
Coal-Fired MHD Test Progress At The
Component Development And Integration

Facility
Author(s): I. Stepan, A. T. Hart, T. J. Rivers, and R. J. Glovan

Session Name: Facility and Proof-of-Concept Status Reports

SEAM: 28 (1990)

SEAM EDX URL: https://edx.netl.doe.gov/dataset/seam-28

EDX Paper ID: 1374



COAL-FIRED MHD TEST PROGRESS AT THE COMPONENT 
DEVELOPMENT AND INTEGRATION FACILITY 

I. E. Stepan 
COIF Operations Division Manager 

MSE, Inc. 

A. T. Hart 
Test Director 

MSE, Inc. 
Butte, MT 59702 Butte, MT 59702 

ABSTRACT 

The Component Development and Integration Facility 
IF) is a Department of Energy (DOE) test facility 

(CD ted by MSE, Inc. MSE personnel are responsible 
oper:he integration of topping cycle components for 
fhr national coal-fired magnetohydrodynamics (MHD) 
~ eelopment program. Initial facility checkout and 
beveline data generation testing at the COIF utilized 
aa~O-MW, oil-fired combustor (with ash injection to 
simulat~ coal slag carryover) coupled to the 1A 
supersonic channel. _In ~he fall o! 1984, a 50-MWt' 
pressurized, ,lag reJecting coal-fired combustor 
(CFC) replaced the oil-fired combustor in the test 
train, In the spring of 1989 a coal-fired 
precombustor (CFPC) was added to the test hardware. 
In addition, significant progress and developments 
were made by MSE in the areas of the solid suspension 
injection system, the stack gas analysis system, and 
temporary fine cbal transport. 

·Testing during the last year emphasized baseline 
testing, including oxygen injection for effective 
mixing, fine coal testing, duration testing, and iron 
oxide slurry injection testing accomplished. 

MSE activities in test hardware included the 
fabrication and assembly of an entire 1A1 channel and 

repair and refurbishment of the channel that has 
been in test service since July 19, 1989. MSE has 
also designed and fabricated several developmental 
projects that include the MSE nozzle, the triple port 

, walls in the diffuser and a post-nozzle test section 
~!or combustor-only testing. This paper discusses the 
'f1.nvolvement of these pieces of hardware in the test 
? program during the 1 ast year. 
}f 

fFacility modification and installation of current 
;controls, the permanent solid suspension injection 
.system, and modifications for a temporary fine coal 
(SYstem are addressed. Also, projects on the horizon 
isuch as installation of the continuous slag rejection 
~and removal system, and testing to address hardware 

c~ndidate materials and design for the prototypic 
~ annel are discussed. Long-term plans for new 
installations are also addressed. 

INTRODUCTION 

I~~I;)m~onent Development and Integration Facility 
by MS ls operated for the Department of Energy (DOE) 
of c Ei I~c. MSE is chartered with integrated testing 

ndeoa -fired MHD topping cycle components. Currently 
(CFC) evaluation are a 50-MWt coal-fired combustor 
diff • developed by TRW, and a linear generator, 
Unit~ser

1
, and a full compliment of current control 

• a 1 supplied by AVCO Research Laboratory, Inc. 
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Previous COIF SEAM papers have detailed the initial 
oil-fired, ash-injected power tests, as well as the 
CFC and coal-fired precombustor (CFPC) checkout and 
initial power generation testing at the COIF. This 
paper provides the status of COIF coal-fired power 
generation testing since the 27th SEAM (June 1989). 
During the past year, test activities have 
concentrated on technical issues of coal-fired MHD, 
addressing cathode wall shorting phenomena, second­
stage mixing, and duration testing, all in the 
interest of additional data to support Proof-of­
Con~ept hardware decisions. Efforts to install the 
new AVCO-supplied current controls have also been 
completed. 

TEST SYSTEM DESCRIPTION 

Since August 1985 when the first electrical power 
tests with the CFC were conducted, COIF test 
activities have focused on coal-fired MHD power 
generation. The 50-MW CFC in its current test 
configuration ·is depicted in Figure 1. The oil-fired 
vitiator (OFV), sometimes referred to as the air 
preheater, receives the incoming air from a high­
volume compressor and heats this air to 1,200 F­
after oxygen is added to obtain the desired 
enrichment. The CFPC uses a portion of the preheated 
air from the OFV to combust coal and produce air 
heated to 2,900 °F that is then introduced to the 
first-stage combustor. Preheated air enters the 
cylindrical first stage tangentially and entrains 
pulverized coal particles injected from the endplate. 
Operating substoichiometrically, coal is gasified and 
slag particles are driven to the combustor wall. A 
concentric baffle guides the molten slag into a 
water-filled tank below. The gas stream passes 
through the deswirl section of the combustor (where 
dry potassium carbonate may be added) and enters the 
second stage. Additional oxygen, and sometimes 
nitrogen (to simulate a prototypical oxidizer 
product) are injected in the second stage to bring 
the plasma to near-stoichiometric conditions. 
Baseline operating conditions used for the majority 
of the testing during the last year are: 

Thermal Throughput 
Mass Throughput 
OFV Preheat 
CFPC Preheat 
Oxidizer Enrichment 
CFPC Equivalence 
First-Stage Equivalence 
Second-Stage Equivalence 
Global N/0 

50 MW 
17.4 lg/s 
1,200 F 
2,900 °F 
39.2% 
1.09 
0,55 
0.95 
o. 70 

With the completion of CFPC combustor checkout 
testing, the channel was installed. The channel that 
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was identified as the lAJ-Cl provided almost all of 
the test service since tne 27th SEAM. That channel 
was comprised of anode wall elements capped (top and 
upstream side) with type 446 stainless steel, cathode 
wall elements with 75 percent tungsten/25 percent 
copper leading edge sidecaps, peg-style forward 
sidewalls, and diagonal bar-style aft sidewalls. The 
details of these ele~ents have been described in a 
previous SEAM paper. 

A full compliment of AVCO-supplied current controls 
were installed and checked out. On-line testing of 
the current controls began in May, and results will be 
discussed at SEAM 28. Figure 2 shows the arrangement 
of the current controls in conjunction with the 
channel. 

Major COIF plant support systems are shown in Figure 
3. Compressed air, gaseous oxygen and nitrogen, fuel 
oil, pulverized coal, iron oxide/oil slurry, and dry 
seed are the process flow delivery systems. Medium 
pressure, deionized cooling water maintains the 
desired test train component temperature. The 
magnetic field is provided by a 2.9 tesla iron core 
magnet. Conversion of the de to ac power, 
transmission to the commercial power grid, and 
variable generator loading are provided by an Electric 
Power Research Institute (EPRI)-supplied inverter 
system. Channel electrical configuration and 
measurements are achieved in a room containing the 
required numerous termination blocks and 
voltage/current transducers. A data acquisition 
system (DAS) records and stores over 2,000 
measurements and calculated values each second (1,500 
of these are electrical parameters). Since the 
combustor operates at a voltage potential of up to 
9,000 volts, all process flow, cooling water, and 
instrumentation attachments to ground must meet 
stringent i sol at ion cr.iteria. 

TEST RESULTS 

Major programmatic and technical objectives have been 
met in the last year. From July 1989 through April 
1990, 65 test starts occurred with a coal burn time of 
125:32 hours and electrical power generation of 77:59 
hours. Significant test accomplishments are detailed 
in Table 1. 

The test program over the last year at the COIF was 
designed to support the overall effort to acquire more 
and longer duration da'ta to aid vendors responsible 
for design of the Proof-of-Concept hardware. Major 
technical accomplishments during the year were: 

completed second-stage oxygen injection 
configuration testing, within the limits of the 
second-stage configuration options; 

completed fine coal testing; 

completed testing of varied rates of iron oxide 
injection on anode and cathode walls; and 

completed more tests for longer continuous 
duration periods. 

Second-Stage Oxygen Injection Testing 

Second-stage oxygen injection testing was accomplished 
during the last year. The second stage was configured 
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for testing using an effective length/height (l/H) 
ratio of 0. 7 and 2. 7. Oxygen injection configurat; 
and injector port sizes were also modified. The 00 

following listing outlines the oxygen injector frame 
configurations and some results for the tested 
configurations: 

L/11 Injector Injector Peak Po-.er ff/0 Ratio, 
Configuration Size Achieved Phi 1, Phi z . 

o.J6J inches 1, 76 HWe 0. 7 12-port ver-t ica I 
o. 7 8-port hori zonta 1 
o. 7 20-port 

2. 7 8-port ver-t lea 1 . 
2. 7 12-port horizontal 0, J6J ; nches 1.86 Mlle 

O,J6J Inches u~ ~~· 0. J6J ; nches 
0. JOO l nches 1.69 HH: 

2. 7 10-port (10-port .O.J6J inches 1.52 Hile 
non i nmp i ng; ng) 

Since SEAM 27, those configurations designated ·::- :,i\ve 
been tested. 

Also tested was a temporary arrangement to inject a 
mixture (by weight) of 10 percent N?/90 percent o2, 
and 20 percent N2/80 percent o2• Tnis option was 
tested to determine the impact of prototypic second­
stage oxygen injection. The limited testing 
accomplished indicated no detrimental impact 
experienced. 

Fine Coal Testing 

Fine coal testing was completed when fine coal from 
the COIF baghouse was reintroduced into the normal 
coal product used at the COIF. The fines were 
reintroduced at a 15 to 20 percent mix of fines. 
Results from the tests confirmed that no dramatic 
changes in power level occur when fine coal is 
introduced to the combustor. 

Varied Rate Iron Oxide Injection Testing 

During the course of testing, varied rate iron oxide 
injection was tested. The flow rates were varied so 
that iron oxide sent to the cathode and anode walls 
varied from 2 to 8 lb/min slurry. The flow rate 
delivered to the channel appeared to have an impact· 
on power production due to the loss. of effect of iron 
oxide over time on cathode wall shorting. 
Immediately before the February 1990 testing 
shutdown, the last tests indicated that very low fl~ 
rates of iron oxide may be most effective and cathode 
shorting may not reappear over time. 

Duration Testing 

One of the goals for FY90 was to accomplish steady­
state combustor testing and long-duration power 
testing. Efforts were made to operate testing for a 
24-hour duration. Although a 24-hour test was not 
accomplished, record continuous test duration lengt~ 
were achieved. The old record for continuous test 
length was established October 2, 1986, with 8 hours 
29 minutes of coal-fired MHD testing and 7 hours 
10 minutes of power production. This record was 
surpassed twice during the quarter, and the final d 
record established for continuous testing at the CD 
was achieved February 6, 1990, with 12 hours 
50 minutes coal burn time and 12 hours 36 minutes 
continuous power run time. 0 

C 
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TEST HARDWARE SUPPORT ACTIVITIES 

h 1 ast year, severa 1 test hardware 
purin~ ~ e in support of the test program have been 
activ 1 t~e~~d. These activities, as agreed upon with 
4 ccomP~ 1s d AVCO vendor representatives have included 
the TR 11 a;ing significant accomplishments: 
the fo o 

leted the CFC modification as specified by 
C~~pto enhance first-stage reliability and lower 
T t loss and to alter second-stage oxygen 
~~jection configurations with minimal impact on 
;est schedule. · 

leted installation and checkout of the newly 
~om~alled, AVCO-supplied current controls and 
~~!pared for MHD testing in conjunction with the 
units, 

Continued a program of lA channel refurbishment, 
fabrication, and assembly necessary to support 
testing at the COIF. 

Initiated the sup~orting design~ to.install the 
TRW-supplied continuous slag reJect,on system and 
the MSE-designed slag removal system. 

Supported developmental projects that included the 
MSE nozzle and various components designed to 
support diagnostic measurements of the plasma. 

following the checkout of the new CFPC, which was 
completed in the fall of 1989, th7 c~mbusto~, 

·configured with a smooth-walled air inlet filler 
section was used to continue the testing program. 
During this time, the TRW second stage was configured 
with oxidizer injection ports located at an L/H ratio 
of O. 7 and 2. 7. The O. 7 L/H provided oxidizer 
injection options of 12-port vertical, 8-port 

.horizontal, and 20-port injection. The 2.7 L/H ratio 
provided oxidizer injection options of 8-port 
vertical, 12-port horizontal, and 20-port. This 
combustor was used for testing until February 1990 
ihen a shutdown began, 

During the shutdown, refurbishment of the combustor 
resulted in a new baffle, a refurbished exit endplate, 
and removal of the coal adapter and replacement with a 
at sleeve. Also, the second-stage was reconfigured 
o obtain oxidizing capabilities at three locations. 
he three locations enable oxidizer to be added at L/H 

ratios of 0.8, 1.9, and 2. 7, and are capable of 12-
ort horizontal, 8-port vertical, or 20-p9rt mixing. 
ew frames were also added to the second stage to test 
hw materials for prototypical applications. Figure 4 

1
~ws th7 second stage and the arrangements of the 
ernative configurations. 

urrent Control Installation and Checkout 

our AVCO-supplied current control cabinets were 

1cent)y installed at the COIF. Checkout testing and 
e:~~r1cal ~onf~guration wiring were completed for MHD 

lng, wh1ch is scheduled to resume in May 1990. 

hannel Refurbishment, Fabrication, and Assembl 

ha~~l119, 1989, the channel identified as the 1A1-c1 
ltce : . was placed into test service. With the 
w0 ~ ;ohn of the forward anode wall section and the 

a ode wall sections, (each which had 7 hours 
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40 minutes of power generation service) the channel 
was in new condition. This channel was the first one 
that contained all components that had been 
manufactured and assembled by MSE .. On February 12, 
1990, the channel was removed from test service 
because of internal water leaks on peg sidewalls and 
electrical arc burning of the G-9 frame material. 
While in service, the 1A1-Cl channel accumulated a 
total of 125 hours 32 minutes of coal combustion 
service and 77 hours 59 minutes of electrical power 
generation time. Total energy generated during this 
period was 96.5 MWhr. The anode wall (wall sections 
25 and 26) was severely damaged by this test service 
and has been scrapped. 

During the testing of the 1A1-Cl channel, MSE 
fabricated and assembled the 1A1-C2 channel, which 
was to consist of the following wall sections: 

anode wall sections 33 and 34, 
cathode wall sections 27 and 28, 
right sidewall sections 37 and 22, and 
left sidewall sections 39 and 48, 

However, in February 1990, it was decided by the 
integrated topping cycle (ITC) contractor that the 
next series of tests would be materials related. The 
next channel to be put into test service (in May 
1990) would contain components that would be 
prototypic in design and would include the new 
0.7-inch electrode pitch. Test electrodes were 
placed on the anode and cathode and left sidewall. 
This Materials Test Channel, scheduled for May 1990 
test service, was comprised of the following wall 
sections: 

anode wall sections 33 and 34 -- new 
cathode wall sections 19 and 20 -- 85 hrs 36 min 

electrical 
right forward peg sidewall 37 -- new 
right aft diagonal sidewall 30 -- 77 hrs 56 min 

electrical 
left forward diagonal sidewall 31 -- new 
left aft diagonal sidewall 32 -- 77 hrs 56 min 

electrical 

A list of all the lA channels wall segments that were 
available for test service as of April 1, 1990, are 
shown in Table 2, along with their hours of test 
service. 

Slag Rejection and Removal System Installation 

The project to install the TRW slag rejection test 
equipment and the MSE-designed slag removal system 
was initiated. Design packages for the installation 
were completed. The hardware will be installed in 
phases to minimize test interruption. Between 
phases, the newly installed equipment will be used as 
batch slag containers, much the same as the previous 
equipment was· used. The last phase, scheduled to 
occur in the fall of 1990, will tie all of the 
equipment together to finalize installation of the 
continuous slag rejection and removal system. 

Development Projects 

The MSE designed and fabricated nozzle was placed in 
test service in January 1988. Since that time, it 
has experienced 234 hours 37 minutes of coal 
combustion time and 114 hours 3 minutes of electrical 
power generation time. The exit.end of the nozzle is 
now starting to show some deterioration (see Figure 
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5), As can be seen from Figure 5, there has been some 
cracking and erosion of the capping material (type 446 
stainless steel). This type of cracking is typical of 
a ferrous material that is experiencing 
carburization/sulfidation. However, the cracking is 
not serious because it does not extend beyond the cap, 
The amount of erosion that was observed on the cap 
indicates that the life of the nozzle should be in 
excess of 500 thermal hours, 

After MHD test 90-DIAG-13, the nozzle was partially 
disassembled and two materials test coupons (bar 
elements) were placed at the exit end on the bottom. 
The coupons were supplied by AVCO and consisted of a 
solid molybdenum element and a tungsten capping on 
copper element. 

MSE has designed and fabricated two devices that allow 
instrumentation to be attached to the test train to 
perform diagnostic measurements on the plasma. The 
devices are the post-nozzle test section, which is 
attached to the outlet of the second-stage nozzle, and 
the diffuser triple port walls, which are located 
horizontally in the forward subsonic section. In the 
past, these components have been used by Mississippi 
State University (MSU) to accommodate their diagnostic 
equipment. 

During the year, the portal size of the triple port 
walls was reduced from 3 inches in diameter to 
2 inches in diameter in an effort to improve the 
nitrogen purge efficiency of these walls. Figure 6 is 
a photograph of the modified portal. The modified 
wall sections were placed into test service in May 
1990. 

PLANT SUPPORT SYSTEM ACTIVITIES 

Major improvements in plant system operation yielded 
longer duration tests and higher quality experimental 
data. Many plant activities improved system 
reliability while others satisfied changing 
requirements of the test program, Major improvements 
in plant system operations are listed below: 

completed temporary modification to the coal 
system to support fine coal testing; 

completed various improvements to the coal system 
for enhanced operation; 

installed a new, permanent solid suspension 
injection system to support testing; and 

initiated modifications to the stack gas analysis 
system. 

Fine Coal Testing Support 

Temporary modifications were made to the coal system 
to mix and inject coal fines that are normally removed 
by the baghouse for MHD testing of fine coal. These 
temporary modifications proved the ability of the 
injection system to handle fine coal as it naturally 
occurs during the grinding process of the final coal 
product. 

Coal System Improvements 

Numerous improvements were made in the coal system to 
enhance operation. A new type of flow control valve 
was installed for the CFPC pinch valve. Sleeve life 
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of this new pinch valve is projected to match that 
the first-stage coal pinch valve. ~ 

lie 

A screen was installed in the coal.primary injectorj 
to trap particles capable of plugging the CFPC " 
valve. Since the screen was installed, the 
pinch valve has not plugg~d. and inspections of 
screen have shown it traps particles that could 
plugged the valve. 

To support duration test efforts, steps were taken 
accomplish on-line coal processing during MHD 
testing, Pr{or to the effort, test duration was 
limited by the batch coal capacity. 

The coal filter receiver was recently replaced 
because the original equipment was undersized and 
damaged. Timely replacement during a testing 
shutdown provided the opportunity for installation 
without interference to the test program. 

Permanent Solid Suspension Injection System 

The solid suspension injection system was designed~ 
mix, store, and inject slurry additives into the test 
train. The current slurry, a 50/50 percent by weig~ 
mixture of iron oxide and gear oil is being added b 
mitigate the effects of erosion caused by 
interelectrode shorting. The new, permanent system' 
was installed in the fall of 1989, replacing a , 
temporary system used in the initial investigation~ 
the effects of iron oxide on channel longevity .. Floi 
rates for the new system are from 2 to 8 lbs per · 
minute slurry. Figure 7 shows the configuration of 
the system. Following the initial installation, a 
mix/storage tank was added for increased capacity fm 
duration testing. 

Initial operation used a slurry of agricultural-grade 
iron oxide; however, particles of silica and grindi~ 
media found in the material. caused system failures,! 
An upgrade to pigment-grade iron oxide rectified the 
failures. Additionally, recent additions of CAB-0-, 
SIL at 0.25 percent by weight have curtailed the iroo 
oxide from falling out of suspension. Since the 
beginning of calendar year 1990, these changes have 
been in effect, and system dependability has 
increased. The final hurdle to be overcome involves 
occasional plugged iron oxide injectors at the 
channe 1. 

Stack Gas Analysis System Enhancements 

The thermoelectron wet gas analysis system was 
modified and became operable for so2, CO and NOx 
monitoring, 

A new stack gas analysis facility and a compressed, 
gas storage facility are being designed. ~ 
Construction is scheduled to be complete in the fa; 
of 1990. This new facility will provide permanent,1 
facilities for analysis and also adds some automat1~ 
and expanded capabilities to the process. The new 
facilities will include a programmable logic 
controller. 

Two additional modifications to enhance stack gas { 
data collection include an autosampler for the 98\J 
chromatograph and a remote calibration manifold, t~ 
autosampler for the gas chromatograph will change ; 
mode of operation from batch to continuous. 
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FUTURE PLAMS AT THE COIF 

]ans at the COIF include a new DAS and 
g-term/1;quid oxygen storage. Support for the 
;tion~ hardware installation is also planned. All 
totY~,c are scheduled to occur in the early 1990s. 
;v;ties 

·th the workhorse hardware will continue 
5 tin9 w, rrival of the prototypic test hardware. To 
til th~h~s requ.irement, a total of 15 new channel 
pport t· ns will be fabricated and assembled by MSE. 
11 ~ec ~owall sections will be refurbished anrl 

·t1ona ·d 11 ~sembled peg s1 ewa s. 
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TABLE 1 -- HHD TESTS 

59·CFC·14 

!9•CFC· 1S 

TEST 09JECTIV£5 

1) Deronstr1u ft.nc:tion1l pedonnance 
of sttd and Iron oxide slurry 
systems ard con.sunablt process 
flow del tvery into th• c:o:roustor 
befor• c:ona.x:tivity and power 
testing. 

2) Conti~ to esubl ish beset ine 
fouling conlh:icn for redesigned, 
Sl!W)Ot/'l•wal\ed filler nseff'Dly It 
l"IOtllinal stoichic:metry. evalu.au 
dependence of irdividual fill'er 
panel heat loss en fouling 
cor.:Htion. 

3) Obtain baseline hut flux data for 
second .. stage individual frames 1M 
the entire CFC It ncrniNl p:)Wer 
operating c:on::lit ions. 

4) Achieve smooth start~ 1rd 
shutdown and Nintain ceri>ined ... 
stage operation It 50 >!\It tor • 
,ninilfUII duration of 7 hours, 
consUMbles limiting. Operation 
will vary N/0 (global) fr0<0 0.76 
to 0.70. 

S) Obtain ba:sel iM suck gas emission 
dlta for carbon closure prior to 
power conditions. 

6) ContirM.Je evaluating addi tion.1l 
system variables including oil 
burner performance, filler heat 
flu:it, refractory pertormance, and 
sleeve heat fh.1x. 

7) Proviae thennal tes~ of rebuilt 
c:hal'YlCt and obtain c:nannel 
ooeration heat flu• and enamel 
pressure data. 

8) Support HSU diagnostic equipnent 
Jnie1surement. 

Initially; 

1) Verify the ability of the coal 
system to flow coal to the CFPC. 

Scbsequently: 

1) Acc~l ish initial testing of the 
c:hamel in conjU"ICtion with the 
CFPC for both plum.a c:orductivi ty 
measurement a,-.j paver generation 
ope rat i on.s. 

2) Evaluate the perfortr\ance of p:,wer 
uk:e•off current consolidation 
circuits, 

3) Obtain buel iM hut flw: and 
power dau witn Jrf/0 • 0.70; 
Phi 1 • O.SS; Phi 2 • 0.90, 0.95, 
LOO, and 1.05 (witnout iron 
oxide); and mixing of L/H • 2.7. 

'> Conth,ut- evaluation of the filler 
1ec:tion fouling, plant systems 
oper1tion, and CfPC fl~ 
subi l i tY using the fl~ 
detector, 

S) S~rt HSU diagnQstie equipnent 
measurements. 

COAl BURN 
TIHE 

(hr min) 

02:2S 

OS:00 

ENERGY 
GENERATED 

i!!!Ll!tl 

H/A 

4.42 

1.1-5 

PEAK POI/ER 

~ 

N/A 

1.430 

POI/ER RUH 
TIHE 

(hr min) 

N/A 

4: 12 

lest objectives were partially inet. Startuos were 
Sff'IOOth, and systems generally operated well. 
How-ever, incorrect slag tank: thermocouole reldings 
for \'mt line coolant tefl1)er1turu resulted in the 
hose overheating 1rd netting, Shutdo\.in of the test 
wu required for repair. 

Test objectives were partially met. Coroustor 
startup was smooth. As the test contiooed, several 
OP!r1tiON1l problems were discovered that required 
post•titst evaluation, including the CFPC coal flow, 
the conduc:ti\'ity power supoly, the seed flow, and tne 
iron oxide slurry flow. For the first time, tht Mw 
power Uk:l'!·Off configurations were checked ard 
appeared to work: wet l. After the test, an internal 
in.s?!ction of the channel revealed a low .. level leai:. 
at anode 56; therefore, the channel was converted to 
low·pressure cooling so testing could continue 

. without having to ren-ove tl'le chamel for rePo1ir, 
Testing was shutd°""" when ade,quatl'! seed flow could 
not be Nintained. 
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8/16/89 119•0IAG•4 

09/06/89 89•01AG•9 

9/18/89 89·REST•1 

09/20/89 89•DIAG•11 

9/28/119 89·0IAG·12 

TABLE l -- MHD TESTS (CONT'D) 

COAL BURM 
TIME 

TEST OOJE.CTIVES (hr- min) 

1) ct>uin baseline hot flw: and 06:22 
~r cuu with N/0 • O. 70; 
Phi 1 • o.ss, o.53, ..-.:1 a.so; 
Phi 2 • 0.90, 0.95, 1.00, aod 
1.05: •bc.ing of L/H • 2. 7; 12•port 
horizontal oxygen inj..ction. 

2) Contirue evaluation of the Hller 
IKtion fouling. plant systttra 
operation, and CFPC HMIC 
uabil ity using the fl1me 
deuctcr. 

l) S~rt HSU diagnostic equipn,ent 
nusurements. 

4) (Optional) Ev1luue reduced CFPC 
f\M'le terrperatur• operatiOtU. 

1) et>uin baseliM hut flux ard 
p::,wer data with N/0 a 0.70, 
Phi 1 • 0.55, Phi 2 • 0.95, ,iixing 
of L/H • 2. 7, 12 .. port horizontal 
oxygen ti,jectionj vari~ iron 
oxit:S. injection on cathode wall, 
tnd varied seed flow rues. 

2) Continue evaluation of the ftl ler 
section fouling, plant systems 
operation and CfPC f\lilnlt Stability 
using the flame dtttctor. 

3) (Optional) Evaluate seed velocity 
considerations at l/H • 2.7. 

4) (Optional) Ev1lu1te reo,c:ed CFPC 
flame te,rpcr1turt operlt ions 

1> CJ\eckout the wiring ·of the 1ft 
power uke·off in the resistively 
consolidated configur1tion. 

2) Obuined reo,c:ed CFPC fllll!lO 
ten-per1ture startup hut flux 
data. 

3) Determine rr.axirru11 sttd flow rue. 

1) Obtain baseline hut Hux, 
conductivity, ard power d»u with 
N/0 • 0.70, Phi 1 • 0.55, 
Phi 2 • 0.95, abdng of L/H • 2.7, 
12•port horizontal oxygen 
injection, and varitd iron oxide 
injKtion on cathode wall. 

2) Obtain reo,c:ed CFPC flM>O 
t~rature surtup heat flux 
dlu. 

3) Continue evaluation of the ffller 
section fouling, plant systems 
operation, 1rd CFPC fl atnl! 

stability using the flame 
detector. 

4) Support HSU diagnostic e,quiprient 
rieasurements. 

5) (Optionoll Obtain buel ine hut 
flux, cord.Jctivity, 1rd JX)wer data 
with N/0 • 0.70, Phi 1 • 0.55, 
Phi 2 • 0.95, mixing of L/H • 2.7 
12•port hori z.onul oxygen, ard 
varie-d seed flow rates. 

6) (Optional) Evaluate- sttd velocity 
considerations at L/H • 2.7. 

7) (OptiONll) Obtain Phi sweep d.an 
at reduced CFPC fl~ teffl)eratur-e 
operations. 

8) (OptiONll Ev1luue iron oxide 
injection en the anode wall. 

9) (Optional) Obtain baseline data at 
N/C = o.eo. 

1) Obtain heat flux, ccn::fuctivity, 
ard power dau with varied iron 
oxide flow rates on the cathode 
wall ard the anode wall. 

05:04 

01 :02 

06:21 

05:31 

ENERGY 
GENERATED PEA( PWER 

~ ~ 

N/A M/A 

J.n 1.89 

02.24 1.07 

6.llll 1.74 

2.46 1.89 

l.1-6 

l'O,,'ER RUM 
TIME 

(hr min) 

K/A 

03:54 

00:33 

05:01 

02:35 

lHt objectives \H:!re r,et. SysttfflS generally opcerated 
well. AlthOU9h l~•t erratic early in the test, 
cMl flow wu n.inuir'l«:i at the rtq.><sted flc,,., rut 
during the power portion of the tut. Iron oxide 
slurry injectioc, on the cathode kfarked well. 

test objectives were partially riet. All systems 
operated well. For the first time, coal was 
processed on· line during this test. The processing 
went well, and newly processed coal was \l$ed o.Jring 
the test. Thh sequence was plal'Y"IC'd to check: out 
sCt!'lle aspects that are required for the ~011ing 16• 
to 24•hour te-1t. A ne-14 record peai: power level··\.69 
H'Je••was achieved during this test. 

Test objectives were met. All systems and the 
reduced flame teffl)erature startup oper-ated well. The 
repaired conductivity power supply was check.ed out. 
IJiring anomalies were noted in the resiuively 
consolidated configuration ard will be repaired 
before the next test. 

lest objectives were partially 6'11!:t. All systems 
operated well whh the exception of the seed system. 
Iron oxide was ru, for a five•hour duration with no 
noticeable decrease in power ouq:ut. 

Test objectives were panially r.et. All systems 
operated well with the exception of the seed sysce<II• 
Seed flow rates ~re not: consistent and wit l be 
Investigated before further testing. 
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TABLE 1 -- MHD TESTS (CONT'D) 

TEST OBJECTIVES 

2) Obtain baseline hut flux, 
con::tuctivity, ind power dat1 with 
N/0 • 0.70, Phi 1 • 0.55, 
Phi 2 • 0.95; •hing of L/H • 2.7, 
12•port horizontal o,r.yge,n 
injection, ard iron oxide 
Injection on cathode wall. 

3) Obtain redu:ed fla,ne tefl)l!rature 
startup heat flux dna. 

I.) Contirue evalunion of the filler 
section fouling, plant systems 
operation, and CFPC fl~ 
srabil ity using the fllfflt' 
detector. 

5) support HSU di1gnostic equipn,ent 
meast.1remenu. 

6) (Optional) Obt.ain baseline heat 
Hw., c()l"'l(hx:tivity, .and p::iwer data 
with M/0 • 0.70, Phi 1 • 0.55, 
Phi 2 • 0.95 1 mixing of L/H :11 2.7, 
12·CCJrt horitont1l oAygen, and 
varied sttd flow rates. 

7) (OptiOf"\.ill) Evaluate seed velocity 
considerations at L/H • Z.7. 

8) (OptiONl) Obuin Phi S\.U!!ep data 
at reduced CFPC fllfT'llt t~rature 
opeorations. 

9) (OOtional) Obtain dua It 
increned N/0 r1tios and 
L/H = 2,7, 

10) (Option.al) ha tu.ace increased iron 
oi.ic:e lnje-c:ion on tnl' u,tnoae 
wall. 

1) Cbuin heat flux, C:Ot"IOJ.C':ivity, 
anc2 ~r d.lta with varied iron 
oxide flow rates on tne catnexle 
wall ,rd tne anooe w•l l. 

2) Obtain bucl ine hut flw., 
conouc:tivity, ind powr d.n.1. with 
N/0 a 0.70, Phi 1 • O.SS, 1~ 

Phi 2 • 0.95, mixing o1 L/H a 2.7, 
12•port horizontal oxYStn 
injection, and iron oxice 
injection on the c:atn<XZe: wall. 

3) Obtain reduced flM'le u,roeracure 
sure~ hut flu.x c.au. 

4) ContiraJe cvall.Jltion of filler 
st'Ctic:n fcul ing, plant systems 
OQerU ion, and CF?C 1 l 11ne • 

stability usin<J tne: flame 
dete-c::tor. 

5) Su;:::por": HSU di.agnostic: equi?T"fflt 
neasuremencs. 

6) (Ootlonal) Obtain baseline heat 
flux, con:uctivity, 1M power d.au 
with N/0 S 0.70, Phi 1 • 0.55, 
Phi 2 a 0.95, mixing of L/H :a 2.7, 
12·port horh.onul injection 
oxygen, and varied se-ed flow 
races. 

7) (Cction.al) Evaluate sttd velcc:i cy 
c:onsi~rations 1t L/H a 2.7. · 

8) (Option.al) Obtain Phi sweo data 
at reo..w:ed CFPC fl~ terroenture 
oper1tiON. 

9) (Opticnal) Obtain oat1 1t 
increued JUO ratios a.nd 
L/H • 2.7, 

1) Obtain hut flux, con:luc:tivity, 
1r'Wl po,w,c,r dua witn vari~ iron 
o:itica t\ow rues on the c:achooe 
Ind fned• wal L. 

2) Obuin baul ine hut flux, 
conductivity, al"'d ~r d.ua with 
N/0 • 0.70, Phi l • 0.55, ~ 
Phi 2 • 0.95, mixing at L/H • 2.7, 
12•port horizont1l oxygen 
lnitttion, M"ll· iron oxide 
inj"tion on the c:atnocie wall. 

3) Obuin re-duc:ed fla,,ri,ie terroerature 
surtup heat flux c:ati. 

COAL BURN 
TIME 

(hr min) 

6:36 

07: 13 

ENERGY 
GENERATED 

!!l!Lh!:J. 

6.49 

s.os 

I.I· 7 

PEA( PCMR 

~ 

1.ao 

1.66 

PC'olER RUN 
l lHE 

(hr min) 

04 :U9 

03:39 

Tut objectives were met. Test surtuo was SfD)Oth, 
and ~ne systems operated w-ell. A. reauced flame 
tercerature startL.:O resul teod in CFPC heat f\uxes 
remaining loo., at the sUrt\.D, Se-ed How c:onsistenr:y 
wu i,rcroved fr<n previous tests. Shutdown was 
reqo..ii re-d wnen the o;,i.ygen s~l y wu depleted. 

Tut oojectivu w-ere partially met. The \arger s~ 
particles re-c:ently incl~ in sttd deliveries wre 
CMJ:S1ng sttd f\ow di fficultiu. Ouring tne tttt, 
proceo.1r·..-s tor 1\or.iing the l..rger seed were 
OC'Yeloord. Varird ircr, oiioe additions on the &nod,e 

a.rd cathode walls ..,.re ttsti:d. Sl'luta~ was reaJired 
M'\t11 the c:cm::u:nor was brougf'lt to • redUced thernoal 
tnrovgnr::ut to Con5crve consunablu until 
tro-..blunooting of an invertel" prOClftl'I could bed~. 
The reduced CFPC co.ail flor.i fol" the low-er ttum-Nl 
tnrou,;np..1c could not be Ninc.ainaj, and the c:OTOJstor 
tripoed. Inverter trcx.ble-snoodn9 was noc c:orolete, 
aro the t es c was snuca~. 
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TABLE l -- HHD TESTS (CONT'D) 

TEST OOJECTIVES 

4) Conti~ tvalu.uion of filler 
s..ction fouling, plant systems 
ooar1tion1 and CfPC tlMie 
st:acility using the flttne 
cetector. 

5) (Option.al) ct>uin buel ine hut 
flux, c:ondu:tivity, and pc)'lo'Cr d.an 
with N/0 • 0.70, Phi 1 • 0.55, 
P'hi 2 • 0.95, mixing of l/M • 2.7, 
12·J:.>rt horitonul o.x.ygtn 1 M'ld 
varied see<f flow ratu. 

6) (Option.Ill) Evaluate sHd velocity 
c.onsiderations at t./H • 2.7. 

7) (Option.IL) Obtain Phi swtte data 
at redUC:ed CFPC tllt'l'le t~rature:, 
operlt i on1,. 

5) (Option.al) Obtain dlU ;at 

increased N/0 ratios ln:J 
L/H • 2.7. 

9) (Ootional) Obtain load s~ Cau 
using increased sttd flow rate. 

1) Obtain heat flwt, c:on1Jc:tivity, 
and ~r d.ltl wi tn study-st1t1 
c:CIT'CUStor ooeratiel'\S, eatnooe Iron 
oxiOII flo-,, rau-s, and varied anoae 
iron oxide fl':"' rans .. 

2) Obtain c:onauc:tivitv ln:3 power d.aU 
at botn L 75 and 2.2S p,erc.mt 
poussh.,. 

3) Obtain \ong•duration ,valuation in 
su:x:,ort of tne oroof•of•concect 
prototYPic design review as 
foll.,..., 

a. CfPC filler section 
fouling: 

b. plant systems ooeration; ard 
c. cn~l pertorm.ance. 

4) $1XX)Ort HSU diagnostic f:'Cit.JiD'M'nt 
measur~ts. 

1) Obtain hut flux, cOl"'OJCt1v1tv, 
arll p:iw,er data with stucirsute 
corcustor · oper1tiens 1 clt:h~ Iron 
oxide flow rates, and varied anode 
iron oxioe flew run. 

2) Obtain con:iuctivity and power- data 
•• both 1.rs· an:t Z.25 l"'rcent 
potusiua 

3) Oi:,t1in lcnti!•OJration rnluaticn in 
s~rt of the proof•of•conc:ept 
protot'Yl)ic OHign review u 
follows: 

a. CFPC filler see-:ion 
fouling; 

b. plant systems ooeration; ud 
c.. channel per1onn.anee. 

4) SL.CCCrt HSU diagnos:ic eq.,ipnent 
rneasurerne,n.t.c. 

SLi>sequent l y: 

1) (Optional) Obtain bauline hut 
flux, con::b:tivity, and p)W'er d.au 
witn N/0 :ii: 0.70, Phi t • 0.55, 
Phi 2 • 0.95, adxing of l/H • Z.7, 
12•port horizontal o•ygen 
injection, 1t"d varied sttd flow 
r-ates. 

2) (Optional) Obtain d.ltl It 
incrnsed N/0 ratios and 
L/H • Z.7. 

1) ct,nin heat flwc., cc:rduetfvity, 
and J:OW'fr d;au with second•sn91 
aixing ratio l/H • 0.7, &rd 12· 
por-t vertic.al oxygen injection at 
ncminal oil•fired vitiator p,uk 
power ccrditions (N/0 :ii: 0.70, 
Phi 1 • 0.55, Phi 2 • 1 .00, &rd 
poussiuw • 1.50 percent). 

2) Obtain heat flux, Cot'O.ICtivi tY, 
and port,ter d.lU wi en ucond•st.11ge 
•ixing r.atio l/tt :s 0.7, 12·port 
wrtic.al oxygen injection, at 
Phi 2 • 0.95, Vtd ponssiua • 
Z.CO percent. 

COAL BURN 
T IHE 

(hr min) 

06:59 

06:17 

05:35 

ENERGY 
GENERATED PEA( PWER 

~ ~ 

4.06 

6.T6 1.86 

3.1!4 1.76 

l.1-8 

POVER RUN 
TIHE 

{hr rnin) 

OZ:42 

04:08 

02:,8 

Te~t objectives were pert;1lly inet. Other tnan tn.e 
failed items reauidng imied.iate re,pair, tl\1 plant 
systtrttS operated wll. Process flews were stable. 
Te-sting was shutc»,,,n '"'1en the ~t power sucoly 
trii;::oed, and troli:,lesnooting efforts rtvealed no 
0Jic1 r~ir netnod. Althougn the dUrat:ien objKtiv~ 
uu not acccrrol ishtd, data to s~rt other 
oojKtivcs was gathered. 

Test objectives were partially mt. Midway through 
the test, con.sUTW1oles wre oeoleted to the ll'Yel uut 
a ouraticn test cculd no lc:nger- be ac:ccrrol ished. 
Because the staff Ind consunablH wre available, it 
was decided ta contil"JIJ'I testing. Two OQtiONl test 
oojec:ivu ~re K!dr-e·ned. Other than the failed 
ltens requir-ing imniediate on•Une repair-, the plant 
systems operated wl l. Pr-o<:e$S flows wre stable. 

lest objectives were partially met. H1in-sn9e coal 
flow proolerns wre enc:oc..ntered \ilhen coal flow could 
not be delivered at the oesirtd rate. The decreased 
coal flow w.u. anrib.Jted to a plugged scre,,en in th• 

~::~tdry t~~~~:; t~:1:Si, i~c::r t~~'::~:/:~~ged 
mr-e, tne r.ece-ssar,y pr-e-ssure for cnainuining flow waS 
too hign io allow coal nans1ers. Testing was 
snutc~ J.fhen coal tran.sfer-s wre no lcnger possibl•• 
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TABLE 1 -- MHD TESTS {CONT'D) 

T!ST OBJECT tV(S 

3) (Ootional) Obuin hut flux, 
conDJCtivity, It'd c,ow,er ~u with 
uccn::l·~u91 11ixing ratio 
L/H • 0.7, 12•port vertical oxygen 
injection at varied seed flow 
rates u deteffline sttd 
uti l hach,n. 

4) (OotiCl"\ll) e.v,,~u sHd velocity 
consioeruions a.c L/H a 0.7. 

S) (Oational) Obuin power and 
conr:u:tivity d.au with L/H 11 0.7, 
u incre:aud H/0. 

1) Obtain hut flwt, conduetivity, 
ll"d power dau for nuay•sute 
ccacustor ooernicn with iron 
oxide on tn, c:uhoo. Im &nOC:11 
walls using , scecnd•st191 mixing 
ratio ot l/H :a 2.7 witn 10•pi:,rt 
nonilT'Dinging oxygen injection 
(W/0 • 0.75, Phi 1 • 0.56, 
Phi 2 • 0.95, an::::I potusitn :a 

, • rs percent). 

2) Obtain hut flwt, CoroJCtivi ty, 
and p,oower dlU U Phi 1 • 0.54 
ll<'d M/0 • 0,7S, 

l) Obuin lcr,g·durnion 9V1\u.1tion in 
support of proot•of•ccrcirpt 
prcn:otyi>ic OHign revie-w H 
follows: 

a. CFPC filler section 
fouling; 

b. plant s~tems OQCration; and 
c:.. c:ha.rnel pedoMMnc11:. 

4) (Ootional) Obtain heat f\ux, 
c:on:u::i:ivity, ud ~r oau wi tn 
seccnd·suge 11ix.ing ruio 
L/H • 2.7 with 10•port 
nonill'llinging oxygen injection It 
var·ied sffd flow rues to 
deurmine seed utiliz.uion. 

5) (Ocnion.1l) Obuin decreased N/0 
c:cn:,uctivity 11'.id ~r data at 
l./H 2 2.7 wi tn 10-port 
noniQJinging oxygen injectiOt'l. 

COAL BURM 
TIME 

(hr min) 

07:50 

1) Obuin heat flux, con::u:tivhy, 02:16 
and slag rejection d.au witn QIF 
t::.gnouse coal fines reintroo.JC:ed 
into the normal coal proo.c: ~ed 
far testing at the CDJF: tne 
firws were reintroduced at 1 15 to 
20 percent 11i.1. of fines. Testing 
with seccn:t•stage r1hing ratio of 
L/H 2 z. i ard 10•port horizontal 
o-.ygen injec':ion (M/0 • 0.70, 
Phi 1 • 0.5S, Phi Z a 0.95, and 
potusiUll z 1.75 percent), 

1) Obtain val ta9e spike data u 01 :52 
reo.,e,sted by AVCO to aid in 
current control/inverter 
trOl.blesl'looting. 

2) Obtain heat Hux and p:,wer O.ta 
with stel!dy•suu c:OTOJStor 
operation and iron ox.ice on the 
cathode wall for a se,c:on::l•suge 
mixing ratio of l./H • 2..7 20-port 
(12 horizontal trd a vertical) 
oxygen injectors, lt"d with 
0.25•inc.h inside di..-nreter 
Injectors (M/0 • 0.70, 
Phi 1 a 0.55, Phi 2 • 0.95, and 
pat.usiWI a 1.00 and 
1, 7S percent). 

1) s .... u 90·ELEC•1. 02:59 

EMERGT 
CEMERA !ED PEAK Po .. n 
!"" hr) .!!!!!tl 

2,89 1.52 

1.76 1,73 

0.00oz 0.05 

1,64 1.57 

1.1-9 

POJeR. RUN 
TIME 

(hr min) 

02:58 

01 :21 

00:03 

02:0/. 

Tttt objectives wue partially !!'let. The plant 
systems ooer1ted w•ll, ard coal 1n::t sc-ed flows wre 
stable. Althougn tne OJrHion objecth·e was not 
acccrroli.sned, d.ata to S\.Cll00rt other objecti'w'es wre 
gatnere-d. Ooen circuits on the a.t"CIOe w.all aopeared 
ard diupoured OJring the course of testing. '-"en 
trou:>lesnooting of this probltn reouired ooet'ling tne 
Ngnec aM con..sU1'11ibles were oei,leted to the point 
that the ouration test objectives could not be 
acccnolisned, testing ~s snutoown. Post·test 
insoect1on of the anode w.all ele-ctrie.al cot'YleCtions 
revealed .,.idescrud failures, .-hicn were repaired 
before the next test, 

lest OOjiectives wre inet. All plant systems oc,erated 
welt. Co.al flow to tne ccm::ustor witn tne ,~l fine1 
intl'"OOJCed posed no flow problems. The test was 
shucc:°"'" wicn I soft snutdo-.o M1e,n the fine c~l 
mixture devel()!:)l!'d fer the use w.is deoleted. 

lest objectives w-ere partially cnet. Many of the 
plant systems ooerated well. Co.al flow and se-ed flow 
frcra the blue v,e,,:sel \N!re subh:. The inverter 
rec-:::ification data was collected; however, the rest 
of tne data cr::,uld not be collected bee.a.use tne N19net 
~r su:ioly 'W'OtJld not operate. Testing was shutoo,.,n 
wien ill rectification c.ata had be-en collected. 

Test OOjec::t.ives were p.11rthlly net. The pl•nt 
systems ooerate-d well, 1rd coal flow-s were stable. 
The ,ttd system hi lur,, M"lich shut~ the tttt, wu 
attrib.Jttd to tnc low rsea..,ested sttd flow. kOv<tVer, 
sie-ed How frO'I Che blu,e wss.l was stable, howev,r, 
at sttd f\ows of 1.0 percent p::,tasshn ard .abow. 
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TABLE 1 -- HHD TESTS (CONT'D) 

COAL BURH 
I l~E 

TEST OBJECTIVES (hr minl 

\) Otltain hut flux, condl.ctivity, 07:50 
and power d.litl with SUld'y-SC.ate 
COtt:IU$1:0r operation and iron oxide 
on the eathcx:lt ard anooe w.al ls 
configur~ with 90 percent °'z, 
10 percent N2 cuidiur in th• 
ncond•su91, a mixing ratio ol 
L/H • 2.7, .rd 12•port horixontal 
oxygen injitc.tlon ()(/0 • O.TS, 
Pfti 1 aO.SS, and Phi 2 • 0.9Sl. 

2) (Optional) Obtain lncreucd N/0 
conduetivity ard power d.lU at L/tl 
• 2..7 and 12•port horhonul 
OAygen injKtfon (M/0 • 0.80, 
!O percent O.,, 20 prrctnt w2 
oxidiler In the seeord sugt). 

3) (Option.al) Obtain decrustd M/0 
COtO.Jc:tivi cy Ind power e1au at 
1../H • 2.7 with 12•port horhontal 
oxygen injection. 

4) (OOtional) Obtain data for N/0 
increase in the tint sugii: u the 
Silil'llt c,pe-racing condi ti ens or 
inc:rnse N/0 ta O.to in the s«Cf"d 
stage. 

5) (OOtional) Obtain low thennol 
(30 HW) ooerat ion heat f lW!., 
conau::tivity, and power din. 

1) Obtain heat flux, coro.Jc:tivity, 
It'd power data with fiM ued by 
breaking the seed using ti,;nt in· 
liM elbows ·prior to injection 
into the CFC witn non,al•siud 
st<d. 

2) Obtain heat flux, Ccn:1JCtiviry, 
and power a..u witn uuay·stue 
comustor ooeruion ard iron o:,dde 
on tne catnoc:se an:j -1r>00e walls. 
The se-ccn::i suge is ccnfigur~ 
with 90 percent °c: ard 10 percent 
w2 oxidit.er with a 111ixir19 ratio of 
1../H • 2. 7, 12·Port (0.30· incn 
inside diemeur inje-ctors 
lmul led), and horftcnul oxygffl 
injection (M/0 • 0.70 ard 1.7S, 
Phi • 0.55, and Phi 2 • 0.90 ind 
0.95). 

J) (OctiOf'IOl) Anode Iron o,ide 
variations during su,ay•ttlte 
ccndi ti ens. 

4) (OOtional) Obtain data for N/0 
tncruu in the first suge at 
iaine ooerating conditions. 

Sl (OOtional) Obtain low thermal (30 
k\l) ooeration heat flux, 
con::uctivicy, an::! powe:- data. 

1) Obtain heat flwt anl pow-er dua 
with fine seed by brur. i ng the 
norm.al•sized sN:d r.acerial usit"19 
tignt in•line irlbows prior to 
injec:tion in'Co the CFC. 

Zl Obtain heat flux and oow,,cr dau 
with stuay·~tate caTO.CStor 
operation and iron oxicie injection 
on the atnode and .inode w•lls. 
The sec:cn:i•stage is configured 
with 90 percent 0-z ano 10 percent 
112 oxidizer with a mixing r.cio of 
LIK • Z.7, 1Z•pcr-t (0.30•inch 10 
Injectors in,.talled) horh.cnul 
oxygen injection, ....d N/0 • 0.70 
ana 0.75, Phi 1 • 0.55, and Phi Z 
• 0.90 ard D.9S. 

3) (Optional) Anode iron oxide 
variations ~ring stncrt·suu 
concH ti ons. 

4) COQtionall et>uin data for N/0 
inereau in the ffrst•su9e at the 
1..-. OP9rating corditiOt\.S .. 

5) (Optional) OOuin low ther-Nl 
(30 HU) oper•tion heat flw., 
conductivity, 1nd powr o.at1. 

OZ:47 

03:07 

EHERQY 
QEHERAIED PEA( P™<R 

~ ~ 

4.ZS 1.71 

1.2.5 1.60 

1.92 1.S8 

1.1-10 

f>OJER 11:UW 
TIHE 

(h" min! 

03:27 

01:03 

C2: 11 

Tt:st ooieetivcs wre p.artially .-.et. Uith the 
uceotion of Ute N9f'Ct pow.er J.LOPly, the- plant 
systea'IS OQitrated wLt. Proc~ss flow&- wcr. stable. 
\A'len the Nc;ntt power s~ly tailed to restart, 
cono.ctivity dau w.1s collected It tne W/0 lNel of 
0.75 with .1 s..c:crd•stage oxidizer nru,• cc:rn:x,sition 
of 80 pcarc..nt 0-z ,rd 20 perce-nt K2. Te-sting WU 

shutdown \olhen tne Ngnct p:>b"er ,~ly failed to 
restart. 

Tttt objectives were partially net. Te-sting was 
snutdown W"lffl the solid suspension injection systen1, 
\:ilich is used to inject iron oxide slurry, failed. 
heaust of the higf\ intercathode voltages, tne test 
could not contirue without the iron oxide because of 
risk of enamel Qan\lge. 

Test cojec:ives wre partially inet. Test surtu, was 
smooth. vnen po,.,,cr conditions were achieved, it _.as 
detemineoa tnat scrre of the iron oxide injectors were 
plugged. \men one 1nooe and one c1t:uXJe- injector 
were u-=,tugged, the inagnet i:;:ower S\.q)lY would not 
rescon:2 for resun:. 
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j/19/90 
90·01AG·11 

1/23/90 90·01AG·12 

02/0o/90 90·0IAG· 13 

TABLE l -- MHD TESTS (CONT'D) 

COAL BURM 
TIHE 

TEST OBJECTIVES ~ 

1) Obtain heat flux ard power CUIU 04:29 
with steody·state cart:u.stor 
operation and iron 01.:ide inje<:tion 
on the cathode and anode walls. 
The s~ond stage is configured 
with a mixing ratio of \./H = 2.7, 
12·port (0.30·inch in.side diemeter 
injectors installed) horizontal 
01.:ygen injection, ard N/0 = 0. 70 
ond 0.75, Phi I = 0.55, and 
Phi 2 • 0.90 ond 0.95. 

2> (Optiooal) Anode iron oxide 
variations during stei!!ldy·sute 
Cordi ti Of\S, 

3) (Optional) Obtain data for N/0 
increase in the first·suge, at 
samie operating conditions. 

4) (Optional l Obuin low thennsl (30 
M\J) operation heet flU:( 1 

cor,:juctivity, an::l power data. 

5) (Optional) Obtain heat flux end 
JX)Wer data with fine seed by 
breaking normal·sized seed using 
eight in· line elbows prior to 
injection into the CFC. 

1) Obtain heat f\U;( ard p:)Wer data 
with steaay•state caro.Jstor 
operation and iron oxide injection 
on the cathooe en:i anooe walls. 
The second stage is configured 
with 90 percent °'2• 10 percent N2 
oxidizer with a muing ratio of 
L/H = 2.7, 12·port (0.30·inch 
inside diameter injectors 
installed) horizontal oxygen 
injection, an:! N/0 = 0.70, 
Phi l = 0.55, ard Phi 2 :. 0.95. 

2) COotional) An<Xle iron oxide 
variations during steady~state 
conditions. 

1) Obtain long·o.Jration electrical 
power data with steacry-sute 
cOTOJ:Stor ooeretion erd iron oxide 
injection on the cathode well. 
The second stage is configured 
with e mixing retio of L/H = 2.7, 
t2·port (0.363· inch inside 
diMieter) horizontel oxygen 
injection. Operating conditions 
are N/0;; 0.70, Phi 1 • 0.55, end 
Phi 2 = 0.90 and 1.75 percent 
pot ass i un. 

2) (Optional) Obtain heat flux, 
conduc:tivity, end power data with 
90oercent Oz and 10 percent Nz in 
the second·stage at Phi 1 = 0.55, 
Phi 2 = 0.90, end N/O = o.75. 

09:42 

12:50 

ENERGY 
GENERA TEO 

~ 

4.10 

11.75 

16.49 

PEAK PO'>IER 

~ 

1.54 

1 .69 

1.65 

PO'>IER RUH 
TIHE 

{hr min) 

03:38 

09:04 

12:36 

TABLE 2 -- CHANNEL WALL SECTIONS AVAILABLE FOR TEST SERVICE 

Wa 11 Sect ion Coa 1 
Number Description Hours 

17 Forward Pt Capped Anode 20: 20 
18 Aft Pt Capped Anode D 
19 Forward Cathode 142: 54 
20 Aft Anode 142: 54 
30 Right Aft Diagonal 125: 31 

Sidewall 
32 left Aft Diagonal 125: 31 

Sidewa 11 
22 .Right Aft Peg Sidewall 0 
27 Forward Cathode 0 
28 Aft Cathode 0 
31 left Forward Diagonal 0 

Sidewa 11 
33 Forward 446 Capped Anode 0 
34 Aft 446 Capped Anode 0 
37 Right Forward Peg 0 

Sidewall 
39 left Forward Peg 0 

Sidewall 

I.1-11 

Test objectives w.ere partially met. Test startl-9 was 
smooth. After steady state was achieved, the magnet 
tripped, was restored, and after achieving steady 
state again, the inverter tripped, Prcx:e-ss flows 
were stnble. Iron oxide flow experienced no problems 
using the pig~t-grade rust, Testing was secured 
when the inverter would not restart. 

Test objectives were partially met, Plant systems 
opereted well, aro process flows were stable Lntil 
near the end of the test. The iron oxide system 
experienced no problems using the pigment·gr&de rust. 
Post·cest inspection did show that one injection ti.be 
was plugged. An eitternal enamel hose leek required 
shutdown of the test. This test exceeded the 
previous continooos test duration records ~i th 
9 hours 42 miNJtes coal burn time and 8 hours 
26 minutes of continuous power ru, time. The 
previous records were set October 2, 1986, ard were 
8 hours 29 mirutes of coal~fired HHO testing ard 
7 hours 10 mint.Jtes of power production. 

Plent systems opereted well, and process flows were 
stable. The iron oxide system exi,erienced no 
problems using the pigrnent•grede rust erd a single• 
p.JTD·to•single·injector configuration. The test was 
shutoown with a IMruo.l emergency shut~ to freeze 
the slag layer on the chernel wells. A. minor pre· 
existing leak in thl! chemel wes noted and evidl!f"lce 
of ercing was also present on the electrical lug of 
anooe 279; the cnal'Y"lel will be pJlled for repair, 
This test exceecied thl! previous continuous test 
duretion records with 12 hours 50 minutes coal burn 
tilnl! end 12 hours 36 miNJtes of continuous power ru, 
time. The previous records were set during the last 
test and were 9 hours 42 miNJtes of co&l·fired HHD 
testing end 8 hours 26 mirutes of power prodUCtion. 

(APRIL 1, 1990) 

Power 
Hours 

9:00 
0 

85: 36 
85: 36 
77: 56 

77: 56 

0 
0 
0 
0 

0 
0 
o· 

0 
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FIGURE 1 -- 50-MWt CFC IN CURRENT TEST CONFIGURATIOIII 

G) • CURROlT CONTROL GROUP {T'T?JCAl..) 

@ • PTO CURRENT CONSOLIDATOR 

@ - UHD CHANNEL 

© • IH\<Rll'.R 

-NOT TO SC>J...E 
-W.RIHG COHHECTIONS ARE REPRESEHTATIVt ONLY 

J PHASE AC 
TO POWER 
COMPANY 

FIGURE 2 -- ARRANGEMENT OF CURRENT CONTROLS IN 
CONJUNCTION WITH THE CHANNEL 

FIGURE 3 -- CDIF TEST TRAIN SUPPORT SYSTEMS 

Ll-12 

, 111 
I I I ; 

l 2·3 4 s 6 7 . e 9 , 10 11 • 12 1311( 115 1161 t 7 I I ; . , : i I NOZZLE 

shim 

FIGURE 4 

'\ 
: '/ 

shim 

i l . 
! ; ,., 
I \J., 

shl~ \ 
OX101XU INJECTION PORT 

CFC SECOND-STAGE CONFIGURATION 

FIGURE 5 -- PART OF A BAR FROM THE MSE NOZZLE. TH 
PHOTOGRAPH SHOWS A PORTION OF AN EXPOSE. 
AREA (RIGHT SIDE) AND AN ADJACENT ~ 
UNEXPOSED AREA. FLOW IS FROM BOTTOM TO! 
TOP. .. 

FIGURE 6 -- VIEW OF A TRIPLE PORT DIFFUSER WALL 
SHOWING THE RECENTLY FABRICATED 2-1 
DIAMETER INSERTS THAT REPLACED THE 
3-INCH DIAMETER OPENINGS. 
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RE 7 -- CONFIGURATION OF THE PERMANENT SOLID 
SUSPENSION INJECTION SYSTEM 

1.1-13 
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