluted and
analyzed with a 30 um aperture probe on the Coulter Counter. If there is a
reasonable amount of material larger than 12 um, the sample is also qna]yzed
with a 100 um probe. The two size distributions are then combined w1th the
dual aperture sizing technique developed by Coulter Counter Electronics, Inc.

Particle size distributions obtained with the above procedures
for run 78 second and third cyclone dump material have been compared to dis-
tributions obtained with other size measurement equipment. Samples of the
material were sent to General Electric who obtained size distributions with
their Bahco particle size analyzer. The Bahco measures the aerodynamic
equivalent diameter, whereas the Coulter Counter measures volumetric equi-
valent diameter., The size distributions for the second and third stage
cyclone dump material are shown in Figures 12 and 13.

Continuous Particulate Monitor

A continuous, on-line particulate monitoring system was evaluated
during run 80. The monitoring system (manufactured by IKOR, Inc., Gloucester,
Massachusetts) makes use of the surface charge that particulates acquire
during their flow through the combustion unit. The unit showed unexpected
sensitivity to gas temperatures which made comparison of the signal
amplitude with gravimetric sampling difficult. This indicated that while
a gross change in particulate loading could be identified, the IKOR probe,
in its present condition, could not be employed as a reliable device for
controlling or monitoring particulate loading for the PFBC technology.

The IKOR system consists of two components. One of the components
is a control and recording system; the other is a 1/4 inch diameter type 316
stainless steel rod which acts as the probe. The probe is inserted normal
to the gas flow and acts as a site for particulate impaction. Each particle
impacting on this probe transfers its accumulated charge to the probe. This
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charge transfer effect generates an integrated output signal that is pro-
portional to particulate mass flow in the gas stream. The magnitude of the
integrated signal is correlated with a particulate loading measurement taken
during the same time period. A strip chart is used to record and display the
output.

The stainless steel probe, which was located in the off gas line
about seven feet downstream of the GE turbine test section, survived the 215
hour test without noticeable damage. The gas temperature at the probe
location was in the range of 1500-1525°F.

ALKALI PROBE TRAIN

An alkali probe train was designed and constructed by Exxon
Research to enable acquisition of a hot pressurized flue gas sample before
entering the turbine test section. The probe was designed to measure vapor
phase Na and K concentrations of the flue gas at 1550°F and 9 atm pressure.
Figure 14 is a schematic of the alkali probe train. The temperatures shown
ared§h$se for test 4 of run 78, these are representative of normal operating
conditions.

The hot pressurized flue gas enters the probe at system tempera-
ture and pressure and is prefiltered through three layers of astroquartz.
Na and K vapors in the flue gas are then condensed on the walls of an air
cooled quartz tube, which lowers the flue gas temperature from approximately
1550°F to 400°F. Alkali metals which condense on particulates in the flue
gas are collected in a Balston filter after exiting the quartz tube. Flow
1s manually controlled by a needle valve and measured by a wet test meter.
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IV. PRELIMINARY AND SHAKEDOWN TESTS

PREPARATION RUNS

A preliminary hot test was undertaken to test the temperature
control for the Westinghouse Research specimen probes. The initial
twenty-one (21) heat exchanger specimen probes supplied by Westinghouse
Research were installed - twelve (12) in the bed region and 9 in the
freeboard region (Figure 1), (Table 2 1ists the 21 probe material
specimens, their combustor location and intended operating temperature.)
The turbine test section was not installed during these preliminary tests.

The test indicated that high pressure air was necessary to
effectively cool all 21 probes. Control of the high temperature bed probes
and all of the freeboard probes appeared feasible using air pressure at
10 psig but cooling the in-bed probes at the lower temperatures, namely
1050°F and 1200°F, required an alternate source of high pressure air (150
psfg) since the large volume of air necessary for cooling at these lower
temperatures resulted in high pressure drops across the control valves and
test probe. By-pass loops around the control valves were not necessary
when this high air pressure air (150 psig) was used. Stable control was
maintained by throttling the cooling air upstream of the control valve.

The above-bed probes were cooled by air from a blower operating at 10 psig.
Tests had shown that temperature control at 1400°F and 1200°F was excellent
in the freeboard region, When the probes were at 1600°F, smaller trims

were installed in the control valves in order to achieve steady control at
this temperature,

Natural gas, 1.e., methane, injection into the flue gas line:
between the second stage cyclone and the granular bed filter was investigated
as a means of maintaining the flue gas temperature above 1550°F before
entering the turbine test section. Natural gas was injected 7.5 feet
downstream of the second stage cyclone and the effect on the line temperature
profile was observed, As seen in Figure 15, most of the natural gas appears
to have burned within 5 feet of the injection point. Injection of 2.8 SCFM
of natural gas into 620 SCFM of flue gas raised the line temperature from
1380°F to 1525°F 50 feet downstream of the injection point., The presence
of "hot spots" near the injection nozzle caused by the instantaneous com-
bustion of the natural gas was also investigated. Figure 16 shows that the
gas does not begin to burn until it is several inches downstream of the
injection point. Combustion then occurs uniformly over the next 5 feet
before it is complete, as indicated by a temperature decline. As a result
of these tests, a total of five (5) equally spaced injection nozzles were
installed in the flue gas line between the second stage cyclone and the
turbine test section (Figure 9). This enabled the flue gas to be maintained
above 1550°F throughout the entire run of pipe without the occurrence of
large temperature spikes.
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SHAKEDOWN TEST #1

Preparation for the 100 hour shakedown run included installation
of the following major items: 21 heat exchanger specimen probes in the
combustor, the turbine test section and associated discharge 1ine modifica-
tions, a new pressure control system employing a by-pass loop around the
turbine test section, and new combustor heat exchanger coils located above
and below the in-bed heat exchanger specimen probes,

The turbine test section supplied by General Electric was instal-
led in the discharge line immediately downstream of the granular bed filter
(Figure 3). A new section of discharge pipe was fabricated and refractory
lined to permit the insertion of the turbine test section. During a run
both turbine mass flow and inlet temperature are scanned once a minute and
recorded on magnetic tape. Particulate and analytical sampling trains were
also located downstream of the turbine section at 200 kPa pressure.

Three (3) sets of granular bed filters, each containing 3 beds,
were installed in the filter vessel downstream of a high efficiency cyclone
(see Table 4 for dimensions). Improved blow back seals were adapated to
each element, and methane addition and flow control capability was provided
for each element. An oxygen sensor was interlocked with the methane addi-
tion system to alarm and shut off the methane injection if the oxygen level
in the flue gas went below 1 percent. The cyclone, piping, and filter
shrouds within the GBF vessel were wrapped with high temperature blanket
insulation.

Preparations for the intended 100 hour shakedown run were com-
pleted on November 23, 1977 and test operations started on November 28th
with the heat up of the granular bed filter vessel. The shakedown test
(Miniplant Run 66) had to be terminated after 17 hours of operation due
to excessive pressure drop across the granular bed filter. At one point,
the filter pressure drop climbed as high as 207 kPa (30 psi). The blow
back flow (cleaning cycle) was then increased in an attempt to lower the
AP. A significant amount of filter media was lost because of the higher
blow back velocity. However, the filter AP was lowered to approximately
7 kPa (10 psi) and remained constant until a fire in the coal feed injector
vessel, caused by the pressure upsets during the high flow blow backs of
the filter, forced the termination of the run.

Inspection of the filter elements after the run showed substantial
plugging of the bottom support screen, the inlet retaining screens were
relatively clean, This plugging caused the high pressure drop across the
filter.

During the last 2 hours of the run the particulate concentration
was measured at 0.06 gr/SCF, A summary of the operating conditions and
emissions during the run is given in Table 5.



Miniplant Operating Conditions and Emissions

Table 5

Shakedown Runs

Nominal Operating Conditions Run 66 Run 67.1 Run 67.2 Run 67.3 Run 67.4
Date 1977 11/29 12/12-12/13 12/13-12/14 12/15 12/15-12/16
Run Length (hrs) 17 28 25 10 37
Pressure (kPa) 930 930 930 930 930
Temperature (°C) 918 915 915 915-875 875
Superficial Velocity (m/sec) 1.6 1.7 1.7 1.6 1.6
Expanded Bed Height (m) 3.2 3.3 3.4 3.2 3.0
Excess Air Z (Air/Fuel Ratio) 10 19 14 14 31
Coal Feed Rate (kg/hr) 130 118 130 125 115
Nominal Ca/S Molar Feed Ratio 1.25 1.25 1.25 1.25 1.25
Flue Gas Emissions
so, (ppm) 370 675 625 612 650
NO_ (ppm) 20 100 65 65 105
co (ppm) 205 300 160 312 200
CO2 (%) 12 14 15 12 12
02 ) 1.9 3.0 2,5 2.5 ~5
Note: Run 67.1 -~ From startup to shutdown when larger pressure control nozzle was installed

Run 67.2 - Steady state combustor operation at 915°C

Run 67.3 - Transition period when combustor temperature was lowered from 915°C to 875°C

Run 67.4 - Steady state combustor operation at 875°C maintained till shutdown

-Zs-
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Eighteen of the 21 heat exchanger probes exhibited excellent
temperature control throughout the run, However, control of the three
in-bed probes intended for 1400°F conditions was somewhat erratic due to
insufficient pressure of the air supply blower.

Temperature measurements of the probes controlled at the various
temperatures showed the following gradients throughout the length of the
probe, i.e., from "inner" to "outer" specimen.

In-Bed = 25°
1600°F  phove Bed = 45°-60°
o In-Bed = 200°
1400°F Above Bed = 40°-65°
o In-Bed = 40°-140°
1200°F  pbove Bed = 225°-315°

1050°F  In-Bed = 225°

Steady state was never established at the turbine test section
inlet during this run, and the test was terminated before inlet temperature
and pressure reached design specifications. Maximum inlet temperature was
Just under 1300°F (700°C) and maximum pressure just under 8,6 atm, Mass
flow rate through the turbine test section started at 0.82 #/sec (650 SCFM),
but continually decreased to 0.68 #/sec (540 SCFM) by the end of the run,

Examination of-the turbine pressure reducing station following
the run indicated that the orifice plate was partly plugged with small
pieces of refractory which had broken off from the spool piece connecting
the turbine test section. The obstruction of the flow area accounted for
the declining flow rate through the turbine test section.

100 HOUR SHAKEDOWN TEST

Preparations for a second attempt at accomplishing the 100 hour
shakedown test were completed in early December, The 100 hour shakedown
test (Miniplant Run No. 67) commenced on December 12 and concluded at
11 P.M. on December 16, 1977,

I11inois No. 6 coal and Pfizer 1337 dolomite were fed to the
combustor at a nominal calcium to sulfur molar ratio of 1.25. An analysis
of the coal combusted is presented in Table 6.

The test was made using the third stage cyclone located in the
GBF pressure vessel as the tertiary cleanup device. Because of the
difficulties encountered in the previous test, the granular bed filters
were eliminated, Methane was injected at 5 locations in the flue gas
1ine between the second stage cyclone and the turbine test section. This
enabled the flue gas to be maintained above 1550°F at the entrance to the
turbine test section.



Table 6

Coal and Sorbent Analyses

(Used in Shakedown Runs #66 and 67; Nov-Dec, 1977)

Illinois No. 6 Analysis

Sample No. = 1 2 3 Avg.

Basis - As Rec'd Dry As Rec'd Dry As Rec'd Dry As Rec'd Dry
Moisture (%) 2.00 - 2.00 - 2.05 - 2,02 -
Ash (%) 10.56 10.78 10.06 10.27 8.94 9.13 9.85 10.06
Sulfur (%) 4.14 4.22 4.12 4.20 3.95 4.03 4.06 4.15
Heating Value (BTU/#) 12,353 12,605 12,425 12,679 12,580 12,843 12,453 12,709

Pfizer 1337 Dolomite Calcined Analysis
Ca0 MgO c1 Na K Fe, 04 510 Al,04 S
Weight Percent 56.6 42.69 0.25 1800 ppm 190 ppm 1.75 0.86 2.58 0.63

-vs-
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The combustor was operated at an average temperature of 1700°F
for the first three days, but had to be lowered the last two days to main-
tain 9 atm pressure. Operations had to be interrupted for several hours
because of a plugging problem in the turbine pressure reducing station.
During the shut down, a larger pressure control nozzle was installed to
allow for increased by-pass flow around the turbine test section without
an increase in the combustor pressure.

A summary of the operating conditions and gaseous emissions
during this test is given in Table 5. The run can be broken down into
four parts with respect to operating conditions and turbine flow rates.
The first 28 hours of the run (run 67.1) represents the time from initial
heat up of the unit to the first shutdown when a larger pressure control
nozzle was installed, During the next 25 hours (run 67.2) steady state
combustor operations were maintained. Flow through the turbine continued
to decline during this part of the run as seen in Figure 17, This was the
result of plugging of the pressure reducing station. The temperature at
the turbine test section had to be lowered during the run to maintain a 9
atm combustor pressure. This was accomplished by ceasing methane injection
into the off gas piping, and later lowering the combustor operating tem-
perature. During this transition period of approximately 10 hours (run 67.3)
the combustor temperature was lowered from 1680°F to 1607°F. Flue gas
temperatures show this effect, increasing initially with unit heat up
and then decreasing to a constant level after 70 hours (Figure 18). Steady
stat§ operations were maintained for the remainder of the 100 hours (run
67.4).

Turbine Test Section

The gas flow rate through the turbine section was lower than
General Electric specifications during most of the run. Figure 17 shows
the turbine gas flow rate dropping off during the first 50 hours of the run.
The flow rate was fairly stable at 300 SCFM for the remainder of the run.
Inspection of the turbine pressure reducing station following the run
revealed that the inlet orifice plate was partly plugged with small pieces
of refractory which had broken off from the spool piece connecting the
turbine test section. Flyash adhered to the refractory pieces caught in
the inlet orifice plate and eventually obstructed approximately 75% of the
flow area. About 35 gm of flyash and 15 gm of stone were removed from the
pressure reducing section after the run., Significant amounts of flyash
were also found on some internal surfaces of the turbine test section.
Approximately 150 gram of flyash was found adhered to the downstream face
of the flow distributor plate. The upstream face of the plate was very
clean (Figure 19). Another 130 gm of the flyash was found impinged on the
conical portion of the cascade section, The particle size analysis for
these samples are presented in Table 7. The turbine blade specimens used
for the shakedown phase were removed, photographed and returned to GE
for metallurigcal analysis.

During the shakedown test there were several intervals where the
particulate loading increased. Upon microscopic examination after the test
some of the airfoil leading edges displayed a knife edge erosion configuration,
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Figure 19

Turbine Test Section Flow Distributor



Sample

TTS Pressure
Reduction Section

TTS Rear of
Flow Distributor

TTS Cascade Housing

Balston Filter #1
(61 Hours Into Run)

Cyclone {3
Dump #33

Table 7
Particulate Size Distribution

Shakedown Run

44 10 8 6 4 2
Percent Finer Than
85 75 67 56 36 14 5
93 74 62 44 20 5 1
89 69 59 46 27 7 2
- 90 86 80 73 62 29
98 76 67 55 37 13

Microns

—68-
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Views of the leading and trailing edges of the 4 turbine cascades after
100 hours of exposure appear in Appendix A, Figures A-1 to A-4. The
deposition on the trailing edge can be clearly seen. Deposition was much
heavier than after the first 17 hour shakedown tests,

Particulate Sampling

The flue gas particulate loading was measured throughout the run
using 3 methods. As in prior runs, most of the samples were taken from an
isokinetic slip stream using two Balston filters operating above the gas
dew point. Three EPA Method V samples were taken from the cooled flue gas
Jjust upstream of the scrubber. Another sample was obtained using a set of
5 cyclones supplied by Southern Research Institute. A1l three methods
consistently agreed with particulate concentrations ranging from 0,03 to
0.08 gr/SCF (Table 8). A similarly low particulate loading of 0.056 gr/SCF
was measured using the Balston filters in run 66. Particle size analysis
for the Balston filters collection of run 67 is presented in Table 7,

Chemical analysis of the flyash collected during the 100 hour
shakedown run is listed in Table 9 according to collection point and run
segment,

Table 8

Flue Gas Particulate Loading
Shakedown Run

Sampling Sampling
Run # Start Time Duration Sampling Method Result
(Hours Into Run) (hrs) (grains/SCF)  (g/m3)
67.1 6 2 Balston Filters 0.057 0.13
17 2 EPA Method V 0,07 0.16
17 2 Balston Filters 0.053 0.12
67.2 30 2 Balston Filters 0.081 0.18
a1 2 Balston Filters 0.058 0.13
43 2 EPA Method V 0.05 0.1
67.3 53 2 Balston Filters - (1) --
61 2 Balston Filters 0.066 0.15
67.4 72 13 Southern Research Cyclones 0.030 (2) 0.07
87 3 EPA Method V 0.04 0.08

(1) Flue gas sample flow rate cannot be determined.
(2) Flue gas sample flow rate was lower than specified by the cyclone manufacturer.
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Table 9

Run 67 - Fly Ash Chemical Analyses

Ca S S04 €03 C Mg
Run 67.1 (Dumps)
2nd Cyclone (5-9) 7.3 5.39 14.01 0.45 4.69 3.1
2nd Cyclone (10-14) 7.1 5.03 16.4 0.51 4.2 3.4
3rd Cyclone (5-9) 6.7 6.05 19.85 0.03 1.26 3.9
3rd Cyclone (10-14) 6.8 6.90 20.61 0.01 1.23 4.1
Run 67.2
2nd Cyclone (18-22) 8.4 5.26 16.37 0.84 3.43 4.3
2nd Cyclone (23-27) 8.4 5.44 17 .68 0.49 3.66 4.2
3rd Cyclone (18-22) 6.9 8.02 23.29 0.13 2.26 3.5
3rd Cyclone (23-27) 6.8 6.19 18.64 0.08 1.16 3.4
Run 67.3
2nd Cyclone (28-32) 7.3 4.99 15.34 0.51 4.01 3.6
3rd Cyclone (28-32) 6.1 8.02 21.53 0.21 0.40 3.6
Run 67.4
2nd Cyclone (42-46) 4.3 5.17 15.66 0.49 4,78 2.1
2nd Cyclone (47-51) 6.9 5.78 16.19 0.48 4.53 3.4
3rd Cyclone (41-45) 6.7 9.3 28.78 0.09 1.06 5.0
3rd Cyclone (46-50) 6.9 8.78 28.29 0.04 1.15 4.9

The particle size distribution of particulates captured by the
third stage cyclone during the 100-hour shakedown run (run 67) is shown in
Figure 20. The solid line represents the mean size distribution of 8
cyclone lock hopper dumps. The dashed line represents the standard devia-
tion. The mean particle size distribution is consistent with calculated
values for a conventional cyclone with those dimensions. The standard
deviation is approximately + 10%, and probably represents the limit of
accuracy of the current particle size analysis technique; this consists of
a wet sieving with a 325 US mesh (44 um) screen, The minus 325 mesh is
then used for Coulter Counter analysis.

Heat Exchanger Probes

A11 21 heat exchanger probes exhibited excellent temperature
control throughout the run. However, the above bed 1600°F probes were
somewhat cooler than desired in the later part of the run because the
combustor environment was at a slightly lower temperature than the control

point.
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Temperature data for the twenty-one (21) heat exchanger probes
exposed during the 100 hour shakedown run are presented in Appendix
Table A-1, Temperatures at two locations in each probe were recorded
every 10 minutes for the first 25 hours; the time interval was increased
to every 20 minutes for the remainder of the 100 hour run, In these
tables the recorded temperatures have been averaged for five (5) hour
segments of the run. Also listed are the standard deviations for that
time period as well as the maximum and minimum temperatures experienced
by the specimen material during those five (5) hours.

This collated temperature data of the heat exchanger probes
generally reveals excellent temperature control of the individual specimens.
Based on this data at steady combustor conditions 40% of the individual
specimens would not experience a temperature span greater than 20°F; 70%
not greater than a 30°F span, and 100% not greater than a 60°F span. During
steady state periods more than 75 percent of the specimens were maintained
within a 20°F temperature range.

Appendix figures A-5 through A-11 are typical time-temperature
histories of the different specimen probes controlled at the four (4)
specified temperatures. The figures are as follows:

Figure 5 Probe 1 1600°F In Bed
Figure 6 Probe 13 1600°F Above Bed
Figure 7 Probe 6 1400°F In Bed
Figure 8 Probe 14 1400°F Above Bed
Figure 9 Probe 11 1200°F In Bed

Figure 10 Probe 20 1200°F Above Bed
Figure 11 Probe 8 1050°F In Bed

As seen in these figures, temperature gradients throughout the length of the
probe, i.e., from "inner" to "outer" specimen, exist even after extended
exposure times. ("Inner" refers to the tube specimen nearest the center of
the combustor.) The mean temperature of two specimens on a probe character-
istically differed by the an average of 20° to 180°F. In this run tempera-
ture control of the probe was maintained so as to prevent either of the two
specimens from exceeding the designated temperature.

The heat exchanger probes have been photographed in groups of
three (3) according to their operating temperatures and location in the
combustor. These photographs are presented in the appendix, Figures A-12
through A-18,
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V. PFBC EXPOSURE TEST RESULTS

TEST SUMMARY

The 1000 hour exposure test was completed in several segments
between June 1978 and June 1979. The longest continuous run was 250 hours.
Other runs were between 217 and 100 hours in duration. A chronological
summary of the PFBC hot corrosion/erosion testing is presented in Table 10.
During the 5 runs that comprise the 1000 hour test run conditions were
acceptably steady. Many flue gas, particulate, coal and sorbent samples
were taken. Most of these samples were analyzed and are included in the
run summaries in Table 11.

Run 78 was the first run of the 1000 hour exposure test. This
run marked the longest continuous operation of the miniplant - 250 hours.
The combustor was operated at an average temperature of 1700°F throughout
the 11 day period, and at a constant 9 atm pressure. Operations had to be
interrupted several times due to coal feeding problems caused by line erosion.
The total lost time after the unit was lined out was 6 hours. Run conditions
were well controlled during the test with mass flow and temperature in the
gas turbine test section reasonably steady. The turbine test section flow
rate averaged 720 SCFM. Natural gas injection at 5 locations in the flue
gas line between the second stage cyclone and the turbine test section
maintained the flue gas above 1580°F before entering the test section. Flue
gas temperature profiles at three times in the run are shown in Figure 21,
Examination of the flue gas piping following the run revealed a large
accumulation of flyash around thermocouple No. 5, resulting in an erroneous
gas temperature reading. The thermocouple had become so inbedded in the
deposits that it became isolated from the gas stream and was indicating a
Tow temperature. Historical data indicated that the temperature drop across
the 2nd cyclone is approximately 25°F. This temperature drop was used to
correct the temperature profile. The corrected profile is shown in Figure
21. Correcting for this temperature measurement error, it would take
approximately 40 hours before all points in the system were at a minimum
of 1550°F, A graph of the combustor temperature at various times during the
run is shown in Figure 22. The large temperature drop near the top of the
combustor noticed during shakedown was eliminated with the removal of mini-
plant cooling coil 3B.

Run 78 was broken down into 10 parts to facilitate the data handling
process. I1linois No. 6 coal and Pfizer No. 1337 dolomite were used in this
run at a nominal calcium to sulfur molar feed ratio of 1.45. The S02 reten-
tion levels in the run averaged about 90%. This exceeds slightly the latest
new source performance standard of 85% SO2 removal specified by the EPA.
During run 78, SO> emissions fluctuated more than expected. The variations
in gas residence time and problems with the flue gas sampling system were
responsible for most of the variations observed.



Hot Corrosion/Erosion Testing Summary

Table 10

PFBC Miniplant

Run Length Cumulative Run
Test Dates Run No. (Hours) Time (Hours) Remarks

November 29, 1977 66 17 17 Shakedown - 1st Attempt
December 12-16, 1977 67 100 117 Shakedown Completed
June 19-30, 1978 78 250 250 Specimens Removed & Inspected
July 31 - August 5 79 100 350 |
September 13-22 80 215 565 Specimens Removed & Inspected
October 9-16 81 170 735 Specimens Removed & Inspected

No deposits on turbine blades
May 29 - 106 265 1000 Five hour interval of high

June 10, 1979

particulate loading (plugged
cyclone)

Exposure testing completed.
A1l specimens removed for
metallurgical analysis.

-gv-



Nominal Operating Conditions
Date (1978)

Run Length (hrs)

Pressure (psig)

Temperature (°F)

Superficial Velocity (ft/sec)
Expanded Bed Height (ft)
Excess Air %

Coal Feed Rate (1b/hr)
Nominal Ca/S Molar Feed Ratio

Flue Gas Emissions

0, (ppm)

NO, (ppm)

co (ppm)*

co, (%)

0, (%)

S04 (ppm by wet chemistry)

Table 11

Miniplant Operating Conditions and Emissions

Run 78.1
6/19-6/20

25

120

1640

5.9

12.4

34

224

1.25

286
45
679
12.5
5.5
0.6

78,2
6/21
25
120
1660
6.0
11.6
25
266
1.45

231
38
679
14,0
4.2

78.3
6/22
25
120
1670
6.0
9.4
23
261
1.45

169:
4
613
13.7
4.0
9.9

78.4
6/23
25
120
1680
6.0
11.2
21
270
1.45

157
42
655
14.3
3.7

78.5
6/24
25
120
1690
6.1
10.2
15
245
1.45

460
37
644
14,3
2.8

78.6
6/25
25
120
1710
6.1
10.9
25
290
1.45

270
32
667
15.3
4.3

* (0 analyzer appeared to be malfunctioning, reported levels may be high.

78.7
6/26
25
120
1720
5.8
10.7
15
292
1.45

113
28
590
14.0
3.2
12.8

78.8
6/27
25
120
1720
6.2
9.4
15
288
1.45

363
41
724
15.6
3.2

78.9
6/28
25
120
1720
5.8
9.5
15
288
1.45

260
36
596
16.0
2.8

78.10
6/29-6/30

25

120

1720

5.9

12.4

34

288

1.45

286
15
679
12.5
5.5
0.4

-9?—



Table 11 (Cont'd)

Miniplant Operating Conditions and Emissions

Nominal Operating Conditions Run 79 i 80,1 80.2 i 81 E 106.1 106.2 106.3
Date 7/31-8/4/78 19/13-16/78 9/16-22/78 110/9-16/78 15/29/719 5/31  6/2-10/79
Run Length (hrs) 100 1§ 100 ns i 170 i 43 5 217
Pressure (psig) 120 & 119 ng i M9 1 116 116 nz
Temperature (°F) 17171 1704 1670 1 1710 i -- - -
Superficial velocity (ft/sec) 6.2 i 5.8 5.8 1 5.9 i 5.61 5,31 5,38
Expanded Bed Height (ft) 100 1 127 7.0 i NA. i 7.90 10.66 10,00
Excess Air % 24 | 27 18 1 2530 i 15,6 5.8 9.0
Coal Feed Rate (1b/hr) 290 g 359 370 g 250 5 306 318 316
Nominal Ca/S Molar Feed Ratfo 145 & 1.4 141 1 145 11.45-1,20 1,20 1.25
Flue Gas Emissions ; g ;

S0, (ppm) 293 i 217 162§ 250-325 i 21.4 37.8 91.4
NO, (ppm) 56 78 121§ 40-130 | 47.5 42.4 64.1
CO (ppm)* - i .- - - 1 33 507 540
Co, (%) 146 1 13.0 124 i 13 i 14.8 16.4 13.4
0, (%) 4.2 | 5.0 3.5 1 4.5-5.0 § 4.1 2.1 3.1
S0, (ppm by wet chemistry) E i E

S0; (average ppm) ~6.0 E ~3.0 ~0.0 E ;

N.A. = Data Not Available
* CO analyzer malfunctioned.

-Lv-
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The change in gas residence time resulted from a drift in bed
height during the run. This accounted for many of the perturbations in
S02 emissions. Operating problems with the flue gas sampling system
accounted for the remaining variations, These operating problems were
caused by gas dryer leakage and water condensation in the sampling line.
When these problems occurred, SO» measurements were backed up with wet
chemistry analysis which confirmed the steadier SO0» emission measurements
which were obtained during routine periods.

Several analyses of the coal combusted during run 78 showed an
average moisture content of 13%. This was the first time that coal with
such a high moisture content was fed into the combustor, and surprisingly,
did not present any feeding problems. The coal had been screened to remove
the -50 mesh fines and this undoubtedly helped avoid feeding problems.
Chemical and particle size analyses of the coal and dolomite used in this
and all subsequent runs is presented in Tables 12, 13 and 14,

General Electric and Westinghouse inspected their specimens after
this run. As per the test plan, several turbine blade specimens and several
boiler tube specimens were replaced at the conclusion of this run. All of
the specimens removed appeared to be in good condition. No visible signs
of corrosion or erosion were present.

Run 79 was the second segment of the materials corrosion test
program. It commenced on July 31, 1978 and was terminated after 100 hours
of operation because of a plug in the solids discharge 1ine from the first
(recycle) cyclone. The system was shut down in anticipation of an increased
grain loading resulting from the plug which disabled the first cyclone.
General Electric and Westinghouse did not inspect the specimens following
this run,

Run conditions were well controlled during the test. Mass flow
rate and temperature in the turbine test section were reasonably steady.
Temperature at the turbine test section was maintained at approximately
1600°F throughout the run while the turbine flow rate averaged 685 SCFM.
The combustor was operated at an average temperature of 1715°F throughout
the 5 day period, and at a constant 9 atm pressure. Flue gas temperature
profiles during this miniplant run are shown in Figure 23.

I11inois No. & coal and Pfizer No. 1337 dolomite were used in this
run at a nominal calcium to sulfur molar feed ratio of 1.45; SO retention
levels averaged about 90%. Chemical analysis of the coal and dolomite used
in this run is presented in Table 12.

The third segment of the test program, Miniplant run 80, was
voluntarily terminated after 215 hours of successful operation. This brought
the total exposure time for the gas turbine specimens to 565 hours. Super-
ficial inspection of the turbine blade specimens again showed no signs of
erosion or corrosion. All the heat exchanger probes looked satisfactory
except for one in port no. 6 which showed signs of considerable wastage.



Condition ~»

Basis +
Volatile Matter, %
Fixed Carbon, %
Moisture, %
Ash, %
Total Carbon, %
Hydrogen, %
Sulfur, %
Nitrogen, %
Oxygen, %
Heating Value, BTU/1b.

Coal and Sorbent Analyses

Table 12

I11inois Coal No., 6 Analysis

/8.1
As
Received Dry
39.95 41.25
45,32 46 .80
3.16 --
11,57 11.95
65.58 67.65
5.63 5.81
4.17 4,31
2.4 2.49
7.55 7.79
12,042 12,435

/8.2-7/8,10
As

Received Dry
37.57 43,04
40,74 46.73

12.82 --
8,88 10.19
57 .76 65.16
5.02 5.66
3.52 4,04
2.26 2.55
11.00 12.41
10,988 12,604

As

Received

37.7
41,81
12,5
7.98
60.63
5.48
3.33
1.17
10.11
11,043

Dry
43,10

47.78
9.12
68.21
6.17
3.81
1.32
11.37
12,620

-lS-



Table 12 (Cont'd)

Coal and Sorbent Analyses

I11inois Coal No. 6 Analysis

Condition —B0.1-80.2 B T0%
As As As

Basis - Received Dry Received Dry Received Dry
Volatile Matter, % 38,72 42 .44 36.98 42.46 37.10 41,85
Fixed Carbon, % 39.88 48 .20 42.0 48,22 43 .65 49,25
Moisture, % 12.86 -- 12.9 -- 11.36 --
Ash, % 8.54 9.36 8.12 9.33 7.89 8.90
Total Carbon, % 67.67 58 .97 58,81 67.52 67.39 75,04
Hydrogen, % 5.81 5.06 4.78 5.49 5.10 5.68
Sulfur, % 3.53 3.87 3.37 3.87 3.52 3.97
Nitrogen, % 1.29 1.12 1.09 1.25 1.33 1.48
Oxygen, % 11.99 10.45 10.94 12.56 4.43 4,93

Heating Value, BTU/1b. 11,528 12,631 10,892 12,505 11,969 12,374

-ZS-



- 53 -

Table 13
Coal Particle Size Distribution

U.S. Sieve # 50 40 30 25 20 8
% Finer Than
Run 78.1 0.5 2.7 18.2 27.7 40.5 99,7

Run 106 0.5 2.8 10.1 13,5 20,5 99.7



Run
78.1-78,3
78.4-79

80-81
106

56.60
55.31
61,33
55,78

Table 14

Pfizer 1337 Dolomite Calcined Analysis Run 79

Mgo
42.69

4410
37,96
37.04

U.S. Sieve #

Run 78.4

Weight %
£ N K Fe203  $102
0.25 1800 ppm 190 ppm 1.75 0.86
0.09 325 ppm 439 ppm 0.23 0.82
0.09 1030 ppm <400 ppm 0.27 0.36
0.09 300 ppm 100 ppm 0.23 0.59
Particle Size Distribution
25 20 18 16 12 8
% Finer Than
0.5 0.7 1.5 21,5 38.2 92.2

A1203
2,58

0.32
0.21
0.45

S
0.63
0.17
0.12
0.003

-vg-
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Temperatures at the turbine test section inlet ranged from 1570°F
to 1620°F throughout the run. Flue gas temperature profiles for the mini-
plant are shown in Figure 24. The run had to be interrupted for 2 hours
at the 82 hour mark to replace a leaking lock hopper valve. After the
interruption, the turbine flow rate dropped by 12% from the previous level
of 690 SCFM to 620 SCFM.

Examination of the flue gas piping following the run revealed
a large accumulation of particulates at the entrance to the turbine test
section, apparently caused by the formation of condensate during the shut-
down and subsequent startup.

The fourth segment of the PFBC hot corrosion/erosion testing pro-
gram terminated after 170 hours of successful operation. This run (#81)
brought the total hours of miniplant exposure testing to 735 hours,
exclusive of the shakedown runs. Run conditions were well controlled during
the test with mass flow rate and temperature in the turbine test section
reasonably steady. Temperature at the turbine test section (Figure 25)
was maintained at approximately 1560°F throughout the run while the turbine
flow averaged 700 SCFM. The turbine test inlet temperature was slightly
lower than during prior tests. This is due mainly to the greater heat
loss experienced in the cold weather (October). A longer time period was
required to reach thermal equilibrium, however the gas was at or near 1550°F
for most (60+%) of the run.

The final segment of the exposure tests (run 106) was completed
on June 10, 1979. Run #106 started under operating conditions similar to
those employed in the previous test (run #81). Combustor temperatures
were approximately 1715°F and very uniform and the pressure was 9 atmo-
spheres. What differed was that the elutriation rates and cyclone collec-
tions, both second and third, were unusually high at the start of the run.
That may have been due to the old bed material used at the start of the
run, which was more friable than new material. The particulate loadings a
at the turbine test section were slightly higher than usual 0,03 to 0.08
gr/SCF, compared to the 0.025 to 0.035 values obtained in recent runs.
After 41 hours of operation, the grain loading from the third stage
cyclone increased to approximately 0.46 gr/SCF. Because of this, the run
was terminated after 48 hours and the cyclones and turbine blades were
examined. Based on cyclone lock hopper collections and particulate
measurements, it was concluded that the turbine blade specimens were
exposed to these high particulate concentrations for not longer than 7
hours, and most probably 5 to 6 hours. Inspection of the third stage
cyclone found that it was almost fully blocked - both in the barrel and
in the inlet transition piece - by caked, easily removed, flyash fines.

During the shutdown, the turbine test section was dismantled
and inspected and two blades removed and replaced. The test section was
reassembled., The run resumed and progressed smoothly until a voluntary
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shutdown after a total of 265 hours, Turbine flow remained the same through-
out the run at ~630 SCFM., The temperature of the flue gas at various points
also did not change (Figure 26).

One unusual aspect of this run was the much higher than expected
S0, retention. The Tow SO, emissions (high retention) during the first
segment of the run can be explained in part by the high elutriation rate,
This would increase the gas residence time as well as the sorbent utiliza-
tion, During the initial segment of the run the Ca/S was reduced from 1.45
to 1.25 to increase the SO2 emissions. The feed was not changed during the
shutdown. After the restart, when elutriation rates were normal, S0y emis-
sions were still much lower than expected. The sulfur retention remained
at or above 97% for the entire run. The reason for this is not known.

FLUE GAS EMISSIONS

The flue gas from the Miniplant is continuously analyzed for 0,
NOx, CO, CO, and SO, with standard IR and UV gas analyzers. During long
operations of the M%nip]ant, the analyzers are calibrated at least once per
day. During the 1000 hour exposure tests, the on-line analyzers were also
randomly compared to other analyzers normally used in the bench unit, as
well as with gas chromatography or wet chemistry samples. The results of
these various methods are shown in Table 15,

During the corrosion testing flue gas emissions were continuously
monitored and averaged over periods reported in the prior section. In
general the SO, emission of 260 ppm represented a very high reduction level
comparable to the 90% reduction standard proposed by the EPA, During the
last 265 hours of exposure retention levels were 98% (90 ppm SO, emission).
The reason for this high retention is still unclear. The NOy emission
throughout the 1000 hours was 35-50 ppm. Mostly the flue gas consisted
of 14% CO,, and 5% 0, throughout the series of tests.

Some components of the flue gas are only sampled in a batch wise
manner. These include flue gas alkali as well as particulates, The alkali
measurement train described in an earlier section has been used to take
several samples just upstream of the turbine test section, The breakdown
of where in the train the various amounts of alkali were detected is shown
in Table 16. The test temperatures are shown in Figure 14,

The four good samples for Na, K, and C1 emissions were fairly
consistent. During runs 78, 79 and 80, 1.8 to 3.2 ppmw Na, 0.3 to 0.5 ppmw
K and 47 to 54 ppmw C1 were found in the flue gas. Most of the Na and K
collected in the alkali probe train was found in particulates collected at
Tow temperature (230°C) on the Balston filter, More K did condense on the
front screen during runs 78 and 80 than during run 79, No difference was
observed for the Na vapor. The C1 collected in the train was found only
in the knock out condensate.
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Table 15

Flue Gas Emissions During Run 81

0 02
Teleﬁyne Beckman S02

% ppm
-— 9 50-600+
6.5 -——- 80-400
—— 7.7 240
5.2 -—- 240
——— — 322
-— - 324
5 5 270
5 - 280

Gas Chromatographic Analyses of Flue Gas During Run 78,3

€S,

Date NO C0o
(1978) Time Analysis ppm %
10-09 11:20-12:00 Miniplant 115 10

Bench Unit 120 13
10-09 13:00-13:30 Miniplant --- n
Bench Unit 140 13
10-12 09:20-10:20 Miniplant - --
Wet Chem.(a) --- --
10-12 11:30-12:00 Miniplant 120 13.5
Bench Unit 138 13
S_Analyses of Dry Flue Gas
Date - S0, H2S C0S
{1978) ppm  ppm  ppm_  ppm
06-22 117 1 N.D.

(a) Controlled condensation method for SO3; EPA method 8 for S0z.
Not Detected

N.D. =

- Hydrocarbon. Analyses of

Wet Flue Gas

CHy

CoHg

C3 to Cg

ppm ppm_ —Bppm__

18

14

N.D.

-lg-



Table 16

Na and K Emissions in Flue Gas
Alkali Probe Test - Runs 79 and 80

__Run 78 Run 79.1 Run 79.2 Run 80
Wt. 2 K Wt. 2 Na Wt. 2 K_Wt. Z Na Wt, 2K Wt. % Na Wt., # K Wt, % Na

Alkali Train Location Collected Collected Collected Collected Collected Collected Collected Collected
Front Filter 36.8 6.8 5 1 6 ] 13 1
(Including Particulates)
Quartz Tube 3.2 0.7 14 2 8 2 30 2
Balston Filter Particulates 59.0 88.6 80 96 83 95 52 94
Knock Qut Solution 1.0 3.9 1 1 3 2 5 3
ppmw in Flue Gas 0.54 2.06 0.28 1.84 0.38 3.23 0.32 2.88

-29-
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PARTICULATE LOADING

Particulate loadings were carefully monitored throughout the
1000 hours of testing, Samples were taken with both particulate sampliing
systems described in an earlier section. A listing of all samples as
well as all particle size distributions is in Appendix B, A summary of
the particulate loadings is shown in Figure 27, Another summary of the
size distribution limit (90% vol. finer than) is shown in Figure 28,
Summaries of particulate in 5 principal size ranges at the outlet of the
recycle cyclone and the two cleanup cyclones are shown in Tables 17, 18
and 19, The gas which exits the third cyclone is expanded through the
turbine test section.

Part1cu1ate loadings for run 78 ranged from 0.014 to 0.056 gr/SCF
(32 to 128 mg/m3)., Samples were taken both at high pressure upstream of
the turbine test section and at low pressure downstream of the turbine test
section. The samples from both locations were fairly well in agreement.
The volume mean size of particulates captured by both sampling systems was
2 u,

A routine cleaning and inspection of the third cyclone following
run 78 revealed a thermal stress failure (hole) in the dipleg Jjust before
it exits the granular bed filter vessel. This failure was due to thermal
stresses of expansion and contraction during the intermittent operations
of the miniplant., The dipleg was repaired and a section of flexible tube
was inserted in the system to allow for thermal expansion. The hole in the
dipleg was small, but it may have allowed a very small stream of particulate
rich gas to mix with the clean gas and thereby increased the loadings.

During run 79 only three particulate samples were taken. The
loadings were unusually low, possibly due to the thorough cleaning and
repair that the tertiary cyclone underwent just prior to the run. The
average particle loading was 0.012 gr/SCF. This is the lowest sustained
particulate loading average ever achieved in the miniplant, Near the end
of the run particulate loadings increased. This was due to the plugging of
the primary (recycle) cyclone. The run was terminated a few hours ahead
of schedule to prevent possible damage to the turbine test section.

During run 80 particulate measurements were again taken with
Balston total filters at the 2 sampling locations -- upstream and downstream
of the GE turbine test section. Particulate 1oad1ngs were consistently
between 0.014 and 0.028 gr/SCF (33 and 55 mg/Nm3) throughout the run. The
material captured after the turbine had an average particle size of 0.92 um
whereas that captured before the turbine had an average size of 1.1 um. The
particulates collected during run 80 were generally finer than those col-
lected during prior runs at similar conditions with the I11inois No. 6 coal.
The reason for this discrepancy is not known.
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‘Table 17

First Cyclone Gas Outlet Particulate
Concentration Summary

0-5 um 5-10 um 10-20 um 20-40 > 40 um Total Loading
Run No. g—r/'S_(T_P_Y_ qr/SCF % qr/SCF g_rmlf—_}%—' :qr]S»—CFPT_ gr/SCF
78.4 0.51 10.0 1.08 21.4 1.62 3.9 0.63 12.5 1.22 24,2 5.06
78.7 0.32 4.9 0.90 13.7 1.83 27.8 0.93 14.1 2.60 39.5 6.58
78.10 0.60 10.4 1.25 21.7 1.89 32.6 0.45 7.9 1.59 27.5 5.79
79 0.3 3.9 0.75 9.5 2.08 26.4 1.37 17.4 3.37 42.9 7.87
80.2 0.25 5.7 0.62 13.7 1.24 27.6 0.73 16.3 1.66 36.8 4,50
81 6.49 8.1 0.71 1.7 1.24  20.5 0.34 5.6 3.28 54,1 6.07
106.1 2,06 17.7 2,65 22.8 3.14 27.0 1.64 14.1 2,13 18.3 11.62
10.63 0.53 8.1 1.01 15,5 1.92 29.5 1.08 16.6 1.96 30.15 6.50
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Table 18

Secondary Cyclone Gas Outlet Particulate
Concentration Summary

0-5 pm 5-10 ym 10-20 ym 20-40 um > 40 ym Total Loading

Run No. gr/SCF % gr/SCF % gr/SCF % gr/SCF  _% gqr/SCF gr/SCF
78.4 0.207 52.9 0,148 37,7 0.037 9.4 0.0 0.0 0.0 0.0 0.392
78.7 0.137 53.3 0.1001 39.1 0.020 7.6 0.0 0.0 0.0 0.0 0.258
78.10 0.241 63.0 0.124 32,4 0.017 4.6 0.0 0.0 0.0 0.0 0.382

79 0.170 61.9 0.084 30.7 0.020 7.4 0.0 0.0 0.0 0.0 0.274
80.2 0.125 68.7 0.051 27.9 0.006 3.5 0.0 0.0 0.0 0.0 0.182

81 0.243  69.3  0.074 21.2 0,030 8.6 0.003 0.0 0.0 0.0 0,350
106.1 1.72 49,8 1.1 32,1 0,53 15.4  0.09 2.6 0.0 0.0 3.45
106.3 0.29  46.0 0,22 3.9 0.2 19.0 0.0 0.0 0.0 0.0 0.623

-Lg-



Table 19

Third Cyclone Gas Outlet Particulate
Concentration Summary

-~ 0-5 um 5-10 um 10-20 um 20-40 um > 40 Total Loading
Rin No. G/SCF X GUSCF X WS X oSG X @ X gr/SCF
78.4 0.033 85.4 0.005 12,5 0.001 2.1 0.0 0.0 0.0 0.0 0.039
78.7 0.040 72.3 0.012 20.7 0.004 7.0 0.0 0.0 0.0 0.0 0.056
78.10  0.047 87.0 0.005 9.8 0.002 3.2 0.0 0.0 0.0 0.0 0.054
79 0.010 84.0 0.002 13.5 0.0 2.5 0.0 0.0 0.0 0.0 0.012
80.2 0.026 92.0 0.002 7.3 0.0 0.7 0.0 0.0 0.0 0.0 0.028
81 0,030 95,9 0.001 3.6 0.0 0.5 0.0 0.0 0.0 0.0 0.031
06,1  0.070 8.1 0,009 10.8 0.005 6.0 0.0 0.0 0.0 0.0 0.083
106.3 0,058 92,1  0.004 6.4 0,001 1.6 0.0 0.0 0.0 0.0 0.063

-89-
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During run 81 twelve particulate measurements were taken with the
Balston total filter sampling systems. The primary "recycle" cyclone dipleg
plugged almost at the start of the run, This was the same problem that
prematurely shutdown run 79. The run was continued to scheduled shutdown,
when particulate measurements showed that the average loading (0,026 gr/SCF)
was only slightly higher than during runs 79 and 80 (0.011 and 0,021 gr/SCF
respectively?. This average loading was significantly lower than during
run 78 (0.04 gr/SCF). A1l of these runs were made under otherwise similar
combustor operating conditions.

Particle size distributions obtained from the Balston filter
particulates with the Coulter Counter revealed a similar average size
(1.36 um) to runs 78, 79 and 80 (1.9, 1.1 and 1.2 um respectively), The
difference was in the large end of the distribution. 5% of the particles
were larger than 12 um during.run 81, whereas 5% were larger than 11, 10,
and 5.4 um respectively for the prior runs in the series. This-can be seen
in Figure 28 and Appendix B.

An important point fo note is that after run 81 the turbine test
blades and the miniplant ducting did not exhibit as much particulate
deposition as during previous long runs. After runs 78, 79 and 80 the
miniplant exhaust ducting had to be cleaned to remove particulate deposi-
tion. After run 81, the ducts were clean. This may be attributed to the
abrasive action of the larger particles that resulted from the blockage
of the primary cyclone dipleg.

At the start of run 106.1 particulate loadings from the combustor
were extremely high., This was probably due to the use of an old starting
bed. For several hours one order of magnitude higher than normal particulate
concentrations into the tertiary cyclone deposited a layer of particulates
on the flue gas ducts and the body of the cyclone. Later in the run, when
cyclone inlet loadings were nearly normal, some of that coating must have
dislodged and plugged the tertiary cyclone. The run was interrupted after
48 hours when tertiary cyclone outlet loadings (0.46 gr/SCF) were similar to
the normal inlet loading (0.5-0.8 gr/SCF). This oulet loading during run
106.2 was no more than 7 hours and probably only 5 to 6 hours in duration.

Following the shutdown, the cyclone was inspected and the body,
and dipleg were found almost completely plugged with caked -- but not
fused -- particulates, Only a small hole was available for the flue gas to
pass through the cyclone. This hole almost directly connected the inlet and
the outlet of the cyclone, These particulates were easily removed.
and the system was put back together for a restart. The turbine test
section was also disassembled and showed some erosion on many of the leading
edges of the blades.

Following cleanout of the miniplant ducting, the run was resumed
and designated 106.3. This time particulate loadings, though still higher
than during prior tests, were within acceptable ranges. The average par-
ticle loadings for runs 106.1, 106,2 and 106.3 were 0,050, 0.46, and 0,068
gr/SCF respectively. The average particle sizes were 1.88, 3,5 and 1.76 um
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respectively. During run 106.1 and 106.3 the particle size distribution
was similar to that seen during run 80.

While three stages of cyclones seem to be sufficient to protect
the gas turbine from massive erosion, the level of cleanup (0.035 gr/SCF)
was not sufficient to meet the new source performance standard for par-
ticulates set by the EPA (approximately 0,015 ‘gr/SCF). However, one could
surmise that improvements or optimization of cyclone performance could be
accomplished to meet both requirements i.e., protection of the gas tur-
bine and environmental regulations. This may afford a major capital cost
reduction in the PFBC process.

CYCLONE PERFORMANCE

During this hot gas corrosion/erosion study of turbine blade
materials, high cyclone efficiencies allowed the use of two stages of
cyclone cleanup before the turbine test section. Particulate loadings
as low as 0,01 gr/SCF were achieved, which infers both cyclones operated
at efficiencies in excess of 90%. These high efficiencies are not readily
predicted and warrant further study.

The efficiency of the primary "recycle" cyclone is intentionally
low by design, so that larger particles can be recirculated to the fluidized
bed combustor. There is no convenient way of measuring particulates in the
gas entering or exiting the cyclone due to its location with respect to the
combustor, During run 81, when the dipleg plugged, some of the material
removed from the dipleg was subjected to particle size analysis., This is
not representative of true recycle operation. A graph of the size distri-
bution is shown in Figure 29,

The second cyclone in the series of three, captures material which
is then collected in a lock hopper. This, plus knowledge of the outlet par-
ticulate concentration makes possible efficiency calculations based on a mass
balance. Typically the cyclone is 90 to 95% efficient. This is with inlet
loadings of 5 to 8 gr/SCF with an average particle diameter of 17 to 22 y.

The third cyclone in the train receives an inlet loading of 0.5
to 0.7 gr/SCF with an average size of 3 to 4 um. This cyclone is located
in a large pressure vessel. The dimensions of this cyclone are shown in
Figure 8. The cyclone normally operates at 880°C, 900 kPa pressure and
inlet velocities of 50 m/s. Flue gas can be sampled for particulates both
before and after the cyclone. During runs 78 through 81, isokinetic
samples were taken with Balston total filters only on particulates in the
gas exiting the cyclone. This sample gas was withdrawn through an isokinetic
stationary probe, After the one to two hour sample was taken, the filter

cartridge was weighed and particulates were removed from the filter cake
for Coulter Counter size analysis.
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The size distribution of the material captured by the cyclone
was analyzed with a combination of a sonic sieve and the Coulter Counter.
A mass balance was completed around the cyclone to determine inlet size
and concentration. In this way cyclone fractional (grade) efficiencies
were obtained under the assumption that there was no accumulation or
attrition in the cyclone. The validity of these calculations has been
confirmed with concurrent inlet and outlet samples and mass balance
calculations. Independent studies by other contractors have also confirmed
the high cyclone efficiencies (4). A graph of the tertiary cyclone grade
efficiency during run 79 and 80 is shown in Figure 30. The grade effi-
ciency for all runs in this series is shown in Table 20.

The cyclone collection efficiency data confirm the ability of
the miniplant cyclone train to very effectively capture particles greater
than 10 microns. Particles in the 5-10 micron range are captured with a
95-99% efficiency, and particles in the 2-5 micron range with a 75 to 95%
efficiency. This intimates that if a fourth cyclone were to be added,
practically all particles larger than 10 microns could be captured and a
substantial portion of the 5-10 um population would also be removed.
Since particles greater than 10 microns are prime suspects in causing
turbine blade erosion, a four cyclone train could cleanup the flue gas
to a suitable level for gas turbines.

HEAT EXCHANGER PROBES

Probes consisting of the alloy combinations listed in Table 1 were
positioned in the combustor ports and exposed at the intended set point
temperatures. A maximum of 21 probes were inserted in the combustor at a
given time during the test program. At each temperature level, two probes
were exposed for the entire 1000 hour test plus 117 shakedown hours. Thus,
a total of 14 probes containing 28 specimens resided within the combustor
for the duration of the test. Five of the seven probes which were inserted
at the start of the test were exposed for 367 hours and then replaced with
7 new probes which remained in the combustor for 485 hours. The remaining
probes were exposed for periods from 100 to 423 hours. A tabulation of the
heat exchanger probe details and exposure times appears in Table 21, A
probe test history is presented graphically in Figure 31.

Temperature data for the 31 different heat exchanger probes
exposed during the PFBC hot corrosion/erosion program are presented in
Appendix C Tables C-1 through C-5. Temperatures at two locations in each
probe were recorded every 20 minutes during the run. In these tables the
recorded temperatures have been averaged for five (5) hour segments of the
run. Also listed are the standard deviations for that time period as well
as the maximum and minimum temperatures experienced by the specimen
material during those five (5) hours.
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Particle Capture Efficiency of
the Tertiary Miniplant Cyclone
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Table 20

Third Cyclone Grade Efficiency Summary

Run .

78.2 40 39 45 61 78 8 94 95 95 95 95 95 95 957 g9t g9t go*
78.4 5 10 22 4 69 8 93 95 96 97 96 97 96 96 99t 99t go*
78,10 37 30 53 58 78 8 90 93 94 94 94 94" 94t 94T 99" g9* 9o*
79 0 0 32 48 81 94 98 99 99 99 99% 997 99t 99 g9t g9t go*
79 0 0 5 13 39 74 93 97 99 99 99% 99T 997 99 o9t 9ot ggt
80.2 20 24 37 47 58 74 87 92 93 94 96 96 97 997 99t g9t o9t
81* 0 O 141 79.9 8 90 94 97 98 98 99 99 99 99% g9t 9ot 9ot
1061 == == - -~ 94 93 94 96 98 98 98 99 99 99t g9t g9t g9t
106.3 == - - - 66 63 66 74 78 8 91 95 96 97 97 99t 9ot
106.3 == == == - 42 55 77 91 94 96 9 97 96 98 99t 99t g9t

* Primary cyclone disabled.
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Heat Exchanger Specimen Probe Summary

Table 21

Port Probe Set Point Alloy Position Total
No. No., Temp (°F) Near Wall Inner Bed Run Exposed Hours
In-Bed Specimens
1 27 1600 Haynes 188 Hastelloy X 66,67,78,79,80,81,106 17
2 19 1400 Hastelloy X Inconel 800 66,67,78,79,80,81,106 1117
3 21 1600 Hastelloy X Haynes 188 66,67,78,79,80,81,106 117
4 13 1400 Inconel 800 Hastelloy X 66,67,78 367
4 15 1400 Hastelloy X Inconel 800 79,80,81 485
5 25 1600 Hastelloy X Haynes 188 66,67,78,* 423
5 23 1600 Haynes 188 Hastelloy X 79,80,81 485
6 17 1400 Inconel 800 Hastelloy X 66,67,78,79,80,81,106 1117
7 1" 1200 Inconel 800 SS 304 66,67,78,79,80,81,106 1117
8 4D 1050 9Cr -1 Mo 2-1/4 Cr = 1 Mo 66,67 117
8 4H 1050 9Cr -1Mo 2-1/4 Cr - 1 Mo 78,79,80,81,106 1000
9 5 1200 SS 304 Inconel 800 66,67,78 367
9 7 1200 Inconel 800 SS 304 79,80,81 485
10 1A 1050 2-1/4 Cr - 1 Mo 9Cr-1Mo 66,67 117
10 1F 1050 2-1/4 Cr - 1 Mo 9Cr -1 Mo 78 250
10 3 1050 9Cr -1 Mo 2-1/4 Cr = 1 Mo 79,80,81 485
11 9 1200 SS 304 Inconel 800 66,67,78,79,80,81,106 1117
12 2C 1050 2-1/4 Cr = 1 Mo 9Cr -1 Mo 66,67 ,* 123
12 2G 1050 2-1/4 Cr = 1 Mo 9Cr -1Mo 78,79,80,81,106 1000
Above-Bed Specimens
13 28 1600 Haynes 188 Hastelloy X 66,67,78,79,80,81,106 1117
14 18 1400 Hastelloy X Inconel 800 66,67,78,79,80,81,106 1117
15 26 1600 Hastelloy X Haynes 188 66,67,78,79,80,81,106 1117
16 14 1400 Inconel 800 Hastelloy X 66,67,78 367
16 16 1400 Hastelloy X Inconel 800 79,80,81 485
17 22 1600 Hastelloy X Haynes 188 66,67,78 367
17 24 1600 Haynes 188 Hastelloy X 79,80,81 485
18 20 1400 Hastelloy X Inconel 800 66,67,78,79,80,81,106* 1146
19 10 1200 SS 304 Inconel 800 66,67,78,79,80,81,106 1117
20 12 1200 Inconel 800 SS 304 66,67,78,79,80,81,106 1117
22 6 1200 SS 304 Inconel 800 66,67,78 367
22 8 1200 Inconel 800 SS 304 79,80,81 485

-SL-



Figure 31
Westinghouse Heat Exchanger Pr

obe Test History

Exposure
Location/Temp. P:gt 53:::' Run 73 Run 79 Run 80 Run 81 Run 106
) 17 250 100 215 170 265
T 27-1-16-100-H-X-X ecaemccacemccmmeccanccacaccamaacmanan
In-Bed/1600 T R 21-1-16=25-XA=HAX ==vcecmccecmacomccocaccmamcammccamaa=
5 25-1-16-100-XC-HC-H 23-1-16-50-HB-HB-X
2 19-1-14-100-XL-8L8 =cmcmmecmcmccacmcmccecmcncmcmaaaanaan
In-Bed/1400 4 13-1-14-25-81-X1-X 15-1-14-50-XJ-8J-8
R R S 17-1-14-100-8K=XK=X ==cemememocmmcdm oo acccecccaaes
y 2 I 1121-12-7100-8D-3D=3 =--cecmececccasmacemcamccccacacamaman
In-Bed/1200 9 5-1-12-25-3A-8A-8 7-1-12-50-8B-3B-3
T R IV 9-1-12-100-3C-8C:8 ==-ememccemcaccadammccamccacmaceacaaan '
~J
8 L R 4-1-10-100-9H-2H=2 ==emecmecemcemceccaccamcmcamacs o
In-Bed/1050 10 * 1-1-10-25-2F-9F-9 3-1-10-50-9B-2B-2 | '
12 * e 221=10-100-2696-9 —===mcecedccmmac e cccmcae e mena
13 focmemmcmmc ;e ccce—cccceee 28-A-16-100-HH~XH-X =-e=ccmmecemccccaccamaecccmacancanmn
Above Bed/1600 L D Dt e T 26-A-16-100-XG=XG=H ==--ccmecccccnecccacecccnnccncacaacan
17 22-A-16-25-XE-HE-H 24-A-16-50-HF-XF-X |
S S 18-A=14-100-80-X0-X =cev=camecmccecmmcacmmnacamamamancne
Above Bed/1400 | 16 14-A-14-25-8M-XM-X 16-A-14-50-XN-8N-8 |
18 b el 20-A-14-100-XP-8P-8 ==cameccomcommedoa e cccmccccccccana-
T 10-A-12-100-3G-86~9 —=cmmeccemrcmceacccmnacaammcmeneacnan
Above Bed/1200 | 20 focoomeooo o memcemc e ccemcccmeeee 12-A-12-100-8H-3H=3 ~ecemcmcmcmcmcacmcmemmmcaencamamanm—-
22 6-A-12-25-3E-8E-8 | 8-A-12-50-8F-3F-3 |
1] ¥ ] ) i | | ] ) I ]
100 200 300 400 500 600 700 800 900 1000 1100
Hours Into Test

* Exposed for shakedown only - see Table 21,
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This collated temperature data generally reveals excellent
temperature control of the individual specimens. At steady state condition

60% of the specimens had a temperature deviation from the mean less than
20°F, 90% less than 30°F, and all less than 50°F,

The probes were inspected following each run, All the specimens
basically survived intact, except for the inner specimen on probe #6,
This probe was comprised of Inconel 800 and Hastelloy X and controlled at
1400°F, The Hastelloy X showed considerable wastage near the capped end
and developed a hole in that region after run 80 (at 565 hours). The
remaining 2 in-bed probes of this type (materials and temperature) as well
as the 3 above-bed probes appeared in good condition., A small portion of
the probe around the perforation was removed for metallurgical analysis and
the probe repaired for further testing., The probe completed the tests
without further incident,

Photographs of the 14 heat exchanger probes that completed the
1000 hour testing (1117 hours total) are presented in Appendix C Figures
C-1 through C-7. The photos are grouped according to probe operating
temperature and bed location, For comparison, photographs taken of the
probes after run 80 (682 hours for the original specimens) are presented
1n Appendix C Figures C-8 through C-14. Upon completion of the test program
the heat exchanger probes were sent to Westinghouse R&D Center for com-
plete metallurgical analysis. From a cursory observation of the probes it
appears that the ferritic alloys and some Hastelloy X specimens experienced
the most attack. Table 22 presents a brief summary of the probe specimen
appearance at the conclusion of the testing. The 14 probes inspected were
all exposed for 1117 hours. The above-bed probe specimens generally
appeared in better condition than the in-bed probes.

TURBINE BLADE SPECIMENS

The turbine test section was positioned in the miniplant discharge
piping for the entire PFBC hot corrosion/erosion testing program. The
blades exposed during the initial 117 ("shakedown") hours were returned to
GE for metallurgical analysis. The extended testing was started with an
entirely new set of specimen blades, some bare and some clad.

Among the 24 airfoil specimens starting the test were 9 unclad
base alloy specimens (4 of IN-738, 3 of U-700 and 2 of FSX-414). The
other IN-738 blades were cald with either IN-671, S-57 or GE-2541., Blades
of FSX-414 were clad with GE-2541, One blade with IN-738 as the base
alloy was coated with RT-22 (platinum-aluminide).

0f the original airfoil specimens in the 24 cascade positions,
13 specimens were exposed for the full 1000 hours. Ancther 27 specimens
were located in the remaining 11 positions for periods as short as 48
hours to as much as 750 hours, These blades were selectively replaced at
various stages of the test. A tabulation of the specimen materials
identification, cascade location, and exposure times is given in Table 23.
Figure 7 (§ection I11) depicts the specimen location in the cascades and
Figure 32 is a graph of the specimen location and exposure history,



Specimen Alloy

2-1/4 Cr - 1 Mo/9 Cr - 1 Mo
304 SS/Inconel 800

Inconel 800/Hastelloy X
Hastelloy X/Haynes 188

304 SS/Inconel 800
Inconel 800/Hastelloy X
Hastelloy X/Haynes 188

Table 22

Heat Exchanger Probe Appearance

at Test Conclusion

Temp
(°F)
1050
1200

1400
1600

1200
1400
1600

In-Bed
Thick, hard deposits and considerable oxide spalling
Substantial oxidation of both specimens
Hastelloy X pitted and 1 Hastelloy X perforated
Hastelloy X oxidized slightly more than Haynes 188

Above-Bed
Smooth, deep reddish deposits
Some oxidation, especially on lower surfaces

Thin, brownish deposits

-8[-
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Table 23

GE Turbine Test Blade Specimens
Exposed During the 1000 Hour Test

Location Base
No. Alloy
1 IN-738
2 IN-738
3 y-700
4 IN-738
5 FSX-414
6 IN-738
7 IN-738
8 FSX-414
9 IN-738
10 IN-738
1 IN-738
12 IN-738
13 Uu-700
14 FSX-414
15 IN-738
16 IN-738
17 IN-738
18 IN-738
19 "IN-738
20 IN-738
21 IN-738
22 FSX-414
23 FSX-414
24 U-700
1 IN-738
2 IN-738
5 FSX-414
13 Uu-700
21 IN-738
6 IN-738
7 IN-738
11 IN-738
15 IN-738
17 IN-738
24 U-700
N IN-738
17 IN-738
24 U-700
11 IN-738
17 FSX-414

Specimen Runs Hours
Cladding/Coating No. Exposed Exposure

IN-671 1E 78 250
-- D 78 250

-- C 78-106 1000

-- B 78-106 1000

-- A 78 250
S51/A1 9E 78-80 565
GE-2541 PM 8E 78-80 565
PFB-6PM/A1 13E 78-106 1000
S57/A1 2E 78-106 1000
GE-2541 PM 3E 78-106 1000
IN-671 4t 78-80 565
PFB-6A1 5E 78-106 1000
-- E 78 250
GE-2541 PM 14E 78-106 1000
PFB-6/A1 6E 78-80 565
RT-22 F 78-106 1000

-- G 78-80 565
PFB-6 7E 78-106 1000
GE-2541 PM 10E 78-106 1000
IN-671 11E 78-106 1000
- J 78 250

-- I 78-106 1000
PFB-6PM/A1 12E 78-106 1000
-- H 78-80 565

-- M 79-106 750

-- D2 79-106 750

-- A2 79-106 750

-- E2 79-106 750

-- J2 79-106 750
$57/A1 9D 81-106 435
GE-2451 8u 81-106 435
IN-671 4-2 81 170
PFB-6/A1 6U 81-106 435
-- G2 81 170

-- H2 81 170
IN-671 2 106.1- 48

106.,2
-- I 106,1- 48
106.2

-- H3 106 265

-- 4 106.3 217

-- 13 106.3 217



Figure 32
Turbine Test Section Sepcimen History

Specimen Designation

Blade Run 78 Run 79 e
Location* un un Run 80 Run 81 06 Run 106,3
1 [ g 1E ;: M g
2 l&— D D2
3 ¢ c g
4 le— B A
5___J¢ A bi¢ A2 D
6 l¢ 9E 9D E
7 le 8E 8u C
8 < 13E A
I | 2E :
10 le— 3E A
11 ¢ 4E Di¢ 4-2 —piq2 plg—— ¢ D
12 < 5E E
13 E pi¢ E2 C
14 l¢ 14E A
15 & 6E dl¢ 6U S
16 je— F
17 e G ple— 62 —PigI pl¢ 13 g
18 - 7E .
19 e 10E c
20 & 1E A
21 & J dl¢- J2 S
22 | 1 h
23 ¢ 12E A
20 & ( H Di¢ H2 D¢ H3 E
) LB | } 1 | | i 6 b o
100 200 300 400 500 600 700 800 900 1000

*See Figure 7

Hours Into Test
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The turbine blade specimens were routinely brushed with a soft
bristle brush and inspected after 250, 565, 735 and 783 hours of exposure,
After 735 hours of PFBC exposure the turbine blade specimens revealed no
obvious signs of attack. At the 250 and 565 hour inspections there was
substantial deposition of flyash on the suction (i.e., convex) surface
of the airfoils near the trailing edge. Figures 33, 34 and 35 show the
second cascade specimens after 250, 565 and 735 hours exposure,
respectively. Note that the particulate deposition present on the trailing
edges of the blades in Figure 33 and 34 is not present in Figure 35. The
photograph in Figure 35 was taken after run 81, during which the primary
"recycle" cyclone plugged and increased the mean particle size and par-
ticulate loading at the turbine test section. This scouring effect did
not cause visible erosion. However, it did act to remove or prevent the
accumulation of deposits on the blades.

Run 106 started at the 735 hour mark but had to be interrupted
after only 48 hours (at the 783 hour mark) because abnormally high par-
ticulate loadings were detected at the turbine test section. The high
particulate loadings were found to be caused by blockage of the third
stage cyclone., It is deduced that the turbine blade specimens were
exposed to an order of magnitude increase in particulate concentration
(Figure 27) for not longer than 7 hours and most probably 5 to 6 hours.

Examination of the turbine blades revealed that some specimens
experienced noticeable erosion during this 48 hour interval, almost
certainly mostly occurring in those final 5 to 6 hours. Practically no
flyash deposits were found on the blade specimens. This corroborates
previous experience, where the existence of higher particulate loading can
scour the deposits from the blades. The blade specimens were gently cleaned
and weighed. Many specimens experienced a weight loss of almost 0,10
grams. The erosion was most prominent on the leading edge of the airfoils,
The blades with the most noticeable erosion wastage were in the following
cascade sites (see Figure 7).

Cascade Location
1st 3,4, 5
2nd 9 (slight)
3rd 17, 16
4th 20, 21, 22, 23
(esp. 21)

The blades in the fourth cascade, which are the only reaction type airfoil
profiles and where the flow velocities approach sonic, experienced the

most prominent erosion. The most severely eroded specimen was in position
21 (Figure 7), which lost about 0.3 grams. All the reaction blades in the
center of the 4th cascade also exhibited erosion on the pressure side - from
the leading edge to about the center of the airfoil.



Figure 33

View of the Leading and Trailing
Edges of the Second Cascade

(Run 78)



Figure 34

View of the Leading and
Trailing Edges of the Second Cascade

(Run 80)

00
co



BM.15

Figure 35

View of the Leading and
Trailing Edges of the Second Cascade

(Run 81)
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At the start of run 106, three new blade specimens had been
inserted; one in the 2nd cascade (position 11), one in the 3rd cascade
(position 17), and one in the 4th cascade (position 24). The airfoil at
position 17 revealed considerable erosion at the leading edge, especially
considering only 48 hours of exposure. To provide a guideline to help
characterize the effects of this high particulate loading episode, it was
decided to remove the specimens from positions 11 and 17 so that they could
be available for metallographic examination. Replacement airfoils for
these locations were obtained from GE and placed in the passage. Run 106
resumed and operated smoothly for the final 217 hours.

Figure 36 is a photograph of the two blades in position 17 during
run 106 along side one another, revealing the erosion on the leading edge
of the first specimen (I). Note that the other blade, which was exposed
~5 times longer to particulate concentrations ~5 times lower showed no
signs of erosion.

At the conclusion of the 1000 hour PFBC exposure tests the tur-
bine blade specimens were photographed and returned to General Electric
for metallurgical examination. Flyash deposits from each blade cascade
were collected for particle size analysis. From a cursory inspection,
the airfoils generally appear satisfactory. The 4th cascade specimens
in locations 20, 21, 22, and 23 (Figure 7) still exhibited the most notice-
able erosion. Indeed, the most airfoil erosion during the 1000 hours of
exposure appeared to occur during this run just concluded, and in particular
during the 5 or 6 hours of this run, when the third staged cyclone plugged.

The photograph in Figure 37 is the leading edge of specimen J2
as it appeared at the completion of the test. This specimen in the fourth
(reaction) cascade, position 21, experienced the most severe erosion., All
of the noticeable metal wastage apparently occurred during the high parti-
culate loading period., Visual inspections and weight comparisons of blade
specimen J2 before and after the final 217 hours of exposure did not dis-
close signs of further erosion.

Figures 38 and 39 show a top and bottom view of all of the
blade specimens exposed during the final 217 hours (run 106.3). Although
some erosion is evident, it is not catastrophic and appears mostly to have
occurred during run 106,2, the high particulate loading period.

Throughout the 1000 hour exposure test, gas flow through the
turbine test section was within the required range (Figure 40). Although
the flow rate varied somewhat from run to run, during a given test it was
fairly steady. During most runs a slight decrease in flow with time was
experienced. This is attributed to particulate deposition on the pressure
reducing section or on the blades themselves. The most dramatic drop in
flow occurred after a 2 hour shutdown during run 81, The flow went from
680 to 625 SCFM. The 1-1/2 day shutdown during run 106 did not cause such
a sharp decrease in flow rate. This was probably due to the fact the flue
gas line and the turbine test section were dismantled and cleaned prior to
restarting.
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Figure 36

Specimens Occupying Position No. 17 During Run 106
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Figure 37

Blade Specimen J2 (21) After 1000 Hours
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Figure 38

All Blade Specimens After 1000
Hour Tests (Convex Side)

FOURTH CASCADE
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Figure 39

All Blade Specimens After 1000
Hour Tests (Concave Side)

1000 HOIiRs



Turbine Flow Rate (SCFM)
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Figure 40

1000 Hour Turbine Flow Summary
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CORROSION DISCS

During the 1000 hour hot corrosion exposure test, it was intended
that combustor and discharge 1ine conditions be constant, This provided
an opportunity to obtain extended fireside corrosion data by also locating
alloy specimens in the freeboard of the combustor. The same materials used
for the turbine airfoil specimens were mounted on a support located inside
the combustor. This permitted a comparison of the hot corrosion attack of
the same material at two different regions within a PFBC,

Three sets of alloy discs (4 samples per set) were received from
General Electric for exposure in the 1000 hour testing program. The alloys
received were U-700, IN-738, and FSX-414. The first two are nickel based
alloys similar to those tested in the turbine test section; the latter is
a cobalt based alloy. The discs are approximately 1 inch in diameter by
1/16 inch thick. In the 250 hour run, two specimens from each alloy set
were exposed in the combustor freeboard region in the vicinity of the heat
exchanger probes. A plot of the combustor temperature profile at three
times during the run is shown in Figure 22. This figure also shows the
location of the corrosion discs and their approximate exposure temperatures.
Visual examination of the discs after each run revealed no obvious signs of
erosion or corrosion (Figure 41). Discs were periodically taken by General
Electric for metallurgical analysis after various exposure times.

CONCLUSIDNS

The 1100 hour test at the Exxon Miniplant facility has indicated
that materials are available for use in the PFBC application as heat
exchanger and turbine blades. This needs to be further substantiated by
metallurgical testing which will be performed by Westinghouse Research
and Development (1) and General Electric Company (2) on these specimens,
as well as subsequent testing of materials in PFBC environments such as
those presently being undertaken at the Coal Utilization Research
Laboratory in England and by Curtiss-Wright. Furthermore, the indication
is that particulate cleanup using conventional cyclones may be sufficient
to provide adequate gas turbine protection for periods of time economically
feasible in a PFBC application.

While cyclones seem to provide adequate protection for turbine
blade materials, a number of significant problems may exist in terms of
mafntaining control. These are:

Particle grain loading and particle size need to be
controlled to relatively low concentrations (0.025 to
0.07 gr/SCF), and mean particle size of approximately
1-2 microns if significant erosion is to be avoided.
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e Based on the Miniplant tests, there is a suspicion, that
very fine particulate (less than 1.1 micronsg and low grain
loadings may induce particle deposition in the ducting
prior to the gas turbine as well as on the gas turbine
blades. Subsequent spalling of this material may cause
severe erosion problems. There may be a lower limit to
which cleanup might be feasible. This needs to be further
expiored in subsequent tests.

e High particulate loading or large mean particle size which
could result from relatively minor process or equipment
malfunctions e.g., cyclone plugging, can cause erosion
rates that would very rapidly decrease the efficiency of
the gas turbine. Therefore, reliable particulate control
and measurement systems are necessary to protect the gas
turbine.

Corrosion and erosion problems are not severe for heat
exchanger materials in the freeboard of the combustor.
However, the degree of in-bed corrosion/erosion in the
fluidized bed needs to be further quantified by
metallurgical analysis before definitive recommendations
can be made for suitable heat exchanger materials.
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APPENDIX A

TURBINE BLADES AND HEAT
EXCHANGER PROBES AFTER SHAKEDOWN

Enclosed are photographs of the appearance of the turbine
blade and heat exchange* probes after shakedown. The temperature
history of the probes during shakedown are also included.



Figure A-1

View of the Leading and
Trailing Edges of the First Cascade

100 Hour Shakedown



Figure A-2

View of the Leading and Trailing
Edges of the Second Cascade

100 Hour Shakedown



Figure A-3

View of the Leading and
Trailing Edges of the Third Cascade

100 Hour Shakedown



Figure A-4

View of the Leading and
Trailing Edges of the Fourth Cascade

100 Hour Shakedown
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Probe #1 1600°F In Bed (Shakedown Run 67)
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Figure ArG_

Probe #13 1600°F Above Bed (Shakedown Run 67)
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Figure A-7
Probe #6 1400°F In Bed (Shakedown Run 67)
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Figure A-8
Probe #14 1400°F Above Bed (Shakedown Run 67)
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Figure A-9
Probe #11 1200°F In Bed (Shakedown Run 67)
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Probe #20 1200°F Above Bed (Shakedown Run 67)
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Figure A-]2
1600°F In-Bed Probe (Top Side View)

After Shakedown
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Figure A-13

1600°F Above-Bed Probe (Top Side View)

After Shakedown
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Figure A-14

14000F In-Bed Probe (Bottom Side View)

After Shakedown
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Figure A-15

1A00°F Above Bed Probe (Top Side View)

After Shakedown



"
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Figure A~16

1200°F In-Bed Probe (Bottom Side View)

After Shakedown
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Figure A-17

1200°F Above-Bed Probe (Bottom Side View)

After Shakedown
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Figure A-18
10500F In-Bed Probe (Bottom Side View)

After Shakedown



Table A-1

Heat Exchanger Probes Temperature History (Shakedown)

- Vil -

Control Temperature: 1600°F 1400°F 1200°F 1050°F
Combustor Location: In Bed Above Bed In Bed Above Bed In Bed Above Bed Io Bed
Port Number 1 3 s 13 15 17 2 & © 14 16 18 ? 9 1 19 20 22 8 10 12
‘l‘:::'mspecmnxuuxuxxﬂuxux.,x,x,,.,,.,:aa:asu:saa:zq;zsz
5 Hour
Avg. Temp. °F 1561 {1575 k510 156881528 [1575 | 1588 ft543 | 2585 fis31 1578 | 15188 12471383 § 1183{1386 121111353 1330 | 13680 21290 | 1413 1238 | 1436[§1029 | 116281119 | 105741068 [1138] 954112110 906 11233 ] 855 [L199§ 963} 903 Y952 708 | 1045
std. Dev. sél sl se | 39 ss| a2d 12| 23] 13 13] 14| 22§ 22} 35| 2| 22] 20} sof 35| 24 1 o 39 20ff 28] 42 75t ey 73| 49} 18| 23] 49| 24% 28 | 264 11} 187 7 13 14
Bi Temp. °F 1397 1 1609 1579 | 1598]1588 {1601 | 1607 fi560 | 1606 |52 | 1598 | 15300 1275] 1405 | 1207|1393 1245|2410 1385 | 23954 1315 | 142688 1290 | 2473[§1096 | 122501226 | 11651168 |1205F 978[1238] 971 [1263] 945 [1258R 981 941 fJo3e 737 {1075
Lo Temp. °F 1430 | 1496 1402 | 1502J1433 f1522 | 1556 1508 | 1562 haoo [ 1541 | 1499f) 1295}1353 | 1133|1326 ] 1161 [1241 {2291 | 1340 1268 { 160241291 | 1395} 966 | Lo78f1010 | 956] 986 [1058] 931 |1179] 849 |1194 ] 817 [r147)| 927 848 [965 680 {1031
10 Hour
Avg. Temp. °F 1581 | 1605 1551 | 1591)1574 |1593 | 1576 f1522 | 1569 |1saa | 1561 | 1494 f 1269]1397 f 1294 §1385] 1229 |1384 1368 | 1381f 1294 | 140183195 | 1396 (j10ae | 11921195 | 1231 1162 |21087f 9521164 ] 853 |1181] 876 fr1r2(f1002] 911 [osz 720 | 1032
Std. Dev. 1 3| 1 s| 13 3l 11{ 10} 10) 0] 10l 10} 12} s} 19 s| 9] wf u 4 1 d & sff 14| 28] 15| 14 19 8 el 7} 7 6 & | aff 22] ] 7 un 5
HL Temp. °F 1605 | 161311590 11607]1600 11599 ] 1601 11547 ] 1593)1536 | 1584 | 1518] 1289|2407 | 3225]1395 ] 12831407 1386 | 1383 1314 | 14078 1206 | 1409|1207 | 12291221 | 1159f1199 |1201] 970(1181] 867 |1297] 8se |1146|1090 | 996 o70 745 | 1039
Lo Temp. °F 1565 11594 lis19 | 158301551 | 1588 § 1555 [x505 | 1550 [1496 § 1543] 1478]] 1253|1387 | 1254 [1378 ] 1293|1366 1345 | 137543272 | 13950 1188 { 1364 Eon 114901163 | 111441123 |1375] 943[1151§ 840 1174 858 [r100[f 979 | 872 Jou2 697 | 1023
15 Hour -
Avg. Temp. °F 1588 | 160411557 1 1589]1576 |1591 | 1573 |1518§ 1566 |1506 | 1558 | 1489f) 12741398 | 1298 |1885 | 1235|1377 J2367 | 1372] 1298 | 139681193 | 1387f1092 | 116781200 | 1131363 [1187] 967frusa| 859 {1178 876 |1105|| 999 | 896 fos3 726 | 1031
Sed. Dev. 1t of 19 [ BBV 3 8| 7 sl 7 7 o]l 1| 6 16| 5] 18} 5] 13 3 10 E I i 15 9f 18 o 20 8 H ] H A 12| 2] 6 15 6
Hi Temp. °F 1607 | 1610k1599 | 1596§1606 | 1596 | 1590{1533] 1582]2523] 1573] 1503] 13012607 12271395} 1288 hsss J13s4 | 1376d1313 | 1401f1203 | 1393120 | 1082fa21s | 11512202 1202) s7mhase | ass |11s1] ess |1119fti024 | 921 Joss 758 | 1043
Lo Temp. °F 1560 | 158711528 [ 1576)1549 | 1587 f 1558 {1505 | 2552 {1494 | 1548 | 1477] 1260|2387 § 1171 2375 ] 1211 J1367 1352 [1366d2283 | 1392f1188 | 1381 Eoss 11501165 [ 112001133 J1173) 9sshres | esz [11734 869 Jiossfk gas | ses aso 698 |1020
20 Hour
Avg. Teap. °F 1589 | 1597 {1565 [ 159101579 | 1590] 1579 Jus28] 15711515 1563| 1497]2273]1398 1200 {1385 § 1230 h377 F1359 [1385)2286 | 1395] 1193 [1367(lo97 | 1172]a292 |1138f1173 [1190] 959 frrso] ass |r17e] 878 [ar1af| 996 | sss fos2 726 |1032
Std. Dev. 9 3| 15 i 10 3 7| 7 | 7 7 ] 20 6f 15| 1] 7] 4] 212 of 10 o 4 aff 11| 10f 15 9} 16 8 71 3} & of 19 sl| w| | 7 1 7
Hi Temp. °F 1602 { 16011598 | 1598)1604 | 1594 | 1597 (1561 1589]1528f 1580{ 1510] 1292|1409 |1229 |1395 § 1258 b33 f1376 |1400f1304 | 1aorflizon | 1aenfhiine | 1a92fazne | 1isafaror [1208f 976 fr1ss] 830 fuasad o7s finsofhiozs | 907 Joss 742 |1048
Lo Temp. °F 1573 | 159041536 | 1586]1560 [1584 ] 1565|1512] 1557} 1500f 1550} 1483] 1256 1389 §1174 [1378 | 1205 hu3za Jass1 |137301270 | 13921283 f1382]fho7s [ 11s7fhase |1122f114s |1074] 9471244 | sa9 J1167]] 869 [11051[ 976 |62 foar 697 |1017
25 Hour
Avg. Temp. °F 1588|1597 1555 useg | 1578 [ 1590f1sss Jusaohs77 [1527] 1568[1509 [12721399 J1206 i3ss 1238 | 1375|1357 |1e0nfa278 [1395]1194 f1381 fhaoos | 1190f1204 [ 126801172 [1188] 969 169 880 |1179 | 904 111358 omelars |95 726 1031
std. Dev. 7 2f 13} 3] 1 3l s ] & 6 6| 7 sl s| 12| s] 1 s| & i u ] SN aff 13) 0] 16| 13 15 7h 24| ) 18| 3] | ]| 1| 12 7 u 6
Hi Temp. °F 1598 [1600 §1576 hi595 | 1592 | 15981598 {ussafusoo |asar] 1581]1523 [1288 1400 Ji226 pr3oe | 1259 | 1384f1370 |1407f1205 [1400f1201 [1390 ffa117 | 1213]1235 1174 1195 | 1202}1014 {1203 913 1204 ] 968 |1186 ) 1022|900 ] 966 742 |1043
Lo Temp. °F 1576 J1591 J1529 ise4 Y1552 | 15841575 {152901567 (1514 1558{1496 [1256 jr3ss Jr1es fisze [ 1207 | 1364]1341 J1395{1250 (138901288 |1373 [la0e6 | 1172]1168 | 112081239 |1174] 946 |1147] 864 Jr166} 872 1212 ge0]ess {sa0 697 [1020
30 Hour
Avg. Temp. 'F 1587 1592 J1s61 ises |15e3 | 1593dises [15ssfis7r Fisso] 156s|15aa [1272]1392 1201 psgo | 1250 | 1382]1341 {139a)1235 |a409f1198 |1397 ||10es | 1274]1179 | 1121243 | 1169 f1000 [1213) 923 qr215] 967 {1221k gg5)ase |osi 732 1028
Std. Dev. 0 sf 19| of 18 6 45| 25§ 1] ad 17l sl v} 12] 29] s] 28] o] m| 2] 37| 7] 15{ a1ff 30| sef 43| sy 67| 45y 17| 36] 13] 30f 20| sofl 20 21 | 13 27 | 19
Hi Temp. °F 1604 h600 f1595 594 | 1615 [ 16011598 [16061s90 {16100 1581)1603 [1292 406 §1260 Ju396 | 1279 } 1402]1366 |141101284 [1466]1204 [1439 [J1219 | 1223f2232 | 1069 1198 | 1210] 1026{1299F 950 |1283] 982 [1344 | 1041|960 [ 972 789 1055
Lo Temp. °F 1576 hs78 1522 pse3 | 1556 | 1582]1a43 [1535ase7 |usza] 1523|1506 [1228 (1357 Jara7 pavs 1207 [ 1366f1274 J13521160 [13921166 [1376 [|1033] 1050§1103 1 1029 1026 | 1086] 954{1190] 898 11195) 923 |1186(p g5g1g60 fo29 682 | 994
36 Hour
Avg. Temp. °F 1583 st 1545 1590 | 1564 [1593f1528 |1604 1578 |1605] 15491603 |1189 372 Jrre2 h3ss | 2235 | 13801303 f1364]1297 |1437f1264 [2425 1043 | 1094)1149 | 1049 1049 | 1207] 1075|1321] 997 [1312]1023 [1n}l eg0fs2e fo3s 688 [L054
Std. Dev. 5 5 15 & 13 8y 20 4] 13 7 17 8 291 27 14 6 10 3] 13 1] 16 9] 15 5 11 48] 21 3 22 18 67| 53§ 57 44 S0 42 18{ 39 14 10 14
Hi Temp. °F 1593 11597 J1565 p596 f1582 | 1604 Lsu 16131599 [1618] 1577{1613 |1235 1409 Jaise f1a9s F1260 [ 1384f1327 fr3eofiz2 f14s4f1190 f2432 074 | 1068f1103 | 1119 1076 | 1138] 1173f1391fa084 11367[1093 {2428 10330906 J9se 709 ho72
Lo Temp. °F 1576 1583 11521 1581 | 1546 | 15781505 [1597fusss 11592 1518|1sse [1136 j1330 f114s haze f122s | 1374]1279 |13safuies (14221143 |2417 ff1031] 2002]1126 | 994 1010 | 2080} 957[1228] 906 11237 948 1120511 ge3frer |o13 673 hoso
40 Hour * M
Avg. Temp. °F 1585 1599 Y1546 1595 [1573 | 16031581 [1595fie07 {1589k 1585|1s7s 1124 1339 1194 pase | 1245 | 1383]1335 [1406f1237 {2416]1204 (1398 {1079 | 1192f1154 ou 1089 | 1144] 972[1236) 910 [1227] 933 [1252|)1003 872 [os7 716 fo33
Std. Dev. 74 20 13| 3 8l 2] 16 3l 6] o o o] 96| 63| 26| s] 10f 4} | sf 6 3 7| o 12| 18 13| 13 17 7 E{ I of 19 24| 14]10 7 8 5
Hi Temp. °F 1595 603 [1566 pooo f1586 | 16081606 [1598f1619 [1597] 159711585 |1273 Jreze Jraza heos Ja2se | 13ssfi3as |1s16f1247 |1422f1219 |1618 [J1103] 1226] 1178 | 1229 2112 | 1258} 982]1245] 918 | 12360 963 |1283|[1026 jsss |oes 726 040
‘Lo Tesp. °F 1575 596 J1520 p590 J1559 Jaseshisas fasarhises 11576k 1576)as71 J1003 rzse frres p3s3 J1a32 [ 1375|1330 |13eafizee jaanafrase 1387 la0se | 1167) 1135 xuaj 1060 | 1135} 957 1225] 899 J1219§ 911 |1221]} 973 fps1 |oas 700 oz3




Contral Temperature: 1600°F

Heat Exchanger Probes Temperature History (Shakedown)

Table A-1 (Cont'd)

1400°F

1200°F 1050°F
Combuster Locatfon: In Bed Above Bed In Bed Above Bed In Bed Above Bed In Bed
Port Rumber 1 3 13 15 17 2 & 3 7 9 1 19 20 22 8 10 12
e a~Spectmeal x| 5 | [z x [x[afafjxfuaxfle)x)x[sfx]s x 3 s [3fe 8 (sl afefe(agafo]o s |2
45 Bour
Avg. Temp. °F 1587 | 1599|1545 | 159¢] 3604 § 1580 {1597 | 1606|1592 | 1586 f1580f| 1101]1330 §2195[1392 | 1233 381 141781234 1077 11621111 | 1100 972 12184 905 |1219] 909 11225 (| 989 | 852 } 957 714 {1033
Std. Dev. 8 il n 2 3] 22| a3 s{ s 6 sji 13] 12 0] 12 Bl s o 8 8 24 14 23 Th 15 6 “f 14 1211 18] 11 6 6 5
Hi Temp. °F 1599 | 1602§1566 | 1599 1610 § 1602 1601 | 1615|1598 | 1597 |15s6l| 1124 1346 J1232 h4o7 | 1246 p302 1249 1089 1193 1132 | 1146 985 |1244] 914 [1226} 924 |1246 {|1016 [ 870 | 968 725 {1045
Lo Temp. °F 1566 | 15971523 | 15904 1600 | 1539 1591 ] 1597|1581 | 1577|1568} 1082 [1304 §1160 1382 | 1221 h373 1218 1066 1127 11092 ] 1068 961 [1193] 892 [1214] 883 |1210 |§ 958 | 829 949 699 |1026
50 Hour
Avg. Temp. °F 1580 { 1600|1542 | 1597 1605 | 1569 Luw 1607|1594 | 1598 j1582] 1195 1391 {1203 u39s [ 2254 o 1232 122 1204 1148 § 1173 969 [1208] 909 |1223] 890 |1216 [fr014 {874 | 991 717 |1030
Std. Dev. 7 2] 12 3 2§ 22y 2 [3 7| sQus|us ] 17| of 16| 7 8 3s n| 7] % 4 o s s el 12 17] 14 24 nyi e
Hi Temp. °F 1593 | 1603 1565 | 1603) 1608 | 1599 1602 | 1620|1600 | 1623 159082248 h435 §r223 haos | 1282 paco 1245 1157 1237 u167 | 1221 977 |1214f 916 |1230] 899 |1233 [Roso [892 J1015 742 {1036
Lo Tewp. °F 1570 § 1596 f1520 | 1593) 1601 | 1523 1592 | 1598|1388 | 1588 his7a§ 785 | 996 L1173 hae §1223 fars 1218 1051 1157 112 | 1101 963 [1202 899 |1215] 882 |1197 | 978 {851 | 945 704 {1022
55 Bour
Avg. Temp. °F 1582 | 1600 1543 | 1596 1604 § 1571 1597 § 1607 {1592 | 1592 |1579 1228 419 1208 p398 | 1266 396 1229 1136 1213 {1152 § 1189 975 |1186f 913 | 1226} 890 {2225 [boae faas | 1006 720 |1032
Std. Dev. 6 2§ 15 2 2] 27| & 9| o] 2] 9] s| sf 5| 3] | 6 10 12 17| 1] 20 sl 13 s s | 1l 15} 22 ? 12 5
B Temp. °F 1594 | 1603 1567 |1601] 1608 | 1609 heo2{ 1622 f1602 | 1615 1591 f1239 haso 1234 paos f1296 pao7 244 1159 1232 1176 § 1222 986 [1217] 923 |1242] 919 11257 [hoes [917 fr01s 740 |1082
Lo Temp. °F 1574 } 1597 fis522 1593 1601 | 1528 Jises | 1590|1572 | 1582|1557 1218 emo Jrass paso Juzez hase h208 1117 1173 j13s f 1161 956 J1173] 897 |1219] 875 |1203 {002 a7z § 901 596 1022
60 Bour
Avg. Yemp. °F hses | 1598 usss [1598 1603 | 1592 1581 | 1601|1569 § 1593 [1sss 1236 k413 hiz30 haor [12e1 hass 243 1141 1214 f1165 f 1205 986 [1176] 924 |1218) 895 {1204 [ko10 [90s ] 1006 19 oz
Std. Dev. 8 3| 12 3| 2] 20| 14 9l 18 ol 190 10| s | 22| &« 16] & 7 15 20f 14§ 20 5 of 7] wfl 10| 3y w010 6 1 s
BL Temp. °F 600 {1601 R576 {1603 1607 1609 11599 § 1617|1595 § 1610 1583 Ja254 §420 h258 pao7 J1305 Jeoo h2s2 174 1241 1167 § 1240 995 [1186f 932 J1244ff 926 {1277 [hoe3 Jo2s J1016 748 |1036
Lo Tewp. *F is74 115920535 |1593 1600 § 1544 1558} 1586|1544 § 1577 (1529 R226 Jaos Kist Jaos Juzse |aes 229 1119 1186 Ju1a3 f 1172 975 |1268] 909 | 12020 883 | 1274 [hooz Jaor | 995 100 hois
65 Bour
Avg. Tesp. °F 1593 | 1589 1567 |1594) 1599 | 1579 psa1 1572 1527 | 1563 stz 1245 11407 1243 | 13931289 { 1390] h256 1161 1213|1166 § 1219 1000 [1160 921 |1202] 897 1164 [|1026 {922 |roos 726 {1019
Std. Dev. 71 10f 19 7 8] 18} 18} 7] 193 17f 18l 6f s} 19 q 15 4 13 18 0| nj 22 n of 8 | aff 16| 11 6 1u s
UL Temp. °F 602 | 1597 600 11603 1605 | 1597 hs63 | 1590 fi547 | 1581 p532f| 1254 11417 11281 | 1404 1324 | 1396 1284 1184 1244 [1283] 1262 1031 {11724 933 {12124 908 |1175]l048 § 928 fiors5 751 |1028
Lo Temp.°F 579 | 1556 526 [1571 1574 | 1531 pa93 § 1525 pazs | 1526 pess|]1231 1age §1221 | 13841270 | 1382 1240 1135 1187 [1147 | 1184 98s |1151F 913 | 1186] 891 {1147[f1000 | 893 | 992 703 [1012
70 Bour
Avg. Temp. °F eos | 1576 583 (1583 2588 | 1340 fosos | 1540 Juasr L1531 purs|1zse haor Jrzen | 13091303 | 1388 1156 1218 ju17s | 1227 1022 | 11608 924 | 1189 905 | 1145 [k632 {926 froos 729 |1023
Std. Dev. 6 1 B 6 % 8] s 8| 9 a| sl 8l af 22 j 25 5 1n 16 19| 91 20 9 4 d & 6] 20| 11 7 12 6
HL Temp. °F hers | 1587 se7 | 1588 1595 § 1558 isas | 1551 frsoo 1542 pas||1270 he11 Jaze7 | 13981344 | 1395 1299 1180 1242 [1287 | 1263 1038 | 1250§ 932 | 1198 916 | 1157 [hoso | 939 fpors 744 }103s
Lo Tewp. °F hs93 | 1559 hses J1s67 1574 § 1531 fpass | 1524 hazo | 1516 passl{1243 fr399 221 | 138q) 1269 | 1381 1255 122 1191 juas4 | 1193 1003 {1130 919 | 1183 901 | 1137 || 992 904 | 99 703 |1016
75 Bour
Avg. Temp. °F 1607 | 1571 p580 11578 1585 | 1540 haos | 1533 haze | 1524 hasafj1255 p4o7 1256 | 139¢4 1303 | 1388 1295 1145 1221 |1170§ 1209 1034 1133 922 | 11634 911 | 1134|1023 | 922 foos 731 [1024
Std. Dev. 3 5] 18 4 4 5| 4 s| s H IR 6] 4 v q 16 6 8 13 13 1l 16 1 A 2 d o 3 13| 11 6 10 7
Bi Temp. °F he2o {1581 f600 | 1585 1590 | 1551 503 § 1544 frass J 1535 az3fj1263 pe1s §1274 | 139741337 11399 1397 1305 1166 12561286 | 1234 1047 |1139] 927 { 1190f 918 [1142]hos1 | 940 ron 751 |103s
Lo Tewp. °F 1599 | 1564 54 1574 1579 § 1532 fues7 | 1526 frae7 Rus1s Rasejj1245 paoo f1239 [ 13842276 | 21378 138751281 1125 1299 {1255 } 1187 1017 | 1228f 919 | 1179 905 | 1131 ]} 996 1897 J 999 716 L1z
80 Hour
Avg. Temp. °F Reos | 1568 hsss 11575 1582 § 1537 haoa | 1530 1azs | 1520 paea|j1258 hao7 f1263 | 2391f1304 | 1389 1294 1154 1213 Ju16e | 1215 1032 | 1135] 916 | 2175] 915 | 1141]h034 [927 Rois 731 1029
Std. Dev. 7 6 15 6 7 6l 6 6| 6 6] o] 4l a] 13 1 3 il 7 13 18| 8] 17 13 1 u 9 s alf 17| 16 7 9 ?
Hi Tewp. °F he21 |1579 Lw& 1562 1592 | 1543 fusos § 1536 fresz J 1526 414 f1284 wﬂm 1393 2376 Luz 7% 12421185 § 1239 1053 124 932 uaj 922 | 1151 koss 942 Lozs 750 |1040
Lo Temp. °F pses [1557 bss 1563 1569 | 1524 paso | 1518 pasz | 1509 &us 1252 paod J1zao | 13061277 {1385 h FTEN 1184 1152 1186 1015 | 1231] 895 | 1157 906 | 1234003 |s9a Joo3 718 j1o19
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Heat Exchanger

Table A-1 (Cont'd)

Probes Temperature History (Shakedown)

Control Tempersture: 1600°F 1600°F 1200°F 1050°F
Combustor Locatiom: In Bad Above Bed In Bed Above Bed In Bed Abova Bed In Bad

Port Jumber 1 3 s 13 15 7 2 4 [} 1% 16 18 ? 9 u 19 20 2 s 10 12
hklll!llllllll.lllllx-llllx!“"3333'5320!2’2
05 Your

Avg. Yomp. °F 1608 1568|1568 1573 § 1604 14701518 1457 J1236 | 1406 12651 138901302 {1309 § 1367 ez | 1301 1376 | 1242 ﬁm 115001239 12161174 § 1227 p215 1038 | 11540 902 | 1264f 921 J1235[11037] 928 1024 731 | 102|
Std. Dev. '711“6‘¢0’blinu)Juss:nzs:uuuonn’:7s:mnu1 al s
B Tewp. °F 16221578 11600 1582 J 1615 | 138901545 2460 f1261 | 1424 [ 12641 139502328 1395 | 1375 haes § 1312 r3so [ 1249 piss [] 1273[2252 [ 12481290 | 2248 h229 1083 [11400 913 u74 926 |1253[{1059] 945 1029 740 | 1033]
Lo Temp. °F 1592 ass4 f1s6a fuser 1593 | 2 1 3 [1052f20e { 1002 12990 1380kr206 [1382 | 2355 hase § nzms hazs | 1znn fave [f 1229|1222 | 1292 1163 ] 1209 haos fa023 {1130k @90 [anss sas {2132[{1005] e96 {1002 n2 | 1018
90 Nour

Avy. Temp. °7 1607 N364 11592 RS71 § 1605 1 14741517 | 1662 B257 {1406 | 1259] 1390f1305 1390 § 1367 j1397 | 1297 ha77 1243 p3s2 [| 1252{1240 §1218 1273 ] 3209 214 [2037 [1239] %02 | 1265 919 {1150[{2025] 930 J1018 734 § 1029
Std. Dav. 6| s 5] 4y 6 of- 6] sp s sp s| s@ si &} 1] s| 6| s§ 6| 3] o] 2§ 10f 3ff a7} 7§ 32| 2] w2} s} w1 o o A s| sj 2| °f ¢ e B
Bl Temp. °F 1620 a571 11604 576 1614 | 15871544 150001536 |12 1469 1267 [ 1396 § 1283{ 140301328 [1398 | 1377 a0z f 1305 fuaea [ 1253 s [§1174 1249 [1239 [1293§ 1246 1228 f1059 [ 10491 917 | 1274f 929 | 1258[{1084 | 949 J1026 759 [ 1040]
Lo Tesp. °7 1596 assé fass2 1592 L 146641508 11453 lhoas | 1412 ] 123013820200 |1381 | 1358 ez 1281 fr3z7a f1234 bu 1121 1222 1295 Ju161 | 1187 hzoz 1020 [ 11348 881 | 1150f 910 |1141|f2004] 916 Jion1 699 | 2019,
95 Hour

Avg. Temp. °F 1607 1563 1588 568 | 1606 | 25781529 |1 14691512 |1457 f2se 1407 | 2263139301305 11391 J1371 Raes | 1298 377 f1250 hamz 11511240 1226 [ures | 1222 p220 fro3s {1141feen faasof 923 Ja1a7||2025] 931 faore 728 | 103
Std. Dev. o] s 18] of 8] o] o] & 4| of o] oF 2§ o) 1] o) 6| o} s| 20 s] 2f s| 2§ s 7| | 7} w7| 7] 0| & 22 o s| sfj 13] 7] s | 8
By Tomp. °F 1627 ps76 1608 576 §1619 7 J1475fis1e {1463 B270 | 2413 § 1285|1400[1336 1401 § 1379 jeos 1321 ez §1257 h3ee {2171 (1253 1248 1182 | 1244 p230 1052 [1246] 903 | 1166] 929 |1253||1051] 940 1031 747 ; 1050
Lo Teap. °F 1594 a9 [1343 hsso |1ses | 1sesfisaz f1esafisas faseshisos [14s2 h2es fa603] 1234|1306 fr2ss |aseo |1ase ave §1282 fars frzeo harr [1128]1226 {2206 frase | 1202 fana fuozo [1232] se2 [1137] 912 |1140 [fa00s | 915 1022 704 { 2013
100 Nour

Avg. Tewp. °F 1608 pss9 1596 pses J1604 | 2572 hus2z 1 1449 R262 11408 § 1259|1388 hi3os [1388 1373 f3se | 1208 pars 1253 p3s2 |l1157 1240 J1219 |raes | 1215 h216 fro40 J1142] e63 j1132] 921 [1147 [{1026 | 928 1016 73811035
Sed. Dev. el o 71 sy o] s} | ef 7] sy 2} sPaus] 1] w] sfas] s} e} 2] o] 2} s} zR m] 2] 18] o} 8] s] 12] oA o] 1o 7} || ] 2} 4y ] v} 9§
u Temp. °F 1614 hses Jrsos hsa |1610 |1577fis30 eshisie {1456 Lz.u 1421 § 12002397 1323 1295 f13a5 f3ee | 1307 haro fazes hase 1178 hzsz J1250 o | 1244 hazs Jroea |1246) ss2 |11aef 933 {1258 [{1049] 952 fr023 755 1042
Lo Temp. °F 596 psss Jusaz hsse |ases |15s7fhsor fuesrfpsor |1asofasz |1ass haes asen |azasfussofhars fusas faes hasa |azer favs fuaaz hsso Jises [izas Juses huso | 1es s frozs [1a3e] sss | 112e] 52z faras|| 996 ] 912 Jro0s 714 | 1028

- 91T -



- 117 -

APPENDIX B
PARTICULATE CAPTURE DATA

Table B-1

Second Cyclone Capture
Size Distribution

Vol. ¥ Finer Than

Run/Dump No. 5% T10%

79 130 4.4 6.0 9.6 15.5 32.5 68.0 94,0
79 18 7.4 10.0 15,0 28.0 55.0 92.0 120.2
80 64 5.9 8.1 13.0 24.0 47.0 92.0 120.0
81 15 5.8 8.0 14.5 33.0 92.0 -- -

81 74 5.4 8.0 15.0 36.0 100.0 -- --

106.1 2 5.0 6.6 10.5 18.0 38.0 83.0 140.0
106.1 11 7.0 14.0 34,0 84.0 165.0 310.0 430.0
106.2 23 4,2 6.0 1.5 23,0 52,0 105.0 160,0

106.3 57 4.8 6.4 1.5 23.0 52.0 105.0 160.0
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Table B-2

Third Cyclone Captured Material

Size Distribu

tion

Vol. % Finer Than

Run/Sample 5% 10% 50%_
78 31 1.4 1.75 2.5 3.55
78 52 1.8 2.3 3.5 5.1
78 85 2.1 2.5 3.4 4.8
78 120 1.65 2.2 3.1 4.5
79 1 1.75 2.15 2,7 3.4
79 18 1.6 2.1 2.9 4.4
79 42 2.4 2.9 4.2 5.9
79 50 2.2 2.9 4.3 6.1
80 64 1.35 1.70 2.5 3.90
81 15 1.2 1.4 1.95 3.35
81 74 1.8 2,2 3.1 4.80

9
5.2 8.4 1.0
7.6 10.0 12,5
6.6 8.8 10.0
6.6 10.0 13.0
4.5 8.0 11.8
6.4 9.6 10.25
8.9 12,5 16.0
8.8 11.5 12,0
6.0 8.6 9.8
6.20 10.0 12.7
7.80 12.0 14.3



Table B-3

Flue Gas Particulates Entering Turbine Test
Section (Exiting 3rd Cyclone) Size Distribution and Concentration

Particulate
Concentration Vol. % Finer Than
Run/Sample (gr/SCF) 5% T0% 25% 50%_ 75% 90% 95%_
78BB 2 0.033 0.48 0.56 0.74 1.0 1.4 5.0 8.7
78BA 3 0.034 0,60 0.75 1.10 2.0 4.8 8.5 9.8
78BA 4 0.028 0.62 0.78 1.10 3.1 5.8 10.8 12.5
78BB 5 0.039 0.46 0.54 0.74 1.1 2.9 6.1 8.4
78BA 6 N/A 0.48 0.55 0.79 2.1 5.9 12.0 14.0
78BA 7 0.042 0.48 0.58 0.74 1.0 1.5 3.1 5.0
78BA 8 0.056 0.79 1.0 1.49 2.5 5.5 9,2 11.5
78BA 9 0.045 0.74 0.97 1.47 2.5 5.7 9.6 11.5
78BA 10 0.056 0.60 0.76 1.3 3.0 5.7 8.8 11.0
78BA N 0.054 0.79 1.1 1.75 2.5 3.7 5.7 .8.0
Avg. of Test 2-11 0.58 0.66 0.98 1.9 4.6 8.5 11.0
79BA 1 0.012 0.54 0.68 1.0 1.8 3.7 6.4 8.8
79BA 2 0.009 0.47 0.53 0.69 1.0 2.4 8.8 13.5
79BA 3 0.034 0.47 0.56 0.75 1.1 1.8 2.2 8.0
80BB 1 0.014 0.52 0.60 0.69 0.9 1.2 1.8 2.3
80BA 2 0.023 0.55 0.61 0.76 1.0 1.9 6.0 9.0
80BA 3 0.026 0.54 0.61 0.78 1.1 2.0 4.9 9,0
808BB 4 0.021 0.53 0.59 0.70 0.9 1.3 1.8 2.5
80BA 5 0.023 0.56 0.64 0.91 1.3 2.0 3.4 4.9
80BB 6 0.021 0.46 0.53 0.70 1.0 1.4 2.2 5.0
80BA 7 0.028 0.58 0.71 1.05 1.5 2.4 4.5 6.4
80BB 8 0.015 0.47 0.54 0.73 1.1 1.6 2.5 4.0
80BA 9 0.024 0.96 1.18 1.45 1.9 2.9 4.7 6.0
80BB 10 0.023 0.47 0.56 0.76 1.1 1.6 2.5 5.0
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Table B-3 (Cont'd)

Flue Gas Particulates Entering Turbine Test
Section (Exiting 3rd Cyclone) Size Distribution and Concentration

Particulate
Concentration  _ Vol. % Finer Than
Run/Sample _(gr/SCF) 7 102 25% 50%_ /5% 90% 95%_
81BA 4 0.063 0.50 0.60 0.79 1.2 2.8 7.5 11.5
81BA 10 0.031 0.56 0,60 0,76 1.1 1.7 6.35 13,0
818B 1 0.037 0.63 0.80 1.2 1.7 3.4 6.0 8.0
81BA 13 0.037 0.56 0.62 0.77 1.25 3.2 9.0 14.0
81BA 16 0.039 0.58 0.70 1.0 1.45 3.1 9.4 16.0
81BB 18 0.021 0.52 0,59 0.72 1.6 5.8 1.5 16.0
8188 20 0.018 0.58 0,63 0.80 1,25 2.9 5.8 8.0
106BA 1 0.083 0.79 1,05 1.45 2. 3.3 5.6 7.4
106BA 3 0.029 0.74 0,93/ 1,25 1.7 2.4 4.6 7.0
106BA 5 0.049 0.64 0.84 1.5 1.7 2.8 5.0 8.0
106BA 6 0.037 0.79 1,05 1.45 2.0 2.8 4.0 5.0
106BA . 7 0.460 1.0 1.40 2,20 3.5 5.6 7.8 9.8
106BA 8 0.048 1,70 2,20 3,10 4.9 6.9 9.2 10.0
106BA 9 0.094 0.79 1,15 1,65 3.1 4.5 6.3 8.0
106BA 13 0.089 0.79 1,10 1,70 2.8 4.3 6.3 9.2
106BA 17 0.055 0.56 0,62 0.80 1.2 2.4 4.9 8.0
106BA 20 0,063 0.64 0.79 1,20 1.7 2.7 4.9 7.2
106BA 24 0.054 0.56 0,65 0,90 1.3 2.7 5.5 8.0
106BA 28 0.047 0.58 0,65 0.85 1,2 1.9 4.6 8.0
106BA 32 0.043 0,59 0.68 0,90 1.3 2.1 4.6 7.0
106BA 34 0.043 0.60 0.70 1,00 1.4 2.1 3.8 6.35

N/A

= Data Not Available
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APPENDIX C
HEAT EXCHANGER PROBE HISTORY

Enclosed is temperature history data for the heat exchanger
probes for runs 78 thru 81 and run 106. Also, included are photo-
graphs of the probes after 1117 hours and 682 hours of operation.



Table C-1

Heat Exchanger Probes Temperature History (Run 78)

Control Temperature: 1600°F 1200°F 1050°F
Combustor Location: In Bed Above Sed 1n Bed In Bed
Port Mumber 1 3 13 18 R 0 10
e o I I ', x | u i e dalalslalslsls 2lo ] ’
$ Nour J
Avg. Temp. °F 1584 | 1555 | 1476[1531 hsao 1575 [1577 mJ 1337 1034 f1160 hoas {10e6] 997 [10a9 | 1166 hies 628 | 15| 87 68
5td. Dev. 2] 7 | o] wl 2 54 83 7wl 2l o sl wl ul ] ss] s 7
B Teap. °F hse7 {1561 | 1487[ 1536 frsas 1583 }1576] 1356 1042 1043 hin Thoss | 106081077 | 1104 ] 1226 22y 665 | 83s | 698 694
Lo Tewp. °F hse1 {1564 ] 1454]1526fi535 1563 | 1580 12141214 1023 h139 hiosz [ 1026l 537 [1073 01146 fiaz 597 | 6as || 676 [
0 Hour
Avg. Temp. *¥ 1584 11555 | 1518|1570 1573 1595 11573 a0 1297 1036 Fm Y060 | 1 957 |20 N2s a02 | 889 [ 836 B3
5td. Dev. )‘-5‘ 5] v s} 3 12} o7 q s 12 sl n w] n] w1 8 es{ sf s7 o
Hi Temp. °F 1592 | 1563 | 1547]1576 579 1613 {1598 widins 1055 14 Lmn 1071] 966 [1148] 1134 133 093 | 978 8oy 889
Lo Temp. °F 1579 | 1581 1531 fisaz 1581 {1564 1299 1281 1023 16z hoss | 1056l 938 | 1066 | 1099 hosy 62 | 762] 768 64
15 Bour
Avg. Temp. °F 1581 | ss2 | 1517) 1568157y 1591 | 1665] 1409 1305 1029 h177 fiose | 1ord 963 §112s] 1140 hieo e | 25 ass -
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Table C-1 (Cont'd)

Heat Exchanger Probes Temperature History (Run 78)

Control Temperature: 1600°F 1400°F 1200°F 1050°F

Combustor Location: In Bed Above Bed In Bed Above Bed In Bed Above Bed In Bed

Port Number 1 3 13 15 17 2 4 " 16 18 1 9 20 2 8 12 10
I::::.lun Specimen X H K X H X H H X L] X 8 X X 8 X 8 x Py X 8 8 X 3 8 8 3 8 3 8 3 3 8 8 3 2 9 9 9

45 Hour
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Table C-1 (Cont'd)

Heat Exchanger Probes Temperature History (Run 78)

1400°F

Coatrel Tempersture: V6OO°F 1200°F 1050°F

Conbustor Location: 1n Bed adeve Bed Ia Bed Above Bed In Ded Above Bed In Ded

Tort Bember 13 15 % 2 4 $ " ) 1 ‘n 18 2 2 s 12 10
et e IR s fal wfalpulcfdy [abalolx ] xlodxdsbolalatalslalalalalalslalalsfzfed? ’

5 Nowr

Avg. Towp. °F 1575] 1549 | 1509 [1548 | 1565 15651598 | 1593 1601 1590 | 15911190 [ 1390 § 1270 1342 1358 {1358 | 1319 | 1392f1219 423 |fho77 |1146 fries hross [ 1047 { e s7oprzaz] s20 p2or § 515 11203 | 77351006 hrore 017

Std. Dev. 4 71§ 2| 23 3 2f 3p 4] 4f 5] S| e af 28] s] )] e} 7 s| 2] s| 2 afl a) w] n] o] 6f s| w2} &) sf o] 6| 13 "
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105 mour N v
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Std. Dev. 51 Y 4 ¢ sl 3 e 4f 9] Sfoaz| a3 | w] s el ] o] 2} s] 3§ 7] 6] 8] 3l sl i s| s} 7] sl ] o} %] 2] M n

M Temp. °F 15701 1554 ] 152511543} 1566 158216031 1603(1608 § 1600 | 1601 09 | 1380 § 1288 J1asz 1366 |1370 |1292 fvassfiz2a Jvasz | 270 | 1a24 fhioos |116s [ 1197 hoos Fioso [ 1170] oe1 hizsi | s2zhzis | ass {1265 § &35 fr07s Jross 1039
Lo Temp. °F 1567 1542 148911533 1555 151301597) 158 [1598 § 1578 [ 15888, 1, |74 11219 R332 §1330 J1337 1266 fr3sefirse Jiazz | 1256 | 1017 fhosz fiize §1iez host frozo | 11ss] os2 hiesr 90!1:193 489 | 1241 [ 741 J1006 frons 1015
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g Temp. °F 1568 1547 | 1515h15a1 | 1550 1554{ 1600 1599|1605 | 1589 1596 |raz Jraz 1273 paaz [13a {1346 Jrzes [136ed1220 fras0] 1267 [ 1420 & o 11100 Drizshioso fvoss | isel o6 hzse] oefizos | ass |zse | 769 hose Jrose 1037
Std. Dev. q of o 2| s 5!!!!57;2!1!3125173!35-“22“,."39‘2"“]211lZI 1
B Temp. °F 1574 1555 | 1526] 1544} 1566 1584 16045 161111610 1602 | 16020196 1387 1295 i3s3 §1361 |1361 [ 1288 [ 1a67fr2s2 rase f 27 [ 1424 Roge Niass frz06 hior Jioss fvvee] o7s hzaz] 933 izzo | soa |12sz § 783 J1049 {1053 1057
Lo Yemp. °F 15604 1533 | 149711538 1552 1524 ';‘k 158711588 1579 ] 1587 [n100 1368 | 1240 1338 §1327 1330 11276 | 13611215 {1aze] 12621 1418 Roco 11117 §1ra7 frozs {10ae frres] o fzzsf soofias | ast 12se § 758 1029 1o 1013
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v, Temp. °F 1571 1551 | 151411546] 1564 1579]1595] 1608 vssa] 1599 ] 15kl o0 |ny bizmn ez |isas fraso | vzes frardrzzs [vaze] 12n | vazz Boro fnss f1rre oz fross J1nse] ses frzse | esefireo | asa fr2se | 75 froso froze 1024
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ut Temp. °F 15791558 1528) 1551 | 1568 15s2|1597) 16rsfassay 1608 | 1567 R Loy Bizsz hast frass | 136 | 1306 | 13731230 [raze] 1278] 1428 Bose fries f1190 fiva fross |nie2] 975 h2ar] meefiiea | s10 frzez | mae | 1096 | 1003 1041
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5td. Dev q 4] 2% W 6 s 4 w3 7] 5| vof 3| wa] 3] 6] v ] wl A v} o & afis| ) st wl sl 12l 2l al al a) 2] w1 o] ] = w0
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Control Temperature: V600°F

Table C-1 (Cont'd)

Heat Exchanger Probes Temperature History (Run 78)

1200°F 1050°F
Combustor Location: In Bed Above Bed In Bed Above Bed In Dod Above Bed In Ded !
Port Thmber 1 13 s 7 2 [} .6 " 1 18 -n 19 20 22 8 12 10
Rours
"“"““""“"’"""“""-xxlllllll'l;.g;azjsaua:z”°
125 gour

Avg. Temp. °F 1576| 1564 | 1551} 1564 1575 1510 16100 1564 1620] 1551 1618fri7a [ 1377 Jr252 iaas fr3ze [1xes fr2es |rasdnisn Jraashass e |05 h11 hiiso [10sstioso f1177 froes {sos] oee [1270f ss1 | 1345 || 763 fr0se Jrose 1040
std. Dev. A o] o 2f « W A o s sl a] 7)) 6] of wl as| v] 7f o 2| s o s nf v |2} | 4 6f 6] 6| o] of ] ”
2 Temp. °F 15611579 | 1362)1566 ] 1579 15221 1611) vsedf v6zzf 1559] 162003179 | 1306 § 1278 [ras7 | 1338 {1397 | v2e7 | 13641202 [1empzst fazo Rrioahizss fazzz | 1ioodhess friso froza Jaanif esa fizze] ss7 | 1351 | 792 Jrore roso 1083
1o Temp. °F 156711557 § 1539|1561 ] 1569 1489 ‘“1 15641 1618% 1545] 161301167 [ 1368 [ 1239h1300 Frave {1215 | 1254 | 13acfies [1eashhzsz horz froeshiat fiies | 1oeskhozs Jitse fiosz | 120 977 frzea] sea | 133 || 772 1036 frozo 1031
130 Hour

Avg. Temp. 7 151} 1563 ] 1552)1s6s| 1577 178l 16108 1559] 1625] 1538| 1625 Jrues [ 1374 ] 127001362 | 1326 | 1328 | v2es | vasq e [raschass [ive Nioe by biize | ool veer Lisss [ nros | 13sd a7 {2ee] 557 | 1am ﬂ.m 1023 | 1028 1029
Std. Dev. L] IRU IRE B it 12l 3 sl el ul s| x| 8] 5| osf ] 4 8 1B 28 2 5] 20| 4 o] s} n| 4 2 o]l vl .| w} ¢ 7
Y Yemp. °¥ 1580} 1566 | 157211560} 1564 Hs1j 1614 15701 1629F 1551] 1632 B1179 | 1300 | 1304|1367 f 1341 [ 1337 ] 1292 | v36F 1190 | 1443g1259 1419 B3y ]264 200 | 112034 [1168 | 1150 f 1359 1040 | 1325F 569 | 1397 | 786 [ 1081 1034 1036
20 Temp. ¥ 1563] 1558 | 1538[1853) 1674 1455116081 1545 1621] 1521] 1618 Ju1es | 1368 | 1230]1349 | 1300 | 1298] 1278 | 1350 1173 | 143641229 1413 Rygu6h006 |r146 | 107901014 [ 1148 | 1069 B33 | 991 | 1276f 547 | 1355 ) 700 § ssofr020]  Jrezn
135 gour -

Avg. Temp. °F 1572] 1567 | 1564|1565 ] 1578 1429/ 16090 1514 1601 | 1489] 1604 1981 | 1382 ] 12711369 | 1330 | 114} 1280] 1359 1179 | 143541296 |1386 | y090|1199 1175 ] 1080 1032 | 1159 1113 1328 1025 | 1 561 | 1375 § 507 l1orad 1033 1025
std. Dev. s| vw] 1} 7 8 61 6] 15} 35 6] 2 8]l 26| e 3] ] 6] 3} 13| 1§ 3B| 25 13 wo] 2 d n| 12] 4| «w] & 18 Bl n| 1] g 20
Hi Temp. °F 1579)1581 | 1592)1573 ] 1589 159251613 155601627 1538] 1530 §1216 | 1391 | 1314] 1368 1391 § 1329] 1307] 136§ 1198 | 1041238 [1410 { yoo7|1214 1191 | 1086 1047 §1170f 1156 1357 | 1062 § 1339 579 | 1406 | 455 | 10291 1053 1055
Lo Temp. °F 1566{ 1559 § 1549 [1555 § 1567 140 [ 1600f 1484[1588] 1457} 1585 §r164 | 1370] 1252} 1352 ] 1299 ] 1298] 1266 [1353] v16a ] 1 1rea f1347 [ r067)n1es [1r6n | 1074 1016 § 114z vooa fraso ]| sasfrzag s | umie ] con | saul 024 1023
140 Bour

Avg. Temp. °F 1572|1572 [ 1551 [1561 | 1580 1485{ 1611} 1505|1600 1473 1601 [J1185 | 1300] 126701360] 19 ] v318] 1287[1357) V163| 14391207 1139 R 1003111931171 | 1089 1033 | 1170 11241339 1033 131q] 568 | 1389 | 719 | 1027 1049 1050
Std. Dev. i 71| u] 7] s 2o} 2§ of 2f of 2fl 3| ¢ Y ] 4 9 | T 7L of 2a) 15| 4 9] 3] 6| 12] 18] 1§ s] 2] w0} af 13 13
L Temp. °F 1577{1580 | 1568 {1573 | 1585 153a{1613] 1521|1602 1488 | 1604 [| 1195 | 1393] 1:18[1370] 133 | 13324 12991360 1194] 14841212 1 1404 | 450911575 Fr1g2 | 1099 1057 | 1183) 11asfiase] vos3| 1324 s76 | 1402} 735 1054f 1064 1067,
Lo Temp. °F 1s67)1562 J1s3t hsss Jasn 146081609 1497|1598 ¥ 1455 | 1598 J]1167 ] 1375] 1229]1350] 1306] 1 1274|1353 1169F 343 1195 1386 § 150011953 [ 1151 10511013 |usl 103]1320§ 1005] 1 561} 13694 707| 998 1 1e34
145 Nour

Avg. Tesp. °F 1575|1564 | 1502 hse3 | 1579 hasz Jrsos] 1502 hses [rase [ 1600 lhrmz |13e0 §1266 bass frarz Tiars hrzre hiasohize haso [rziz bsse  fo7s [1218fnes froet | 106z | 117zfinio hrasef voarfhaor | s7s|13es § 710 f1ons Jroar 1047
Std. Dav, 8 7 0f ¢ 3 8 3 N 2] 28 2 6 6 281 13| 10 sf n sl 6 20 15| n 8} 17hws] 13 2l 1271 wf 4] 10} 6 9 7 s W 16
X1 Tesp. °F 158611571 | 1549 1569 § 1582 1469 11613 1508 [1600 F1478 | 1603 R 1n9 J138m l129e 377 fhaos [1326 fizee frassfries frasz [ 1zz0 face  Jroes | 1208 fiasz Jroe7 ] 1005 ] 112fiiaz [1auzf vosofinz] ses 1302 | 719 1028 Jr0es 1069
1o Temp. °F 15661556 | 1524 [1557 ] 1574 1469 [1607§ 145211595 §1462 | 1997 Ry |72 Trzez paus fraoz fraos Jrzse fraashinze rase f11es fsso  Jroso [ nnes|as |r0ss] vo3e] nisifroes |13n] 1016127 ] se1 {1268 | 702 1004 fr027 1027
150 mour

Avg. Temp. °F 1573) 1575 | 15531567 | 1578 1477 |16r0] 15201606 frass {veoz B oo Lo mJuu 1313 hizgs hasehies haas |izis baoa 721 11005 | 1006 1008
Std. Dev. 4 g o} sp o7 ol ) o wl 22} YF b b ]| 6l s | sl 7| sl s| sl ol & Juoojrisshize {106z 1034) 1i6okiros |133f 1027]1309] sos)vass | x| 25| 13 T2
1 Teep. 7 15781 1595 § 1561 1575 | 1584 1486 |1670] 1584[1631 § 1474 £ 1603 B bisme haan asz fisss hiass frase [iasshiso frassfizse o | 2| @ 21§ 5] n] 14 s n{ sl sl 10 | 758 |r0as] 017 0
Lo Temp. °F 156941554 | 15361562 § 1566 1465 |veosf 1478] 1588 | 1462 | 1600 108 1372 1247 N13a7fi2e7 hze7 1272 fiaas) )nn ha3s | 1209 §397 [1116 | 1256 202 |1098] 1047| 117041122 IM:I 10041318F 599| 1399 | 93 |.979] 985 989
155 Mour

Avg. Tesp. °F 157111571 | 154215701 1581 W77 [1609y 1476|1585 ] 1468 | 160 § 4 900 ty33 1260 |1asafiazr frazs frzsa Jraszfiies freao [ 1223 Jaos Jross | 1226170 |r0ee] v03z| nierfsin Jrase] voacfraor) ses| 1es § a1 |ron | 00 1007
Std. Dev. 4 o] ¥ 5| ¢ o o 0 8 2E o ) ] ns] el 6| ol sl 2} n| s 7| ashas| o of A o] uf 1zl 2} 2} s | 7| o] @ ] s
B Temp. °F 1s7 TSl | 1566 |1sTef 1566 1490 [1611] Tansyisecy 14801 1602 4,y [ 2es 296 [1370f134 3so 1301 [r3s7finoe Jaas fr2s0 1a08 1100 | 12820195 fro91] 10a6) 1161117 (13000 10391317 ssaf 1298 J 738 | 1052 toss] toet
Lo Temp. °F 150 1561 152 |sea 1em 167 [reveg Meo1sa 1491 1% R rvasfara hrase |rseshioos fraos fizer [rsasfre frast frzos {rssr froes11rofpise from | v0es| sfross [1ne vomvzms] s76] 1360 | ese ] ses] oed *!
160 Bour

Ave. Tesp. °F 1566] 1574 ] 1543[1571 § 1586 146 |1610f rarzfrsaef vwesfvsez | o b by [iasshisos aos frees frssohies fhasz frzso e Jiows | rearfines |roee] 103s| nsdnizr [vaaed o ims] see 1398 [} 11| 1cna] o 976
Std. Dev. q 71 w| 7] & | w0 A 2f 4 2R ol sl sl sk 6l sl 7l 4k 61 4l 7] 61 vo] ] | 0] of oA 21 o v 3} | sl ] 2} 1 14
Ui Tewp. °F 1569 1582] 1561|1579 1529 177 16134 1479115885 14701 1605 |03 hasa hiars J13ahois ate przse frasshsz fraas |1z frez finie | 1301fines f1oesf v0as) visquiss fassg 10mfazaa] se] 115 I 79| voue] 9eq 988
Lo Teap. °F 1569 1566 | 1528] 1565 ] 1583 1454 [1e0ny 14ce1564] 1458|1600} a3 haes hzze lrssohose L,. l,m 1ashzs hasa |12z |raos |roe8 [ 1231 frise |1066] 1023 nisyfnies | 133 102 mzl s77] 1319 || con) oss] 954 953
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Heat Exchanger

Table C-1 (Cont'd)

Probes Temperature History (Run 78)

Coatrol Temperature: 1600°F 1400°F 1200°F 1050°F

Coubustor Location: In Bed Above Bed In Bed Above Bed In Bed Above Bed In Bed

Port Bumber 1 M s 7 F 4 6 14 16 18 1 9 2 22 8 12 10
::‘::‘-..-"“""‘xuuxuxxuuxux,xxa,sx,xgg;388383833883299 9

165 mour

Avg. Yemp. °F vseefism Jisa fises [ 1583 1473 Jrsos | 1475 lssslusa 1602 ||y194 { 1375 | 1255 hass [1317 1321 § 1265 | 1353] 1180 [raaz] 1220 haos [Jross [ 1229 11s0frosa | 1032 | 11safinns [1339] 1034 { 1311] ser [ 1303 [ v0 | s3] o73 anz
fed. Dev. il u] 2| o] 3 8 2] 7] o 2] 3|l 6| o] as} s} 7| 5] w| A sl | el w3l o) 2] 2| s} s vof 2] 9] 26| 2o w] 2f 5] 2] n 10
B Temp. °F 1572{1se2 1575 fis77 |1ses 1502 {1610 § 1482 | 1587) 1475|1605 [h200 | 1386 | 1307 fr37a 1347 [1384 {1207 | 1361205 {1447 ] 1237 hare {]120 {1267 {1200]1090 | 1043 | 1163f1137 |r3sof 1060] 133 593 [ 1423 [f 725 {117 ] sms 982
1o Temp. °F 1566|1547 | 1522 hsss f1579 1482 HMG 1456 | 15838 1455[1598 111784 | 1362 | 1237 hi3se f1301 | 1508 | 1272 { 134301160 [ra3s ] 1190 hass {ho72 |1221 1170|1077 | 1011 11831080 {1314] 1001 ] 1289 566 | 1383 f 694 | 972 960 959
170 Bour

Avg. Temp. °¥ 15241549 1557 153) {1548 1525 1553 | 1511 | 1549 15051 V544120 {1372 frze7 rasa |1360 |15 [13zs [13s7fizst frarz | vize hazs [frize {vziz] vissfiros | ross | 11sehioss fizs7] ees| 11ed s78 ] 1327 ff 747 ro2e ] r0m 1040
Std. Dev. sof 48] 48] s3] 0 7 s8] 7} 5y 3B 6 6 67| of as| s} s6| 21f 62| 20| eaf 79 || 29 36} wi| 2s) aa| of se| e2] ne] 1q 10} asf| 8] s0] 10 102
BL Tenp. °F 15651594 116131563 | 1584 16071608 | 1552 169 144 160N Iy 1o Jusaz fuses hass frate [1ats frars |rssafraas raat]rziz hany fom [rese [ rzoshinasf ruao | nierfos [rass| v0zs | 130d sz fram § ses jrunz]ha 217
Lo Temp. °F 1441f1468 | 1480 (1487 | 1455 14541475 ] 1470( 1464 14 WS Ry Hiasa [iza haas Jisne fravs [1zzs |1sasfinzo frses | 1013 hzzo oo | nes | isofiosz | 1033 | 1141 sse [1z06] 730| vosq ss | 1em | es2 froor] ses 969
175 mour )

Avg. Temp. °F 1568] 1567 | 1557|1572 | 1572 w1 |1608] 1473 1588 14681603k o0 11 oac |oce base Drass 1337 [i20s [vasodineo frasad 1202 hsss (1093 1168 f17sfrost f02a | 11safrnes hiasif voer| 1304 seo | 1383 | 703|100 | 973 o
Std. Dev. 3| | sf s s ol 2} 2l ] 4 v o of mi o] o] of of | &b | 3l 03] 5] v2f v 5| o 0| e} u st o6f s 9] 26 28
1 Temp. °F 157211578 | 1564 [1575 | 1576 unpeof 17s| 158 g sed byoo 1o iarz has7 hrasa fises 1303 |13sshizos frear fr2ie hags 1113 [ 1185 | m1e7]ir0s | 1043 | misrfiizo [13asf 103s| 1213 ss7 {1390 | 727 | 1031 ] 1008 1012
Lo Tesp. °F 15651548 | 15431564 | 1563 1448[1606] 1470] 1584 1461/ 1603 Ryg; hiayy |1226 faaa fr3or 303 frzes |13ssfizr |rase] 1201 ass fhoss [ 1151 | iss{iore | 1o | 11azdiese fr3ze] 100sfrzse § s7a faars § 6e9 | 78] 93 938
180 Hour

Avg. Temp. °F 1567(1567 § 1542 1571 | 1574 1450{16107 14681 1588 14601 1604 R 4196 1386 [1264 |1352]1347 |13a4 Y1289 11359f1191 [1a46 § 1209 paos [hooz 1139 1171 |108a | 1029 { 115¢f1117 [1340] 1031|1037 85 | 1301 || 729 ] 1025] 969 965
Std. Dev. 2] 8] uf 7 7 na 1 q 1 8| 7] 29 o] 2| 3] 8| af 12| a4f 3| w) el 5| w] 8| 7| o) 3§ e ef 2| ef 26] 30 14 16
Hi Temp. °F 157011570 11553 [1580 | 1577 1460116111 14701 159Q) 1463 1605 {4209 [1393 1300 {1363f1362 |1361 {1297 [136af1202 §1450 1213 fraoe finrz §1157 | 11861098 | 1020 | 1163]1129 [1385] 1082]1317f 587 [ 1400 || 760 | 1083] 982 988
Lo Temp. °F 1565[1547 11527 [1563 | 1561 144311608 § 1467} 1589 145711602 119 1375 J1230 |1340)1328 [1325 |1276 [135akiizs Jraso f 1204 haoa frora [sm1a | is2|iorz | 1ora | 11aafiios |1337f v02ajiz0a]| seafrssr || 708} sso] e 9§
185 Hour

Avg. Temp. °F 1560[1567 §1551 1566 1573 1510 1594 § 1499 1574 11492 11583 11209 | 1385 | 1285|1356 | 1361 | 1359 ] 1298 fi361 |1215 [14371154 11360 {1110 {1183 | 11861094 1047 1152 frose [1292] 969|125 | 5751357 [| 718 [1008 | 998 997
std. Dev. 1B 5] 28 1 3 47| 281 4z| 23] 4} 3BR 25 sp 22) s8] 21} 25] w6 19 w8l o) 62 of a4l 18| 10l wf sl s | a2] 77} s} n| 3| 2| 19] 8 20
L Temp. °F 1568{1589 ] 1598 1575 11575 1572 1610 § 1572 1588 11562 11604 {11261 | 1301 f 1302|1365 § 1396 {1402 | 1324 1388 |1249 145111206 1408 {1165 | 12348 1203|1106 | 1066 h1se J110a {1331] 1025§1304 ] s89 | 1384 (| 765 [1036 f 1028 1030
Lo Texmp. °F 15331550 1528|1545 J 1567 1460 1544 | 1470 1533 §1460 11525 [l1190 | 1378 ] 1249)1346 § 1345 | 1342 1291 [13as 1203 [ 14071037 1258 [10ag | 11a7] 1165|1079 ] 1028 hiar | s |1226] e3sjrrzof seo | 130n }f 692 | 987 | 9s0 983
190 Hour

Avg. Temp. °F 1564|1562 {1538 1571 | 1560 1500 [1608 | 1484 @6 §1477 11600 sy | 1378 | 12721356 | 1368 | 1368 1304 fi3ea 200 [raazfiize frazs [l 1 b o hiss Does [12s2] sosizs0] 570 1387 || 707 {1009 ] r00s 1008
std. Dev. HIR B I sf 2] 2} 2f s| 28 o] )| 37| of 20 zof 12| w3 w| 3] 12| s ] vl 2] sl 3] 5] w| v} ol s8] st wff 4] ] 2 2
B Temp. °F 156711580 [ 1572 {1576 | 1586 Vs14 16104 1486 (1588 | 1483 {1604 | |, o |\ 200 D y313f13s2 | 1306 [ 1302] 1319 fiaso f1217 | vaasfiio0 1385 ||y126 | 1218 ] 1199 1100] 1048 fi169 fr0e1 f1307) 1006|1289] 579 1371 [| 713 | 1028 vo2s 1022
Lo Tewp. °F 1562|1555 | 151815631 1570 1as4 166 | 1482 1584 | 1470 | 1598 B 0 1100 D 122efi3a0 | 1301 | 1337 1291 fiasz f 190 | vased1167 11378 |loay | 1178 ] 1146 10ss] 101 fii3a froar frz2es] oss|r273) ser| 13as[] 702 | sss] ses n
195 Hour

Avg. Temp. °F 15651563 | 152211572 § 1569 1462 |1610] 14721589 § 1463 | 1604 K193 | 1380 1283)v372 ] 1359 [ 1361 1312|376 | 1188 14461180 }1391 [k1088 | 11630 1176410720 1048 1160 fr1093 |1320] 1025|1302f 577] 1388 § 708 | 1020] 398 999
Std. Dev. FIRRTY BRI IRTY B | 3] vzl sl sl s onl sl sl ul 7] o] ol sl 7| o | vl | sl o] b w2l 7| s | 2] a0l s] 6] wl sl 1] 1o n
B Temp. °F 1568|1582 | 1546 1592 | 1578 110fi616] 14881593} 1473 | 1611 L1007 | 1390} 1320} 1384 | 1385 | 1303 132301388 | 1200 | vasefv205 J1417 {biy0s [ 1226 ] 1190]r096] 1056 1166 friso |raee] vosafrzse} st 1838 | 726 | vosel 1008 1008
Lo Temp. °F 15611542 | 1509 [1585 § 1559 10151608 vas7 |1587 § 1447 | 1600 §1178 | 1372 1238|1358 ] 1343 | 130a] 1301 rams f 1163 f vasdvies 11371 [lyoes § 1126 | 1168] 10se] 1027|1168 frose {1208l sealrzes] s60f 1366 | soafr0m] ss2 080
200 Hour

Avg. Tesp. P [ 15631565 [1524 11579 | 1571 1491 1609§ 147001587 § 1473 1 160 K, o1 1 o0e] 1206|1372) 1379 | 1375] 1320|1379 1200 | 1asd iy 1377 [Innor [1iar | vrerfross | 1030 |v1s7 |1iss [r203] ss)r2r7) sse} 1361 | 703 von0f oot 991
Std. Dev. 2l 1l w2 6 ol 1 Y N Y R sl of w sl sl A sl s| s| A 6| 3| ol 25 e 2| 7| s] z2f o & sf s| 7| a| s s 12
ui Temp. °F 1565(1579 | 15331603 | 1579 vsoo1610) 148015901 1475 11603 | el vasef 138 ] 1300 138] 1333]1385 ] 1209f 104R 1176 [ 1380 [[1114 [ 1973 1206|1111} 1037 1165 |r0s7 [1299] seafr1282] 64| 1373 F2727] 1039y 1004 1007
Lo Temp. *F 1561[1543 1511 {1560 ] 1564 W7s[v608] 147715834 14701 1598 §, o | 166 ] vosef1364) 1368 | 136a] 1313[1378] 1195 1aag a6z [ 1372 [Jr068 | 1111 1isejr0s5] 1022|1181 |10s3 [r2e8f seejren] se1| 1353 77| sea| 974 980
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Table C-1 (Cont'd)

Heat Exchanger Probes Temperature History (Run 78)

- L2T -

Coatrol Temperature: 1600°F 1400°F 1200°F 1050°F

Combustor Location: In Bed Above Bed In Bed Above Bed In Bed Above Bed In Bed

Port Nusber ) I 15 IY) 2 4 6 " 1! 18 7 1 1 20 2 8 12 10
:::.M‘mml""""*"""l"‘uxxaxaxaxusl3883338338332999

205 Hour

Avg. Temp. °F 1562 | 1562 | 1527} 1578§ 1577 1461 |1610] 1472]1586 | 1463 1603 frzoa [1383 1305 [ 13751377 hiaze fa3n1 razefrigs sz f 1191 {132 § veee]1189 f1179 | 1086 1039 {1160 | 1093 | 13191024 [ 1302] s6s 1381 | 709 |r014 § 998 998
Std. Dev. 1 L) 22] 14 6 4 2 3 1 5 32 8 8 28 n 8 n 13 61 12 2 10 10 8| 20 30 13 15 7 19 12 15 12| 9 6 9 17 16 16
B Temp. °F 1563 | 1578 | 1559|1596 | 1584 1478 |1613] 14751587 | 1470 | 1606 215 J1391 J1332 | 1386]1390 f1390 1327 [13e6fiz1a |rass frz07 [1a08 [ 1r07)1217 [r212 { 1105) 1084 | 1168} 1018 | 1339 1041 | 1m0l s82 [1387 || 721 |r004 fr0v3 1088
Lo Temp. °¥ 1560 | 1543 1505[1567 1567 1444 [1608[ 14641584 [ 1457 | 1602 {1193 (1371 J1267 | 135941370 (1366 F1257 (136941184 (14508 7187 [ 1383 § 1068}1163 §11368 | 10744 10%9 [ 1154 4 1075 | 130G 1003 { 1284§ 558 {1373 (| 698 {1001 § 973 973
mlbur

Avg. Temp. °F 1565 {1560 | 1534|1566 | 1582 1460 |1610] 1468]1587] 1460 | 1605 [h19e {1377 |32 | 13691372 |1372 | 1300 |1368f1186 [1450] 1190 | 1396 | vv09)1221 [1190 | 1088f 1034 | 1154 ] 1106 | 1329 1032 | 1an1) s4s | 1391 {f e [sor0 oz 107
Std. Dev. 2f uwl e s] st fw] 2 s| 3] 4f aff 9f s5fF W of 7| ] 3 7] of 7| 4] e 22 ] A sl sf | W u} A | 9ffwe]| wf P
H{ Temp. °F 1566 §1579 | 1555[1573] 1590 1473 |1612] 1473f1591 | 1463 | 1608|1211 {1383 1323 | 137641382 {1382 11310 [1371]1194 [1453] 1196 | 1400 § 112411249 §1206 | 10910 1044 | 3160 ] 1123} 1334 1041 § 132 566 §1400 |} 738 | 1034 f 1067 1085
Lo Temp. °F hs62 | 1554 § 1520|1557 § 1578 1431 {1606 146201584 1453 | 1602 189 [1371 §1301 | 136411360 1364 | 1293 | 136411178 [1449F 1181 1 1392 § 107941194 [1173| 10731025 | 11870 1087 | 1393 1013 ] 1309 525 | 1380 |f 696 | 996 984 990
215 Bour

Avg. Temp. °F 563 {1560 | 15321565 | 1581 1448|1608 1465|1587 | 1455 | 1605 [h199 [1382 [ 1287 | 137041375 |1377 | 1300 ) r1372fr1182 [1as2] 1186 1397 | 1096)1223 § 1196 | 1099 1049 § 1157) 1096 132 1024 | 130R 528 | 1386 || 738 | 1019 Yo 1014
std. Dev. o 2] vl sl 7 | 2] 8 2f s{ sl 7| sl | o 1] w] 3| 4 s| 2] vl 6] o 2] i} 4 wi s} | A al @ of waff o] ¢ @ 9
Hi Temp. °F hss? {1573 | 1560 1574 | 1591 hass [1612] 1476|1588 | 1467 | 1600 [h207 |1388 Jime | v37ed 1380 1301 | 1303 | 137741101 [rass] 1200] 1408 § y107fu2ss Jr21a ) vooR 108 | 1162 1117 138d 1056 | 1329 538 | ve0s [} 725 | 1024 ] 1023 1027
Lo Temp. °F 558|155 J1s171ssa {1571 1422 11608 | 1456 )158a | 1254 | 1600 [h1se 1370 |r2sa ) 1361 13a7 [1353 ] 1207 | 136 1175 |14s0] 1169 1388 § 1081|v182 §1182 ] 1089 1037 [ 1149 ] 1078 1314 1003 1293 520 1373 [] 711 | 1014] 1002 1003
220 Bour

Avg. Tewp. °F 571 1569 J1seo isor | 1ses 465 1608 ] 14771591 L 1467 [ 1604 hzor J1302 [1202 | 1aoq 1370|1360 f13aa | 1ss e | vas] mias| vsee § oL Ky ol o e vosal 1] von 12ed 833 v 724 | 1038 1024 024
std. Dev. 4] 2of 251 9] M 61 1 of 4f 7| 4 w] 0] 2] 3 5| s} 12 4 2 sl ol sl | 4 s ] ] A4 w| A e 22| 28] 24 25
B Temp. °F 577 {1590 J1580 [reor | 1595 1aso 11610 | vass|isos | 1475 11611 thz17 [va02 §1347 | 143 vass § vase f 1330 { 130 1207 | 1assh 1191} 1399 B oot D iavnt 100 1060 § 11ss]| 1127] 136d 1062) 1328 560 | a0 777 | 10751 1044 1043
Lo Temp. °F 566 [1542 31527 N578 | 1569 1423 |1607 | 14661585 | 1453 | 1600 [fi1o4 |1378 J1270] 13611 1346 { 1346 | 1310 1374 1141 | 1427 1154) 1366 B 400004060 1160 v07d vos2 | 152k 10aa| 1288 s79) 1264 513) 1308 713] 1016} 990 989
225 gour

Avg. Temp. °F 1570 | 1576 ] 1555] 1585 ] 1597 1470 {1s09] 1478]1591  1463] 1603 1206 fr3s0 k267 frar6 1391 §a9z hszz Rase fr140 frazafrs frass divig | rzzshies fiostdioss {11a2 | 108z s § o0z § 1268 s36 {1373 | 740 {1081 Jrom 1030
Std. Dev. 2f 2] o« 4 10 1 4 5 1 12} 6 8 7] 3] 2 8 5 5 H B3 5 13l o] 7] ] 5 s| s 8 d 7 7F 9| 28] 3 38
B Temp. °F 1572 | 1588] 1579]1591] 1603 1481 |1611] 14841591 ) 1469 1604 §1223 R387 P278 {1425 ]| 1405 §407 J1330 11395 1146 | 14261184 11393 lly134 | 12691219 {1105]1076 [1186 f 1090 h3to 1013 | 1292 545 | 1382 §f 764 {1070 | 1092 1093
Lo Temp. °F 1568 11555 | 1544|1562 1593 1458 | 1608} 1475|1590) 1457 1602 fy194 h3n1 frase [rao9f 1374 §377 I3 pase fisz [razofnies fissr B | 1177fgs |rorgfroas [117a 1075 hzgs | 993 | 1209] s28 |13sa | 713 {1003 ] 988 999
230 Hour

Avg. Temp. °F 1570 | 1575 ] 1559] 1584 | 1593 1447 |1608f 14734 1590] 1458{ 1605 |1z08 fiaes fz7a frare§r3s2 f377 hises fiasz 1138 [ vazefiier 11390 b1o0 200 hiiss | 10sofi06s [1180 | 10se hanz frore ] 120 s20 frave [ 722 {1033 |10y w2
Std. Dev. L LT B AR B al oy o o6l 3 o) 5 F s] s| wls] 7] 4] o i) s | wl | we) 5] 8] o] nje] 7| o sf el vf ow i
B Temp. °F 1573 | 1595 ) 1572|1597 1594 1471 [1609) 14781 1591) 1453 1602 {010 hago hrzer [1az3] 1308 aor fraso fraer [ v1e7 Jrazedrios [1e00 Jrrar]r2ashare | 109afr073 {1ves | 1103 fiaza froz § 130e] sas [raes § 755 | 1051 033 1036
Lo Temp. °¥ 1566 | 1553 F 1541]1572] 1592 415 | 1607k 1464 1585] 14531 1602 1503 [i378 hosr rana | 1264 haso fims hazz |12z razduies f1ze2 Javos | 1esfnizo J10s3]10s3 [ 1176 | 1076 haon | r00s lsz 517 [ 1389 | 712 {1007 | 1006 1003
235 Bour

Avg. Temp. “F 1569 | 1571] 1555) 1560] 1594 1454 | 1600y 1476 1592) 14601 1605 J1z07 p3g7 fase [1417] 1373 iare sz Nisssfniss | vesgnez 1391 Ny ] yaghiar |orshioss {1174 f 1078 faos {1017 | 120 sez [rane | 718 | 1025) 1008 10
Btd. Dev. 2powp vy 8 13 13 3 2 sl s 7| sf el °of 7| ¢] ¢ P2 o} of ] el 2] o n| of s| 4 s| o] Bl M "
ui Temp. °F 171 | 1579 1581 1552 1598 1462 11611 1480 1594 T465| 1607 1216 i3s3 hiz7o J1az0] 1381 1390 11330 [1386 | 1159 | 143681185 11394 |00 | 1235kh205 | 1098]r0s0 [1183 | 1090 hars f 1023 f 1209 560 [1380 | 746 ] 105 1O 1030
Lo Temp. °F 1568 | 1552 1540] 1585] 1579 1441 1607 14791590} 1457) 1603 J1o00 h3so 253 [1a1 | 365 136 D13 fisen | riaa g iaeq e 3388 L0 ] agshies | 10s7}i003 |1161 | 1065 haos frono | 12ee] s36 frao | 624 ] 199%] Y0 1000
WMr

Avg. Temp. °F 1569 | 1571] 1563§ 1591] 1590 1459 | 1608 1474 1592] 1460} 1605 1202 h3s0 i2ss {1414 § 1384 1383 1326 J13e7 ) 1147 143041178 11388 Jy118] 120581195 [ 1077f1064 | 1176 | 1088 hant frovz | 1203 537 {yavs 7 [ 1031} 1024 1028
Std. Dev. 4 208 3 7 ? 23 3 Y 1 7 2 gl sfn 6] 12| 2 5 M1 q 6] n wl 251 7] wl e sl 201 w6l 22| v 7] 7 121 23] 1§ 20
H1 Temp. °F 1575 { 1592 1574( 15980 1598, s "’j 148Y 15938 14671 1608 o1 hsor har frazz] 1307 hase has frasrd 11es} 1aagrioe Juos Ruraa| r2azfizie | rossfrore J11as J 1117 hsss f10a7 [ 1317g ss6 [ra00 | 72| 1058) 1044 1049
Lo Temp. °F 1565 | 1539] 15441580} 1582 1422 | 1604 146 ‘591 1451 1603 By191 hazs hzas [rao7 | 1366 paez fists [vaes| 1137 MZLHGJ 1378 §rose | nisifuzs | roeedioss [1isa 1068 fase | 9s0 | 12| 513 frase | 70| 998 1004 1002




Table C-1 (Cont'd)

Heat Exchanger Probes Temperature History (Run 78)

Coatrol Temperature: 1600°F 1400°F 1200°F 1050°F

Combustor Locstion: In Bed Above Bed In Bed Above Bed In Bed Above Bed In Bed

Port Number ] 3 13 15 1 2 ‘ s " 16 18 n 19 » | = s 12 10
oo mgeetned (o f oyt | w cqufubad i Byl b alelxfa] xte b x el s talalalaladalatalalelsalsiz]o]s ’
245 Bowr u

avg. Temp. °r  1ses [1572 | 1557 }1ses | 1596 tast [1coa] 14731592 | vase | ve0s 1200 1380 fross 115 a7 hamo a2z [rsee Jurso {1asofiies fiase |oo el izslvose | vose | v17s] 10share l 112z fisoz | ss3 {33 | 730 ] vous] 1om 1033
$td. Dav. 2] 15} 7| 8} 2 a1l o 2 1t 2h vwfwpn| 2w |s) 3} 3] 8] sp ] ] g 2] sl w] ]| ef 22 19| zsf 0] o] wfl ] 20f 9 9
B Teap. °F 1571 | 1585 | 157711594 ] 1599 1465 J160a] 1as1 rssa 1ess | 1608 11214 fravs home frareasa pass haes hawr | s | reaghizes frn 1133 | 1187] 1202}1100] 1077 183f 1123[1348] 1o pras7 | sr0 Jrara || ras] 106s] 100 1043
Lo Temp. °¥ 1566 11547 1 15381575 ] 1593 a1y rso7| vasshsso |18 | 1603 lyyms fiasz hiasy [iarshass fissa s fraso [ 11e0 [readdize fissr fiuse {vreal niszhiost | ross | visel 10e7frzes] 100 frzee | sae f1aes || 701] v02ef 104 1022
250 Bour

Avg. Temp. ‘7 NIS38 1572 15561577 § 1562 1514 [1590] 150815744 1495 { 1581 {1220 hasm h2es [1ar8facs hao H‘“‘ 1398 | 1176 1 101441124 11357 L3y [ 1192 ] 1189|1090] 1088 | 1164] 1021[1258] sarizee ] s39| 1324 | 738] r085] 1059 108
std, Dev. 6| 9] 26| 2§ v G 3y ¢ wf 0 IR 6] spas| spam|a) o] ) s2f ) ] o] 5 sl 6l 2} s of s7] s3] a] 7| sl 3| of o 43
Bt Tesp. °F 1571 [ 1564 § 158411557 § 1595 137 [reosp 1851592 35491 1607 Y1201 hase fazs J1azs pass [1ass hace Jrazs | 1221 | 1asfiion [1398 |iass | r20s] 121s|inizf voss] 1173 1076130 ronsizsn | a7 [ vara || 78] v0eod 12y N2y
Lo Temp. °F 1512 156t Jisaisesjassal  faso f1sazf Wrrfiszz] Me3] 1515 Jyp0n hagg hom Jwaishare han sz fissef ne '3:]““‘ 1261 iz { 11a7] 116af106e] 1051 | 1155] 9so|rier] szz)ross | ses | 129 || 707] 1032 104 017
755 moar

Avg. Towp. o7 11568 |1500 | 1561[1586 ] 1596 ‘“” 1605] Mee)1593) 1411 1605 1204 hare rzse |rarahare Pase fraro hare| viss] vaaquizs 2393 b, 1oraal virsliosel 101 | g2l v0solrseed 10zehisost sa6 | 3er [| 715] 03] 104 1046}
std. Dev. 2f ul 6l el s ST Y4 M % %) s 2] o sfos] s) 3] s s sl sl i e w al nl 8] o} 2! nf 3| o} 8
B Tomp. °F 1570 }1593 | 157411600 § 1602 1444 161] MT3NISOAR 14581 1603 110 hase fhoss [1arzhiser frasy fisve fuars] vver] e vies f1ose Biiso | 1osa] voaliiced 1077 | misal 1nioliastd 1omfins] sas | vase | 77| 106 108 1054
Lo Temp. °7 neshass hass raizhiser hsse Ims 1373 1133] 1e2g 1169 1386 11121 1138l 1restioral vasz| 1171 10es]1308] 101s)r2es) s17 | a37s || €93 100 102 1033
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Heat Exchanger

Table C-2

Probes Temperature History (Run 79)

Control Temperature: 1600 1400 1200 1050
Combustor Location: In Bad Above Bed In Bed Above Bed In Bed Above Bed In Bed
Port Number 1 3 5 13 15 17 2 4 6 14 16 18 7 9 n 19 20 22 8 12 10
Hours™ specimeal X | W p M X f W XX [ 0 XYM ¥ x ¥ x|sfpxi8 |x e [x |sfe [x F3 |88 |3fs |3 }Fe |33 s e {3 |]2]¢ 9 |2
Into Bun ° 1 2 3 4] 5 | s 7 |8 9 110 1) o1z B3 (14 415 [16f 17]18 f to | 200 2t | 22f 23 {24 Jl25 |26 f27 | 28f29 |30} 3 {32 ) 33 [ |35 36 J37 138139 j40) 4] &
5 Hour
Avg. Temp. °F 1443 | 1487] 1017 1501 fr287 |1507 | 1293 | 1489 1357 fisoz [ 1267 | 1506 1055 | 1299 754 {1410 131711325 | 1163 | 128 915 [ 1325f 979 1262 | 9m | 1032] 1076 1103} 915 |07 | 826 Jinao] sozhova | 730 | 1133 | 594 |807 | 893 933] 940
std. Dev. 73} 6 92 e9f 103 | s8] 87} 74 e} n|] 77| ssf| 78| 62} 4] sa] 64| 651 sl 74 79| se 4| 3§ 5] &} ee 4] 65| 67| toa| 92} 9si vl 96| 1z 67| &5 | &7 115 103
Hi Temp. °F 1537 | 1567] 1549] 1500}1425 {1588 | 1426 | 158 1476 1595 [ 1391 | 1582 1158 | 1384 | 774 | 1485} 14111419 ] 1279 | 1389 1028 | 139941018 | 1291 [|1067 | 1134] 1158) 1201]1006 [1174 | 99 273} 963] 993 | 911 {1300 | 682 | 903 | 998 1M5f1098
Lo Temp. *P 360 | 1433] 1215] 1419f118s 1448 | 1207 [ 141§ 1283 1428 § 1183 | 1420 | 964 [ 1230] 742 |1354] 1234|1244 ] 1075 | 120 836 | 1264 920 | 1210 || 889 | 920f 1012 1025] 841 jr008| mz2horaf nzpza | Nl 9v0 § 522 | 714 | 82 801) 814
10 Bour
Avg. Temp. °F 1022 | 1045 § 1015{ 1643] 988 {1038 { 1043 1091 1052 hoos 11015 [ 1092 l 849 | 9s9) 553 | 9s4] 9a7] 950} 976 | 1019 see {101 501 | 73| 778 ] 23] e37) ssof 753 | 892) s20]796] 719) 880y 757 ) 951 ] 553 jees | s 722 704
Std. Dev. 674 | 66a] 667| e6sf 641 | 673 5as| 54 557|549 ] s2a| sa9f| 517 | S90f 365 | 6211 603f 606 | 489 | 4cq 425| 430 417 | 517 451 | 474} 4c0| 499) 435 | 487 | s08|s02] 384 4a5] 303{ 415 f 218{ 343 | s;n 3811 391
Hi Temp. °F 1567 | 1594 1548) 15961528 1588 | 1468 | 1464 1496 hises | 1411 | 1581 fran1 [1301] ass {1478] 1415)1416 | 1345 | 1304 1328 | 1395] omg | 1255 fr1a2 | 1227] 1190{ 1230f1145 {1196 | 984 h2a3 f 1050 h21e | 9as {1288 ) 111922 fross 1009| 995
Lo Temp. °P 152 | 172} 152} 1| 156 | 164 | 257 2sq 253 336 | 252] 328 157 ) e8] 105 | 1| 156 156 | 252 34N 249 N 15| 155 [ 157 164) 1558 167f 174 | 174 133[v77] 179 240 256 | 332 § 191 {1584 ] 155 173| 154
15 Bour . .
Avg. Temp. °F 1553 | 1580 1532| 15891468 [1590 | 1446 | 158 1489 1593 | 1397 { 1584 [1160 | 1384 | 909 |1a76} 137111373 f1296 | 13941078 | 1397] 999 | 1263 f1070 | 1104] 1176f1190f1019 1174 | 966 l2az | 954 hz2y | 926 | 1290 | 657 {876 | 945 97| 976
std. Dev. w6l 3] 5| af sof 2] of F 2§ 'f 4l f s| 4] 7| s} 8] a7} s| A af f 3f af o] 7] sf 4] w| s} 8| sf 1| sf 3| 3] #|w{a 8f 1
EL Temp. P hses [1582] 1538| 15931514 [1593 | 1451 | 1589 1492 1595 J 1402 | 1585 167 [ 1388 | 101 [1483f 1388]1396 1301 | 139 1083 § 139881005 [1268 1094 [ 1138] 1191} 120701028 |1179 | 980 h2s1 | 956 226 § 929 1294 | 708 | 925 § 978 979} 993
Lo Temp. *F hs30 | 1575 | 1515 15861425 [1588 | 1436 | 158 1487 1592 1393 | 1583 [ 155 11377 ] 902 f1469] 134501339 | 1287 | 1394 1074 | 1396] 996 {1257 1051 | 1090 1156} 11 oos {1165 ) 959 N237] 952 216 § 920 | 1286 § 616 | 827 | 921 959 961
20 Hour
Avg. Temp. °F hsaa 11574 ] 1539{ 15901470 1588 | 1461 { 158 1493 592 {1403 | 1582 han | 1377 910 {1472] 1396{1399 | 1298 | 1394 1072 | 1395§1001 [1267 1077 | 1095} 1154|1181 ]r020 {1172 | 964 1242 ] 952 225 § 93 | 1289 | 659 896 | 947 959] 979
Std. Dev. 10 1] w9 s| 6] W 4 9f 4 2l w| s} & s|] | 5] s qd w0 R/ 16) 1sf s| 1z] 22| 1] s of &l 6 4l 5 3 sf 3| 4] 13 W 9
Hi Tewp. °F 558 [1579 | 1569|1598§1413 [1592 | 1478 | 159d] 1505 1596 §1417 | 1585 [n180 {1382 916 [1475] 1425|1429 § 1309 | 140 1086 { 13991015 | 1283 [los4 | 1107] 1188} 1191§10a4 [1180 | 970 N2a9 } 956 1230 f| 936 | 1297 | 691 ] 928 | 963 974| 987
Lo Temp. °F s32 [ 156z | 1522[ 1587143t |1578 | 1439 | 150 1481 Pises §13ee | 15790158 [1369 | 902 {1464] 1357|1364 | 1288 | 138 1061 | 139] 977 | 1244 nor |08 | 1138|3164 fiooz [1163 | 960 hzaa | sasharr | e27 1280 | 617|830 | 028 946 964
25 Hour
Avg. Temp. °F hsss | 1575 | 15301586 Jrasz [15m1 |raza | 150 vasz | 1597 taa0 {1ses [} 1165]1376 § s02frazo] 1371 | 137ofv205 |130vfr063 |1396] 1169|1378 fr074 1097 Jrraz| nad ozt [1170] essfizaz| sasfizer] ses| 298] 653 | s93ess 962 | 984
Std. Dev. 12 7 8l 4] 18 2 14 i 6 2 8 2 10 7 4 7 20 21 3 q 3 2 {35 85 13 14 17 13 8 4 3 6 H 2 3 st 3 Al n 9 n
Bi Tewp. °F is7 {156 | 1549{1s89]1483 [1594 | 1453 { 1592 1490 | 1600§ 1399 | 1587 (| 1175{1384 § 9081477 1402 | 141701299 (139501067 (1398} 1275|1445 ({1091 11120 11266 | 118g 1032 { 1175F 9selizsI} 95211229] 931} 1304 ) 692 | 9371 967 9N j1001
Lo Temp. °F hs3o | 1565 | 1530|1579 anr [1589 [1az1 | 150 1476 mﬁilm 1504 [| 1149]1367 | s9sfrasa] 1352 | 13601291 |1387§1059 |1394f 1013|1278 [} 062 f1083 f112s nsj 1015 [ 1165 9s1{1235] 9a7|veas| 924 | 1292{ 616 | 82 939 949 | 974
30 Bour
Avg. Tewp. °F hs76 {1599 | 1568|1610 1466 [1609 1472 | 16094 1508 | 16151416 | 1604 [ 11891393 | s08[ia69] 1349 ] 1347y 359 ' 1417]1096 {1415 1158[1372 J{1099 1116 f1185 | 1194 1050 [ 1188] 9sefr2e6] 9as(1227] 926( 1295 § 699 | 938} 975 980 | 996
Std. Dev. 16 7] 17| 4] 15 3] 2 L 9 3 6| 5 s| 3 n| o 7 G4 6 2| 65| 43 g} 71 21 17 9 4 3 il 2 4 4] 37} @ M {2
Ei Temp. °F hsoe {1611 | 1588[1615 1483 [1615 Jragz | 161§ 1514 | 161941424 1609 [ 1195|1398 | 9131474 | 1359 | 1355y 209 (142301100 [1417] 1201}1399 11091125 [1214 ] 1199 1062 [ 1198] 963{r248] 953[1229] 932 1300§ 746 | 980 993 987 (1031
Lo Temp. °F 558 |1594 | 1544|1603 1445 [1606 [ 1439 | 160 1497 { 16141400 [ 1601 [[1179]1384 | 9031467 ] 1333 | 13323510 f1413]1087 [1434] 1041]1205 [[1089[1109 [1167 | 1189 1021 [1176] 9safr2a1] 9ss[1224] 9z0f v2g1f 665 [ S00f 965 %9 | 980
35 Bour
Avg. Temp. °F 569 |1596 | 1559|1608 hass [1611 [1467 | 160841506 | 161581474 | 1603 [1192]1394 | 911 hae7 [ 1350 | 1351§1325 [1420f1100 {1413f 1180|1387 [1086]1108 [ 1184 | 119g 1042 | 1185) 96211243) 945|1227] 923| 1288 679 | 910 970 985 | 993
std. Dev. w] 3} w6l afws| 1 faef f s W s| 2] s| e} af e} 2] w2] e 3 s| ] ef «f 6] V] 34} g M| & | sp 2 ] 4 2f w| ]2 s w7
Hi Temp. °F 593 [1599 115771614 1513 11613 [1479 | 16099 1511 | 161641420 | 1606 § 11971399 | 915 [1azs §1367 [ 1365fraz Jrazafinie [1a1s] tisafrags frivemaz 118 aigose | iie]  oesfizes 947|1220F 9261 1292 704 | 922 ] 986 989 [1019
1o Temp. °F 559 |1592 | 1545]1605 han fero Jraar | 16071499 | 161401406 [ 1601 § 1184 1385 | 907 rass | 1336 | 13e0hiaie Jrarsfrose Jrarzf 1178]13se [j1068 1092 J1133] 11891026 | 1178] 9s1jr238) 9a2f1226] 917§ 1287f 656 | a7 957 977 | 973
40 Hour
Avg. Tesp. °F 575 [1588 | 1565[1600 1477 hi610 1450 | 16094 1501 | 161501402 | v604 [{a1m8 1395 § 917 hazs Fr3s6 | 133ehhare [r40shors |race] v193|1a0e [|1706[1175 f1183] 1189 1053 | V1ss) 949[1251F 937[1235] 98| 1311} 665 | 929 | 979 969 | 94
Std. Dev. 16 7] ) 7] 6 3 7 i s ) 1 71 s 6] 1wl 121 nl of 17 F1 BT IR 18 121 271 4 12 6] 13 W7 1| 15 38 3§ 2 6| 17
Hi Temp. *F 592 |1597 F1516 {1606 hisor hisr4 Jraer | 16111505 [ 161601412 [ 1605 [{1195 haos § 924 hass [ 1351 | 13a6fi327 harshoss hra1zl 1210}1423 [|1730]1136 |1226 | 1204 1072] 11950 968{12591 939|1245F 919] 13317 707 | 969 hon 989 |1009
Lo Teap. °F s53 {1580 | vsas|rseafpass feor [1eas 160d 1403 | 16143206 |160[f1imo past | 909 paso | 1323 f1szohiaes frsssthess |raos] 1179 hiass 1083|1103 {1160} 1174 10aa | 11s] o3srze0} 9xslazas| 9ns| 1298 6r0 | eve | 9se 950 | 965
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Heat

Table C-2 (Cont'd)

Exchanger Probes Temperature History (Run

Control Temperature: 1600 1400 1200 1050

Combustor Location: In Bed Above Bed In Bed Above Bed In Bed Above Bed In Bed

Port Nusber ) 3 13 18 17 2 ] 14 16 18 7 9 n 19 20 22 8 12 10
Bour'spacmX"HXHXXHHXHXQXXX!XBXBXBBX38838383358329 9 | 2
Into Run 2 bs |als 6 2 slso {0l i 13 s | 6h iz | sl 19l afzedes |2 s 26 ] 2772829 |30 §31 32 §33{ 3af35 [ f37 |38 | 39|a]a {4
45 Hour

Avg. Temp. °F 1569 hisae 1566 Pm 1483 | 1605]1449 1160941500 |1614J1402 |1603 || 1191}1396 | 915 ;1469 | 1338 | 1336]1314 |1400f1077 | 1407|1201 1410 1119 | 1736] 1179118811037 11180 | 942 | 1249 940 ] 1237] 0921|1309 f 694 | 960 974 962 998
Std. Dev. 10 1w0]) 15] a] 2 s] 12 of s i s 1 3] 4 4] s| 16| 18] 1 7 13 3l 3} nf 10 12| 23 N 18 6 4 4 3 4 4 12§ 24| 293 7 15( 13
Bi Temp. °F 1580 11593 1580 1609 | 1527 | 1609]1464 [1610§1504 [161411411 [ 1603 || 1195]1402 | 9191474 J 1363 | 1363|1326 [1410f1093 {1411f1z217 | 1420 [[1128 | 1154 § 1203] 120371064 {1188 § 947 | 1254 943 [1242) 9271319 720 | 930§ 996 978 1012
Lo Temp. °F 1556 [1572 | 1542 [1600 | 1462 | 15951439 | 16001495 (16131393 {1602 1186|1391 | 911 [raer §1321 | 1321]1298 [1303f1063 [ra0afiras {r3ss (1105 [ nizrd visrlvizahions [117a | ea7 | 1240 938 {1232f oref1295 § e6s | oval ese 944} 977
S0 Hour

Avg. Temp. °F 1567 1572 11565 [1594 | 1465 | 1607]1432 |1607f1490 |1610]1387 {1601 || 1196[1403 | 916 [1467 | 1362 | 1364]1315 [1390]1045 [1396f1230 |1434 1117 f1172 | 1205]1179]1049 11200 | 927 | 1247 938 [1247] 904[1321 | 649 | 940 ] 976 947 998
Std. Dev. 6] af 18] 7) 26 3 af ) 4f W} s 3| 9f 7| 3| 4f 21| 208 6| sy s| 2f ef a&f v 2¢f 38 ngo2| s8] w| A 3] af 25 20 28| 4] 12 8j 8
Bi Temp. °F 1574 11576 }1582 1604 | 1505 | 1611)1436 | 1608}1494 [1612]1397 1604 )| 12061413 § 921 11472 ] 1381 | 1386]1322 [1395§1053 [ 139981235 |1438 [1129 | 1192 | 1260|1195]1067 |1207 § 944 | 1259 942 | 1254] 1934|1351 | 689 | 994§ 994 9571007
Lo Temp. °F 1562 [1567 | 1537 [1586 f 1441 [ 16081425 | 16061486 | 16091379 1597 {1186 1395 | 912 fae1 | 1332 133741308 {1384]1038 [139af1220 [1428 [f1107 [ 1138 | 1167{ 11691038 [1186 | 916 [1236] 934 {1244 a76]1303 § 620 | 894} 965 937 989
55 Hour

Avg. Temp. °F 1580 |1558 f156a fisea | 1504 | 1605|1450 | 1598l 1500 1160081411 [ 1500 [[1197[1396 | 909 fraso | 1390 | 1392|1324 {1392]1066 [1392f1207 1413 [1133 [1193 | 1206[1191 fosa [1200 | o919 {1234 943 1243 s73[1207 644 | 930 | 975 949 | 987
std. Dev. 19| 6f 22] 17| sal 2l | 2el a0l 26f es| 23| 27| 10 6] 10] 17 9] 22| 18] &7 sf 67 ] soff 14| 20| 26| 2] 22§ 1z} 30| 3¢ 12| e 17| 5] 38| 2] 22 18 19
Hi Temp. °F 1597 h1563 | 1598 11508 | 1499 { 161701573 1160sd1571 | 161201562 {1602 || 1245 (1010 | 918 hazz Jrarg | 1azzfi3er |1a18f11as [1397]h249 [1485 Lwo 1218 § 1229|1208 1089 1215 § 939 | 1254 962 | 1251 sss{1a7 | 707 | 974 1013 o7 hrord |
Lo Temp. °F 1551 [1549 |1537 [1586 | 1447 | 15701401 [1556]1475 | 155381350 [1549 1180 [138 | 903 [1449 | 1375 [ 136901308 13841031 {137811089 [1309 [1120 1164 § 1176{1178 1034 [1185 | 866 | 1170 933 |1218f 843}1235 | 613 | 904 | 956 923 | 962
60 Hour

Avg. Temp. °F 1562|1563 [ 1563 Jusas | 1463 | 16121441 [r608]1a96 {1610f1302 {1599 {[1187 1399 | 917 hari | 1385 {1382 1314 |1383§1048 1139181229 11426 [k127 (1214 | 1218[121201045 |1199 § 939 | 1243 943 {1248 sa0|1302 | 644 | 931 | 988 971 | 985
Std. Dev. n 3 19 3 12 3 7 2 L} 1 L} 1 7 4 3 5 10 14 5 4] 10 4 2 4 7 10l 108 N 10 7 4 5 2| 3 2] 3 3 15 6 7
Hi Temp. °F 1578 {1565 |1583 N5z | 1475 [ 1615f1451 |1610f1499 | 16111397 F1600 []1198 [1404 | 920 479 | 1396 | 1402|1319 |1388fr050 |1395/h231 {1429 [hrao [1224 | 1228]1219fho62 |1206 § 940 1244 950 | 1251 ae7[1305 [699 | 981 {1009 979 | 994
Lo Temp. °F 1552 1559 | 1542 1585 | 1443 | 16081432 [1604]1491 | 1609f1386 {1597 || 1179 [1393 myuss 1373 | 1367f1309 |1377fh03s |1387jhzs [1421 fuiz {1207 | 202 |1res fioss [rass | ses |1236] 38 {1266 e7a|race |eos | ssa ] oes 964 | 974
65 Hour

Avg. Temp. °F 1574 | 1564 1 1565{ 1590|1495 (1613 | 1430 607 { 1488 1609 {1382 | 1597 |} 1197} 1402 ] 9041469 1395 mjms 138441052 msr 1231 1429 [[1116 [ 1204 | 1215[ 1217 1067|1205 | 930 { 12448 937 | 1244f 877 | 1301 || 649 | o923| 983 967 | 991
std. Dev. 21 7] 12| ] 2 3l 23t 3] 15| 2§ = 1 sl of 14l 171 1wl q 15 4 16 A 2o wfl s| 23§ vl 9 6f 1z ul w3 3y s ool asf s 13 19
Bi Temp. °F 1693 [ 1573 15811 159501531 11609 | 1455 1611 { 1505 1612 J 1405 | 1598 | 1208|1474 | 91514838 1470] 141081325 | 1387 1080 | 1403f 1257) 1449 j[1123 [1215§ 2141|1223] 1073)1218 | 947 | 126 940 |1249f 882 {1309 || 682 | 945|006 977 [ 1007
Lo Temp. °F 1549 | 1556 § 1548] 1585{1460 |1616 § 1397 1604 | 1465 1606 | 1349 1595 || 1185[1391 | 881]1439] 1382 | 138281287 | 1380§ 1038 | 1387} 1202f 1405 [[1311 (1163 ] 1196{1205] 1060{1183 | 919 | 1235) 933 [ 1240 871 {1292 [| 633 | as3f 969 944 | 965
70 Hour

Avg. Temp. °F 1180 [ 1194} 1192) 121311141 11216 ] 1¥54 N260 | 1177 1259 § 1120} V253 || 966{1092 § 674|1135f 1079 1081} 1070 [ 1130f 916 {1127] 88s|1064 || 922 | 9m1 | 963| 987] sso0) 978 | e69] 917 721} 953] 651 | 970 || 646 | 647| 82 838 | 838
Std. Dev. 590 | 581 599] 596§ 555 [ evs| 496|531 f s1aps3 ) an| s27 | 4zs] so7] 3a2f sas| so6| sosf 435 | s2al 332 a37] 473 s23|| 396 | 423 aze| am| an| 3] 364 | avel 347} 53] 333 | 499 [ 249 | 249] 339 330 | 348
Hi Temp, °F 1569 | 1573] 1585[ 160641514 11620 § 1482 1610 | 1508 [1608 | 1421 | 1597 §1209)1410§ 90711476 1395 | 1405 1329 [ 1396{ 1085 | 1400 1214] 1418 132 |1223] 1247)1237| 10731217 § 932 | 1240 948 1245‘ 881 11306 |} 973 | 973fro0s 995 |1004
Lo Tewp. °F 214 246§ 213 246f 221 | 232 326| 407§ 325| 406§ 323| 403 § 221| 237 128, 240] 221] 22 3 { avA 322 39 17| 239l 220 | 243 218{ 236 18] 258 § 132 175 162 | 216f 143§ 1820 274 27af 218 208 | 218
75 Hour

Avg. Temp, °F 1353 [ 1350 1365{ 13621327 | 1367 § 1345 1380 § 1358 [1373 | 1318} 1370 | 11911268 | 8101296 1282 1281 1276 12691159 [ 1267f 950 1167 [h147 11708 1180f 1182 11221164 | 746 | 99 835 | 10788 712 | 1064 f 834 | 837083 1030 |1027
Std. Dev. 207 | 225) 216 238} 172 | 228] 185| 254§ 19| 257 168} 254 s8| 133] 150f 175] 27| 126) 109 | 159 98| 14 238 235f] 0| sof sl sol 74| s2 % 201 ] 224 1381 180f 163 | 225§ 156 | 154] 116 7 33
Hi Temp. °F 1570 | 1677] 1586) 1604]1612 11599 § 1480 1605 | 1511 {1603 | 1428] 1593 | 12841410 | 94701481 1417} 1406§ 1390 | 1393 1320 } 139k 1188 1395 |hog1 |1215 | 1273)1233) 1221 1226 § 954 | 12200 953 | 12388 879 1128e || 989 | seshzn 1078 {1065
Lo Temp. °F 1131 11119 1136] 111811135 11130 11115 1094 11141086 § 1112 1087 | 11241119} 624[1105] 1123 1124 1111 [ 108§ 1090 | 1088 696 905 Jhoag |109s | 10ssl1096) 1051108s | s23] 75ed 657 | se2] 536 | a2z [| 643 | 637 960 985 | 977
80 Hour

Avg. Temp. °F 1573 | 15791 15691 150841477 15921 1489 11608 1571 1604 } 1421 | 1594 £ 1194(1403 | 954 |1469] 1399 13971326 | 13894 1090 | 1400) na:{uu 0093 {1208 | 1188[1224} 1068 (1215 | 934 [1222] 949 | 1238] 882 |1288 || 691 | 693] 988 983 | 990
std. Dev. 6| 3} 1y 2 245 2p s 3y s 28 of 1) 13 sp23| &] 3 14 12| A o A 14 9l a7 4] 3| 23] wf re) | A 2| 2f 6| s i 29f 12 151 10
Bi Temp. °F 1591 [ 1583] 1585 1600] 1495 11595 | T497[1613] 1514|1606 § 1427 1595 (| 1213|1407 [ 982 |1473f 1418 14141342 | 1393 1098 | 140%] 1201} 1406 |h120 |1215 [ 1227]1263) 107 |1236 | 942 | 12260 952 | 1240l| 887 11204 || 746 | 728 hoos 1008 [1002
Lo Temp. °F 1557 | 1576 1552] 1596]1446 |1590 ] 1485 1606 § 15021602 § 1405 | 1593 [] 1181|1398 | 522 3463 1382 1384 1309 | 138541074 ‘391 11691381 {ho2a {1204 | 1136]1204 ] 10571193 | 926 | 1219] 947 {1238} 872 [1282 || 668 | 663 977 967 | 975
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Table C-2 (Cont'd)

Heat Exchanger Probes Temperature History (Run 79)

Control Temperature: 1600 1400 1200 1050

Combustor Location: In Bed Above Bed In Bed Above Bed In Bed Above Bed In Bed

Port Number ) 5 13 15 i 2 f} 6 " 16 18 7 9 n 19 20 2 8 12 10
Wours™ specimen| ¥ | H | X | R x Pt fu [ xyx [w e px] e x el xje} x[efeixfHafes Jo |} e]|s)e [} 3[sfea]s P20 9 ]2
Into Run 1 2 13 is 5 |s 7 g8 9 Jwln |12 |13 {1afbs] 6l 17018 19 | 20021 |22 §23 §24fis |26 f2r ) 28 20 | a0 | 32833 [3af35 |36 (|37 [38 §39 a0 ] a1 [ 42
85 Hour

Avg. Temp. °F 1578 1580 §1566 [ 1599f1474 {15927 1504 1606 § 1523f1601 [ 14394 1592 (f1200 {1406 f 903 J1475] 13981392 f1330 13941 1096 139]],73 13851 311011217 §1178 1228 § 1061 | 1214F 936 [1215] 952 J1235F 886 |1283 J) 663 | 660 § 970 1000 997
std. Dev. 15 5 n s| 14 3 18 1 10 3 12 2 n 6 9 n 9 6 5 5 6 13 13 12 3 s 8 10 8 9 8 7 3 3 74 38 46 ] 24 8 6
BL Temp. °F 1501 hsaz 1578 | veosdiass [ 1508 § 1527 hisor | 1536|1604 b 1457 1505 213 1415 § oaa J1a93] 14121403 L1337 | 1309 1106 | 1398 1191 {1390} 11201220 §1194 [1237 | 1070 } 1227 950 [1222] 962 |1238) 830 [1292 || 710 | 728§ 997 1013 1005
Lo Temp, °F 1554 fis73 fiss1 | 1595|1454 [1589) 1487 [1605F 1511|1597 1227 1590 [182 |1402 | 922 |1465] 1388]1388 F1326 | 1387 1091 | 1392 1159 | 1368 ] 1093|1212 1157 [1219 | 1045 | 1206] 925 [1207] 946 |1231] 881 [1273 {§ 628 | 622 | 944 994 | 992
90 Hour

Avg. Temp. °F 1580 1579 [1558 | 1593J1497 [1587] 1539|1604 | 1538{1597 | 1459 1589 [h200 {1400 | 931 [1468 | 14231423 §1337 | 14001105 | 1390 1154 | 1366 || 1709|1211 1142 P202 §1066 | 1207] 926 |1201] 958 11231 887 1277 {1 661 | €66 | 955 996 | 995
Std. Dev. 15 sgasf o 1vf sf taf 2f 9 3f tof 34 9 sfp v w3y wpsy 9f o 9f 4 i ef 6 of 6| oy 1s{ M} of p s} 2y 4} VI E 3By 38y 9 wl 8
Hi Temp. °F 1595 1583 J1598 | 15991515 [1594 ] 1555 [1605 | 15521601 f 1473 1593 |N211 {1407 § 937 [1479] 1444 (1438 {1348 | 1409 1121 | 13921164 | 1375 11116 1219 §1147 1213 J 1081 | 1224 939 |1210f 962 [1233] 892 (1292 }f 687 | 701 | 970 1007 o0
Lo Temp. °F 1557 1573 544 | 1590] 1487 | 1579 ] 1525 [1600 f 1529|1595 ff 14497 1585 [n1a9 |1395 | 920 [1849 1400 1410 J1325 | 1396k 1009 | 1385 1145 | 1361 [|1099 1200 11132 fisa froa7  1i96] 917 [1194f 952 N1228] 880 [1264 [l602 | 606 §947 973 985
95 Hour

Avg. Temp. °F 1587 1581 1556 | 160711488 |1593 f 1553|1599 | 1551 |1593F 1477 1585 Ihoo1 [1400 | 929 |1461] 14081410 §13ea {1414 1125 | 13901138 | 1352 f1125 201 J1a7s 217 Jross [1210] 909 [1193] 956 [1224] 876 [1263 [ 647 | 646 |978 991 | 993
std. Dev. 16 4 2] 15f 13 3l e 4] 2} 4] 15 alf 5 s] e s| 20l 14 il 4 7 4 12 ol 10l 1s] 18] 9 9 1 TR IRE] B ol 2| 3ff 3] fs 13| 10
BL Temp. °F 1595 f586 [1590 [1627]1510 [1595 f 1576 [1603 | 15701596 § 1501 { 1589 20 [1406 f 936 {1468] 1437{1433 fr347 [ rarg 1134 { 1391150 | 1360 f1138 frz19 Jr19z hazs {1096 | 1221] 528 f1214] 959 {3228] a6 [r2e0 || 706 | 689 Y990 1010 §008
Lo Temp. °F 1553 §577 D531 | 15891476 (1590 § 1528 (1593 § 1539 (1587 § 1462 | 1578 {h194 {1395 | 916 |1456] 13891395 | 1340 uuj g | vasg s [ 1337114 frize Jivas hzaz from {1202 888 [1177f 954 h21ef 856 1244 }f 616 | 615 959 978 | 979
100 Hour

Avg. Temp. °F hs77 hsaz hises | 160al1517 {15908 1569 1508 | 1554 ]1581 § 1495} 1575 |N207 ]1391 | 947 |1aso] ver1rars J134s | 1424 1147 1399 1133 [ 13451130 66 1151 p197 [reas |1197] 867 hin] 954 [1212) 861 1206 || 657 | 665 |9Nn 985 §006
Std. Dev. 13l s 9! 13l 18 st a2] 261 30| 27] se] 25 8 4] 27 6] 24| 21] s A 2| g 89| 77l 23] 23§ n| n| e 9 75 | 1o} 18| 19§ 48 |00 || 49| 57§ 24 22113
Hi Temp. °F 592 ksse bis7a |162ab1536 [ 1608 | 1607|1605 ¥ 1586 15981 1577] 1592 [1215 [1396 § 991 [1a66§ 1445|1445 1368 | 143q 1187 ] 1409 1256 | 14481165 n189 [1164 h241 F1115 [r2058 917 1191 973 [1223t 896 [1260 }} 740 | 755 J1010 1015 po27
Lo Temp. °F 1556 1576 fsso §1589]1492 [1593] 1514 [1542 | 1520}1534 || 1446 | 1532 |1195 {1386 [ 920 [1450] 1388|1397 [ 1328 | 14T 1125 | 137441008 | 1234 §1104 L(11{5 1137 §155 (1067 (11864 735 { 934§ 927 (1178({ 778 fr027 (|617 | 612 §946 963 | 994
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Table €-3
Heat Exchanger Probes Temperature History (Run 80)

LOCATION In BEI E 8£0 ES 8ED- € L il et
PORT NG, 1 1 3 3 s s 13 13 15 s 17 a7 2 2 LI L 6 6 & 16 16 18 18 7 7 L3 2 n un 19 19 29 22 2 = L " 12 12 s Qe
SPEC, MAT, X H L] x “ X - X n " X L] x 8 x x 8 x a x Ll x a 8 x 3 3 L] 3 Ll 3 a 3 3 L L 3 2 ’ . 2
$PEC, LOC, 1 ] 1 ] 1 9 I 1 o I o JO} t o t a t ¢ 1 o6 I o 1 8 1t ©o 1 © 1 1 o 1 o I 3 ¥ @ 1 @
DATA LOG Mo, 1 2 1 & s s T 4 9 10 1l 12 17 ta’ 15 16 17 s 19 20 21 22 23 2 5 26 21 20 29 N M 33 » B 0w ELANE I L
DEGREES FArAENMELT OEGREES FAMmENELT
S _WOUR .
AVO. TEWP. 1882 1576 1566 1598 1510 1586 1572 1590 1602 1585 1498 157s 1193 1373 959 1500 1391 1389 1345 1393 1171 1393 1249 1445 1104 1158 1096 1189 1080 1262 919 1149 941 1222 991 1261 8 5 e 1183 M5 W
£70. OEV. 22 @ § 24 3 21 e 22 8 17T S & & 7 99 20 24 T s & 4 & 2 117 24 19 14 8 a9 3 5 z ® 3 s s 8 @ 2% %
N1 TEWB, 1648 1394 1590 1607 1562 1591 1615 159 1642 1593 1331 1581 1201 1381 970 1856 1425 1430 1357 1408 1153 1408 1281 14581 1126 1219 1157 1218 1148 1216 943 1204 309 1225 %2) 1295 IR 81284 101 1088
Lo TEW, 1557 1561 1343 15A8 1~43 1531 1537 1582 1570 1567 1470 1S6e 1090 1365 940 1465 1367 1363 1334 1386 1157 1307 1264 laal. 169 1165 1468 1146 185 1187 99 1175 973 1217 992 1252 * s 81182
10_HOuR .
AVG. TEMP. 1885 1578 1563 (604 1517 1587 1607 1572 1593 1562 1559 1557 1206 1378 947 1480 1393 1392 1357 140 1124 1389 1277 14a7 1100 1214 1982 1212 1094 1226 92) 1131 %66 1219 B% 12ea 0 003 8 1140 1620 WS
STD. DEV. 1S & 17 8 27 S 7 % 7 9 1 7 te 11 T 23 18 16 3 13 S 5 & 4 1 16 21 18 N 5 2 n 7 s a8 s 1
H1 TEMP. 1806 1587 1589 1629 1555 1395 1617 1582 1603 1572 1601 (%65 1231 1396 959 1493 1627 1422 1370 1689 1206 1396 1286 1451 1114 1221 1118 1237 1139 1242 942 122+ 9% 1222 %S 1257 0 ST ® 1164 1032 1906
Lo TEw, 1658 1372 155 1992 1462 1581 1595 1556 1579 154a 1519 1S4l 1186 1366 927 1468 1365 1367 1337 1395 1180 13395 1278 1443 1069 1207 1864 1157 1055 1205 893 1159 977 1215 ST1 12 o TSI 61097 1003 S5¢
13 HOUR
AVG. TEMR. 1589 1582 1554 1592 1513 1591 1600 156) 1596 1551 1598 1548 1222 1389 934 1476 1405 1406 1355 1404 1195 1393 1281 1450 1099 1216 1982 1221 1116 1229 971 1213 998 1218 93+ 1231 * 1399
STO» DEV. . e 12 271 2 13 7 7 T T e - e & 25 26 9 3 7 2 1 3 14 119 2@ 7 ¢ 6 S 31 15 7 . A
W1 TEWS, 1611 £588 1377 1620 1553 1596 1413 1576 1802 1566 1613 1361 1229 1396 9441683 1435 1839 2379 1409 1214 1397 1290 1455 1118 1227 1161 1234 1145 1286 986 1223 999 1223 956 1204 [T
10 TEMP, 1566 1577 1529 1568 1eas 1589 1553 1550 1574 1539 1535 1536 1215 1385 912 1467 1369 1363 1382 139 1183 1391 1270 18A7 1082 1212 ) 1204 1890 1218 95« 1202 962 1212 %8 1239 2 1,
20_WOUR
AVGe TEWP. 1889 1383 1560 1580 1529 1591 1591 1587 1566 1579 1586 1578 1216 1387 951 1461 1402 1404 1344 1396 1183 1395 1270 1445 1106 1292 1096 1201 1095 1211 966 1214 93 1222 925 1262 0 1097 1000 997
$T0. DEVe 1 3 18 4 28 2 177 13 7 16 10 3 & 10 T 17 22 5 &4 6 3 & & 1 8 13 T 2t 1o s 6 S 2 14 & e 4 8 18
TEMP, 1611 1569 1581 1586 1S70 1593 1615 1592 1551 153% 1609 1538 1225 1392 968 1870 1428 1AJ5 1353 1404 1190 1401 1285 1452 1119 1217 1119 1212 1165 1233 976 1225 993 1225 952 1273 4 1102 1016 1918
Lo TEMe. 1567 1579 1540 1570 1483 1588 1548 1571 1546 1563 1587 18SS 1207 1381 936 heas 1379 1372 1334 1390 1170 1391 1264 1839 1085 1187 1074 1187 1970 1193 s 1201 975 1218 995 1253 1 9% 981
25 HOUR -
AVG. TEWB. 1591 1584 1558 1574 151e 1592 1575 159 1549 1585 1561 1s8e 121571388 964 1468 1395 1393 1319 1389 1174 1398 1269 less 1104 1203 1097 1204 1889 1215 955 1211 960 1225 929 125 3 887 8 1103 1807 lese
§TD. DEV, 16 2 14 8 27 ] ° 9 & 15 17 T 4 71 2 3 13 7T 6 131 & 14 8 s 9 3 2 16 7T ¢ 6 8 &, &
H1 TEMR, 1616 1587 {542 1584 1567 1595 1595 1597 1576 1588 15A7 1%92 1229 1298 976 1a7% 1425 1427 1351 139% 1185 1403 1272 laS1 115 1213 1126 1219 1422 1232 971 1226 989 1227 949 1275 »5 e 11881016
Lo TEMP, 1564 1579 1535 1561 1479 1589 1544 1586 1539 1577 1547 1579 1199 1380 944 1457 1370 1374 1326 1384 1163 1395 126+ leag 1091 1189 1077 1191 1874 (264 942 1195 974 1222 992 1254 . amr CRC
30_nour
AVG. TEMP. 1893 1386 1559 1585 1495 1596 1562 1595 1546 1586 1563 1590 1211 1383 964 1463 1413 1418 1342 1392 1179 1400 1267 1445 1116 1196 1089 1199 1108 1211  96¢ 1215 977 1226 926 1267 o 093 11 9T 9w
STO0, UEV, 13 e 17 1 28 4 le 16 & i 8 1 10 & 3 15 2 1 4 &4 2 13 a5 1S o 2 A 1 1 1 ] 1 & 31 8 @
ND TEWP. 1402 1588 1561 1S67 1507 1594 1542 1997 1556 1547 1974 1592 1212 1389 969 1663 1620 1621 1364 139 1182 1401 1248 1aaS 1120 1198 1050 1208 1139 1221 968 1216 980 1226 93] 1268 2893 81106 1002 1002
Lo TEMR, 1583 1584 1555 1562 1443 1595 1542 1592 1536 1584 1551 1587 1210 1376 958 1462 3606 1415 1360 1391 1175 1398 1265 lesa 1U1E 1193 1647 1199 1076 1200 960 1213 978 1225 918 1266 . 1102 W 99
3% nourR
1599 1565 1565 1569 1545 159 1S77 1595 1S3 1587 1556 1591 1219 1389 971 1465 1~01 1395 1340 1391 1175 1104 1199 1103 1202 1118 1214 956 1216 34l 1227 925 1264 3 902 4 1107 996 1003
12 3 18 6 12 10 1 7 a2 T2 8 e 16 17 9 s 3 5 9 & 2 11 =» 6 & o 2 16 3 e 18 0 3 6 18
1613 1589 1587 1575 1564 1595 1591 1397 1532 1548 1546 1591 1224 1392 985 1479 1617 1635 1368 1397 1179 1115 1211 1109 1208 1137 1226 952 1219 89 1229 352 1272 9 915 & 1110 1982 181e
1589 1582 1538 1559 1532 .592 1562 1595 1536 1586 1545 1589 1209 1386 967 1459 1375 1383 1327 1386 1172 1097 L1129 1090 1198 109« 1205  9&7 1209 975 1226 911 12es ° o 1122 99+ 99¢
©0 HOUR -
AVG, TENP, 1392 1564 1571 1567 1529 159 1867 1597 1563 1587 1589 1591 1215 1387 972 1469 1398 1392 1341 1391 1174 1398 1265 less 1107 1197 1098 1201 1136 1222 955 1215 988 1227 925 1263 o 98 2 1129
$T0. OEV. 2 & 7 3 20 2 23 3 9 12 . 10 5 4 3 29 27 s 7 6 3 2 13 19 & 2 9 2 6 1 3 & 1 s e 11 T o~ A 20
ML TEMR, 1614 L5449 1683 1372 1545 1595 1596 16090 1552 1590 1571 1596 1227 1395 941 1474 1438 1437 1246 1396 1180 1402 1269 14sa 1117 1202 1131 1216 1159 1232 958 1219 947 1229 939 1272 a 925 8 1113 1801 1825
L0 TEMR, 1569 1581 1561 1545 1499 1592 1536 1552 1530 1584 1541 1587 1202 1380 961 1466 1367 136« 1335 1380 1163 1395 |26 14b] 1096 1193 1041 119+ 1105 1216 950 1211 973 1226 948 12¢5 " 8% o 118 w9 977
45 HUUR
AVG, TEMP, 1595 1586 1562 1566 1509 159 1541 1598 1535 1539 1550 1594 1212 1387 980 1468 1396 1391 1341 1388 1175 1400 1264 1ea$ 1109 1196 1162 1197 1126 1223 95 1211 978 1229 926 1266 o 2 1118 997 )
STD, OV, T 3 24 S 28 & 15 1 T 2z 9 3 6 7 118 22 3 1 2 2 2 ? 5 13 6 12 9 7 5 s 1 8 s ¢ &4 0 6 7
Wl TEMP, 1405 1588 1589 1571 153§ 1598 1S5S 1599 1562 1591 1957 1598 1219 1393 989 1a70 1511 1417 1367 1391 1145 1403 1266 1447 1116 1201 112+ 1202 1139 1233 964 1218 38s 1230 931 1272 306 5 1116 1048 1992
L0 TEMR, 1587 1581 1S538 1561 1477 1591, 1526 1596 1526 1587 1538 1592 1206 1379 970 1467 1367 1357 1332 1384 1162 1398 1261 1aa2 1101 1189 1089 1189 1167 1215 9 1204 972 1227 911 l2el 4 893 & 118 947 93
50 _HOUR -
AVG, TEMP. 1395 1386 1579 1570 1537 159§ 1537 1601 1526 1591 1533 1599 1216 1386 975 1668 1349 1390 1339 1388 1172 1403 1268 1aa7 1113 1195 1101 1195 1102 1226 549 1214 979 1231 32+ 1272 o Jle 81112 997 1609
$70. DEv, 21 4 0§ 4 26 3 1 1 72 6 & 12 9 21 3 & 2 1 3 1 4 1 9 9 9 5 s 5 4 2 18 S s 3 o 3 10
WL TEWR, 1611 1590 1547 1574 1577 1597 1S53 1601 1529 1592 1539 180} 12260 1391 982 1476 1431 1838 1343 1392 1175 1405 1272 lea9 1125 1203 1112 1208 1117 1230 955 1219 986 1233 937 1279 9 921 9 1117 1018 1020
Lo TEWP, 1567 1580 1563 1S64 1507 1590 1522 1600 1519 1590 152 1597 1210 1382 954 1453 1364 1368 133) 138e 1170 140t 1264 14ss 1106 1188 1088 1184 1095 1217 94a 1206 974 1229 912 1268 0 8% 8 1109 98¢ 9%
§5_rOUR
AVG. TEwP, 1581 15603 1565 1547 1513 1595 1522 1602 1519 1593 1527 1801 1217 1389 G980 1489 1365 1389 1335 1386 1167 1402 1249 lea7 1117 1195 1099 119 1134 1232 946 1213 974 1231 920 1271 91110 985 1006
ST, DEV, ¥ L 20 5 28 2 9 . 2 T2 3 1 « 20 23 & 2 2 2 7 15 & 2. 9 s 6 3 112 s ¢ 2 6 1)
Ml TEMP, 1600 1585 1586 1572 1549 1597 1532 1601 1527 1595 1518 1e04 1221 1394 991 1474 1419 1626 [36a 1392 1173 1606 1271 1630 1121 1203 1123 1199 1175 1287 958 1221 978 1232 9% 1278 0 1112 991 lo2e
LO TEMP, 1568 1582 15421559 1483 1593 1513 1601 1514 1591 1521 1598 1213 1384 962 1464 1370 1371 1329 1376 1160 1398 1266 leas 1113 1183 1085 1189 1115 1222 935 1207 970 123¢ 911 1267 * 1187 976 987
60 MOUR N .
AVG. TEMP. 1600 1586 1548 1574 1532 1597 1S43 1597 1Sel 1587 1556 1591 1221 13897 987 1468 1407 1402 1344 1393 1186 1402 1270 leas 1105 1168 1101 1179 1152 1261 956 1212 941 1208 931 1243 8 912 8 1L 977 181
§T0. DEv. 1 .3 6 1 . 23 1 - 1 & 1 -6 “. 8 . L] - 2 5 3 S 2 12 5 13 11 17 5 [ T 8 62 3 * n ° S A
HI TEMR, 1610 1590 1575 1804 1557 1602 1582 1598 1548 1Sa8 (564 1591 1225 1394 1000 1474 1417 141§ 1350 1400 1191 1407 1275 Leas 1120 1177 1116 1189 1180 1267 962 1218 981 1229 947 1270 v 922 01113 986 1021
LO TEMS, 1584 1582 152+ 1569 1510 1992 1526 1596 1538 1585 1551 1590 1211 1365 981 l4ss 1401 1385 (339 1396 1177 1399 1243 laa2 1092 1164 1083 1161 1137 1233 94a 1203 791 loea 916 1257 0 895 #1107 972.1ees
65 _HOUR .
AVG. TEMP, 1588 1584 1571 1572 1542 1$87 1539 1596 IS1S 1582 1549 1592 1217 1384 962 1470 1382 1386 1362 1397 1178 1602 1269 lees 1116 1180 1103 1184 1171 1268 955 1213 941 1201 936 1263 0 ¢ 1114 980 1905
STD. Ofv, 17 3 1 6 11 1L 26 2 13 3 . 1 6 31 3 18 21 . 1L & 2 3 2 10 13 14 6 20 2 6 2 a1 63 1s & P 8 6 & 10 13
W1 TE%P, 1608 1584 158) 1578 1552 1400 1547 1598 1538 1537 1555 (3593 1224 1387 992 1675 1411 1420 1347 1198 1183 1401 1273 1«a7 1125 1201 1123 1198 1196 1750 959 1215 984 1232 950 1268 2 96 B 1Y 98 1017
LD TEMR, 1565 1580 1553 1563 1525 1578 1510 159 1507 1530 1565 1591 1211 1380 983 1e67 1367 1368 1337 1395 1173 1399 1266 jes2 1108 1166 1087 1175 1150 1246 95 1211 797 1089 918 1255 3 85 0 1198 9es 9ns
70 ReuR
4VG. TEMP. 1591 .1583 1560 1568 1526 1578 1Se7 1597 1510 1580 1549 1592 1214 13R2 949 1671 1600 1601 1337 1396 1173 1600 1271 146 1107 1195 1095 1194 1159 1254 954 1212 97a 1230 911 12ea 0 912 0 1108 99 195a
ST0, OEV. A2 17 a8 s e 2 % 2 3 « & 29 25 1 4 3 2 A 17T 17 13 15§ 12 4 15 A o 8 o 3 12 1s
A TEMR, 1598 1585 1580 1576 1557 1533 1565 1500 1Sia 1582 1565 1594 1218 1386 92) 1477 1430 1631 1340 1399 11A6 147 1275 Laal 1113 1208 1147 1205 1182 1259 967 1217 341 1233 953 1268 S 92% 0 1112 1007 1925
LD TEWS, 1579 1381 1939 1564 1487 1572 1524 1595 le9a 1579 1523 1588 1211 1376 982 lese 1372 1371 1335 1392 1163 1395 1269 1643 1101 1147 1065 1173 Lles 127 936 1198 972 1227 912 1258 9 903 01105 976 989

- 28T -



AVG. TEWP,
$T0. OEV.
Wl TEMP.
L0 TEMR,

100 MOUR.
AVG, TEINP,
470, OEV.
HE TEMR,
L0 TEMP.

105 NOUR
AVG. TEWP,

LO TENe,

180 HOUR

Table C-3 (Cont'd)

Exchanger Probes Temperature History (Run 80)

In BE BE0- 1 80 a0 N ven
1 1 3 3 5 s 13 13 15 15 17 a7 2 2 - - & [y 1« 1s 16 16 18 1 7 7 4+ ? 11 13 19 20 20 22 22 e 4 12 12 10 10
x " " X " 2 X " " x [ x 3 x x 8 x A L3 L] x . L] x 3 a [ 3 L 3 8 3 3 [ L] 3 2 9 b 2
1 ¢ 1 o 1t o [} 1 0 Tt o 1 o 1 o 1 v 1 o 1 0 1 a 1 (] 1 8 1 o 1 0 1 0 1 0 1 0 [ 1. o
1 H 3 L s L] 7 L] 9 19 11 12 13 [} 15 14 17 1] 13 2 2 2 23 2% 26 21 28 29 M n 32 033 - 35 3 3738 39 A a1 a2
DEGREES FALRENNELT DEGREES FAMRENMELT
1281 1249 1292 1328 1339 1297 1327 1318 1331 1048 1169 A0 1231 1170 1174 1198 1206 1081 1209 1153.1242 1008 1082 967 1061 1025 1101 835 1031 758 76 819 1089 0 876 0 997 981 937
oy a2 3% 325 Y 300 348 2323 355 28T 326 223 399 292 297 208 246 117 251 181 285 149 204 130 200 185 233 150 241 295 S8 137 1 o n 0 1% 1) hd
1412 1529 1586 1578 1596 1516 |S78 13%9 1591 1238 1411 992 1500 1396 1402 1351 1390 1176 1397 § 1482 1111 1212 1093 1206 118l 1286 952 1216 973 1235 92« 1282 0 926 0 1108 1081 101a
5?7 789 797 a8 862 8% 0S8 885 855 677 707 /3 Te3 753 753 891 854 €86 el 8a3 ASY 767 772 170 775 71 785 6e3 751 180 SIS 6es 612 8 752 0 772 %8 7Tss
1581 1562 1558 1579 13537 1583 1558 1598 1511 1580 1552 1592 1229 1399 948 1495 1401 1401 1342 1384 1156 1388 1249 1442 1107 1196 1456 1218 1171 120) 952 1215 979 1235 92S 1272 o 920 0 1109 1034 979
3 3 14 7 23 3 1 1 5 1 12 s s 9 1 2 22 2 2 1 s 3 .2 a & .5 & 10 & T 7 2 10 2 o 10 0 5 2 1§
1606 1588 1570 |587 1554 1586 1582 1600 1515 1582 1566 1595 1236 1403 962 1505 1417 jals  13es 1366 1168 1393 1273 less 1114 1202 1062 122% 1187 1299 965 1221 982 1238 936 1274 o o 0 1115 1037 995
1569 1579 1538 1371 1497 1579 13el 1596 1502 1579 1537 1590 1220 1392 960 1486 1362 1363 1340 1381 116l 1381 1266 1es0 1099 1193 1049 1210 118e 1272 947 1203 975 1232 9]4-1269 9 907 01103 1031 962
1573 1582 1562 1578 1499 1583 13543 1598 1507 1580 1540 1591 1222 1396 S8 1472 1376 1377 1334 1383 1158 1390 1273 1asé 1106 1189 1958 1232 11e8 1284 951 1208 980 1236 926 1272 Q925 0 1206 10a1 974
20 2 4 19 1 v 2 11 3 21 8 7 4 3 18 6 &6 7 [ 13 8 029 1e 10 13 7 2 1 2 LI [ 1 ]
1595 1584 1368 1541 1520 1584 1585 1599 1514 1583 (356 1597 1230 1400 950 14768 1409 1397 1334 1388 1164 1391 1200 1452 1117 1198 1060 1260 1182 1299 938 1221 985 1237 933 1274 ° 0 933 0 1110 1062 984
1555 1580 1559 1574 1487 1582 1492 1596 1494 1578 (508 1587 1218 1392 944 1467 1353 1362 1328 1376 1150 1389 1271 les2 1091 118s 1056 1221 1130 1273 939 1198 972 1234 911 1270 o 913 9 1100 1041 966
1590 158S 1560 1577 1518 1586 1582 159 1519 1578 1562 1588 1224 1393 940 1a6e 1392 1394 135 1385 1168 1387 1271 lea2 V106 1191 1957 1217 1099 1243 950 1206 982 123« 887 1249 o 99 0 1084 1060 979
15 2 12 & 17 1 17 11 17 3 & & T 4 186 22 0 s 2 6 3 10 10 12 43 N 11 10 12 10 ¢ 3 o les 14
1612 1588 |S73 (582 1563 1545 (587 [59d 1527 1560 (379 {593 1227 1397 947 1468 1610 1417 1356 138A 1176 1390 1277 1446 1120 1198 J07S 1227 1173 1296 961 1217 9e6 1237 908 1265 01008 0 1278 10e2 998
1876 1382 1544 1571 1495 1583 1841 159 150 1576 1537 1585 1214 1386 929 1460 1369 1366 1333 1383 1162 1386 1264 1439 1098 1182 1050 11997 1067 1220 93+ 11% 979 1232 878 1261 0 936 0 1021 1038 939
1606 1584 1556 1580 1518 1584 1569 1595 1519 1578 1367 1587 1225 1394 954 1467 1403 1400 1348 1386 1167 1388 1271 1440 1105 1188 1076 1217 1059 1208 951 1206 976 1232 884 1245 9 1010 0 1054 1037 99&
L] 112 T 17 3 14 2 2 12 3 3 . . 13 17 “ S 2 3 1 3 110 1 a6 35 & 3 3 7 0 [3 s 2 [
1612 1584 1572 1590 1347 1588 1Sba 1598 1527 1530 1586 1592 1220 1398 967 1471 1412 1813 1368 1391 1173 1390 1278 1442 1115 1190 1093 122% 1116 1261 956 1212 980 1235 890 1257 01015 0 1060 1039 1002
1593 1582 1539 1573 1501 1581 1382 1593 1512 1576 1555 1583 1221 1389 933 1463 1380 1372 134) 1382 1162 1384 1267 1439 1091 187 1067 1214 1012 1163 943 1200 973 1227 478 1240 01007 0 1050 1034 988
1803 1586 1361 1578 1830 1580 1578 1588 1531 1573 1573 1S7% 1220 1387 970 1489 1405 1408 1346 1400 1191 1400 1273 leaS 1134 1183 1103 1212 1007 1146 956 1208 981 1228 891 123 0 1037 0 195} 1015 1010
Cla 2 1 11 3 5 21 10 25 9 19 14 1 s 16 8 20 23 11 7 3 10 & 17 16 6 12 12 9 10 17 nu I 0. 7 & s
1613 1589 1578 1596 1567 1347 1604 159« 1573 1579 1597 1587 1237 1390 988 1469 1839 1645 1366 l4le 1201 1407 1284 1449 1126 1191 1132 1230 1015 1161 965 1220 @92 1234 921 1283 0 1076 0 1059 1029 1027
1580 1584 1555 1569 1490 1575 1558 1570 iS1S 1558 15%6 1353 1209 1379 Se7 1447 1376 138e 1333 1382 L1176 1390 1247 1443 1101 1176 1090 1198 999 1131 938 1198 971 1221 879 122 0 1019 0 10a% 1006 998
1592 157 1561 1561 1531 1568 1543 1575 1521 1561 1556 1564 1234 1348 991 1449 1400 1400 1354 1403 1200 1400 1287 laks 1125 1197 1995 1198 1018, 1141 957 1202 9] 1223 888 1226 01072 0 1049 1010 10la
21 30 18 29 27 22 16 38 3419 e 19 8 47T 19 31 ELO I ) 26 13 3 1 19 13 20 12 16 10 3 16 9 47 0 62 019 125
1611 1589 1586 1576 1544 1580 1563 1593 153v 1579 1577 1590 1263 1401 1006 1460 1452 1455 1619 1617 1270 1e0e 1330 1453 1177 1200 1121 1297 108) 1153 982 1211 98« 1233 898 1237 2 1181 8 1083 1024 1041
1561 1521 1561 I510 1St1 1529 1331 1504 1510 1501 1526 1495 1218 1377 967 1416 1374 1369 1337 1398 1172 1391 1273 le22 1105 1174 107« 1176 1082 1123 946 1186 977 1195 878 1197 91037 2 1015 997 981
13235 1515 1505 1502 1479 1509 1522 1541 1480 1528 1514 153e 1227 1361 938 1415 1348 1363 1339 1377 1215 1386 1203 1e20 1165 1193 1120 1194 1636 1146 976 1205 9al 1191 893 1218 01065 0 996 1025 1025
157 155 148 151 132 149 108 122 77 118 97 120 12 57 98 71 67 8 37 70 a1 32 %7 47 11 38 L6 71 10 41 13 7o w8 19 &S 9 T a1 27 32
1407 1587 1540 157 1568 1580 159 1598 1527 1581 1570 1593 1248 1393 963 1462 1427 {418 1351 1400 136) 1407 1341 le4d 1229 1209 1224 1216 1163 1156 1050 1216 979 1236 926 1237 0 1198 0 1021 1072 1080
1265 1239 1260 1232 1246 1243 1361 1321 1363 1321 1342 1319 1218 1263 832 1260 1252 1252 1328 1312 118} 1314 1267 1316 1121 1180 1065 1178 995 1131 952 1173 809 1038 877 1138 o 1026 0 920 100t 1092
1584 1584 1561 1567 1533 1575 1531 1602 1500 1584 1536 1599 1226 1397 980 1465 1392 1399 1337 1367 1172 1402 1270 lass 1112 1196 1089 121 1007 1149 951 1215 978 1236 881 1246 Q1046 0 1019 1025 1096
1 3 1 - 16 3 12 [ 2 22 - » L 2 10 9 17 9 7 [] 13 L] S L] n 13 0 S k4
1607 1548 1882 1572 1546 13578 1550 LAOa 1303 158A 1546 1600 1233 1399 991 1470 1615 1422 1366 1391 118] 1406 1272 lass 1127 1209 1114 1226 1019 1161 960 1219 985 1237 887 1252 ¢ 1062 0-1027 1033 1026
1877 1541 184) 1563 1515 1572 1520 1600 195 1582 1524 1598 1220 1394 964 1488 1368 1372 1333 1382 1165 1400 1268 Lasl 1101 11861066 1201 1002 1140 934 1206 972 1238 87+ 1237 o 1031 0 1018 1015 99
1592 1586 1362 1566 1553 1365 1521 1602 1498 1585 1526 1599 1229 1396 972 1461 1391 1399 1337 1388 1164 1401 1268 lasaS 1113 1198 1096 1207 1007 1149  9es 1213 971 1236 881 1253 0 1089 0 1016 1025 101S
16 & 20 15 s 18 . 10 23 s & 11 20 S 6 & 11 9 & 2 2 & & 0 3 0 & 6 1
1606 1590 1380 1568 1568 1389 1Ses 1603 1501 1587 1535 1602 1233 1601 982 1463 1409 1417 1348 1393 1173 1406 1271 las9 1119 1296 1110 121% 1018 1157 956 1219 974 1238 &899 1257 0 1053 0 1023 103« 1030
1871 1501 1535 1563 1534 1576 1501 1600 1493 1584 1514 1596 1221 1391 995 1aS7 1367 1373 1329 1380 11a4 1199 1264 14s2 1166 1192 1082 1199 994 11se 935 1209 969 1234 873 1247 0 1048 0 1010 1019 100}
1586 180 1586 1342 1597 1509 1580 1548 1391 1230 1395 961 1457 1384 1391 1360 1390 1170 1400 1273 less 1118 1193 1099 1206 1099 1145 954 1216 978 1233 882 1264 2 1056 0 1013 1012 1008
17 3 3 a2 25 10 3 18 1 9 T 1e " 1a a8 19 a4 s 7 17 8 P s 6 s 1 9 & 0.2 o6 & 10 1
1610 1584 1591 1613 1603 1553 1586 1606 1601 1245 1398 986 1464 1403 1410 1354 1406 1200 Lads 1286 14ed 1129 1208 1118 1213 1020 1169 959 1221 983 121 897 1283 0 1095 0 1026 1024 1018
1566 157Y 1583, [$13 1577 1490 1562 1522 1558 1219 1392 938 14s7 1367 1372 1325 1383 11% 1396 1265 1439 1182 1189 1074 1193 993 1136  9e8 1206 972 1223 872 1231 01036 0 1005 997 949
159] 1588 1552 156+ 1553 1587 (849 159 1513 1578 1395 1586 1232 1393 975 146l 138% 1385 1361 1396 1176 1399 1274 laas 1120 1190 1101 1208 1016 1169 949 1208 977 1233 68s 1264 ¢ fo6a 0 1015 998 1006
12 .3 10 18 20 L1e 4 7 3 4 9 6 19 17 e 13 & 31 3 9 te 15 11 18 13 11 6 5 3 & 11 e 7 o 3 11 9
1604 1588 1565 1607 1377 1590 1559 1601 1519 1582 157] 1368 1238 1199 987 1a71 1410 1405 1348 1883 1192 1403 1277 1aSe 1127 1202 1118 1225 1826 1166 959 L216 983 1217 898 1259 o 1072 0 1020 1013 1021
1572 1502 15A4 1572 1938 1582 153 1592 1501 1S75 1531 1Se¢ 1224 1368 963 1456 1363 1365 11333 1386 1157 1394 1270 144A2 1108 1171 1088 1197 1006 1133 935 1204 970 1230 87+ 1231 » 1056 0 1012 979 9%
1390 1583 1353 1587 1953 1588 1328 1598 1507 1580 1546 1592 1236 1397 952 1464 1388 1393 1339 185 1167 1394 1268 lae2 1115 1201 1079 1218 1013 1163 97 1210 971 1236 @74 1250 01059 0 1017 1017 994
18 2 9 15 - $ 2 1 5 . 8 3 2 s &« 9 2 3 2 1 6 16 8 9 11 4§ 6 3 & & 4 12 6 & 5 8
1614 1586 1586 1802 1573 1592 1580 1601 1522 1583 1575 1597 126171600 966 1449 1412 1419 1347 1390 1177 1397 1272 less 114S 1211 1226 1021 1175 961 1223 940 1239 &8 1256 e 1074 0 1022 1022 100+
1870 1580 1531 1581 1537 1585 1513 1595 1496 1577 1527 13588 1232 1303 946 1460 1370 1349 1333 1382 1154 1391 1265 lead 1101 1198 1206 1002 1149 940 1200 965 1233 888 12e4 e 1042 ° 1011 1908 983
1575 1579 1347 1576 1534 1569 1546 1400 1502 1381 1341 1594 1232 1398 954 1465 1804 1795 1339 1340 1160 139 1267 las2 1109 1202 1068 1225 1063 1196 909 1180 973 1236 876 1251 0 1064 0 1026 1023
1 9 & 2% 16 1 s 10 2 2 9% s 21 11 1 s 8 E] e 3 15 23 F It is 3 09 s 6 19 0 b
1592 1583 1863 1332 1570 1591 1564 1501 1508 158) 1352 1597 1238 1299 964 1472 1626 1418 1354 13% 1173 1396 124¢ 1aa? 1112 1206 1034 1220 1066 1206 935 1206 979 1239 683 1260 0 1088 0 1036 1028
1565 1574 iSal 1567 1503 1587 1520 1558 1495 1579 1530 1590 1229 1398 942 1452 1373 1382 1331 1381 1154 1391 126e la38 1097 1198 Laeé 1221 1020 1189  e2a 1163 94 1212 862 1286 o 1021 o 1020 1019
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LOCATION
PORT WO,
SPEC, wAT,

SPEC, LOC.
DATA LOG Nno

145 MOUR
AVG. TEMP,
STD. OEv.
Ml TEMP,
LO TEMP,

150 HouR

LO TEMP,

165 _HouR
AVG. TEMP,
$T0. DEV.
HI TEMP,
LG TEMP.

160 WauR
AVG. TEWP,
STD. DEV.
HI TEMP.
LO TEWP,

165 HOUR
AVG. TEMP,

LO TEwP,

170 HOUR

LO TEMP,

175 WouR
VG, TEWR,

LO TEMP.

180 HOUR
AVG, TEMP.
STD., DEV.
NI TEwP,
LO TEwP,

185 HOUR
AVG. TEMP,
STD, DEV.
=i TEMR,
LO TEmP,

190 WOUR
AvG. TEWP,
STD. DEV.
"I TEmP,
LO TEMP,

195 =OUR
AVG. TEMP,
$TN. DEv.
HI TEMR,
LO TEMR,

200 HOUR
AVG. TEMP,
§TN. OEV.
HI TEMP,
LO TEMP,.

205 HOUR
AVGe TEWP,
ST0. DEV.
Hl TEWP,
LO TEmP,

210 _mouR
VG, TEMP,
$T0. DEvV,
"l TEwe,
LD TEME,

Table C-3 (Cont'd)

Heat Exchanger Probes Temperature History (Run 80)

In AED. 1t] I IN

1 1 3 3 s 5 13 13 15 15 17 17 2 2 - “ 6 6 - 1& lo 1] 16 18 1a 7 7 9 9 n 11 19 19 20 20 22 22 8 a 12 12 10 10
x K R X ow « momox oM ox a x x 8 i & 8 x & "“® x 3 e & 1 2 3 3 3 3 e 8 %3 R s 2
I o 1 o I o I ¢ f o t o t o I o I o I o 1 o & o I s I o 1t o P00 I8 1 0 1 o 1 o 1 o
12 3 o« s & 7 8 % 10 u 12 13 16 15 16 17 18 15 20 21 22 23 2e 25 26 27 28 29 30 31 32 33 3 35 36 738 39 40 ol a2
DEGREES FAMRENHELT DEGREES FARRENREIT DEGREES FAHRENMEIT DEGREES FAF
1594 1578 1552 1570 1529 1586 1536 1600 1502 1582 1536 1596 1221 1392 945 1465 1394 1398 1332 1381 1169 139 1269 144} 1108 1196 1077 1217 1075 1216 988 1223 969 1234 877 1247 0 1022 0 1028 1023 993
11 2 18 & 21 2 3 s 17 & s 7 s 18 8 30 25 6 4 1e o 12 08 10 11 93 1o 13 8 3 & 12 4 o 17 o 5 3 8
1605 1581 1572 1575 1571 1588 1586 16Ue 1532 1585 1SAS 1600 1231 1397 - 956 1478 1427 1425 1343 1393 1186 1403 1272 Lok 1119 1208.1091 1232 1137 1229 935 1232 973 1238 495 1251 0 1037 0 1032 1027 1006
1581 1577 1530 1566 1504 1533 1505 1592 1439 1575 1515 1580 1214 1385 934 1458 1359 1369 1328 1370 1152 1390 1265 1435 1094 1137 1068 1205 1053 1203 958 1210 964 1228 870 j241 0 9% 0 lv2l 1020 98%
1578 1575 1546 1560 1546 1582 1519 1602 1495 158 1522 1600 1215 1387 944 161 1392 1387 1330 1376 1166 1399 1272 1643 1111 1189 1087 1209 1059 1206 963 1222 972 1237 280 1249 0 1005 0 1028 1608 949
2 16 7 1 k] 27 2 3 L1 9 L) 13 20 26 9 - 5 5. 8 ? 16 9 L 7 5 6 7 3 “ 3 0 “ 0 8 10 9
1599 1578 1573 1565 1583 1565 1552 1604 1510 1548 1558 1605 1222 1390 959 1467 1400 1415 1335 1378 1175 1e05 1276 1650 1120 1199 1109 1221 1067 1215 973 1229 978 1240 586 1259 0 1019 0 1061 1015 1003
1550 1573 1533 1551 1535 1579 1440 1600 1486 1381 1495 1593 1290 1381 925 1657 1361 136] 1322 1372 1157 1395 1267 1437 1103 1186 1070 1197 1046 1196 962 1213 962 1232 876 1246 01035 0 1020 994 941
1575 1568 1548 1562 1523 1586 1436 1603 1486 1587 1501 1603 1217 1388 951 1468 1382 1381 1295 134« 1166 1399 1275 les8 1102 1184 1080 1216 1076 1212 968 1220 965 1239 886 1255 0 1006 0 1019 1026 1002

20 5 23 8 18 3 16 3 T & 1& 7 12 8 28 29 T e 9 3 1 13 S 4 35 11 15 16 13 8 e 3 1o 8 o 6 0 6 1
1599 1576 1575 1571 1547 1590 1502 1608 194 1593 1516 1610 1226 1392 967 1479 1405 1408 1302 1351 1174 1404 1286 1452 1113 1191 1098 1220 1100 1239 987 1236 969 1242 901 1269 0 1015 0 1026 1035 1033
1558 1564 1520 1551 1496 1583 1461 1600 1476 1583 1481 1597 1210 1386 935 1460 1355 1347 (288 1337 1156 1396 1268 leds 1091 (180 1060 1199 104« 1198 951 1215 958 1235 877 1249 0 1000 0 1012 1008 980

1577 1569 1556 1571 1528 1583 1521 1802 1497 1584 1525 1598 1221 1387 970 lesz 1372 1377 1306 1355 1172 1397 1271 les2 1113 1186 1096 1217 1109 1235 967 1222 966 1236 881 1237 01032 0 1012 102}

1Is 6. 23 18 31 29 2 & s 2 s 2 7 s to s a2 o s 1 e a7 7 82 3 e« 3 2z 31 3 7 o & o s 7

1600 1576 1582 1600 1572 1586 1559 1694 1503 1585 1538 1602 1223 1392 971 1469 1413 1420 1318 1362 1187 1400 1276 1a47 1129 1189 1118 1227 1173 1271 972 1225 989 1235 885 125 01635 o 1018 1029

1561 1559 1532 1555 1500 1580 1490 1600 1391 1583 1515 1594, 1219 1382 967 1455 1356 1358° 1296 1350 1156 1395 1267 1439 1l0r 1180 1078 1208 1061 1211 962 1219 963 1232 878 1228 01025 0 teo? lon
1589 1573 1556 1569 1559 1586 1536 1588 1526 1572 1550 1579 1229 1383 996 1458 1405 1397 1327 1367 1186 1402 1272 1467 1113 1176 1104 1207 1122 1269 975 1225 98 1230 680 1225 0 1067 0 100 1011 993
6 2 1 3 27 s 3a 22 46 19 33 27 4 4 25 9 42 43 21 13 12 4 & & 5 11 2 1 22 12 9 e 3 &t 3 s 0 43 o0 & 13 18
1601 1575 1S71 1575 1578 1590 1590 1601 1577 1583 1588 1596 1237 1386 1024 1467 less 143e 1359 1381 1202 1606 1276 1450 1118 1190 1129 1216 1151 1257 983 1230 948 1231 883 1230 01123 0 1ou8 1026 101e
1566 1570 1561 1557 1528 1578 1510 1563 1495 1550 1530 1548 1225 1379 978 14« 1362 135¢ 1310 1356 1176 1396 1267 ikl 1102 1166 1085 1202 1098 1231 963 1221 962 1229 78 1221 01018 0 998 99 960
1586 1571 1550 1578 15s1 1582 1556 1596 1517 1579 1559 Isas 1230 1391 982 1460 1375 1379 1313 136« 1186 1402 1276 1446 1107 1188 1100 1218 1172 1270 977 122z 870 1152 68% 1220 0 1045 0 1001 1023 995
13 11 13 3 3 2 17 T2 19 e a2 13 9 1a 15 15 6 “ & 6 13 18 6 29 19 5 o 92 Te 2 3 e & o s 1 2
1603 1574 1560 1596 1S58 1587 1593 1596 15e3 1581 1593 1589 1236 1353 998 1466 1391 1395 1336 1373 1187 1406 1278 1450 1126 1196 1122 1222 1208 1257 980 1222 97« 1233 686 1223 © 1051 © 1005 1024 996
1579 1568 1534 1568 1495 1574 1539 1592 1507 1577 1547 1579 1224 1388 964 |e45 1359 1364 1295 1357 1180 1395 1270 1435 1089 1183 1079 1207 1le7 1243 969 1217 794 1089 88) 1218 0 104 0 996 1023 993
1585 1570 1565 1549 1547 1583 1566 1593 1518 1577 1567 1581 1222 1385 962 1456 1396 1393 1315 136e 1186 1404 1276 less 1105 113% 1096 1207 1063 1186 971 12lp 949 1226 885 1214 01065 0 999 1015 lovi

1306 13 12 2 21 a1 & 12 1 6 1 % 6 22 2« & e 8 2 X 7 & 11 8 10 5 11 1 e 72 0 18 8 4 12
1602 157% 1557 1586 1568 1585 1597 1598 1527 1S41 1SA1 1590 1228 1386 99« 146l lele 1622 1323 1370 1200 1607 1280 1452 1A 1194 1111 1215 1055 1196  OAe 1225 976 1227 894 1216 0 1055 0 1904 1024 101
1569 1563 1523 1556 1518 158] 1550 1589 1508 157)1 1549 157} 1215 1386 974 l448 1359 1362 1309 1358 1180 1401 1269 lasd 1161 1183 1082 1195 1029 117« 959 XZUTV 945 1221 878 1210 Dlﬂll hf) 99 998 J')
1597 1570 1507 1368 1912 1583 1527 1597 1508 1531 1545 1583 1227 1389 990 lase 1362 1361 1322 1375 1179 leot 1275 1647 1112 1189 1102 1215 1051 1187 970 1216 963 1226 8s5 1215 0 1060 0 999 1019 1003
. s 1 s 1 71 3 5 6 2 8 e 8 12 10 a & 3 2 s a2 s s o 4 3
1801 1373 1370 1575 1504 1585 1550 1600 1510 1583 1555 1592 1236 1391 998 1475 1375 1365 1329 1375 1126 1407 1280 l4ad 1126 1197 1113 1226 1045 1203 983 1221 96d 1227 892 1217 0 1066 0 1004 1023 1021
o 1562 1490 1581 1518 1596 1500 1579 1531 1SA6  132) 1388 986 1453 1356 1358 1309 1366 1171 1601 1271 1445; 1106 1184 1089 1207 1uel 1176 962 1211 959 1222 880 1212 0 103 0. 993 1015 989
1590 1572 1565 1570 1538 1584 1543 1597 1504 1580 1550 1568 1230 1390 96e 1457 1390 1398 132¢ 1372 1187 1406 1273 ledi 1117 LIS1 1100 1215 1065 1199 971 1226 966 1224 885 1215 01051 0 999 1018 994
1601 1575 1556 1576 1508 1596 1590 1608 1509 1583 3 ) 3 3 9 18 ¢ s 3 2 3 4 15 0§ 17 & 9 7 10 7T 3 2 10 & 6 &4 6 4 & 7
1975 1571 1533 1948 1oio 1 1590 1692 1520 1383 1572 1592 1235 1394 987 1460 1403 1411 1333 1377 1190 1e05 1276 153 1132 1197 1118 1221 1078 1209 980 1233 967 1226 900 1220 0 108§ 0 100§ 1023 1002
- 18 1583 1516 1593 1497 1577 1527 1582 1326 1385 980 145 1380 1365 1317 1366 1183 1401 1269 lead’ 1096 1185 1081 1211 1054 1191 954 1214 961 1221 874 1219 0 1066 0 995 1012 98s
1696 193 1355 1533 1563 1SR4 1558 1596 1513 1579 1557 1587 1231 1391 990 1459 1602 1399 1331 1379 1166 1403 1273 lee? 1108 1186 1101 1208 1071 1197 971 1219 397 117+ 478 1212 0 1080 0 1000 1016 1003
1615 1586 1578 R 13 4 13 1 28 7 5 3 9 2 1 17 12 6 16 & 2 e 5 & 42 S 19 7 & 5 89 70 5 4 o- 11 o s 3 1
lobe 1280 1532 ‘;}lg ‘5 3 1585 1608 lggz 1545 1582 1603 15% 1237 1395 1006 1461 lol3 1618 1343 1386 1206 lalo 1277 14500 1124 1194 1116 1213 1097 1204 982 1225 967 1226 8a) 1218 01072 0 1005 1018 1012
! i 1507 1546 1515 1592 1498 1575 1S3+ 1577 1225 1388 982 1455 1389 1373 1312 1372 117 1399 1272 l40; 1101 1179 1084 1201 1067 1185 967 1213 784 1083 873 1209 0 1051 0 992 1011 946

\

1591 1581 1S53 1583 1521 1543 1526 1598 1499 1583 1528 1592 1226 1390 976 1460 1380 1387 1320 1377 1183 1411 1277 1458! 1112 1185 1103 1212 1061 1191 972 1225 962 1225 849 1210 0 1057 9 1000 1010 1011
! 21" 13 27 4 67 L 13 6 &3 9 17 3 16 17 13 7 20 & 1 16 1 711 1 18 13 5 5 e 10 12 ¢ 11 o r
1606 1585 1597 1400 1557 1585 1585 1600 1512 1592 1555 1406 1236 1396 996 1463 1396 1406 1332 1386 1195 lel7 1289 la73 1128 1196 1121 1221 1077 1208 979 1236 968 1232 907 1231 0 1071 0 1008 1013 1019
1574 1572 1534 1564 lesa 1576 1413 1597 1466 1574 1456-1586 1212 1388 949 1456 1360 1365 1299 1366 1148 1406 1273 1445 1100 1179 1093 1203 1035 1178 986 1215 956 1221 882 1203 0 1065 ¢ 995 1008 1006
1583 1580 1572 1576 1536 1583 1542 1593 1505 1580 1545 1549 1229 1389 989 1662 1377 1376 1331 1367 £199 1407 1275 1aS0 1112 1186 1199 1211 10%0 118« 973 1221 944 1226 8A6 1208 0 1057 0 1000 1008 1003
o bode e 36 14 1 3 1 6 2 4 2 9 6 20 23 3 2 s 31 2 2 11 6 9 & & 6 3 6 e 2 S & 0 [ ] . 6
1538 1581 1584 1580 1569 1544 1562 1599 1510 1581 1552 1590 1234 1392 1001 1468 1408 1615 1335 1350 1196 1411 1278 1453 1126 1193 1120 1220 1056 1190 976 1227 969 1229 496 1215 0 1066 0 100§ 1012 1011
1579 1578 1555 1569 1457 1582 1522 15% 1502 1579 1539 1586 1225 1386 977 laSa 1357 1361 1328 1383 1183 1404 127+ 1447 1103 1180 1096 1206 1061 1175 969 1214 959 1223 879 1201 0105 0 992 1002 998
1805 1582 1561 1S77 1527 1531 1555 1599 1508 1581 1550 1590 1239 1392 903 1458 1392 1387 1328 1379 1190 1405 1271 léas 1120 13183 1112 1209 1054 1186 963 121 865 1150 891 1210 0 10%% 0 997 1010 1ald
7 150 621 1 20 3 2 e 2 3 03 5 5 19 20 5 & 6 3 3 1708 10 3 11 s 9 6. 68 Sa & 2 o o s 1
1615 1564 1581 1586 1562 1535 1579 1502 513 1583 1558 1593 1237 1395 989 1465 1620 1408 1333 1355 1198 1409 1273 lasd 1135 1189 1126 1212 1088 1192 973 1220 962 1223 894 1212 0 1062  © 1001 1021 1026
1597 1501 1545 1569 1563 1582 1530 1597 1505 1579 1543 1587 1230 1388 977 1453 1371 1366 1321 1373 1183 1401 1269 1eal 1093 1177 1098 1206 1040 1180 9«3 1208 804 1100 883 1206 0 30s6 0 989 1001 998
1600 1580 1571 1582 1526 158« 1538 leul 1505 1583 1543 1592 1232 1391 985 1455 1386 1381 1330 1379 1193 1405 1269 lass 1119 1142 1130 1203 10A9 1201 975 1223 93« 1202 889 1209 0 1060 0 995 1009 1002
15 3 9 5 e 2 19 1 e 3 ¢ 3 8 s 23 23 5 Tz s s “ J« 10 19 jo 8 & &7 s 3 o 1S o 2 3 8
1617 1565 1578 1584 1392 1586 1559 150) 1513 1586 1559 1397 1537 1304 994 1458 1489 1610 1335 1384 1202 1407 1276 less 1124 1192 1126 1213 1106 1212 988 1235 966 1230 898 1213 01078 0 937 1013 1015
1586 1577 1556 1575 1492 1562 1518 1630 1e97 1%81 1528 15%¢ 1223 1387 979 1ea7 1353 1353 1323 1373 1188 1e0l 1261 1437 1114 1176 1093 1184 1056 1139  9es 1216 8le 1107 882 1206 01039 0 992 1005 993
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LOCATION

LO TEMP,

10 HOUR

LO TEMP.

15 HOUR
AVG. TEMP.

LO TEMP,

20 HOUR
AVG, TEMP.
ST0. DEV.
Mi TEMP,
Lo TEMP,

25 HOUR

LO TEMEP,

30 HOUR
AVG, TEMP.
$TD, DEV.
HI TEMP,
LO TEMP,

35 HOUR
WG, TEWMP.

LO TEMP,

40 HOUR
AVG. TEMP,
STD. DEV.
Wl TEMP.
LO TEWR,

45 HOUR
AVG. TEMP,
ST0. DEVa
HI TEMP.
LO TENP,

50 WOUR
AVG, TEMP.
STD, OEv.
HI TEMP.
LO TEMP,

55 “OUR
AVG. TEMP.
STD. DEV.
N1 TEMP.
Lo TEMR,

60 HOUR
AVG, TEMP.
STD. DEV.
HI TEWP.
LG TEMP,

65 HOUR
AVG. TEMP.
STD. DEV.
HI TEMP.
LO TEMP.

70 HOUR
AVG. TEMP.

L) TEMP,

Table C-4

Heat Exchanger Temperature Probes

(Run 81)

IN RED. BE| IN BE BE In RE £D
1 1 3 3 5 s 1313 s 15 11 a7 2 2 a “ 3 6 1« 1s 16 16 1A 18 7 7 “ 9 19 2 zo P2 22
x " N x n x x H n x " % 3 x x 8 x 3 x ) » a R 2 1 “ 4 3 L} 3 a 3 3 3 3
1 Q 1 o 1 0 1 ] 1 0 I 4] 1 o T 0 [} o I v 1 0 1 0 i 9 ] o T o 1 o 1 0 I 4
1 ? 3 “ 5 3 7 8 ¥ 10 11 125 1} te 1S 16 17 48 19 20 21 ¢é2 23 240, 25 e 21 PR 39 M0 3L 32 33 3% 38 3
Ot GRELS FAHRENWELT DEGREES FAMRENHETT DEGRFES FANMENNMELT
1590 1589 1554 1587 1516 1599 1564 1478 1962 1478 155] 1473 1249 1619 1156 1472 J4Ak 1409 1327 1320 1213 1389 1313 0 1140 1178 1129 1251 1080 1230 1006 1170 917 1150 974 1135
1213 8 L ? “s b “ 52 39 52 22 10 127 89 55 15e A0 “ 21 17 s 0 9 I8 32 22 1 13 17 1w 23 15 23
1599 1600 1565 1593 1585 1605 1609 1540 1605 1534 1SA7 1532 1287 1436 1346 1578 1525 1522 1359 1362 1238 1407 1329 0 VIS5 1262 116R 1270 109 1262 1033 1199 Ybw 1182 988 1175
1569 156R 1547 1575 1483 1589 1494 139 1489 1400 14A% 1398 1232 1411 1042 1436 1391 1166 1220 1188 1187 1366 1296 ) 1133 1156 1093 1226 106 120n 989 1152 B9S 1122 956 1117
1590 1603 1557 1600 1537 1403 1550 1483 1545 16482 1537 1680 1235 1«08 1026 J44s 1662 la2n 1380 1366 1228 1392 1343 1431 1135 1lAke 1131 1255 1L69 1221 1923 1168 #97 1119 950 1088
7 6 13 5 30 3 7313 1 12 . T 5 A 13 6 87T 97 32 9 65 22 53 18 1 9 1o 52 ) w13 7 19 22 39
1596 1611 1575 1609 1585 1607 1605 1564 1601 1545 1589 1561 1247 1617 1061 1651 1526 1499 1427 1376 1264 1609 1404 1460 1163 1200 1140 1261 1119 1233 1074 1185 955 1196 978 1143
TSA) 1595 1543 1596 1509 159% 1450 1380 leay 1379 1466 1378 1224 1399 1010 le3e 1376 1261 1350 1358 1195 1361 1291 1375 1126 1176 1122 12506 1054 1207 10a} 1155 799 1016 926 1053
1593 1603 1557 1607 1574 1590 1455 1960 1655 1369 1652 1358 1743 1400 1012 1439 1390 1287 1434 1300 1308 1361 1409 1369 113 1185 1168 1259 1119 1221 1034 1110 /98 979 93 1056
1 2 A s 17 5 1o 6 1 7 2 A I n 6 111 lel 9 30 23 2 15 & 1n A L 9 o112 6 22 16
1509 1604 1539 1611 1603 1593  14AR 1374 1467 1378 Jehs 1361 1250 1605 1025 labs 1497 1685 1444 1328 1332 1364 1426 1355 1157 119A 1152 1262 1145 1737 1044 1127 412 983 954 1076
1569 1600 1564 1594 1558 1582 lesed 1361 1442 1360 1439 1356 1239 1397 1001 1429 1227 1122 1421 1267 1281 1338 1389 1343 1136 1178 1146 1252 1616 1211 1030 1090 786 968 H97 1034
15A5 1604 1565 1609 1564 1592 1459 1367 1458 1369 1656 1351 1248 1601 1002 1435 [ 0 1460 1326 1302 1336 1415 131 1160 1187 1196 1263 1031 1226 1139 113% 1679 1109 959 102)
13 1 6 e 7 1 6 6 6 5 6 s k) “ 2 [ o 2 .2y 3 & 8 14 3 ) 2 25 5 & 1L 1 A 17 7
1A02 1605 1551 1611 1577 1593 1465 1376 1665 1377 J4m2 1360 1256 1605 1008 143K n 0 1462 1335 1327 1338 1626 175 1161 1202 1165 1256 1130 1279 11e6 1152 1096 1121 975 1835
1571 1603 1535 1607 1536 1591 1462 1362 1651 1363 1442 1345 1743 1397 499 la3? o 0 1454 1319 1285 1331 14% 1333 1120 117A 114 1261 10A7 1217 117 1127 1069 1101 935 1018
913 956 911 972 YP9 964 1031 977 1033 980 1033 973 785 M73 K27 893 0 0 1024 957 980 967 1016 969 TSK 796 708 A32 JuM #la 914 WYz 896 ATA ATD  ASS
611 606 S92 596 599 SAH 04 367 404 366 N0 357 434 493 M 513 a 0 401 36 335 353 377 351 3?5 379 W73 el den e 26k 255 221 242 196 211
1570 1602 1504 1610 1568 1595 1470 1373 146% 1374 1667 1356 1347 1602 10067 14wl ) 0 1460 1328 1349 1345 1431 1367 1149 1193 1156 1268 1119 1228 1201 1183 1162 1153 1127 1106
274 T 272 345 RS 362 594 SHN 605 582 603 587 290 346 221 34l ) 0 589 SBY S99 SHO 606 SBT 283 342 312 3SR 333 37T 609 SBY 606 SHS 406 590
1579 1597 155 1594 1536 1595 1437 1332 1435 1333 163 1315 1231 1409 1126 1438 ] f 1439 1276 1633 1318 1633 1300 1134 1236 1121 1275 1691 1259 (430 1277 1428 1302 1419 1302
16 17 31 3 w0 21 59 64 60 67 K0 A3 1211 66 13 a [ o 5 61 65 k2 87 2721 w2 L Y 60 61 62 5% 6 61
1660 1611 1595 1626 1594 1606 1530 1425 1534 1431 1532 lag6 1263 1621 1223 1453 o v 1539 1366 1533 1613 1535 1397 1182 1267 1133 1285 1121 1270 1530 1365 1526 1388 1571 1395
1561 1567 1518 1560 16497 1558 1371 1269 1375 1242 1371 1230 1216 1192 1048 1407 o 0 1385 1182 1367 1229 1369 1208 T113 1209 1107 1268 1056 1761 1364 1196 1359 1226 1348 1226
1564 1601 1568 1593 1520 1603 1480 181 1442 1383 JeH2 1366 1221 leba 1126 1437 [ 0 14M5 1326 1642 1363 1642 134e 1129 1183 1132 1261 1076 1266 1277 1319 1627 1365 1470 1333
7 3 9 5 12 2 s 0 46 4D w4 4] « 13 5 ) o b ab 40 66 41 37 CINY 1« 13 as 33 45 e 4“5 36
1571 1605 1559 1604 1537 1605 1527 1626 1528 1429 1528 1410 1232 1610 1155 tasg n Q1833 1371 1529 1407 1529 1389 1138 1238 1137 1283 1098 1259 1523 1363 1523 138A 1517 1373
1555 1599 1536 158 1505 1400 1425 1133 1626 1335 (4?7 1316 1214 1399 1069 112 a 0 1427 1279 1625 1315 1426 1294 1122 1143 1125 1246 1059 1231 1421 1272 i42) 1295 1613 1289
1572 1598 1565 1591 1534 1603 1507 leld 1513 1426 1504 ludSs 1206 1395 105 1660 1617 1395 1659 1327 1366 1333 1406 137¢  1iwd 1127 113 1751 1085 232 1272 1181 1204 1140 1139 1079
18 1 1S « 37 2 41 13 2y S N o 1e a er 8 225 269 “2 25 96 &5 T4 U 17 16 e 19 716z 10> 181 14l 211 186
1593 1603 1564 1597 1598 1406 1525 1627 1527 1431 1527 1410 123R 1600 1061 1665 1560 1565 1533 1172 1528 1608 1528 1390 1162 LlaA 115] 1261 1114 1262 1523 116a 1926 138A |517 1372
1555 1595 1562 1587 1510 1600 430 1395 la?s 1420 1450 1398 1204 1387 1023 1425 10k0 1023 1435 131e 1289 1305 1378 1362 1130 LE1& 1019 1264 1046 1226 1193 1120 (107 1062 1025 952
1573 1597 1555 1SAB 15«0 1606 1525 lace 1526 1429 1522 1408 1230 1398 1037 163k 1670 1476 1622 1300 1311 1320 1399 1367 1166 1132 1141 1253 10A6 1232 1194 L1117 1091 1075 1069 973
18 o 7 2 20 1 S “ 3 3 2 3 a e 1S 3 e4 93 28 a0 30 6 3 3 29 3 5 18 a S 21U sk A8 48
1590 1602 1564 1571 1555 1607 153t 1631 1529 }432 1525 lel2 1276 1400 1053 leal 1516 1539 1639 1314 1370 1364 Len6 1371 1204 1159 1117 1257 1699 1241 1193 1114 1100 1144 11A3 1045
1555 1594 1549 156 1510 1606 1520 1e2d 1524 1427 1521 1405 1225 1395 G01R 1436 1376 1119 1381 1260 1287 1306 1392 13646 1129 1100 1119 1248 1064 1227 11s9 11le 1081 1051 1012 Qa4
1569 1592 1558 1547 1526 1506 1566 1607 1567 lafy 1561 1650 1229 1398 1167 1434 1383 1372 1399 1263 lale 1383 13se 1398 1210 1158 (114 1248 1043 1227 1192 L111 1190 1152 126 1092
14 s 9 « 20 1 29 29 29 29 26 2y S 4 63 E RN 1216 19 4 22 18 t £ v 6 17 ” “ 3 2 “ 8 3
1589 1598 1566 1592 1568 1608 1599 1501 1600 1502 1587 &84 1237 16015 1206 1461 1663 1466 167 1288 |wiy 1367 1415 118 1277 1165 117 1255 1102 1239 1195 11le 1202 1159 1351 1096
1550 1594 1563 1583 1698 1604 1525 luel 1926 1429 1522 1410 1274 1395 1062 1432 1291 1301 1382 124% 1395 1378 1355 1373 1195 1140 1106 1238 1PA1 1220 1186 1168 1177 1149 1230 1090
1563 1591 1551 1587 1917 1A06 1617 1515 1603 1519 1562 1502 1227 1400 1208 14al 1397 1403 1385 1241 1413 1390 1350 1627 1194 1156 1116 1247 1091 1235 1182 1112 1183 1170 1205 1092
11 2 7 3 2p 3 - 7 714 6 ’ 325 3 38 se 8 o 13 122 k) o0 o 6 1 “ s 8 SRLS “
1573 159 1965 1590 1537 1407 1617 1520 1607 1526 158] 1508 12346 1603 1213 151 1621 1647 1394 1296 1623 1391 1379 1631 1217 1163 1123 1252 110« 1240 1240 1013 1193 1179 1379 1096
1550 1589 1529 1586 1495 1606 1604 1507 1593 1509 1548 laSk 1220 1397 1173 leswd 1339 1363 1379 1237 1395 138R 1325 1623 117« Lie2 1112 1238 1676 1230 1147 1111 1173 1165 L18S 1088
1565 1590 1553 1585 1519 1635 1617 1522 1601 1527 1564 1509 1775 1398 1190 lass 1377 1396 1380 1234 1391 1390 1343 1430 12€3 1156 110P 1268 1071 1223 1193 112 11AS 1192 1201 1120
14 2 13 2 s 1 1 3 6 2 1 1 5 5 da PR Y 1 IRE] 1 8 2 1= a & 6 10 10 ’ I3 3 21 23
YEHT 1593 1571 1589 1536 A0~ 1621 15¢5 1606 1530 157K 1511 1237 1606 1235 lau# 148D 16k  F3INS 1237 1618 1391 13SL §432 1214 1167 1116 1257 J0A4R 1231 1701 Llis 11A9 1291 1221 1141
1551 1588 1539 1583 1499 1,03 1613 1518 1593 1524 1552 1507 1221 1393 1156 1438 1258 1309 1378 1231 1379 1389 1335 1628 11#] 1167 1100 1260 1062 1205 1145 1110 1161 1133 1176 1094
1568 1591 1565 1590 1515 1606 1616 1522 1602 1924 1568 1509 1237 1601 1150 1439 1387 1396 13A3 1237 (400 1396 1356 1436 114k 150 1105 1265 Y07 1270 1187 i1le 1193 1222 1147 1174
1 e 15 301 2 1 3 1o 2 1 1 6 6 N 65 7 4“1 “ la 6 A 10 “ 5 1 o 4 1 22 e
1583 1596 1576 1594 1525 1608 1620 1525 1505 1529 15768 1512 1235 1606 1156 lasT 1423 1451 1391 1241 1620 1399 136R L4bs 1199 1166 1110 1251 1110 1235 1202 1149 1199 1238 1274 1186
1556 1587 1539 15R6 1500 1405 1612 1519 1600 1523 1855 1507 1732 1398 1162 1432 1339 1246 1376 1232 1382 1390 1319 1430 1179 11a0 1092 1239 10 1225 1192 1142 11R% 1207 116R 1152
1576 1590 1651 1589 1532 (606 1616 13¢5 1598 1525 1956 1411 1225 1396 1151 1434 1351 1309 1397 124& 1386 1399 1369 14a8 1195 1187 1116 1264 1102 1232 12r4 1121 1190 1246 1102 1167
o 2 21 “ 7 i 3 8 Toae S S 3 2 2 24 33 2 Toar a2 s - 315 32t 7 9 H 0o 21 “
1581 1592 1575 1593 1540 TAUS 1619 1542 1605 1536 154k 1516 1229 1398 1152 1438 1366 1391 1395 1251 1403 1401 1359 1452 1198 1174 1118 1257 1133 1240 1210 1125 1192 1246 1123 1170
1673 15R9 1537 1586 1926 1605 1614 15£0 1590 1523 1535 1507 1220 1396 1149 1435 1323 1225 1392 1238 1370 1397 1338 labé 1192 j16R 1115 1292 1081 1226 1194 1147 1186 1246 1082 1183

s asoe eoos sezo sos02 cose sase

ze

5300 swaz ccoso Y scoo

333>

coas

w

RO

80R
791

L

Blh
402

A2n

36
803

[21

7
30
a11

1057
i)

113
1016

1021

20
1055
1905

1130

67
116%
Wi

1118

1152
L03e

1033
A

1ae2
1021

1013
12

1050
1022

1050
3

1653
1046

1049
3

1053
1045

1ue?

1067
1046

»
9
0
I3

coz

esee cooe cone se=o scece

as5e

comw =

sco>

P ss0> so50 >

cses

[L]3; Se———

12 1
9 2
[ 1 ©
40 41 62
PEGREES Fang
815 1001 1009
nr 6 3
1070 160R 1010
“h! 996 100e
1076 1000 1009
15 12 4
LURA 1016 1016
165« 985 1005
1025 995 1017
10 S L}
103« 999 1030
1013 986 1012
999 997 101a
13 7 6
1013 1002 1020
979 987 1006
N7 126 721
307 286 WS
1064 1045 1073
33 373 326
974 1085 1960
311 o
1012 1190 1069
Y39 1076 1046
Y87 l0ase 1070
/B 14 S
1037 1099 1077
955 1651 |64
1073 1193 1060
39 63 26
1104 1165 1065
1406 1036 1007
1086 1077 1059
13 9
1105 1127 1069
1076 1057 1047
1026 1088 1081
1213 s
1034 1107 1098
1004 1075 1084
1030 1069 1853
7339
1060 1099 1uBA
1925 1033 1016
1038 1038 1024
12 9 9
1056 1053 1138
1023 1030 1013
1037 1036 1021
5 2 5
luss 1039 1027
1029 1034 1013
1041 1043 1026
n 6
1066 1053 1030
1035 1631 1019
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LOCATION
POR’ »

SPEC, MAT.

SPEC. LOC.
OATA LOG Na.

75 _HOUR
AVG. TENP,

90 HOUR
AVG. TEWP,
STO. DEV,
Hl TEWe,
LO TEWP,

95 HOUR
AVG, TEMP,
70, Dfv.
HI TEWP,
LO TEWP,

100 HOUR
AVG. TEWP.

LO VENP.

105 HOUR
AVG. TEWP,
STD. DEV.
H1 TEWP,
LO YEMR,

110_HOuR
AVG. TEWP,
$T0. DEv.
MI TEMP.
LO TEMP,

115 HOUR
AVG. TEWP.
§TD. OEV.
Hl TEMP.
LO TEMR,

120 HOUR
AVG, TEMP,
570. DEv.
M1 TEMP,
LD TEm®,

125 HOuR
AVG, TEMP,

130 HOUR
AVG, TEWP,

LD TEWP,

135 HOUR
AVG, TEMP,
$TD. DEV.
HI TEMP.
LO TEWP,

140 wOUR
AVE. TEWP,
$T0. DEV.
"1 TEMNP,
Lo TEWP,

Heat Exchanger Probes Temperature History {(Run

Table C-4 (Cont'd)

81)

In BE HED. w~ “e
LooF 2 3 s s 3 13 4% 1S T 17 T 19 19 2 20 22 22 2 2 4 e 6 & 14 16 Je 16 18 18
X K ® X W X X H W o x M X y 8 a3 A 3 " 3 3 & s 3 L . S ] v & x B & X
I 2 1 o 1 o I o 1 o 1 o r e 1 o 1 o t o 1 o 1 o t o 1t & g @ R S S S 4
12 3 4 5 s T s 9 10 11 12y 25 26 27 28 29 3 3 3¢ I 3 I I O AV e 45 16 17 1R v 20 21 22 23 24
DEGREFS FAMRENETT DEGREES FAWRENMELT VEGREES FANGEMKELT
1573 1534 1552 158e 1578 1606 1619 1530 1596 1530 1525 1516 11R0 1150 1103 1256 1069 1222 1156 108y 1131 1243 1072 1163 1227 1395 1148 1e35 1363 1620 1333 1238 140R 1400 1336 1651
12 112 15 5 23 3 ¢ 2 & 5 al 1 4 12 &3 o S S ¢ L 13 1 d 2 39 3 149 s0 &S 2 S 5 18 2
1588 1590 1566 1589 1547 1606 1619 1531 1600 1534 1558 1517 1184 1162 1129 1257 1069 1222 1201 1121 11AL 1243 10AL 1163 123 1397 1232 1438 1452 1606 13A2 1248 1416 1404 1355 LaS2
1558 1366 1536 1580 1500 1601 1615 1524 1592 1522 1417 1515 1175 1138 1086 1255 1049 1222 1100 1038 1181 1242 1061 1162 1216 1393 HIST 1632 1131 1385 1205 1208 1405 1393 1313 1449
1550 1586 1548 1367 1494 1596 1608 1512 1563 1506 1530 1515 1159 1157 1113 1256 1117 1235 1193 1121 1178 1231 1102 1124 1152 1308 © 1631 1363 1295 1392 1280 139¢ 1381 1340 1455
S6 5 26 29 32 14 24 26 43 30 43 1 o 0 1 b 19 7 o 2 5 0 0 &0 % 4 ¢ 0 0 8 1 3% vy 31 0 0
1590 1589 1576 1590 1523 1606 1621 1528 159) 1527 1556 1516 1159 1157 1106 1256 1139 1260 1202 1123 1143 1231 1102 1176 1266 1308 0 1e3f 1367 1295 1392 1307 1401 1403 1340 1655
1451 1578 1532 1525 lasl 1577 1572 1482 1532 1484 1453 1514 1159 1157 1112 1256 1105 1230 1193 1159 1174 1231 1182 1032 1055 1308 0 131 1363 1295 1391 1253 1381 1338 1340 145§
1577 1592 1551 1581 1523 1606 1613 1535 1590 1537 1552 1521 1192 1162 1107 1257 1081 1227 119a 11 1151 1233 1087 1167 123 1400 1161 1438 1449 1647 1339 1275 1389 1403 1319 1487
3 "2 19 5 a4 o o o o s « 16 10 & 16 13 |4 16 3 40 9 6 5 6 11 3l oS0 4 s 5 32
1580 1593 1564 1584 1526 606 1613 1535 1590 1538 1556 1521 1196 1173 1115 1259 1099 1238 120+ 1125 1168 1235 1115 1173 1262 1633 [145 Leat 1471 1452 1376 1332 1411 1406 1381 1454
1575 1590 1537 1577 1520 1606 1613 1535 1590 1536 1547 1520 1199 1150 10¥e 125¢ 108A 1218 1190 1123 1136 1231 1059 1157 1233 1396 1136 1430 1427 1462 1303 1251 1372 1397 127) 1456
1554 1568 1538 1577 1504 1607 1620 1533 1589 1536 1556 1519 1177 1147 1137 1255 1095 1226 11A& 1125 1996 1226 1093 1183 1225 1346 1029 1436 1455 1445 1321 1261 1393 1406 1364 1616
21 66 0 o0 o o0 0o 4 0 9 3 s 16 15 0 15 16 2 21 ] [ [, SN S S S SIUUL L SEPS SIS -4
1582 1584 1538 1577 1504 1607 1620 1536 15AY 1536 1560 1521 1195 1157 1133 1265 1104 1227 1200 1125 1151 1229 1105 1183 1237 1194 1029 1436 1455 1445 1386 1261 J4L5 1606 3ed 1457
1531 1472 1538 1577 1504 1607 1620 1530 1589 1536 1552 1516 1157 1136 1133 1266 1083 3226 1147 1125 100+ 1277 1081 1182 1712 1379 1029 1636 1455 1445 1200 1261 1370 1405 1344 1376
1578 1586 1548 1578 1526 1606 1616 1533 1598 1526 1550 leTl 1211 1347 1136 1233 1079 1224 1195 1126 1139 1221 1085 1181 1235 1406 1026 1432 1395 1377 1376 1262 1402 1400 1345 1447
15 2 1 s 16 2 3 "0 4 10 20 6 1o 38 37 38 )5 14 7 1 6 9 S5 8 3 17T 10 2 Ml 4R 16 4 L6 S5 & 20
1592 1589 1555 1562 1541 1606 1619 1533 1601 1532 1568 1517 1226 1170 1162 1255 1097 1261 1204 1127 1145 1227 1150 1187 1237 1628 1035 1433 1453 1455  13A7 1266 142] 1606 1349 1459
1555 1583 1539 1572 1510 1401 1614 1533 1592 1515 1516 147 1198 1106 1110 1178 1065 1213 Li44 1125 1132 1214 1017 1167 1231 1393 1021 1430 1302 1233 1353 125y 1386 1387 1361 1a2e
1561 1439 1521 1568 1507 1604 1597 1536 1591 1560 1555 1457 1165 1150 1105 1252 1078 1223 1190 0 1131 1221 108« 1187 1163 12AK 1620 1325 1279 1296 1336 1166 1367 1397 1317 1439
9 202 47 a7 [] ] 0 0 0 39 s T 30 28 11 14 ek e 2 0 0 o e 6 60 0 3% 0 106 121 s7T 6 10 15 29 23
1574 1586 1550 1581 1507 1606 (597 1536 1591 1587 1559 1507 1187 1169 1112 1243 1109 1233 1192 0 1131 1221 1113 1191 1205 1288 1047 1325 1352 1379 1376 1170 1399 1406 1337 1485
1552 1155 1467 1515 1507 1406 1597 1536 1591 1532 [549 1406 1144 1130 1097 1241 1047 1213 1188 0 1131 1221 1055 1183 1120 12688 992 1325 1205 1208 1293 1161 1374 1380 1296 1473
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12 62 1R 11 le 6 55 50 43 S5 & 1l W7 2 39 40 25 27 S 16 17 19 6 2a 4 & 44 6 9 36 88 3 e 3 2} 16
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Table C-4 (Cont'd)

Heat Exchanger Probes Temperature History (Run 81)

LOCATION IN RED HOVE At In AL BED [N AED IN 9ED

PORY NO. 1 1 3 LI T 1 13 13 15 15 v 7 2 2 4 & & & 18 14 16 16 18 18 i ? 9 [ Y 19 19 20 20 22 22 8 8 12 12 1o 10

SPEC. MAT. S " " x " x x L " x L x " " I3 L] 1 8 X 8 X ] 8 x 3 n s 3 ® a L] 3 8 8 3 2 9 2

SPEC. LOC. 1 o 1 [ 1 [ 1 [ 1 [ 1 [ 1 o 1 [ 1 0 T 0 1 0 1 o 1 a 1 0 1 0 14 0 1 0 1 0 1 0 1 [ 1 3

DATA LOG NN, 1 2 3 . s 5 7 8 9 10 11 12 n, 13 1 15 16 17 18 19 20 21 22 23 24 e 25 26 21 2n 29 30 3t J2 33 3¢ 35 36 37 W 39 40 41 a2

DEGREES FAHREWHETT DEGREES FAHRENHEILT DEGREES FAHRENHETT DEGREES FANRE

145 HOUR

AVG. TEMP. 1549 1582 1593 1S5RS 1516 160a 1620 1536 1597 1523 1565 1518 1243 1396 1023 1439 1607 1393 1404 1295 1294 1330 1322 1446 1148 1112 1109 1237 1670 1213 1168 1133 1056 1151 931 1103 0 903 0 1068 1012 975

ST0. DEV. 12 4 18 6 14 2 3 3 3 & 5 3 2 3 4 5 62 S6 10 2 15 5 11 2 13 6 7 s 1A 20 [ 2 7 3 19 e 0 1 0 3 7 10

W1 TEMP. 1SR 15A7 1578 1592 1535 1607 1623 1538 1600 1526 1572 1520 1265 1400 1026 1467 1e6] 1467 1416 1296 1306 1337 1342 1448 1166 1121 1106 1240 1095 1226 1178 1141 1065 1153 949 1107 0 914 0 1071 1021 992

LO TEMP, 1555 1S7A 1536 1578 1497 1603 1516 1531 1592 1517 1560 1514 1239 1393 1016 1436 1321 1323 1395 1291 1268 1325 1314 1443 1131 1105 1089 1227 1051 11768 1162 1135 1046 1146 903 1096 0 890 0 1064 1005 967
150 HOUR

AVG. TEMP, 1576 1584 )55]1 I15R6 1509 1604 1614 1525 1504 1509 1571 1508 1237 1390 1021 1439 1380 1382 1403 1293 1281 1329 1322 labs 1131 1197 1129 1257 1043 J218 11A3 1142 1053 1153 912 1093 0 906 0 1076 995 977

STD. DEV. 16 31 26 6 9 2 5 6 & 7 (] 1 2 6 5 52 6 a2 16 3 2 3 11 16 ¢2 16 B8a 7 23 1 2? T 39 7 [ 9 0 14 23 11

H TEMR, 1590 1587 1568 1595 1516 1606 1619 1532 1608 1518 1583 1515 1261 1393 1029 1447 1438 1453 1613 1294 1297 1336 1326 1ea8 1163 1125 1159 1267 1049 1230 1206 1149 1073 1159 948 1099 0 920 0 1095 1014 988

LD TEwe, 1553 1560 1518 1578 1496 1602 1608 1518 1598 1502 1562 1502 12364 1387 10)4 1433 1325 1289 1393 1290 1262 1325 1321 1439 1121 1086 1099 12729 93 1211 1144 1130 1006 1141 8%3 1081 0 8ss 0 1056 956 960
155 MOUR

AVG. TFMP, 1571 1SA2 1565 154a 151R 1602 1617 152« 16n6 1507 1572 1505 1781 1394 1021 1439 1325 1340 1401 1291 1288 1327 1321 1442 1127 1119 1103 1262 1081 1223 1200 1149 1070 1166 925 1101 o 907 0 1084 1002 978

STD. DEV. 10 3 1« & 75 1 “ & s 5 11 3 “© 6 & 2 39 40 9 2 18 2 8 3 9 6 23 17 14 10 5 2 7 6 20 1 [t 0 14 1 15

Wl TEmP, 1582 1584 1579 1590 1551 180« 1614 1527 1611 1513 15A5 1509 1247 1397 1026 1441 1385 1418 1413 1295 1306 1330 1331 less 1135 1129 1140 1272 1102 1233 1205 1151 1078 1176 942 1102 0 919 0 1104 1004 998

LO TEMP. 1559 1579 1543 1575 1494 1600 1807 1516 1598 1500 1555 1500 1234 1389 1017 1437 1287 1312 1392 1289 1265 1326 1312 1437 1116 1112 1053 1228 1064 1207 1191 1146 1063 1160 895 1100 0 894 01070 1001 966
160 HOUR

AVG. TEWP. 1580 1536 155 1585 1521 1604 1616 1527 1602 1515 1566 1511 1264 1393 102 1441 1369 1379 1400 1291 1278 1328 1319 144S 1126 1117 1102 1236 1082 1220 1198 1149 1071 1177 8A7 1098 [ 0 1079 1002 985

$TD. DFV. ? 3 nu s 11 2 1 2 e 2 . “ 38 7 49 59 10 11 2 2 1 4 8 5 28 10 & k] 5 319 4 ] s 90 7T 4 8

M1 TEWP, 1539 1587 1566 1586 1513 1606 1619 1529 1611 1517 1572 1512 1248 1397 1035 1450 1413 1440 1ul2 1292 1293 1329 1322 1446 1132 1129 1113 1242 1120 1229 1206 1152 1090 1181 920 110] 0 %20 0 1114 1006 995

L0 TEWe, 1576 1580 1542 15A0 149 1601 1A13 152 1596 1513 1560 1509 12640 1388 1413 1431 1300 1310 1391 1289 1267 1325 1316 1443 1118 1116 1090 1279 J0SR 1204 1189 1146 1066 1173 873 1092 0 908 0 1058 996 976
165 HOUR

AVG. TEMP. 1565 15M1 1555 1581 1525 1631 1616 1526 1604 1512 1576 1508 1264 1391 1021 1437 1379 1382 1409 1286 1320 1358 1320 l4at 1201 1144 1078 1214 1043 1216 1198 1149 1102 1208 977 1148 o 997 0 1050 1040 1022

STD. O€Ev. 15 3 “ 172 “ 3 e “© 9 T a 3 3 9% & 66 52 112 8 3 12 s 8 3 L T 2 9 1T % s ° 6 [} s 8 12

WL TENP, 15A3 1584 1576 15R6 1551 1603 1619 1528 1609 1516 15R8 1512 1267 1393 1032 1646 1460 1640 1410 1289 1338 1362 1327 1449 1220 1142 1086 1218 1047 1225 1208 1152 1113 1220 1021 1155 0 1005 0 1059 1048 1031

LO TEwR, 1553 1577 1538 1576 1510 1598 1669 152u 159% 1505 1565 1503 1240 1387 1006 1429 1285 1320 1406 1287 1306 1355 1308 1443 1188 1167 1066 1209 1052 1208 1189 1146 1092 1201 960 1164 o 988 0 1046 1026 1001
170 HOUR

AVG, TEWP. 1564 1581 1550 1582 1519 1801 1616 1526 1603 1513 1571 1509 1267 1393 1026 1436 1361 1366 1397 1266 1321 1359 1321 les8 1201 1175 1077 1216 1680 1225 1199 1147 1097 1215 979 1153 0 985 ¢ 1056 1039 1022

ST0. DEV. 9 3 20 4 2 1 4 5 & 5 8 3 3 4 ? T 69 65 10 3 19 2 12 3 8 6 12 6 22 10 S 2 6 4 28 7 o 10 [ 9 & 11

HI TEMP. 1577 1585 1580 1589 1561 1602 1621 1534 1607 1519 1583 1512 1251 1399 1032 1445 1448 1460 1413 1290 1343 1362 1330 1452 1210 1182 1086 1222 1116 1238 1203 1150 1105 1218 1016 1161 0 997 0 1068 1045 1037

L0 TEwe, 1556 1574 1534 1579 149 1600 1603 1519 1598 1505 1561 1505 1262 1390 1015 1427 1293 1299 1363 1283 1303 1356 1302 1445 1149 1166 1056 1207 1CA? 1212 1191 1146 1092 1210 957 1167 o 972 0 1044 1034 1005
175 HOUR

AVG. TEMP, 1572 1583 1570 1587 1516 160s 1615 1524 1605 1512 1564 1509 12«6 1393 1053 1442 1414 1383 1398 1283 1327 1360 1336 1456 1206 1177 1068 1212 1072 1224 1202 1149 1095 1223 955 1153

STO. DEV. 14 3 7 1 1S 3 “ 4 & & 3 2 S 2 13, 9 es 69 8 Y 1 9 2 A ¥ 5 10 9 " P 1 16

HI TEWP, 1590 1585 1579 15AR 1534 1607 1618 1527 1610 1515 1567 1S11 1248 1395 106A 1450 1456 1671 1409 1285 1345 1360 1346 1456 1211 1182 1079 1218 1079 1261 1210 115) 1152 1226 973 1157

LO TEwP, 1554 1578 1561 1587 1501 1601 1610 1519 1600 1506 1559 1506 1237 1390 1041 1630 1373 1326 1390 128) 1312 1359 1325 1452 1192 1174 105y 1206 1087 1221 1193 11e7 1089 1222 939 1150
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Table C-5

Heat Exchanger Probes
Temperature History (Run 106)

LOCATION ====1N BEQ~=we ~=*=~ABOVE BED=eecs =cceiN BEDwewe == ~==ABOVE BED=-~ '~IN BED~
PORT NO. 1 1 3 3 13 i3 15 15 2 2 ] 14 18 18 T 7 11 1 19 20 20 8 12
SPEC. MAT, x H H X H X X H L] X H X x L] H X H X X L] H X H
SPEC. LOC, 1 o I o 1 o I 0 1 ° 1 ) 1 0 I 0 I 0 t 0 1 o 1
OEGREES FAHRENMEIT DEGREES FAHRENMETT
S HOUR 5/29/79 5/29/7%
AVGe TEMP, 1577 1605 1548 1568 1540 1580 1562 1591 1241 1402 1461 1430 1270 1458 1163 1278 1065 1250 1189 1038 1147 996 0
STDs DEV. 13 4 20 a 23 3 & s 6 4 39 12 8 4 29 14 8 9 24 11 L] 12 [
HI TEMP, 1598 1611 1574 1582 1573 1563 1571 1598 1253 1410 1573 1454 1208 1466 190 1295 1079 1262 1222 1058 1160 1013 ¢
LO TEMP. 1560 1537 1518 1553 1502 1572 1553 1579 1234 1397 1425 1412 1261 1451 1076 1242 1054 1236 1158 1022 1135 976 ¢
10 HOUR 5/30/79 5/30/7%
AVGe TEMP, 1578 1589 1560 1575 1512 1588 1565 1593 1237 1395 1468 1395 1252 1434 1164 1259 1057 1250 1179 1001 1142 953 0
SYDe DEV. 15 11 11 10 30 [ 10 6 6 9 22 21 18 8 la 21 13 12 20 26 9 36 [}
HI TEMP, 1603 1611 1575 1595 1577 1594 1592 1603 1246 1410 1497 1439 128R 1451 1169 1297 1074 1270 1215 1059 1155 1028 [
LO TEMP. 1556 1577 1539 1566 1473 1576 1565 1581 1225 1382 1430 1366 1202 1625 1117 1229 1038 1223 1144 966 1126 907 o
15 HOUR 5/30/79 S/30/79
avGe TEMP, 1569 1585 1548 1567 1ea8 1585 1561 158d 1239 1393 1467 1388 1263 1432 1145 1239 1062 1262 1180 993 1159 948 0
STDe DEV. ? 23 5 36 2 o 3 10 7 21 20 26 5 15 i7 7 17 19 e3 11 26 0
HI TEWP, 1587 1603 1561 1576 1543 1588 1566 1593 1259 1406 1501 1430 1286 1439 1166 1268 1073 1271 1217 1036 1179 1002 0
LO TEMP, 1547 1572 1513 1553 1426 1582 1553 1583 1219 1386 1428 1352 1189 1423 1117 1213 1049 1222 1160 957 1137 908 0
20 HOUR S/30/19 S/30/79
AvGe TEMP, 1573 1580 1551 1566 1501 1585 1563 1569 12643 1393 1429 1380 1273 1435 1142 1237 1063 1239 1172 997 1159 949 0
STD. DEV. 15 11 23 5 35 2 7 39 8 47 1S & 5 15 21 11 12 19 28 9 3% 0
HI TEMP, 1616 1605 1590 1574 1547 1589 1572 1593 1256 1406 1496 1407 1283 1446 1161 1283 1078 1257 1214 1053 1173 1037 0
LO TEMP. 1556 1566 1516 1558 1450 1582 1555 358« 1228 1379 1355 1350 1256 1429 1111 1203 1046 1221 1142 961 1160 904 °
25 HOUR  5/30/79 5/30/79
AVGe TEMP. 1576 1581 1550 1562 1494 1586 1562 1586 123¢ 1393 1381 1379 1265 1431 1192 1261 1060 1238 1161 995 1157 943 [
570 DEV. 12 9 22 s 26 2 11 39 8 21 18 9 6 26 20 10 9 21 27 s 32 0
HI TEMP, 1596 1598 1584 1571 1545 1588 1594 15Y2 1253 1406 1415 1399 1278 1439 1163 1286 1072 1257 1186 1086 1170 1026 0
Lo TEMP 1558 1567 1519 1556 1457 1582 1550 1582 1223 1384 1354 1341 1246 1623 1096 1199 1038 1225 1102 949 114> h8s °
30 HOUR 5/30/79 $/30/79 .
AVG. TEMP, 1579 1582 1568 1567 1505 1589 1559 1567 123« 139 1397 1301 1277 163 1141 1236 1059 1237¢ 1175 1009 1165 942 [}
$T0, DEV. 12 6 16 5 32 2 s 2 8 5 25 16 T 4 22 14 10 10 13 21 10 25 ¢
Al TEMP, 1595 1595 1587 1576 1566 1593 1566 1590 1242 1602 1429 1418 1292 1643 1180 1262 1074 1250 1196 1043 1181 985 @
LO TEMP, 1561 1572 1527 1559 1463 1586 1549 1584 1218 1384 1340 1346 1266 1427 1118 1216 1062 1222 1158 979 1149 905 0
35 HOUR 5/31/19 $/31/79
AVGe TEMP, 1573 1577 1556 1570 1493 1589 1570 1595 1233 1388 1389 1367 1265 1429 1130 1222 1067 1232 1163 985 1159 9u) []
STDs DEVe 11 7 19 6 26 1 10 8 9 6 23 16 13 3 18 15 9 % 19 17 5 1% 0
W1 TEMP, 1595 1588 1582 157% 1542 1591 1591 1816 1247 1398 1421 1386 1281 14364 1156 1248 1081 1247 1199 1023 1170 962 3
LD TEMP, 1563 1568 1524 1559 1458 1587 1561 1586 1219 1376 1357 1334 1239 1425 1105 1193 1050 1210 1139 966 1151 918 ¢
40 MOUR 5/31/1% 5/11/79
. Teune 15}2 1sal 1548 l"": \“;g 1589 1589 1a1s 123l 1363 1380 1373 1268 1432 1160 1260 1065 1233 1161 978 116] 942 0
Ml TEWe, 1612 1590 1582 1573 1524 1592 1602 1620 1280 139 1438 1308 12;2 s nig ml;g 1o7l 125: ut]m 1053 111: N+ H
LO TEMP, 1560 1568 1525 1560 1447 1585 1580 1408 1217 1377 1344 1326 1247 1627 1100 1200 1051 1215 1123 955 1150 910 0
45 HOUR 5/31/79 §/11/79
A 5 i
Sro. OEv,t 1588 1983 1540 1871 1514 1592 1589 1617 1234 1390 13ss 1360 1280 1432 1132 1260 1071 1227 1153 957 1161 950 0
a 3 1A 11 g1 [] 22 le 7 13 0
W1 TEMP, 1593 1595 1573 1580 1526 1593 1601 1621 1243 1396 1409 1390
1296 1437 1167 1265 1087 1241 1177 1019 1174 870 0
Lo TEMP. 1572 1570 1519 1566 1495 1591 1582 l6le 1226 1383 1338 132a 1272 1428 1112 1217 1055 1215 1119 974 1151 934 °
S0 HOUR 6/ 1/79 6/ 1719
AVG, TEMP, 1572 15A4 1557 1579 1511 1S71 1585 1S87 1241 1405 1387 1341 29 14 o o 9, “
N I 0 S B T T O e S B e B I
" ;E::: }2:: }g:; ;22; };gg 1554 1591 1616 i610 1291 1413 1619 1422 uzajuao 1194 1271 1073 1236 1168 1005 1165 957 0
1462 1664 1515 1461 122¢ 1394 1353 1314 125571348 1111 1214 1026 1202 1098 968 1113 909 0
55 HOUR 8/ 2/19 6/ 2/19
;:g. sguv. 1576 1590 1549 1583 1507 1588 1569 1611 1232 1405 1360 1346 1271 1626 1129 126] 1037 1210 1131 960 1152 925 4
A1 TEMP.’ 1591 1595 1500 1587 1504 1595 1594 I6ls 1208 leln 130y 1908 371030 1140 1261 1055 1229 1151 loiy 1105 9se o
N : 6 16 45 1415 1393 1395 128771430 1140 1261 1055 1225 1151 1017 1173 - 955 [
LO TEmp, 1555 1575 1513 1573 )453 1585 1580 1408 1225 1393 1341 1319 12517 1620 1113 1222 1015 1196 1105 956 1138 900 °
60 HOUR 6/ 2779 &7 2719
;:g- EEMP, 1579 1582 1536 1570 1496 1588 1592 1615 1229 1404 1381 1368 1263 1019 1126 1266 106é 1211 1127 H36 942 948 895
o DEV. 1 22 20 11 2 “ 9 5 8 6 23 2% 12 12 1 9 65
HI TEwP, 1598 1595 1576 1590 1523 1591 1609 1625 124] 1413 1406 1373 1290 1428 llmls 132} w}o 125 ”32 130: 1?:3 n;; ao’s’
LO TEWP. 1555 1536 1516 1553 1460 1580 1583 1611 1218 1398 1346 1112 1250 1393 1112 1233 1020 1201 1067 3 0 895 895
65 HOUR 6/ /19 &7 3719
AvG, TEMP,  1STA 1593 1536 1583 1501 1590 1586 0 1224 1411 1367 1348 1286 0 1134 1265 1064 1214 o 993 0 o 0
S$TD. DEV, 13 ] 20 7 29 [\ 5 v 14 7 10 19 A 0 4 17 15 4 0 27 0 0 0
H1 TEMP. 1590 1600 1570 1590 1530 1590 1590 0 1235 1420 1380 1370 1290 0 1140 1290 1090 1220 0 1020 o [ °
LO TEWP, 1560 1580 1520 1575 1465 1590 1580 0 1220 1400 1355 1320 1270 0 1130 1250 1055 1210 o 950 ] 4 0
70 HOUR 6/ 3/79 &7 3/19
AVGe TEMP, 1578 1596 154R 1559 1516 1591 1595 0 1227 1409 1369 1343 1287 4 1138 1270 1053 1216 0 992 [ 0 0
STO. DEV. 23 4 22 53 20 2 o o 12 s 717 8 0 8 12 4 s 0l 0 ° 0
Hl TEMP, 1600 1600 1570 1590 1535 1595 1600 0 12640 1415 1375 1360 129% 0 1150 1290 1060 1220 0 1010 v 0 0
LO TEMP, 1550 1590 1520 1465 1490 1590 1590 0 1215 1400 1360 1320 1275 0 1130 1260 1050 t210 a 97s v a I
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Table C-5 (Cont'd)

Heat Exchanger Probes
Temperature History (Run 106)

LOCATION ===<IN BED--s=- ~===ABOVE BED--=- ===IN BED---  ===ABOVE BED--- we==aIN BED=nwe= -~ABOVE BED== =-~IN BED--
PORT NO. 1 173 3 13 1 15 1% 2 2 6 14 1877 18 7 71 a1 19 20 20 8 12
SPEC, MAT. X H H X H X X H H X “ x 13 H H X H x X " L x ]
SPECe LOC. H 0 1 [\ 1 0 1 0 1 0 1 0 1 0 1 0 1 [ 1 0 1 0 1
DEGREES FAHRENHWEIT DEGREES FAHRENHEIT
S HOuR 6/ 3779 6/ 3/79
AVGe TEMP, 1594 1597 1567 1587 1531 1591 1597 0 1227 1411 1378 1351 1271 0 1135 1254 1060 1218 0 981 0 0 0
STOe DEV. 5 7 le 718 2 3 0 4 3 5 23 10 0 1 oex 6 “ o 5 0 0 0
HI TEMP, 1600 1605 1580 1595 1555 1595 1600 0 1230 1415 1380 1380 1280 0 1140 1280 1070 1225 0 990 0 0 °
LO TEMP, 1599 1590 1550 1580 1510 1590 1595 0 1220 1410 1370 1330 1255 0 1125 1220 1055 1215 0 975 0 0 °
80 _HOUR 6/ 3779 6/ 3/79
AVGe TEMP, 1597 1600 1571 1582 1499 1590 1597 0 1232 1409 1374 1339 1284 0 1145 1267 1056 1218 LR AL o 0 0
STD. DEV, “ 12 “ 27 0 L3 0 8 “ & 22 4 o 17 7 11 9 o 18 v 0 v
HI TEMP, 1600 1605 1580 1590 1530 1590 1600 0 1240 1415 1380 1370 1290 0 1185 1275 1070 1230 0 1010 0 0 [
L0 TEMP, 1590 1595 1555 1580 1470 1590 1590 0 1220 1405 1370 1310 1280 0 1130 1260 1040 1210 0 970 ° [ 0
85 HOUR 6/ 4/79 6/ 4/79
AVGs TEMP. 1593 1597 1551 1588 1488 1593 159 0 1234 1408 1340 1335 1279 0 1141 1261 1060 1215 0 1001 [ 0 0
$70. DEV, s 4 16 8 19 4 2 0 9 o o 22 7 0 8 11 0o 13 o Iy v 0 0
HI TEMP, 1500 1600 1575 1600 1510 1A00 1595 0 1240 1415 1380 1360 1290 0 1155 1280 1060 1235 0 1025 0 0 0
LO TEMP, 1590 1590 1535 1580 1460 1590 1590 0 1220 1405 1380 1305 1270 0 1135 1250 1060 1200 0 Wby 1 0 °
90 HOUR &/ 6719 6/ /19
AVGe TEMP, 1587 1593 1556 1590 1500 1590 1596 v 1232 1610 1379 1348 1275 0 1139 1267 1057 1214 0 993 0 0 °
STD. DEV. in 711 4 26 v 2 0 “ 4 2 26 4 o 11 10 8 11 0 lo 0 0 [
HI TEMP, 1600 1600 1570 1595 1540 1590 1600 0 1240 16415 1380 1390 1280 0 1150 1275 1065 1230 0 1020 v 0 [
LO TEMP, 1560 1585 1540 1585 1480 1590 1595 0 1230 1605 1375 1325 127 0 1125 1250 1045 1200 LT 0 o 0
95 HOUR 6/ 4/79 6/ 4/19
AVG. TEMP. 1576 15964 1569 1583 1497 1590 1589 0 1216 1603 1373 1349 1276 0 1120 1262 1049 1213 0 986 0 866 961
ST0. DEV, 13 6 19 6 31 1 2 v 8 4 3 26 4 0 s 12 a 9 0o 16 o 0 0
HI TEMP, 1590 1598 1571 1590 1532 1590 1590 0 1226 1607 1376 1371 1277 0 1130 1273 1056 1221 9 100« 0 866 961
LO TEMP, 1566 1587 1537 1579 1475 1589 1587 0 120v 1399 1371 1320 1270 0 1113 1249 1041 1204 0 975 0 866 96l
100 HWOUR 6/ 4/19 67 /79
AVG. TFMP, 1573 1595 1546 1585 1492 1590 1SH7 f6ll 1223 1405 13/3 1327 1272 1423 1120 1249 1060 1212 1126 989 1165 896 973
STD. DEV,. 1 3 el 6 28 2 [ 1 5 3 3 15 1 712 1 7 20 10 811 “
H1 TEMP, 1588 1598 1574 1591 1528 1593 1596 1611 1229 1409 1378 1343 1279 1426 1127 1270 1075 1221 1153 999 1173 905 980
LO TEMP, 1559 1592 1523 1577 1466 1588 1SR2 1609 1216 1401 1370 1305 1254 1422 1108 1239 1069 1203 1103 97> 1156 881 969
10 HOUR 6/ 4/79 &/ /79
avG. TEMP, 1577 1595 1555 1589 J482 1588 1586 1605 1223 1407 1373 1354 1269 1426 1122 1259 1047 1207 1121 986 1l6¢ B8de 978
STDs DEV. 5 16 s 13 2 6 P “ 2 2 21 s s 7 8 [ 9 2 le 71111
H1 TEMP, 1590 1600 1573 1594 1499 1590 1592 1610 1228 1409 1375 1372 1275 1431 1132 1270 1056 1219 1163 1006 1170 900 988
LO TEMP, 1556 1589 1542 1583 1469 1586 1580 1A05 1216 1404 1371 131e 1262 1423 1115 1250 1040 11v8 1090 968 1153 876 967
110 HOUR 6/ S/T9 6/ 5/79
AVGe TEMP,  15B0 1596 1540 1584 1447 1588 1578 1604 1225 1407 1373 1342 1263 1626 1119 1261 1050 1203 1114 974 1161 89% 974
STDs OEV. 12 5 20 4 21 2 H 2 1 5 3 2 14 1 8 16 12 9 18 1o o 16 [
Wl TEMP, 1594 1601 1575 1590 1527 1592 1587 1607 l2al 1416 1378 1366  12A2 1430 1135 1295 1075 1220 1147 1007 1173 S18 985
LO TEMP, 1562 1585 1520 1578 1466 1586 1572 1600 1213 1398 1368 1306 1225 1418 1107 1233 1033 1185 1089 992 1151 866 963
115 WOUR &7 5/19 6/ 5/19
AVGe TEMP, 1576 1594 1551 1590 1496 1590 1575 1603 1226 1406 1372 1356 1272 le24 1126 1264 1044 1198 1126 987 1165 882 978
ST0s DEV. 13 4 17 11 0 e 4 2 7 10 H 17 7 3 13 17T 15 14 18 16 7 18 8
Wl TEMP, 1589 1600 1574 1627 1562 1593 1581 1606 1246 1435 1381 1378 1281 1428 1147 1289 1072 1216 1153 100% 1173 911 990
LO TEMP, 1549 1589 1525 1579 1446 1586 1570 1400 1215 1395 1364 1323 1259 1415 1102 1226 1026 1161 1098 962 1150 854 962
120 HOUR 6/ 5/19 67 5/79
AVGe TEMP, 1575 15AR 1535 1570 16495 1586 1573 1601 1218 1399 1374 134s 126 1625 1096 1236 1037 1195 1114 989 1170 891 974
ST0s LEV, 12 28 57T 85 37 20 1112 1 1 4 28 13 3 56 36 26 18 25 35 1% 13 11
HI TEMP. 1593 1603 1579 159 1561 1595 1563 1606 1237 1413 1382 1381 1287 1431 1134 1263 1067 1214 1164 1035 1197 922 998
L0 TEWP, 1557 1489 1338 1335 1377 1515 1536 1554 118y 1336 1368 1308 1236 16420 A98 1123 960 1160 1065 A¥0 1154 872 96l
125 HOUR 6/ 5/79 67 5/79
AVGs TEMP, 1576 1596 1551 1S8Y 1493 1590 1579 1606 1219 1400 1373 1336 1266 1423 1103 1245 1051 1204 1142 1028 1197 890 980
STDs DEV. 9 6 18 s 26 2 “ 1 7 5 3 22 11 “ 9 8 10 9 1719 [ O3 8
HI TEMP, 1587 1604 1577 1598 1531 1594 1584 1409 1230 1406 1378 137] 1245 1433 1122 1258 1065 1216 1169 1061 1211 914 992
LO TEMP. 1559 1589 1526 1579 14564 1584 1572 160« 1207 1390 1365 1297 1245 1618 1089 1228 103R 1185 1112 999 1185 A6 967
130 HOUR 6/ 6/79 6/ 6779 .
AVGs TEMP, 1573 1595 1549 1585 1494 1592 1579 16U7 1222 1403 1374 1347 1267 16422 1118 1250 1068 1206 1138 1036 1197 A3 977
STD. DEV. 12 6 19 5 26 2 3 1 1e s 3 16 6 6 11 13 1 8 16 19 (16 11
Ml TEMP, 1593 1604 1577 1992 1540 1594 1584 1608 1266 1415 1382 1373 1278 1629 1140 1270 1063 1219 1161 1099 1214 922 994
LO TEMP, 1557 1584 1521 1577 1455 1589 1574 1605 1205 1396 1370 1315 1254 1616 1100 1221 1029 1192 1119 1006 1187 87« 958
135 HOuR b/ 6/79 67 6779
AvGe TEMP. 1576 1597 1548 1587 149A 1591 1579 1608 1225 1403 1372 1334 1264 1626 1107 1248 1051 1209 1135 10é7 119 887 975
STDs DEV, 12 4 23 721 2 3 2 8 6 3 a7 6 310 12 9 7 21 ls 6 le 12
Wl TEMP, 1595 1602 1598 1609 1537 1595 1585 1613 1247 1413 1377 1369 1275 1428 1126 1267 1070 1221 1172 1063 1215 907 1013
LO TEMP. 1556 1588 1519 1580 1455 1586 1574 1604 1216 1393 1368 1309 1258 1620 1048 1226 1039 1196 1106 1010 1189 w68 6l
140 HOUR 6/ 6/79 67 6719
AVGe TEMP, 1576 1594 1567 1586 1495 1590 1560 1610 1221 1401 1373 1338 1265 1623 1118 1252 106A 1201 1152 1020 1195 892 973
$1De DEvV. 17 5 ie L3 24 3 4 2 7 6 o 21 1 3 13 8 13 7 1R 1 v 19 8
HI TEMP, 1611 1602 1578 1593 1535 1596 1589 1613 1230 1412 1380 1379 1286 1427 1139 1269 1071 1211 1180 1046 1210 916 993

LO TEmP, 1555 15A7 1522 1576 1458 1587 1575 1606 1208 1393 1365 1307 1252 16419 1098 1237 1032 1190 1117 996 1180 851 962
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Table C-5 (Cont'd)

Heat Exchanger Rrobes
Temperature History (Run 106)

LOCATION wvecelN AEDemmmcs  w==eABOVE BED: ~~AUOVE BED=- =IN BED-
PORT NO. 1 1 3 3 13 13 1% 2 2 b 1e [ LIS Y] 7 T o1 19 20 20 8 12
SPEC. MAT. x H A X W X x [ S X H H x AKX « M K x M
SPEC. L0OC. 1 0 1 o 1 0 1 1 0 10 | S T | o 1 o 1 ¢ i o 1
DEGREES FAMRENHEIT OEGREES FAMRENHEIT
145 HOUR 6/ 8/79 6/ 6/19
AvG, TEME, 1577 159% 1547 1588 1501 1592 1585 1413 1223 1401 1373 1330 1266 1621 1098 1240 1057 1210 1144 1025 1197 893 98]
STD. VEV. 100 % 20 7 2 5 6 2 11 s 4 25 7T 46 121 10 8 191y o1 9
M1 TEMP, 1596 1603 1577 1598 1530 1609 1591 1617 12¢2 1413 1380 1368 1272 1429 1119 1266 1072 1226 1182 1056 1207 908 997
LO TEMP, 1561 1SA5 1521 1577 1456 1588 1579 1609 1208 1395 1364 1289 1250 1417 1084 1208 1035 1197 1117 998 1181 873 965
150 HOUR 6/ 6/79 6/ 6/79
AVGs TEMP, 1578 1594 1565 1593 1495 1590 1589 lele 1227 1403 1373 1335 1272 1424 1100 1238 1047 1202 1147 040 1196 888 982
$TDs DEV. 4 20 8 23 i s 2 7T S8 5 20 9 3 10 1l 1n 8 17 1l 6 18 7
W TEMP, 1593 1602 1561 1607 1542 1592 1598 1618 1240 1615 1387 1367 1293 1428 1114 1255 1067 1215 1173 1064 1209 920 993
LO TEmA, 1556 1S#3 1515 1579 1460 1584 1582 1el2 1214 1395 1363 3307 1257 1417 1086 1213 1032 1186 1115 1048 1187 851 969
155 HOUR 6/ /79 6/ 119
AVG. TEMP, 1579 1595 1534 1S88 1500 1591 1596 1619 1222 1401 1373 1335 1249 1422 1103 1240 1048 1204 1136 1028 1196 886 982
$TDs OEv, 9 o 18 5 22 2 ] “ 9 6 2 19 28 4 10 15 10 12 17 19 8 12 ]
M1 TEWP, 1591 1601 1571 1596 1525 1595 1602 1630 1243 1410 1377 1346 1274 1427 1118 1268 1066 1229 1164 1099 1208 903 100}
L0 TEMP, IS61 1S4 1510 1542 Jes? 1589 1582 lele 1208 1391 1370 1295 1194 lel4 1083 1216 1025 1176 1111 1001 1180 863 969
160 HOUR 67 7/79 6/ 1479
AVGe TEMP. 1575 1593 1551 158 1484 1589 1597 1621 1220 1399 137) 1344 1238 1422 1099 1225 1047 1205 1129 1029 1196 897 980
STNe DEV, 12 6 26 5 30 3 s 3 10 6 2 20 “ 1019 12 8 17 le T o1s 7
ML TEMA, 1591 1602 1565 1597 1538 1596 1603 1625 1236 1410 1376 1379 1282 1428 1115 1261 1075 1220 1156 105 1210 923 992
L0 TEMP, 1558 1S79 1509 1577 1643 1585 1590 16lb 1197 1391 1369 1306 1116 1417 1077 1143 1026 1195 1102 1005 1186 868 969
165 HOUR 6/ 7/79 6/ /719
AVG, TEMP, 1571 1593 1537 1547 1493 1591 1598 1621 1221 1393 1376 1326 1252 1627 1104 1233 1048 1207 1160 1025 1190 894 981
$T0. DEV. s 21 s 19 2 21 & T 21 o 25 3% 16 e 7 14 21 7 18 10
HI TEMP, 1587 1605 1567 1597 1517 159 1656 165¢ 1235 1409 1378 1372 1281 1427 1121 1266 1069 1216 1166 1066 1202 916 997
LO TEwe, 1547 1584 1506 1582 1456 1587 1547 1S4 1213 1323 1366 1285 1176 1013 1093 1206 1024 1195 1113 990 1180 B5T 966
170 HOUR &/ 7/79 6/ T
AVGe TEMP, 1576 1596 1555 1588 1493 1590 1552 1585 1223 1400 1372 1334 1243 1423 1102 1238 1066 1205 1132 1033 1196 902 979
$TD. DEV. 100 4 15 s 27 2 . e 8 3 s 56 4 14 16 9 8 17 e 1 16 9
HL TEMP, 1592 1603 1574 1596 1533 1594 1559 1588 1243 1409 1379 1369 1279 1428 1140 1267 1067 1219 1166 1059 1206 925 992
L0 TEWP, 1556 1591 1518 1578 1454 1587 1566 1581 1209 1389 1368 1295 1051 1411 1086 1212 1035 1188 1106 1006 1181 873 956
175 WouRr 6/ 1719 6/ /79
AVGe TEMP,  156A 1590 1548 1590 1507 1584 1559 1583 1230 1401 1373 1341 1261 1426 1117 1260 1046 1199 1144 104) 1194 898 984
STD, DEV. 14 10 2 10 36 16 8 18 15 6 5 26 41 $ 13 10 9 2 20 20 & 16 11
Hl TEMP, 1596 1600 159 1599 1598 1592 1584 1594 1265 1410 1387 1400 1311 1434 1148 1258 1063 1219 1173 1083 1206 920 1005
LO TEMP, 1584 1559 1512 1557 1448 1530 1550 1526 1209 1390 1366 1309 1136 1019 1096 1221 1035 1117 1106 1015 1179 875 968
180 HOUR 6/ 8/19 6/ 8719
AVG. TEMP, 1572 1592 1534 1592 1496 1592 1561 1592 1221 1406 1376 133 1260 1625 1117 1233 1057 1207 1150 1034 1196 898 980
ST0. DEV. 15 6 15 4 22 2 6 2 1 6 4 25 27 3 12 21 11 8 20 16 & 18 s
ML TEWP, 1587 1603 1556 1599 1561 1597 1568 1597 1235 1414 1381 1371 1289 1429 1142 1279 1075 1215 1179 1063 1210 923 989
LO TEMP, 1541 1581 1512 1585 1461 1588 1555 1586 1212 139 1369 1295 1185 1420 1095 1198 1039 1181 1116 1011 1183 870 971
éas HOUR 6/ 8/79 6/ 8779
AVGe TEMP, 1567 1595 153% 14991 1481 1590 1561 1593 1226 1402 1374 1338 1256 1423 1118 123 3 1031 119
$T0. DEV. 11 & 16 & 26 2 & 3 U 6 3 21 31 CUEG NS 120e 1057 1208 11a3 103l 1192 esd 1577
HI TEMP, 1584 1600 1564 1601 1521 1596 1571 1599 1239 1413 1378 1370 1298 1429 1135 1256 1083 123 1178 1060 1210 916 9877
LO TEMP, 1553 1588 1518 1583 1437 1586 1555 1586 1200 1391 1367 1300 1192 1419 1096 1199 1025 1188 1114 1006 1179 866 966
190 MouR 6/ 8/79 6/ 8/19
AVG. TEWP, 1567 1592 1561 1591 1488 1592 1562 159 1223 1402 1374 1346 1280 1635 1118 1241 1056 1206 1155 1031 1195 890 985
STO. DEV, o 5 17 3 28 2 s Y 3 25 19 6 11 11 10 10 19 14 & 12 1
Hl TEWP, 1586 1604 1564 1595 1561 1SYS 1568 1598 1238 1410 1379 1380 1307 1443 1145 1277 1069 1225 1189 1053 1212 909 1005
LO TEme. 1556 1583 1510 1587 les3 1586 1556 1S90 1204 1387 1370 1301 1247 1427 1048 1210 1033 1186 1128 10ls 1182 A4 968
évs HOUR 6/ 8/79 6/ 8/19
AVGe TEMP, 1569 J592 1562 1590 1480 1591 1561 1594 1224 1404 1375 134é 1283 1438 1119 1242 1054 1206 1208 1038 1199 892 9
$T0. DEV. 10 [ S N 1 2 4 3 10 8 5 25 6 5 9 12 ?‘ S 23 1% . 8 13 eg
H TEWR. 1583 1602 1569 1597 1530 1595 1569 1598 1245 1416 1382 1377 1311 1445 1136 1259 1071 t2le 1239 1069 1211 910 1006
LD TEMP, 1555 1579 1523 1585 1435 1587 1554 1591 1206 1392 1368 1304 1173 1429 1105 1221 1036 1198 1160 1006 1185 872 977
200 HOUR o/ &/19 6/ R/79
AVGe TEMP,  1S75 1594 1539 1590 1481 1591 1562 1596 1222 1405 1375 1352 1291 1432 1118 1262 1053 1206 1192 1043 1198 890 98
STD, DEV. 12 7 15 5 26 23 s 2 5 & 32 16 13 10 12 12 ! 9 “ef e ”12 1: :
Hl TEMP, 1592 1603 1568 1600 1520 1599 1568 1598 1231 1418 1381 1393 1306 1453 1144 1262 1072 1219 1224 1063 1221 926 998
L0 TENP, 1548 1579 152] 1586 l4sé 1587 1553 1591 1213 1397 1370 1326 1239 1407 1104 1223 1022 1191 1145 1017 1180 862 966
205 MOUR 6/ 9/79 67 9/19
AVGe TEMP, 1570 1592 1547 1590 1482 1591 1559 159 1224 1405 1373 1348 1301 1409 111) 1248 1056 1211 1196 1037 1196 A96 985
$T0. DEV. 12 6 21 8 21 2 S ¢ 7 “ 2 18 2? 9 17 16 9 19 16 9 11 11
M1 TEMP, 1586 1601 1573 1617 1521 1595 1568 1598 1235 1410 1378 1362 1327 1416 1125 1286 1072 1232 1225 1062 1213 915 1013
LO TEMS, 1550 1582 1516 1583 1451 1589 1553 1592 1215 1400 1371 1311 1262 1402 1097 1222 1021 3197 like 1011 11681 86 970
210 MOUR 6/ 919 6/ 9419
AVGe TEMP, 1570 1596 1537 1586 1494 1592 1560 1593 1221 1403 1373 1346 12AA 1426 1109 1239 1050 1202 1197 1040 1197 842 989
ST0. VEV, 12 & 17 3 31 2 « 2 8 S 3 2 47 7 12 16 16 12 15 17 10 16 7
w Tewp, 15841601 1566 1592 1565 1596 1566 1597 1233 1410 1378 1380 1363 1438 1128 1266 1072 1219 1218 1069 1215 869 1002

LO Tewp, 1551 1588 1512 1582 1454 1587 1553 1569 1201 1391 1367 131 1185 1413 1089 1211 1034 1172 117$ 1015 1183 815 977



- 141 -

Table C-5 (Cont'd)

Heat Exchanger Probes
Temperature History (Run 106)

omaIN BE} o=

LOCATION meeav N REQ=c=~-= -==~ABOVE BEQ-~-- “==4JOVE HED=== ec===iN AEDw-=-o ~~AHUVE BED== ==IN HED-=
POAT NO. 1 } E] 3 13 13 1S 15 2 2 6 1 18 18 7 T o111 19 2 2 B )2
SPEC, MAT, x H o x H x X Ld n X " X X H L] x H X X L] 3 x "
SPEC, LOC, 1 [ 1 ] 1 o 1 4 1 o 1 o 1 [ 1 [ 1 o 1 0 1 [ 1
OEGREES FAHRENHELT DEGREES FAMRENHETT
215 HOUR 6/ 979 . . 67 9479
AVG. TEMP, 1575 1595 1542 1592 1691 1592 1559 1595 1221 1407 137% 1383 1312 164l 1112 1250 1048 1204 1201 1039 1196 037 986
STD. DEV. 0 8 17 7 2 2 2 . 9 5 3 15 69 19 is 15 13 7 18 1 5 1S 6
HI TEMP, 1594 1609 1570 1616 1529 1595 1563 1596 1235 1414 1380 1380 16441 1500 1129 1286 1067 1215 1231 1058 1205 859 1000
LO TEMP. 1560 1579 1518 1586 1650 1588 1555 1592 1206 1399 1369 1320 1149 1418 1081 1231 1025 1189 1177 1020 1187 808 978
220 MOUR 6/ 9779 . 6/ 9719
AVG, TEMP. 1569 1592 1539 1589 1485 1591 1562 1595 1222 1404 1375 1345 1343 1630 1116 1247 1052 1211 1212 1042 1201 840 986
STD. DEV. 13 1 22 3 18 3 S 1 7 6 3 19 41 27 13 17 11 s 17 13 10 16 8
HI TEMP, 1547 1606 159 1596 1530 1595 1568 1597 1232 1413 1382 1373 1466 1507 1137 1272 1069 1218 1232 1063 1216 863 999
Lo TEWP, 1544 1580 1510 1583 1462 1587 1554 1593 1206 1395 1370 1304 1292 1401 10¥2 1216 1033 1203 1180 1024 1183 802 969
225 HOUR 6/ 9/19 67 919
AVG. TEMP, 1569 1595 1566 1587 16482 1592 1558 1594 1226 1407 1374 1357 1316 1407 1124 1247 1048 1210 1199 10%e J2ul 837 995
ST0 DEV. e 6 1B & 26 & . 2 9 3 1t 45 32 9 11 11 1o 19 1s 716 7
Hl TEMP, 1595 1602 1567 1594 1514 1602 1566 1598 1236 1417 1382 1378 1430 1488 1145 1267 1065 1227 1232 1nl4 1213 869 1007
LO TEMP. 1566 1580 1515 1540 1655 1587 1553 1591 121¢ 1400 1370 1318 1259 1359 1111 1232 1030 1188 1173 102v 1190 803 983
230 MOUR 6/10/79 6/10/19
AVG. TEMP, 1566 1595 1548 1589 1675 1591 1560 15% 1224 1405 1374 1354 1216 860 1126 1245 1055 1209 1197 luel i19s 837 987
STD. DEV. 1 6 17 3 26 2 s 2 8 ¢ 3 2 les 211 16 12 12 9 19 e To1s e
HI TEMP, 1587 1601 1569 1595 1516 1593 1568 1598 1235 1415 1360 1388 1312 1426 116] 1258 1069 1226 1230 1063 121v 876 1002
Lo TEMP, 1547 1589 1511 1583 1445 1586 1552 1591 1212 1395 1369 1313 705 383 1105 1223 1035 1196 1178 1019 1187 812 976
23% HOUR 6710779 ) 6/10/79
AVG, TEMP, 1571 1595 1537 1593 1486 1591 1559 1595 1225 1406 1374 1360 1249 966 1120 12647 1047 1205 1202 1039 119 A6 988
STD. DEV. 11 7 16 9 25 2 ? 3 7 6 3 18 17 120 12 18 10 L} 16 18 122 8
M1 TENP, 1588 1605 1561 1613 1520 1596 1576 1599 1240 1416 }1382 1386 1264 1150 1146 1276 1066 1212 1239 10be 1208 477 1002
LO TENP, 1553 1583 1509 1583 1452 1588 1552 1S90 1216 1394 1371 1330 1210 776 1100 1208 1030 1195 1181 lnle 1147 797 976
240 HOUR 6710779 6/10/79
AVG. TEMP, 1564 1593 1515 1814 1480 1591 1559 159« 1224 1406 1374 1339 1211 1066 1117 1246 1049 1204 1207 1041 1192 822 ve8
$70. DEV. 11 3 9 6 19 2 . z 10 5 3 18 56 4 ¢ 1% 12 10 13 17 v I8 10
K1 TEMP, 1583 1601 1530 1619 1524 1596 1567 1596 1250 1618 1379 1386 1257 1165 1135 1270 1067 1218 1228 1064 1216 853 1003
LO TEWP, 1551 1S8R 1499 1606 1452 1588 1551 1591 1209 1396 1348 1316 1024 986 1105 1216 1029 1185 1187 1017 1178 796 971
24% WOUR 6710719 . i 6710779
AVG. TEMP, 1570 1597 1513 1613 1485 1591 1557 1592 1221 1407 1375 1345 1209 865 1120 1245 1045 1204 1206 1042 1196 822 987
STD. VEV. 12 3 8 3 o2 2 e 2 o6 9 3 2 lon 93 16 11 10 7 IS S T T
M1 TEMP, 1590 1602 1526 1617 1528 1596 1563 159 1231 1«31 1382 1378 1267 1056 1163 1266 1062 1213 1236 1070 1220 845 997
LO TEWe, 1555 1593 1499 1604 1457 1SA8 1550 159¢ 1209 1394 1369 1308 ATh 765 1100 1226 1029 1191 1178 1022 1183 782 976
250 HOUR 6/10/79 6/10/79
AVG. TEWP 1572 1597 1512 1611 14| 90 9
Av5. TEMP. 2 7 1 2 1 2 :4 15 ¢ lssg 15; 122: lwg 137; 1337 1225 ACS 1119 1267 1069 1206 1218 1038 1192 826 . 950
&5 Ten. 1525 1594 1521 labg 1edl 1559 1383 159n 1229 1610 1379 1383 1296 ony e 1253 1001 12o 1295 10e8 119 838 9ob
L i 1559 1594 1502 1609 1458 1589 1556 1591 1: 4 998
. 1591 1211 1399 1371 1308 1211 728 1099 1230 1026 1179 1213 1024 1187 913 97«
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Figure C-1

Hot Corrosion Heat Exchanger Probes After 1117 Hours
1600°F Above Bed

Top
Port No. 15

Bottom

Top
Port No. 13

Bottom
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Figure C-2

Hot Corrosion Heat Exchanger Probes After 1117 Hours

1400°F Above Bed

Top
Port No. 18

Bottom

Top
Port No. 14

Bottom
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Figure C-3

Hot Corrosion Heat Exchanger Probes After 1117 Hours
1200°F Above Bed

Port No. 19

Bottom
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Figure C-4

Hot Corrosion Heat Exchanger Probes After 1117 Hours
1600°F In Bed

Top

Port No. 3

Bottom

Port No. 1

Bottom
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Figure C-6

Hot Corrosion Heat Exchanger Probes After 1117 Hours
1200°F In Bed
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Figure C-3

Hot Corrosion Heat Exchanger Probes After 682 Hours

1200°F Above Bed (Bottom Side View)

Probe No. 19 Probe No. 20 Probe No. 22
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Figure C-9
Hot Corrosion Heat Exchanger Probes After 682 Hours

1400°F Above Bed (Top Side View)
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Figure C-TO
Hot Corrosion Heat Exchanger Probes After 682 Hours

1600°F Above Bed (Top Side View)

Probe No. 13 Probe No. 15 Probe No. 17



Figure C-11
Hot Corrosion Heat Exchanger Probes After 682 Hours

1600°F in Bed (Bottom Side View)

Probe No. 1 Probe No. 3 Probe No. 5
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Figure C-12
Hot Corrosion Heat Exchanger Probes After 682 Hours

1200°F In Bed (Top Side View)
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figure C-13
Hot Corrosion Heat Exchanger Probes After 682 Hours

1050°F In Bed (Top Side View)
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Figure C-14
Hot Corrosion Heat Exchanger Probes After 682 Hours

1400°F In Bed (Top Side View)
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