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PREFACE

The purpose of this report is to provide the status of a multi-task research and
development program in coal fired MHD/steam combined cycle power production (more
detailed information on specific topics is presented in topical reports). Current emphasis
is on developing technology for the Steam Bottoming Cycle Program. The approach
being taken is to design test components that simulate the most important process
variables, such as gas temperature, chemical composition, tube metal temperature,
particulate loading, etc., to gain test data needed for scale-up to larger size components.

Previous rei_ortshave providedcomprehensivedata on NO=and SOxcontrol, radiant
heat transfer, particulate control (baghouse and electrostatic precipitator), the
environmental baseline, and analyses of test data on the convective heat transfer
components (superheaterand air heater). For this quarter, additionaldata on these
subjectsand analysisof tube corrosiondata are reported. Detaileddata analyseswillbe
contained in test reports, topicalreports or technicalpapers.

By the use of these quarterly technical progress reports, MHD program participants
and others interested in the technology will be able to gain the knowledge necessary for
the confident design of a scaled-up steam bottoming plant.
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ABSTRACT

In this Quarterly Technical Progress Report, UTSI reports on progress in developing the
technology for the steam bottoming portion of the MHD Steam Combined Cycle Power Plant.

No Proof-of-Concept (POC) testing was conductedduring the quarter but data analyses
are reported from the test conducted during the prior quarter. Major results include corrosion data
from the first 500 hours of testing on candidate tube materials i_ the superheater test module
(SHTM). Solids mass balance data, electrostatic precipitator (ESP) and baghouse (BH)
performance data, diagnostic systems and environmental data results from previo_JsPOC tests
are included.

The major activities this quarter were in facility modificationsrequired to complete the
scheduledPOC testprogram.Activitiesreportedincludethe installationof an automaticash/seed
removal system on the SHTM, the BH, and the ESP hoppers. Also, a higher pressure
compressor(350 psi) is being installedto provide additionalblowingpressureto remove solids
depositson the convectiveheat transfer tubes inthe hightemperaturezone where the deposits
are molten. These activitiesare scheduledto be completedand ready for the next test,which
is scheduled for late May 1990.

Also, experiments on drying western coal are reported. The recommended system for
modifying the CFFF coal system to permit processing of western coal is described.

Finally, a new effort to test portions of the TRW combustor during tests in the CFFF is
described.

The status of system analyses being conducted under subcontract by the Westinghouse
Electric Corporation is also described.

Significant findings and conclusionsare highlighted by bold type in Section II of this report.
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SECTION I

OBJECTIVE AND SCOPE OF WORK

Under Contract No. DE-AC02-79ET10815, the overall objective is to advance the
technologyof direct coal fired MHD componentsand systemsrequiredfor MHD power
generationoperatingunderconditionssimulatingthose of centralpower stations.

The specificobjectivesof the DOE Coal Fired Flow Facility(CFFF) are to resolve
experimentallyand analyticallythe key technical areas of concern which have been
identifieJ orwhichmay be foundto occurindirectcoalfiredMHD systemswith moderate
to highash carryover. The key areas involve (I) combustorperformance, (2) ash/seed
particlecollectionefficiencyfrom the exhaustgasstream, (3) effectsof plugging,fouling
and corrosionduringnormaloperation,(4) performanceof candidatematerialsin a direct
coalfiredMHD environmentand (5) the operation,conditions,proceduresand equipment
needed to meet pollutioncontrolrequirements.

The overall scope of work is summarized under each of the following TASK
headings.

TASK 1 - CONSTRUCTION OF THE CFFF

This task was completedundera priorcontract.

TASK 2 - DESIG.=;AND FABRICATION OF THE 8 LB/SEC TOTAL GAS
FLOW, HIGH SLAG THROUGHPUT TEST EQUIPMENT

Provides for specification, design, fabrication and installation of the air heater,
superheater, baghouse filter, and electrostatic precipitator. Ali of these components
are installed and have been functionally tested.

TASK 3- BASE OPERATIONS FOR THE CFFF

Provides for the operation of the CFFF and supportinglaboratoriesand services
which,in additionto managementof the facilityorganizction,include: a) Graphics
Support Services, b) Engineering Services, c) Test Control and Support, Data
Processingand Documentation,d) Analyticaland ChemistryLaboratoryServices,
e) Environmenta, Monitoring, f) CFFF Mechanical Maintenance Operations, g)
InstrumentationandControl,h) QualityAssurance,i)CFFF PreventiveMaintenance
and j) Safety.
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TASK 4 - OPERATION AT 8 LB/SEC TOTAL GAS FLOW HIGH SLAG
THROUGHPUT TEST

Encompasses the testing of the CFFF equipment and designed components, test
data collection, analyses and reporting. Testing will focus on proof-of-concept tests
to accumulate (during the current contract period of May 1, 1989 - July 31, 1990)
900 hours at MHD conditions to evaluate heat recovery-seed recovery (HRSR)
equipment on eastern coal. In addition, a cost performance model for the
MHD/Steam Power Plant to evaluate the technical and economic significance of
testing data obtained from current MHD experience will be maintained and improved
as the need arises.

TASK 5 - TESTING OF DOE SUPPUED COMPONENTS

Providesfor the testingof DOEsuppliedcomponents.Effortswere Initiatedto integratea
TRWsuppliedcombustorspoolpieceintothe LMFtesttrain toevaauatethe materialunder
CFFF testing conditionsscheduledfor May 1990. The integratinghardwarehas been
designedand is being fabricated.

TASK 6- MODIRCAI"_ONS TO THE CFFF

Provides for major facility modifications which include conversion to a western coal
processing system, and an auto seed/ash handling system for the superheater test
module, air heater, electrostatic precipitator, and baghouse.

The Babcock & Wilcox Company (B&W) and UTSI are designing and specifying the
necessary equipment/hardware that will allow the CFFF to process western coals.
This sub-bituminous coal has a much higher moisture content than eastem coals
and requires modified handling and processing techniques. UTSI has coordinated
with B&W in the planning and preparation of this modification and in design reviews.
UTSI will complete the final design, procure and install/integrate this equipment into
the CFFF.

B&W and UTSI are also designingan automatedseed/ash handlingsystemduring
FY89-90 as part of the Integrated MHD Bottomin0 Cycle program. UTSI will
procure,installand make alinecessaryfacilitymodificationsrequiredto integratethe
new equipmentwithexistinghardware.Thisincludesprovidingproperinterfacesfor
ali utilities (fuel oil, electrical, instrumentair, coolingwater, etc.) as well as any
pipingand structuralmodificationsrequired.

The high temperature air heater (HTAH) program has been redirected toward
determining the feasibility of recuperative air heater concepts rather than
regenerative approaches. New ceramic materialsavailable in the market piace have
made the former technology more viable. Currently, candidate materials are



installed in the primary and secondary furnace of the CFFF to study their ability to
endure the MHD flue gas corrosion, erosion and temperature conditions.

TASK 7 - MHD TECHNOLOGY DEVELOPMENT PROGRAM

Provides for additional technology development serviceson a task order basis as
approvedby DOE. Systemsengineeringstudiesrelatedto key technologyissues
involvedin the MHD Integrated BottomingCycle Program and the evaluationof
othertechnologicalandeconomic issuesbearingon MHD commercializationwillbe
conductedunderthis task.

TASK 8- TEST INTEGRATION AND INTERFACE

Provides for technical expertise and support to DOE in the form of meetings,
conferences, and review panels relating to MHD systems. UTSI's involvement
in the annual MHD contractors' program reviews and in the MHD Technology
Transfer Integration Review Committee sessions are examples.

TASK 9 - PROGRAM MANAGEMENT

Provides for the overall management of the program which entails the planning,
organizing,scheduling,directing,coordinatingandcontrollingof resourcesrequired
in the performanceof the contract. Specific supportstaff functionsincludeproject
control,reporting,accountingand financialaffairs,govemmentpropertyadministra-
tion,and contractadministration.

CFFF PROGRAM GOALS AND SCHEDULE

The following chart showsthe major program tasks and scheduled activitiesfor
completionduringthe currentcontract period May 1, 1989 - July 31, 1990.
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SUMMARY OF TECHNICAL PROGRESS

This sectionaddressesthe technical progressof work conductedduringthe period
January1 - March31, 1990 accordingto the objectivesand scope of worktasksoutlined
in Section I. Tasks 1 and 2 are completedand nc_{u_her effort is being expended in
these areas.

TASK 3- BASE OPERATIONS FOR THE CFFF

FACILITIES OPERATION, MAINTENANC;!":,ANO REPAIR

The December 89 (LMF4-S) testwas terminated c_uetothe ruptureof a coolingtube
in the superheater. The water leakingintothe superheatercausedextensivedamageto
the refractoryand insulatingboard. Repairsto the refractoryand insulatingboardwere
completedduringthis quarter.

During LMF4-S, problems in maintaining negative furnace pressure were
encountered. These appeared to have been caused by a buildup of material i,_ the
ducting between the baghouse (BH)/electrostatic precipitator (ESP) outlet and the induced
draft (lD) fan. The ducts were cleaned.

The coaltower remote actuated valves 3A, 4A, and 4B were rebuilt. The remaining
remote actuated valves are being reworked and will be completed prior to _henext test.

Ali sootblowers were removed for maintenance and modifications. Welding and
fabrir.ation was started on the high pressure sootblower system. The support stand and
high pressure sootblower receiver tank were installed in the pit area (see Figure 1).

The spent seed tank modifications, startedin the last quarter, were completed. A
new tank top was fabricated and installed. A new baghouse adapter and a new
baghouse ._hakersection were installed.

Other repair, maintenance, and installation tasks performed during this quarter
include:

• Completed annual maintenance requirementson the induced draft (lD) fan and
motor, forced draft (FD) fan, superheater cooling pump, bridge crane, and the
rotary valves and exhaust blower on the Carl Mayer heater;

• Replaced the self cleaning cooling water strainer in the test building;



FIGURE 1. Sootbiower Receiver Tank in Test Buil3ing Pit



• Replaced the kickplateson the superheatercatwalk;

• Repaired cryogenictanksand installed new steam controlvalves.

• Install6d a natural gas line to the test buidlingand to the 600 hp boiler.

• Installationof the high (350 psi)pressuresootblowingcompressor to be usedfor
sootblowing on the upstream leg of the SHTM.

TEST CONTROL AND SUPPORT

Major activitiesthis quarter were devoted ;o preparationfor the May 90 (LMF4-T)
test, conductingwestern coal flow studies,evaluationof replacementcoal flow meter
candidate devices, and coordinatingthe development and installationof operational
proceduresfor the ash removalsystem.

The search for a reliable and accurate replacement for the existing coal meter
continues. The single flow path MicroMotion C modelcoriolis based flow meter, that was
very successfully used to measure coal flow during past tests, is no longer in production.
A previously tested Neptune coriolis meter and an Endress Hauser coriolis meter,
evaluated this quarter, were found to be unsuitable for measuring coal flow. The meters
did not produce any usable output measurements during coal flow tests, although the
results were very good with water flow tests. Smith Meter Inc. has offered the trial of a
used meter, at no cost, so that the suitability of their meter to measure coal flow can be
evaluated. This evaluation will be completed during the next quarter.

A maintenance scheduling and tracking computer program (MP2) was received.
Implementationto effectively utilizethe systemis expectedto be completed duringthe
nextquarter. When activated, the programwill allow accurate trackingof preventative
maintenancecostsand providecomplete equipmentmaintenancehistories.

DATA ACQUISITION SYSTEMS

A major renovation of the gas sampling Instrumentation system was
completed. The instrumentationwas removed from the existingcabinets in the gas
sampling building and reinstalled in alternate cabinets with new wiring and tubing. The
renovationpermittedbothwiringandtubingsimplificationwhichwill simplifyand improve
the overallsystemoperationand reliability.

Progresstoward conversionof the Data Acquisitiondatabase to Structured Query
Languagesoftware onthe MV 15000 computercontinued.The Data AcquisitionSystem
database,or setupfile, containsaliof the informationpertinentto each measurementon
the MHD test train. The StructuredQuery Language softwarewill replacethe present



in-house developed software, lt will allow easier access to Data Acquisition System
information and will allow more efficient maintenance of the database.

Disk drive backups on the Data Acquisition Computers were installed. Modifications
and maintenance of the setup file required to support new test requirements and
hardware configuration changes were performed. Revision and upgrade of the Data
Acquisition System software programs to take advantage of MV15000 computer system
capabilities and software was continued.

Instrumentationcalibration wasaccomplishedthisquarter. Periodiccalibration of the
Data Acquisition system is performed to insure that the system is reading correct volts
from measurement sensors and transmitters. The sensors are also calibrated against a
National Institute of Standards and Technology traceable source and the resulting data
is entered into the Data Acquisition Systemdatabase to convert volts to engineering units.

New electrical systems and the numerous electrical system changes dictated by test
requirement changes are being documented. This consists of updating drawings, cable
lists, and measurement tag numbers on a computer aided drafting (CAD) system.

ANALYTICAL AND CHEMISTRY LAB SERVICES

Ali routine analyses on the August 89 (LMF4-R) test and the December 89
(LMF4-S) test samples submitted were completed. This includeschemical analysis
of compositesamples and metallurgicalanalysis of superheatertube deposits. Also,
water samplesfrom six CFFF samplingsiteswere collected each monthand analyzed
for routinewater/wastewaterparameters.

Methods have been developed to analyze coal ash and slag for major
inorganic constituents using the Inductively coupled plasma atomic emission
spectrometer (ICP). The results fromthe ICP compare favorablywith data from the
atomicabsorptionspectrophotometer(AAS). In the future,the majoritityof sampleswill
be analyzedwiththe ICP clueto its speed and accuracy.

The study of the mechanism for MHD flyash formation using the scanning electron
microscope (SEM) dot-mapping capability ;s still in progress. The purpose of this study
is to determine whether the flyash is formed by heterogeneous or homogeneous
nucleation. Multiple washings of the flyash with water show a decrease in potassium and
sulfur and an increase in small (less than 1 micron) flyash particles. Attempts are still
being made to obtain a cross-section view of the flyash particles. Details will be reported
when the study is completed.

A paper entitled "Pdodty Pollutants in Combustion Products fr,}m the Department of
Energy's Magnetohydrodynamics (MHD) Coal-Fired Flow Facility" has been accepted for
presentation at the 1990 Symposium on Engineering Aspects of Magnetohydrodynamics
(SEAM) to be held in Chicago, IL in June 1990. This paper will present new data on
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extraction procedure (EP) toxicity resultsof flyash and slag as well as future p0ansto
collectvolatile organicsand metals in the MHD combustiongases using the recently
acquiredvolatileorganicsamplingtrain (VOST).

ENVIRONMENTAL CONTROL

Efforts focused on the preparation of the 1989 CFFF Annual Site Environmental
Report(SER). Chemicaldata fromthe waterqualityprogramandthetraceelementstudy
have been compiled and submittedfor inclusionin the SER. This yeab,data from th6
water internalqualitycontrolprogramwill be includedto showthe accuracyof the lab
proceduresand/or personnel. The resultsgenerally show excellent agreement with
theoreticalvalues.

Water Quality

Holding pondeffluent conditionswere monitoredthroughoutthequarterand effluent
conditions were maintained within permit limits. Heavy rainfallduringthe quarterdid
notcause an elevationinpondpH as notedinlate 1989. This is thoughtto be due to the
leachingof the coal pile by precipitationwhich currentlyis at a limitequivalentto the
buffering potential of the ponds themselves. Area runoff now appears effective in
buffering coal pile leaching. Solids levelswithinthe ponds have risenas a result of
recentconstructionwithinthe CFFF and subsequenterosion. The monthly discharge
monitoring report (DMR) was completed and forwarded to the State of Tennessee,
Division of Water Pollution Control.

TerrestrialEcoloav

Efforts this quarter concentrated on preparing terrestrial inputs to the 1989 SER.
The scope of analyses during the next quarter will be on soil chemistry and a literature
review on related topics.

Ambient Air MonitorinQ

Emphasis within this study area has also been on the preparation of data for the
1989 SER. Data assemblyand preliminaryfilteringfor CY 89 data has been completed.
Data archivingincludesthe originalrawdata as well as the DATATRIEVE files created
on the VAX computer. Long term data storageis accomplishedusingstreamingtape
backuptechnology.The Total SuspendedParticulate(TSP) samplerlocatedonthe roof
of H-Wing of the main UTSI buildingwas movedto the Impact I locationnorthof the
CFFF. The samplerwillbe utilizedin conjunctionwiththe fractionalambientparticulate
sampling effort. For this study it is plannedto collect both Inhalable Particulate (lP)
samplesandduplicatefractionalsampleson alternatingsixth-claysampledates. Results
from the studywillbe usedas baselinedata forfractionalambientparticulateinventories.
SamplingduringCFFF test operationswill entailback-to-back24 hoursamples.



Theoretically, the overall potential impact of CFFF operations should be apparent in the
amount and analysis of smaller size fraction inventories.

POLLUTION CONTROL

The report on the SO=results of the CFFF performance test was sent to the
State of Tennessee EPA (Ref 1). The results were within the State permit and
NSPS limits. The Statewillnowreviewthe resultsandsupportingdata to approve/verify
and document the CFFF performancetests (particulateand SO=), and issue a new
operatingpermit. A graphicalrepresentationof the EPA Method 8 resultsalong with
resultsfrom the continuousanalyzerfor comparisonare shownin Figure2. (The major
differenceshown intest 7 is attributedto a contaminatedsample.)

The performancetests forSO2and particulatehavebeenaccepted forpresentation
at the 1990 Symposiumon EngineeringAspectsof Magnetohydrodynamics(SEAM).

The gas sampling instrumentsand supporting equipment located in the Gas
SamplingShelter are beingcompletelyoverhauled. The existinghardwarehas been in
servicesincethe early 80's. Additionalnewequipmenthasarrived including,a Beckman
SO=(lR) analyzer and a Beckman 02 (in situ) analyzer,and willbe installedpriorto the
nexttest. The Lear-Seiglerupdatedversionof the NO/SO=(insitu)analyzeris alsoready
for installation.

A closed loop cooling water system using softened water has been designed for
cooling the gas sampling probes. Much of the hardware required is presently on-hand
or on order. A sketch of the system is shown in Figure 3.

A summary of the CY1989 emissions testing results were compiled for inclusion in
the 1989 SER.

Based on SO2results, which have been variable, it is planned to recommend testing
at various Kz/S ratios during future tests. The SO=data generally correlated with K_JS,
but the deviations are larger than expected. Data analysis nlethods are being evaluated
that will minimize variability caused by problems when directly correlating times for SO2
and Kz/S(coal-seed) analyses, sootblowing cycles, air infiltration, furnace draft, etc.

TASK 4 - OPERATION AT 8 LB/SEC TOTAL GAS FLOW
HIGH SLAG THROUGHPUT TEST

TESTING

No MHD testing was scheduledin the CFFF for thisquarter. Table 1 shows the
proof-of-concept(POC) testingto date and plannedthroughJuly 1990. The next long-
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FIGURE 2. SO2 Compliance Test Results. LMF4-S
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duration POC test scheduled for Apdl 1990 has been postponed until May 1990 due to
late delivery of ash/seed handling ;ystem components. This system will be completed

prior to the May 1990 test.

Table 1, LMF4 Proof-of-ConceptTest Series

,,,, , I I

TEST DATE OF HOURS ON
CONFIGURATION COMPLETION COAL

i I I i

POC-LMF4K 09-87 198
i,, | i i i i

POC-LMF4L 12-87 63
i ii i i i i, i i,,i

POC-LMF4M 02-88 57

POC-LMF4N 05-88 185
i i, ,i ii i i, i m,

COMPLETED POC-LMF40 09-88 252
, ,,,,, i i, ,, j i ii , i,,,,

POC-LMF4P 11-88 101
|

C/O-SHTM/AH 05-89 40
MODS (LMF4Q)

, i ii ,

POC-LMF4R 08-89 263
i • = i i ,,,

POC-LMF4S 12-89 135
i. .,. i , i

SUBTOTAL 1294
II i I

PLANNED POC (Projected) 05-90 225
, H i i1, ii

POC (Projected) 07-90 240
II II I I I ' I III111

TOTAL 1759
j , "llil i i' _ ,, i .

Total test train operation time to date is 1832 hours (vitiation heater)

UPSTREAM COMPONENT SYSTEMS

Duringthisquarter, the major work effortson the upstreamLMF flowtrain involved
readyingthis portionof the flowtrain for the nextscheduledlong-durationtest. After the
December 89 (LMF4-S) test, most of the upstream components (vitiation heater,
coal disperser plate/combustor, supersonic nozzle, aerodynamic duct and the
diffuser) were in good condition and are considered to be adequate for continued
testing.

However, repairworkwas required on the second sectionof the aerodynamicduct.
Minor leaks developed in several coolingringsof this sectionduringthe LMF4-S test.
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The damaged rings were replaced. A small crack through the wall of diffuser section #5
into the cooling water circuit developed during the test. The crack, for,nal in post test
inspection, was repaired.

The upstream hardware has accumulated many hours of test time, to date. Although
serviceable life has been impressive, the total service life of each major component is not
yet ascertained. Consequently, as a precaution, a back-up component for each major
upstream component is under construction. Prior to the next test, spares will be available
for the combustor,nozzle,the first two sectionsof the aerodynamicreplacementduct and
the constantarea diffuser. Thisapproachwillallowforthe expedientreplacementof any
componentwhichmay fail duringupcominglong-durationtests.

DOWNSTREAM COMPONENTS SYSTEMS

' Activities during this quarter centered on repair and modification of downstream
4 equipment and analysis of data from recent prior tests. Also, preparation of a topical

report on Superheater Test Module (SHTM) tube corrosion was initiated during this
quarter.

Superheater Test Module.(.SHTM_

A rupture of one of the SHTM cooling section #t (CS1) tubes during LMF4-S was
reported in the last quarterly report. Figure 4 shows this rupture in the tube. The tube
(SA178C carbon steel)is 2.5" DIA and the hole inthe tube is also about 2.5" DIA. Wall
thickness on the upstream face of the tube was about 1.5mm from an original wall
thickness of about 4.8mm. Figures 5 shows the location of the tube in the tube bundle.

= An analysis of this tube indicated that the failure was due to high temperature gas-side
corrosion (above 1100°F), caused by a blockage of the tube by mineral deposits. To help
prevent this in future tests, the water flow direction will be reversed and thus put the
coolest and greatest pressure water into the highest temperature region of the SHTM.

= Additional water treatment measures will also be implemented.
mm

A draft topical report on the evaluation of SHTM Test Section tubes exposed to
approximately 500 hours of coal firing is near completion. The evaluation included
measurement of corrosion scale thickness and depth of sulfur penetration into the tube
metal, examination and photography of corrosion scalesto determine the morphology and
composition, and a measurement of the near-tube deposit composition. TSl and TS2
results were outlined in last quarter's report. TS3 tube corrosion samples were prepared
and measurements made during this quarter. Corrosion rates at the hot ends of the
tubes, where the temperature was near 1000°F, averaged 0.82 mm/yr for 5Cr-0.5Mo steel
and 0.68 mrn/yr for 2.5Cr-lMo steel. The scales were mixtures of oxides and sulfides.
Technical personnel from UTSI, ANL, and B&W will review the results of ali three
investigations and recommed future requirements.

14



FIGURE 4. Superheater Test Module Cooling Section #1 Tube Rupture
During LMF4-S (Hole is approximately 2.5" Dia,) (Front View)

(SA 178C carbon steel tubing exposed to approximately 1100°F during test)
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FIGURE 5. 2.5 Inch DIA Superhe_lterTest Module Cooling Section
#1 Tube Bundle After Tube Rupture (Gas flow was from
right to left of photo.)
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Corrosionanalyseswere alsocompletedofcorrosionprobe ringsampleswhichwere
exposedfor 405 hoursduringthe November 88, June 89 and August89 (LMF4-P, -Q,
and-R) tests,withthe exceptionof alloyHR-160 whichwas exposedonly for 263 hours
duringLMF4-R. Two probeswere employed,one locateddownstreamof the secondary
combustorat a gas temperatureof about 24000F and the other inthe TSl sectionat a
gas temperatureof about 2250°F. The indicatedmetaltemperatureson the secondary
combustor (SC) probewere about 750°F at the end closestto the center of the duct
(away from the wall) and about 1200°F at boththe center and the end nearerthe wall.
The low temperatureat the outer end, whichwas reportedearlierto be the resultfrom
excessivecoolingair enteringthe sampleringannulusat that point,may have been an
erroneou_measurement,as discussedbelow. For the TSl probe, temperaturesof the
metalwere 800°F at the end awayfromthe wall, an average of 980°F at the center, and
860°F at the end nearer the wall. The TS'I probe could not reach its intended1200°F
controltemperatureas a resultof an oversizedcontrolvalvewhichallowedexcessiveair
flow. This problemis being correctedfor future tests. The depositson the two probes
differedas a resultof the different metal and gas temperaturesand environment. The
depositon the secondarycombustor(SC) probewas hard andquiteadherent,whilethat
on the TSl probe spalled-offduring test shutdowns. The SC probe deposits had a
greenish-yellowcolorwhilethat of the TSl probewas dark brownsimilarto that on the
TSl tubes.

Corrosiondata for the SC and TSl corrosionprobes are given in Tables 2 and 3,
respectively. Most SC probe samples had roughly an order of magnitude greater
corrosionthandid the correspondingTSl probe samples. To someextent, this may be
attributedto higherSC probe temperatures. The HR-160 sampleson the two probes,
however, had about the same indicated temperature. Therefore, the SC probe
thermocouplemay have been reading incorrectlythroughoutthe exposure. HR-160, a

, high alloyed Nickel-basealloy with 28% Chromium, 27% Cobalt, 4% Iron and 2.75%
Silicon, had the best corrosionresistanceon both probes, lt shouldbe notedthat the
alloy316 corrosionwas lessthan alloy304 and, also, that corrosionof 253MA was less
than 310, despite310 havinga higherChromuimcontent. The 316 materialalso has a
higherMolybdenumcontent. The measuredcorrosionof the T-11 and SA-192 samples
on the TSl probe,as indicatedby scale thickness,was much less than for the higher
ChromiumT5 sample, leadingto speculationthat scalesfrom those samplesmay have
spalled-offat sometime duringthe exposure.

SC probecorrosionrates were also far greater than those of TSl tubes, in some
casesby an orderof magnitude.For alloy310, forexample,the averageSC probemetal
recessionwas 2.7 mm/yras compared to about 0.2 mm/yr of the TSl tube at similar
temperature. The TSl corrosionproberates,onthe otherhand,compare wellwiththose
of TSl tubes. One possiblecause of the highSC probe corrosionis the fact that the
probe is located just down-stream of the secondary cornbustorwhere incomplete
combustionis taking place resultingin lower O,,partialpressureand relativelyhigher S
partialpressure. If this isthe case, the SC probedata may be applicableto exposurein
the secondary combustor region, lt does point out, however, the importance of
convectiontubebanksinan actual MHD boilerbeinglocatedsufficientlyfar downstream
of the secondarycombustorto allow cormpletecombustion.

|
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Electrostatic Precipitator (ESP)

Only two particulate samples were taken at the exit to the baghouse and ESP during
the LMF4-S test of the previous quarter. Baghouse collection efficiencies at 5400 and
6000 cfm were both 99.7%. ESP collection efficiencies were 99.3 and 96.8% at 7500 and
6000 cfm, respectively. The explanation for the lower efficiency at lower flow rate is due
to the operation during baghouse cleaning cycles. When the baghouse was taken off-line
for cleaning, ali flow was diverted through the ESP after which performance was
degraded for at least one hour. K,z/Sfor the LMF4-S test was 1.0.

Several minor hardware modificationsto the ESP are in progressto improve both
operationand performance. Thermal insulationin the intedor of the electrical insulator
housings has been removed and replaced with exterior insulation,thus eliminating
electricalshorting in the ESP due to detachmentof the insulationfromthe interiorwalls.
In addition,eliminating interiorinsulationwill improvepost test cleanoutof the insulator
housings. Arcing also has been observed at the locationwhere the high voltage rod
penetrates the ESP interiorat the insulatorhousing. Sheetsof 1/16 inchthickTeflonwill
be used to wrap the rod which shouldeliminatelocalizedarcing. This materialwill be
closelymonitoredaspreviousmaterialsuseddevelopedpinholes,resultinginarcing. The
eight steel access doorsto the ESP are being modifiedwith polycarbonatewindowsto
allow visual inspection of the ESP during operation. This will significantly enhance
troubleshootingof potentialproblemswithinthe ESP.

During the prior two CFFF tests ESP performance has been erratic, possibly due to
the increased number of small particles entering the device (caused by increases in total
potassium input). Space charge and/or ion quench can occur with only a small increase
in the number of small particles entering an otherwise efficient ESP. To more accurately
investigate this phenomenon, efforts are underway to evaluate the use of continuous
real-time particle sizing device capable of measuring particle size distributions as small
as 0.2 micrometers. A vendor has tentatively agreed to perform a demonstration of their
instrument's capabilities under actual CFFF run conditions.

ADVANCED MEASUREMENT SYSTEMS

The UTSI wide band system was used together with the stand-alone line reversal
systemto process the dynamic Heliumbleed pressurefluctuations, luminosity fluctuations,
microphone fluctuations, and coal flow dynamic data recorded during the December 89
(LMF4-S) test. Analysis of this data concentrated on evaluation of fluctuations occurring

. in association with the noise pulses or "rumble" associated with the low mass flow train
operation. Table 4 describes the diagnostic devices employed in the study. A schematic
of the CFFF flow train showing the locations of the diagnostics is given in Figure 6. The
CFFF has exhibited this audible rumble during coal operation of the LMF flow train. The
cause(s) of this rumble are of concern to CFFF operating personnel. The loudness and
frequency of these rumblesvaries and has reached sufficient intensity and repetition that
test operators have temporarily shut down the flow train during long-duration testing on
numerous occasions. The rumble has been noted over a period of several years but in
the past no extensive study of the phenomena has beeh carried out, alt_houghthe
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TABLE 4. DiagnosticsUsed To Characterize DisturbancePhenomena
IIIIII I I IIII I , ===,, , , , ,, ,,,,

Device Number Frequency Locations Comments
i, iii ii i ii|i, i i

Line Reversal 3 1 kHz Diffuser(2) The two diffuser
Temperature Radiant systems measure
Measurement Furnace the same spatial

locationbut can be
used at different

i

..... wavelengths
,:

Helium Bleed 4 25 kHz VitiationHeater These are dynamic
Pressure Resonant Duct (2) transducersand

Transducers Frequency Diffuser communicatedirectly
with the combustion
gas

iii i 111111 i

Microphone 1 20 kHz Radiant This device rneas-
Furnace ured the audible

boom
,, i ii ii i i iii i i

Luminosity' 2 5 kHz Duct (2) Cross correlation
Probes between probes

allowsmeasurement
of disturbance veloc-
ity

ii ii i lille i i i
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disturbances were considered in relation to the uncertainty of the modified line reversal
temperature measurements made by UTSI (Ref 2). Visual/aural observations showed a
correlation existed between the rumbles and large drops in the intensity of visible light
emanating from the diffuser optical diagnostic ports. The primary goal of the current
study is to analyze quantitative measurements of parameters that would allow discovery
of the underlying cause of the flow disturbances with the goal of properly considering this
phenomena when scaling,the MHD system.

Time traces of the helium bleed dynamic pressure measurements, luminosity
measurements,line reversalmeasurements,andthe microphoneoutputwere correlated
to identify phenomenaassociatedwith the rumble. Typical time traces are shown in
Figure7, and showthat the rumble occurredafter the vitiationheater pressurewould
significantlyincrease. After the heaterpressurestartedto increase,the diffuserpressure
wouldincrease,thendecrease belownormallevel,withali pressuresreturningto normal
asthe linereversalsignallevelscame backup. The highfrequency linereversalsystems
indicatethe noisepulsescorrespondto a decreasein gas emissionsnear the potassium
line. The furnace gas emissions drop more gradually, starting at a time about 0.4
seconds after the diffuser drop. The luminosity probes indicated a sharp drop in the
potassium emissions just before the line reversal decrease, and the drop time/distance
between the luminosity probes indicated the rumble propagated down the aerodynamic
duct at approximately 305rn/sec (1000fps). Detailed acoustic measurements at multiple
locations are planned in future CFFF tests to locate the source of the rumble pulses.

Figure 8 gives time traces of both the lamp plus plasma (lamp) and plasma alone
(plasma) diffuser line reversal signals dunng a typical rumble event. The UTSI diffuser
spectrometer line reversal system has a time resolution on the order of l msec for
temperature measurements and on the order of 101_secfor optical emission measure-
ments. Most of the drop in the lamp and plasma line reversal signals occurs over a
period of less than 100msec which clearly necess_ates wide band diagnostics to
adequately resolve the event. The instrumentation available for this purpose consisted
of three line reversal systems, four helium bleed dynamic pressure transducers, one
acoustic microphone, and two luminosity probes.

During the December 89 (LMF4-S) test ali instrumentation worked well with the
exception of two helium bleed pressure transducers located in the duct which apparently
were plugged by slag. Data was collected during 6 pedods of a 135 hour test. Individual
disturbance events were recorded by triggering the data acquisition system on drops in
the diffuser line reversal signals. Approximately 300 events were accumulated during the
six periods which covered a total time of 42 minutes. Data from one typical event is
presented in this report. Future continuing analysis will examine the general character
of ali the events using statistical and stochastic analyses to ascertain the magnitude and
temporal relationships that exists between the measured parameters.

The results presented in Figures 9 and 10 are time traces of the measured
parameters during a single typical event. Ali of the plots have the same time scale with
time zero being defined as the time the data acquisition system was triggered.
Comparison of the pressure plots given in Figure 9 shows a clear temporal relationship
between them. The vitiation heater pressure increases and reaches a maximum of about

- 2 psi slightly before time zero. Note, that since a dynamic pressure transducer' is used,
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this is a pressure rise over the average level. Pressure rises up to 5 psi were measured
which is about 7% of the nominal vitiation heater pressure. As seen in the trace of the
diffuser dynamic pressure, there is a well defined pulse in the diffuser pressure which is
much narrower and of smaller magnitude than the vitiation heater pressure pulse. The
peak of the diffuser pressure pulse occurs very near time zero of the plot (thus this pulse
coincides with the drops in the line reversal signals). The rumble sound generated during
this event is evident in the microphone pressure trace as a burst of pulses starting just
after time zero and reaching a maximum amplitude about 0.05 seconds later. From this
figure, it appears that the audible rumble has a frequency of about 50Hz.

The line reversal signals for the diffuser and radiant furnace are compared in Figure
10. The transmission of the gas, which can be obtained from these signals, is given by

where _ is the transmission, S=_ is the lamp plus plasma signal, Sr,,=_ is the plasma
signal, and S=,_is the lamp signal when no plasma is present. During the event, the gas
in the diffuser becomes nearly opaque at the measurement wavelength of 750nra since

S=,r_=-Sr,=_. The temperature also decreases which is indicated by the decrease of the
magnitude of both diffuser signals indicating lower gas emission. (In Figure 9 the
reference level is 0.0V for the diffuser signals and -7.0V for the radiant furnace signals.)
Similar behavior is seen in the radiant furnace signals though the effect reaches its
maximum about 0.4sec later and is not as severe. Thus, during the event the
temperature of the gas in the diffuser and the furnace drops precipitously along with a
decrease in the transmission of the gas. Furthermore, the furnace measurements are
effected for a much longer period than ,the diffuser signals. Recovery of the diffuser
signals from their minimum is completed in about 0.1 second while the furnace signals
are still recovering 0.5 second after their minimum.

Traces of the luminosity signals are shown in Figure 10. The event is well defined
temporally in these signals and is very brief. As seen on the inset graph the entire event
takes place in less than 20msec and is completed before time zero of the plot. Since the
spatialseparation (d) of the luminosity probes is known, a velocity (v) of the disturbance
can be calculated along with a characteristic length (L) of the disturbance. If the time
delay between the two signals is At, the velocity is simply d/At. The characteristic length
is defined by L = vt where t is the time width of the event. The data in Figure 10 gives
a velocity of 300m/see :t: 100m/sec which leads to a characteristic length of the
disturbance of 3.6m :t: 1.2m. The temporal ordering of the luminosity and line
reversal signals clearly suggests a disturbance that originates upstream of the
luminosity probesand moves downstream through the diffuser and into the radiant
furnace. As the disturbance moves downstream lt becomes rnoro diffuse as is
seen in the width of the event at each location. The signals from the helium bleed
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pressure transducers also support the conclusion that a disturbance Is moving
downstream. (The microphonesignal is of no value in determiningthe disturbance
propagationdirection since ttmeasuredthe acoustic noisenear the duct, not the pressure
in the duct.)

In addition to the data analysis effort, preparations for the upcoming test (LMF4-T)
were initiatedthisquarter. The slagchoppingopticalports,implementedsuccessfullyon
anexperimentalbasislastquarter,weremodifiedtoovercomethe observedshortcomings
andto increasedurability.These portswillbe installedearly nextquarter. Modifications
to thediffusermicroprocessorlinereversalsystemto increasesensitivitywerecompleted,=
andplansare beingformulatedto validatethe lowtemperaturemeasurementcapabilities
andmeasurementuncertaintiesof thissystemforpotentialuse nearthe superheaterinlet.
Discussionswith MississippiStateUniversity(MSU) relatingto particleandspacecharge
diagnosticsled to plans for additionalinstrumentationto evaluate ESP performanceand
howthat performancemightbe improvedfor differentoperatingconditions,as well as,,

instrumentingto betterunderstandperformance effectsof ESP rappers and other ESP
cyclicalevents. Discussionshave alsobeen initiatedwithvendorsforcommercialparticle
chara_erizationinstrumentsto determine if a commerciallyavailable instrumentmight
providea significantportionof the needed ESP diagnostics.Other plansfor the nexttest
includeoperationof mostof the CFFF advancedmeasurementsystemsand the recently
utilized MSU diagnostics. These plans include continued measurements with the
coherent anti-Stokes Raman spectroscopy (CARS) spatially resolved temperature
measurement system, the spectroscopic water injection system, the surface emission
characterization of the high temperature air heater (HTAH) test materials, and the
intrusive multi-probe system, in addition to the MSU particle diagnostics. MSU is not
planningto pursue emission scans for water leak detection until this diagnostic approach
can be shown to have the potential for adequate water quantification to distinguish
betweenchanges in conditions and leaks. MSU will continue operating their diagnostics
from both their large mobile laboratory and from the recently completed particulate
sampling she_er, as appropriate. Plans are als0 being formulated to add several
microphones and luminosity probes in the LMF flow train to aid in diagnosing the acoustic
rumble phenomenon.

WASTE MANAGEMENT

CFFF Mass Balance Program

The mass balance input files for the August89 (LMF4-R) test were completed with
the receipt and addition of six superheater/air heater solidsanalyses. (The LMF4-R mass
balance previously run was based on an assumed composition.) The balance program
was then run using average raw data and gas analysis data. The December 89 (LMF4-S)
test analyses were completed and a balance was run during this quarter. The data files
were reorganized and put into several new subdirectories. Programs that need to access
this data were then rewritten to reflect the new locations for input data. A mass balance
programdata input file for the LMF4-S test was also created. Average process conditions
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and solids loading data for the test were calculated and entered. Ali analyses required
were entered. The EPA-17 analyses that were.entered were from the previous test due
to insufficientsample quantities generated during LMF4-S. The LMF4-R test superheater
solids analysis was used since these solids could not be ecovered following the LMF4-S
test. The dew point measurement was not available during the test, and therefore a dew
point was calculated. The mass balance program was then run. With the exception of
sodium, the overall input and output measurements for inorganic coal ash constituents
were within approximately 16%. Sodium usually showed much higher output than input,
probably because of the difficulty of measuring small quantities of sodium in the presence
of very large amountsof potassium. Potassiumoutputlevels were lessthan inputs. The
majorreasonis believedto be the amountof potassiumnotrecoveredafter tests from
furnacedeposits,absorbedin refractories,depositedin ductsand ontube surfacesand
other locationsthroughoutthe flowtrain,and also because of the conuitionsand limits
notedabove. About70% of incomingcoalash constituentswere removedfrom the slag
tap duringboth tests. EPA Method 5 measurementsof dust Ioadingsand flows and
weightsrecoveredfrom the baghouseagreedwithin18% forLMF4-R, and13% forLMF4-
S. Work is continuingtoward refiningof the methods. The new ash removal system
shouldhelp in improvingbalances.

Duringthe June 89 (LMF4-Q) andAugust89 (LMF4-R) tests,samplesof absorbed
acid gases were obtained by passing aspirated exhaust gases, collected during
particulatemeasurements,throughsuitableimpingers. Bothsets of samples have been
analyzedforchlorine/chlorideanions. The results Indicate that an excess of chlorine
was exiting from the particulate control devices In the gaseous phase. Additional
data collection is planned in future tests to reduce the uncertainty of measure-
ments and close the balance.

Work is continuingon an investigationof an improvedsystemfor the data analysis
of CFFF data. A numberofdeficienciesinthe program(DATATEST) as well asdesirable
enhancementswere identifiedfor resolution.Thisprogramisalsobeingused tocalculate
and plot new channels of data in a way that appears to offer the potentialfor greatly
enhancingdata analysis.

The majoractivityinthe area ofCFFF data reductionandanalysisduringthe quarter
involvedthe developmentof new routinesto "clean-up"the raw data. The data for
severalprocessparametershasbeenidentifiedinpastquarterlyreportsas beingof lower
qualitythandesired. Data "clean-up"routineswillbe developedandtested as a means
of addressingthis issue. A computerroutinewas developedto calculate coal flowrate
basedon readingsof the coal feedtankload cells. The routineidentifiesevents (suchas
a fillingof the feed tank) to assure that data is valid, and includes a calculational
procedureto extract average feedrate from the measuredweights. The routinewas
appliedto existingraw data and adjusteduntil the desired results could be achieved.
These resultswere than compare0 to Coriolismeter readings,and comparable outputs
were obtained. Thus, it is now felt that the coal feedrate can now be obtainedfrom two
completelyunrelatedinstrumentsandmethods,to providea checkonthe Coriolismeter
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and an increase In the confidence of measurement accuracy, lt is planned to integrate
this and other similar routines into the DATATEST data reduction program.

Work was started on developing a routine to "clean-up" the gas analysis data in
similar fashion to eliminate purge cycles, calibration, and other 'non-data' points. As a
first step, about six hours of raw data from a recent test was obtained and various plots
were generated. The data and plots are now being examined in order to identify
problems that might negatively impact the quality of the gas analysis data. This problem
is of a much larger scope than the coal feedrate problem, as a large variety of individual
analyzers, located throughout the flowtrain, provide partial gas analysis data.

A pedod of relativelysteady operatingconditionsthat occurredduringthe LMF4-R
test was identified. Chemical analysesof slag from that periodand futuretests will be
performedso thatthe workto evaluatepotassiumlevelsas a functionof operatingtime
may continue.

A new wire mesh screenwill be installed in the pulverized coal transport line before
the next test. This should assure more uniform distribution in the line and thus provide
a more representative sample.

A truck will be sent by TRW to pick up the Tote bins filled with ash/spent seed from
the last month. With TRW's consent, one of the filled Tote bins is being retained for use
in commissioning the automated ash handling system. During the quarter, activities
included:

• Level measurements were obtained for the Tote bins to enable TRW to
determine solids settling characteristics during shipment. This information was
sent to TRW.

• The identification numbers of the unfilled and the one retained Tote bin were
obtained and transmittedto Mr. J. Jones, of TRW.

• Analyses of the LMF4-S baghouse and ESP composite samples for carbonate
were requested in order to provide this information to Mr. E. Banish of TRW.

Work was started on setting up a user friendly database for chemical analysis
results. The current effort concentrates on setting up the "shell." Thirteen menu forms
and eight help forms were created, to date, using the forms management software (FMS)
system on the VAX computer. A forms library was also created and a driver program
was wdtten in Fortran. Also, investigating the possible use of the Datatdeve computer
program for this application was started.

Coal sieve analyses on past data was completed. Upon completion, the data (on
eastern and western coals) was transmitted to Mr. C. Thomas of PETC.
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TASK 5 - TESTING OF DOE SUPPIJ_3_ COMPONENTS
I

TRW/UTSI COOPERATIVE TESTING

In InformaldiscussionsbetweenTRW andUTSI, a decisionwas made to considerthe
possibleuse of the CFFF, on a non-interferingbasis, as a test bed for TRW in their
developmentwork for hardwareof the IntegratedToppingCycle (ITC). This effortwas
undertakenat the suggestionof PETC and was initiatedthroughgeneral reviewof the
TRW ITC programplans/schedule,alongwith UTSI's FY1990 CFFF test schedule. The
plan beingconsideredwas that of takingadvanL;geof the FY1990 long-durationtestsin
the CFFF to obtainexperimentalinformationon the durabilityof materials,hardwareand
design concepts specified for the ITC. lt was noted in this review that one area of
cooperationappeared to be compatiblebetweenthese two programs. That area was in
experimentalevaluationofthe materialsand designconceptforcoolingpanelsof the ITC
slaggingcombustor. The test componentwhichaffordedthis evaluationwas the TRW
20 MWt firststage combustorspoolsection. This sectionwas installedinthe AVCO Mark
VI test trainduring the 1989 combustorteststhat were conducted at that facility, ltwas
subsequentlytransportedback to TRW for refurbishmentand no immediateuse was
planned. ,,.

During this quarter, engineering studies were initiated at both UTSI and TRW to
determine precisely what requirements would be necessary to allow installation of the
TRW 20 MWI, first stage spool section into the CFFF LMF test train. These studies
concluded that this spool section could be mated to the existing UTSI combustor with only
minor system modifications. Specifically, the spool piece could be installed into the UTSI
combustor as a replacement for the existing combustor cylindrical section. To
accommodate the slight difference in the internal diameters of these two units, specially
built adapter flanges would be required.

These studies continue withthe expressed objective of installing the spoolsection into
the LMF test train for an upcoming CFFF test. An accelerated effort on the part of TRW
has been initiated to refit the 20 MW, spool section with materials and the design for the
internal cooling panels that are specified prototypical to the ITC design. UTSI has also
begun an accelerated effort to design and fabricate the adapter flanges. The goal of this
program is to try to incorporatethe spool section into the LMF test train as early as
possible,possiblyforthe next scheduledCFFF long-durationtest (LMF4-T)in May 90.
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TASK 6- MODII=iCATIONS TO THE CFFF

COMPONENT DEVELOPMENT AND TEST FACILITY MODIFICATIONS

Auto Ash/Seed HandlinaSystem

Work onthe automatedash/seedhandlingsystemcontinuedwithinstallationof the
screwconveyorsunderthe superheatertestmodule(SHTM) and air heater(AH), and the
pneumaticsystemunderthe ESP and BH. The ESP has onlyonedischargepointwhile
the BH has one for each of its two compartments.

Theashremovalsystempowerinstallation,controlinterfacedesign,anddocumenta-
tion effort is continuing. Cable trays and the motorcontrolcenter will be installedprior
to the next test.

The ash removalsystemtransportpipingfrom the BH and ESP to the spent seed
storagetank was fabricated and welded and will be installedpriorto the next test. In
addition,two ash grinders,three sectionsof the screw conveyor,and the rotaryvalves
for the superheaterwere installed. The concrete pads for the transportsystemwere
installedand the four DenseveyorAsh Vesselswere assembledand put in place. The
pipe supports for the transport piping were fabricated and are being installed in
conjunctionwith pipinginstallation.

WesternCoal System

Temporary modificationsto the coal systemwere completedfor the western coal
flowtests.Because of the highoxygencontentof the coal, it was necessaryto pulverize
in an inert atmosphere. To insurean inert atmosphere,nitrogenwas plumbedintothe
air heaterthat normallyprovidesheatedairto drythe coal. Thus, the coal wasdriedwith
heated nitrogen, instead of heated air. The heated nitrogenwas then used as the
transportmediumto the coal systembaghouse.

A shipmentof approximately25 tonsof MontanaRosebudcoal (29% moisture)was
receivedat the CF_'F for flow testing. This coal was stored in the feed tank to the
pulverizerundera nitrogenblanket. Tests were conductedwith and withoutpotassium .....
carbonatemixing. The flowof nitrogento the pulverizer(to preventcombustion)was set
at 20,000 lh/hr. The maximumprimarynitrogentemperatureenteringthe pulverizerwas
limitedto 550°F due to temperaturelimitationsof the E-35 milladditionto the pulverizer.
The pulverizerexit temperaturewas maintainedat 165°F for ali tests.

Rawcoalwas fed to the pulverizerwheregrindinganddryingoccurs. Grab samples
were taken at the pulverizerexit. The primary'air' conveysthe pulverizedcoal to the
baghousewhich separates the solidsfrom the gas stream. This coal is collectedin
reservoirtanks untilthe pulverizationhas been completed(approx.10,000 Ib). Next, the
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coal is gravity fed into the feed tank and pressurized with nitrogen. Grab samples were
collected as the coal flowed from the feedtank.

The first test was conducted without mixing potassium carbonate (seed) with the
coal. Moisture at the pulverizer exit averaged approximately 14%, while the feedtank
moisture was only 7% (see Figure 11). Drying does occur between the pulverizer exit
and the feedtank, especially since ary nitrogen was used, but some of the observed
difference may be caused by sampling technique. The residence time for the gas in the
duct between the pulverizer exit and the baghouse inlet was approximately 2 seconds.
There is additional residence time for the particles in the baghouse. A heat balance was
performed around the pulverizer but nearly 50% of the energy was lost in the pulverizer.
Another energy balance was performed between the pulverizer exit and tl_e baghouse.
However, the amount of energy required to evaporate the coal from 14% moisture at the
pulverizer exit down to 7% moisture at the feedtank would have caused a much greater
gas temperature drop than was measured. For this reason it was believed that the
pulverizer exit coal sample was biased and the measured moisture was higher than
actually present. Two samples were collected for size analysis. These samples were
approximately 77% through 200 mesh for a raw coal feed rate of 4500 Ib/hr to the
pulverizer (see Figures 12 and 13).

In the second test sequence, potassium carbonate was mix6d with coal in the
pulverizer. The 'dried' mixture contained approximately 10% K2CO3. During the first
portion of the test, the raw coal feed rate was 4500 Ib/hr with an indicated 7 Ib/min seed
flow. During the last third of the pulverization, the raw coal feed rate was increased to
5000 lh/hr. Pulverized coal moisture content for the pulverizer outlet and the feedtank
averaged approximately 15% and 6%, respectively (see Figure 14). Size analysis of
pulverized coals averaged 81% through 200 mesh for both 4500 and 5000 Ib/hr raw coal
feed rates (see Figures 15 and 16). Typical pulverizer pressure drop and primary air flow
is shown in Figure 17.

,i

Subsequent flow te:,ts at the CFFF of the pulverized coal were very successful
with no recorded flow stoppages. Flow smoothness was observed to be
comparable with that of Illinois #6 coal. Flow rates were varied from 0.8 to 1.5
Ib/sec with no observable control problems.

Six different processoptions were developed to dry Montana Rosebud coal at the
CFFF. Base_ on a number of factors (capital cost, operating cost, installation schedule,
simplicity, etc.), one option was selected and recommendations were given to PETC. The
option selected (see Figure 18) has a closed-loop inerted gas system which is heated
indirectly with an oil or gas fired burner. The heated gas is used to dry the coal and carry
the coal to the baghouse. The moisture in the gas exiting the baghouse is removed by
a water-cooled condenser. The water supplied to the condenser is tentatively cooled with
a chiller. The dried gas (dewpoint of 90°F) fromthe condenser then returns to the heater,
thus completing the loop. Oxygen contained in the inert gas loop is maintained below 7%,
with nitrogen make-up. Because the primary 'air' to the pulverizer will be 650 to 700°F,
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the existing E-35 mill will require an EL modification. The design moisture level for the
described system is 6-7%. This is comparable to the moisture level used at the CDIF.

I

HIGH TEMPERATURE AIR HEATER DEVELOPMENT

The majoreffortdudngthisquarterwas preparingfor a hightemperatureair heater
(HTAH) evaluationwhichwillbe piggybackedontothe nextscheduledCFFF long-duration
test. This evaluationwill involvea three inch OD, 40 inch longtubularcomponentmade
from siliconcarbide particulatereinforcedalumina made via the Lanxide DIMOX TM
directedmetal oxidationprocessand purchasedfrom DuPontLanxideCompositesInc.
(Thismaterialhas previouslysurvivedreasonablyintactat the temperaturezone planned
for thisevaluation). The tube willbe mountedin the CFFF primaryfurnace and heldin
placeat bothends by watercooledsupports.An electricpoweredpreheaterwillbe used
to introduce1200°F ambientpressureair intothe top endof the tube. The air willexit the
tube fromthe bottomsupport. Heattransferdata willbe collectedas the air temperature
and flow rate are varied.

The manufacturer of the composite tube will only use dye penetrant non-destructive
tests (NDT) of the tube as the vendor has not yet perfected other NDT techniques for this
material. NDT techniques that can apply to the composite are under investigation.
Radiography and ultrasonic methods also are currently under consideration.

During the prior test irl December 89 (LMF4-S)it was noted that a zirconia test
specimen donated by Norton Corporation seemed to resist corrosion in a temperature
zone where no other sample has survived. However, the sample was severely cracked,
presumably from the effects of thermal shock, lt is therefore planned that a zirconia
coating be applied to a piece of the SiC/AI203composite to determine if it can provide
protection in a temperature zone where the composite failed in prior tests. Since the

- composite is highly resistant to thermal shock and the zirconia is very resistant to
: corrosion, it appears possible that this could be a good combination.

A topical report entitled "An Investigation into the Feasibility of a Recuperative
Magnetohydrodynamic High Temperature Air Heater" was in preparation for submittal to
DOE. The general conclusions of this inte='imtechnical report were:

• A radiant recuperative rather than regenerative HTAH is the more practical
approach, if feasible.

• The most promising material for HTAH heat transfei tubes, as demonstrated by
exposure to process gases in the CFFF radiant furnace during Iong-durat!on
tests, is a reinforced alumina composite made via the Lanxide DIMOXTM process
¢f the DuPont Lanxide Composites Company.
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• Analyses to date indicate that a cage wall recuperator consisting of vertical
ceramic composite tubes will meet the requirements for a viable high tempera-
ture MHD combustion air preheater.

Assuming success with the atmospheric pressure high temperature air cooling during the
upcoming LMF4-T test in May 90, the next test will attempt cooling with high temperature
(1200°F entering temperature) air that is pressurized to 100 psig.

TASK 7- MHD TECHNOLOGY DEVELOPMENT PROGRAM

The only activity currently being undertaken in this Task is the System Analyses
being performed under subcontract by The Westinghouse Electdc Corporation. Topical
Reports will be issued at the conclusion of each phase of this activity. Following is the
status of major work elements"

Westinghouse representatives reviewed the documentation and participated in the
ITC System and Combustor Design Review,January 9-11, 1990. They also reviewed the

Preliminary Design Review (PDR) documentation and attended the Design Review for the
ITC MHD Channel Subsystem.

Mr. Joe Lance of Westinghouse attended the POC Integration Task Force meeting
on Feb. 27, 1990. He also attended the MHD Contractor's Review Meeting at PETC
January 22-24, 1990.

Work continued on modeling the Corrette plant retrofit, including adding the TRW
seed regeneration process. Work also continued on adding the TRW seed regeneration
process to the existing model of the Scholz plant retrofit.

Westinghouse submitted the subcontract Management Plan to UTSI for
review/approval. A meeting has been scheduled for early April to discuss the Manage-
ment Plan prior to its finalization and approval.

TASK 8 - TECHNICAL SUPPORT AND INTERFACE ACTIVITIES

No activity was planned this quarter.

No activity is planned for next quarter.
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TASK9 - CFFF PROGRAM MANAGEMENT

MANAGEMENT AND ADMINISTRATIVE SUPPORT

Dr. J. W. Muehlhauser,Mr. N. R. Johansonand Mr. R. C. Attig attendedthe MHD
Contractors' Program Review Meeting at Pittsburgh Energy Technology Center on
January22-24, 1990.

A copy of ONR's Property System Survey Reportwhichwas conductedon October
23-24, 1989 was received. A satisfactory rating was given in ali areas.

Mr. Bob McLIroy and Mr. John Rackley from Babcock & Wilcox visited UTSI on
January 18, 1990. This was a meeting to bring John Rackley up to speed on the
Bottoming Cycle Plan.

Award of the subcontract to Westinghouse for MHD Systems Engineering Support
is now complete with the approval and signature by a UniversityVice President. A signed
copy was sent to Westinghouse.

Seven papers were in preparation and abstracts completed for the 2Sth Symposium
on Engineering Aspects of MHD (SEAM).

Ten personnel from the CFFF participated in a Supervisory Leadership Training
Course presented by Leadership Development Associates, Inc.

A letter was sent to the DOE/CH MHD program manager containing projected costs
and work plan objectives for a proposed contract renewal period of August 1, 1990
through July 31, 1991.

The final 1988 Site Environmental Report was issued.

Dr. J. W. Muehlhauser and Mr. N. R. Johanson attended the EPRI MHD-Utility
Colloquium on March 27-28, 1990 in St. Louis, MO.
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G.LOSSARY

AH - Air Heater

ASTM - American Society for Testing and Mats,dais
BH - Baghouse, particulatecapturingdevk:_usinga fabric type filterbag
B&W - Babcock& Wiloox

CARS - CoherentanlFStokes Ramanr,pec_ W
CFFF - Goal Fired Row Facility
CS(n) - CoolingSecuon wheren = numberof _lmtJon
CDIF - ComponentDevelopmentIntegrationFacility
DCW - Diagonal ConductingWall
DDAS - DigitalData AoquisltionSystem
Diagnos_ Channel - A substitutechannel inpiace of generator ohanne4
DNCF - Dry NormaJ(i,e, standardWessureand IBmpe_) cubic foot
Downstn3am - Fromexit of dil_Jseroutletto stack
DFI - Diffuserin4etprobe
DG - Data G_I Computer
r, - Emissivity .'
ECF EnergyConversionFacility
EPRI - ElectrloaJPowerResearch Institute
ESP - ElectrostaticPrecipitator
EDX - Energy'DispersiveX-ray
FlowTrain - Test facility Indudingali oomponentsfrom thevitiationheater to the stack
GC - Gas Chromatograph
GC/MS - Gas Chmmatograph/MaseSpectrometer
GIS - GeographicInformationSystem
HPT . High PressureTest
HP/SR - Heat Recovery/SeedRecovery
HTAH - High TemperatureAirHeater
HVT - High Velodty Thermocouple
ICAP - Ind_tively Cou_ed ArgonPlasma
ITAH - IntermediateTemperature AirHeater
ITC - IntegratedTopping Cycle
LDV - Laser Doppler Velocimeter
LMF(n) - Low Mass FlowTest, where n = numberof test
MCP - Multioolorpyrometer
MHD - Magnetohydrodynamics
MPS - MiscellaneousProcessSampling
MSE - MountainStates Energy
MSU - MississippiState University
NPDES - National PollutionDischargeEliminationSystem
NSPS - New Source PerformanceStandard
ONR - Office of Naval Research
PAD - PulsedAmperometricDetector
POC - Proof-of-Concept
PTO - Power Take-Off
SCA - SpecificCollectk}nArea for ESP
SCI - SecondaryCombustorinlet
SCO . Secondary CombustorOutJet
SCR . SilioonControlledRectifier
SER - Site EnvironmentalReport
SEM - ScanningElectronMicroscope
SHTM - SuperheaterTest Module
SLR - Sodium Line Reversal
Sootblower - Deviceforremovingpart.ale collectionon heat triu_ler surface
TIC - Thermocouple
TCLT . Two Color IJmerTransmiesometer

TCA - ThermogravimelricAnalyzer
TS(n) - Test Section, wheren = number of section
Upstream - That part of the FlowTrain from the vltiatJonheater to the exit of the dffuser
UTSI - The Universityof TennesseeSpace Institute
WBDAAS - Wide Band Data Acquisitionand AnatysisSystem
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