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ABSTRACT

This thesis describes an on-line data acquisition
system for a laboratory combustor. The data acquisition
system monitors the oxidizer flow rates, several thermo-
couple temperatures, and dry flue gas percentages, and uses
these monitored values to calculate residense times, stoi-
chiometric species, and mnass balances. This calculated
information is stored and reported by a data management
system incorporated within the data acquisition system.

The data acquisition system monitors consist of
co, CoO, O , and NO analyzers, an on-line chromatograph,
ang three ;ressure transducers. The data acquisition com-
puter hardware consists of a Cromemco microcomputer and a
General Automation SPC-16/65 minicomputer.

The microcomputex gathers data from the system
monitors and supplies this data to the minicomputer. The
minicomputer performs all the data manipulation, the real-
time computing, and the operator interactions,

The system provides a flexible means for analyzing
the results from a wariety of input conditions to the

combustor .



CHAPTER 1

INTRODUCTION

With modern computer capabilities growing and
in view of falling computer hardware costs, more com-
puters will be utilized in a variety of processes in
which the Engineer is involved. This thesis deals
with one expanding area of computer application, real
time computing. The fielh of real time computing
offers the Engineer a way of nmonitoring, and in many
instances, controlling a given process. The specific
process described in this thesis is a laboratory coal-
fired furnace, Certain inputs and outputs of this
furnace are monitored (Figure 1), and this monitored
dafa is used to further analyze‘experimental results.

The inputs to the furnace are the fuel flow
rate and the oxidizer flow rates, Since the fuel used
is pulverized cbal, an accurate fuel flow rate would
be difficult or expensive to acquire. Therefore, this
gquantity is calculated from other known quantities.
The input oxidizer flow rates are obtained with good
accuracy. The air flow rates are manually calculated

by knowing a pressure drop across a laminar flow
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element. The system uses three pressure transducers
which translate the pressure drops into voltage
signals. The voltage signals allow the data aquisi-
tion system to calculate the air flow rate values.

The outputs monitored by this system are flue
gas concentrations. These concentrations are moni-
tored through 5 devices. Oxygen, Carbon Monoxide,
Carbon Dioxide, and Nitric Oxide all have specific
analyzers monitoring the respective dry flue gas
percentages or PPMV. Also, an on-line chromatograph
detects all the above mentioned gases except Nitric
Oxide, but adds two gases, Hydrogen and Methane, to
the on-line monitored flue gas outputs., Information
regarding the installation of the the system monitors
and the type of chromatograph and gas analyzers used,
is described by Glass (1981).

Figure 2 will be used in the discussion of
the details of the data acquisition system. The
system consists of four main device types. The center
of the network is the Cromemco single card micro-
computer. The microcomputer interacts with the
minicomputer, a General Automation SPC 16/65, the
operator interface, a KSR-43 teletype, and all the
afore mentioned system monitors. The outputs of

the gas analyzers, thermocouples, and pressure
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transducers are sampled every 4 seconds and stored
as. 1 minute averages for 15 minutes. If chromatograph
data is available, it is read and stored in the memory
of the microcomputer.

The minicomputer performs the real time
computing, The real time computing includes number
conversions, mass balances, and consistency checks.
The minicomputer software also executes all the
operator interactions,

There are two main objectives of the data
acquisition system. The system should be able to
collect real time data and at the convenience of the
furnace operator, execute a mass balance. Also at the
end of a particular run, all pertainent information
relating to the run should be printed. A run is
defined as an experinent with constant input
conditions. In addition to the main objectives, the
data acquisition system must be able to accept a
variety of experimental inputs being imposed on the
furnace., This flexibility is required in order to
further analyze the effects of these experimental
cdnditions. The cbjective of the current research was
to complete the entire system, as conceptualized, and
make it operable.

The work which was completed before this
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thesis project began on the data acquisition system is
summerized below. The microcomputer software was
completely written and debugged. The «circuit which
converts the analog signals from the system monitors
to digital values had been designed and fabricated.
A major portion of the minicomputer software was also
completed. This software was capable of entering and
acquiring data, performing a mass balance on the data,
and checking data for consistency. A description of
the above work is detailed by Montgomery (1982).

The work described in this thesis involved
three main areas. The first area entailed
connécting the gas analyzers, thermocouples, and
pressure transducers to the analog to digital
circuit. Once these system monitors were connected,
the analog to digital circuit wvas tested and
corrected for any electronic problems. The digital
values from the analog to digital circuit were then
calibrated to obtain useful decimal numbers. During
attempts to <calibrate the system monitors, a major
problem was encountered in that the digital wvalues
from the analog to digital circuit drifted with
ambient temperature. The system monitors could not

be calibrated with this temperature drift problem,
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The temperature drift problem could not be
corrected electronically. It was ultimately solved by
tracking the temperature drift by using gtround values
input to the analog to digital circuit. A basic
circuit diagram of the analog to digital circuit is
Figure 3. The ground value inputs can be found on
every eighth input channel. This insures that the
temperature drift for each primary amplifier is
traceable. Once the temperature drift is traceable
through the ground values, the other wvalues from the
system monitors can be adjusted to a desired
calibration point. These adjusted values can be used
in conjunction with calibration egquations to produce
meaningful numbers, such as temperatures. |
The second area of work of this thesis was
. concerned with interfacing the gas chromatogqraph to
the data acquisition system. The chromatograph had to
be set-up and calibrated. After the chromatograph was
operating properly, a BASIC program was developed to
send data to the Cromemco microcomputer. The chroma-
tograph console has no other way of sending the
results of a gas analysis to the Cromenco other than
through specific BASIC statements. The results of an
analysis are sent' in an ASCII format, Additional

minicomputer software was developed to decode the data
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into decimal numbers. This minicomputer program
. decodes each 1line in the chromatograph repott and
prints the results to the KSR 43 teletype.

The third and last area of work involved
creating a data management system. Minicomputer
software was needed that was able to record data
associated with a particular run. The program
which accomplishes this can associate up to 16 data
records with each of 10 run records. The program
also stores the constant input conditions and run
name (which define the run) for each run record.

Another minicomputer program was developed
which prints the results of an entire run. This
program prints data in a fashion that is condusive to
the study of various profiles in the furnace. Two
needed numbers for each data point are calculated by
the program, residence time to sample port and
stoichiometric species. These numbers are used to

model and compare different furnace conditions.



CHAPTER 2

THE INTERFACE BETWEEN THE ON-LINE MONITORS AND

THE REAL-TIME DATA ACQUISITION SYSTEM
2.1 The analog to digital circuit

The analog to digital circuit is responsible
for converting a voltage signal from one of 32 chan-
nels to a number between 0 and 4095. This number
range is derived from using a 12 bit analog to digital
converter. The lowest number obtainable is all bits
set low (which equals zero), and the highest numnber
available is all bits set high (which equals 4095).
The numbers can be used with any type of calibration
equation and be manipulated to obtain usable wvalues
such as, a flow rate in SCFM. The acceptable voltage
values to the analog to digital converter are ++10
volts to -10 volts. A voltage value of 0 would give a
digital value of 2048 and a voltage value of +10 wolts
gives a digital value of 4095. If an analog signal
from a system monitor is 0 volts to either some
positive or negative voltage value, the resolution‘for
a value from this monitor will be the full scale walue
of the monitor divided by 2048. This corresponds to

10
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plus or minus ,05% of the monitors full scale value.
This assumes that analog signals are amplified or
attenuated to give 0 volts to either plus or minus 10
volts to the analog to digital converter.

The capabilities of the analog to digital
converter have been discused; an explanation of the
analog to digital circuit will follow. The microcom-
puter program selects the channel (0-31) which a
digital value is desired. The analog signal is first
appropriately amplified or attenuated, secondly, this
signal is delivered to the analog to digital convert-
er, the analog to digital converter changes the
voltage signal to a digital value, and finally, the
digital values are read and stored by the microcom-
puter program. Because there 1is only one analog to
digital converter, the 32 channels to be monitored
must be multiplexed. The correct signals given to
the multiplexers will select one channel only. A
basic circuit diagram of the analog to digital circuit
is Figure 3. As mentioned before, this process of
reading all the channels is done every 4 seconds by
the data acquisition system.

The channel assignments can be found in
Appendix A. Channels 0-7 are type R thermocouples,
channels 8-23 are type K thermocouples, and channels

24-3]1 are gas analyzers and pressure transducers,
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There are eight additional channels for future
expansion which are not implemented. The necessary
circuit wiring has been done, but an additional
amplifier and multiplexer are needed to make these
channels operable. Only 7 of these eight channels
can be used for additional furnace monitors. One
channel in eight 1is reserved for ground values. The
reason for having these ground values will be explain-

ed later under the calibration section in this

Chapter.



2.2 On-line analyzers - data acquisition systenm link

Four analyzers, three pressure transducers and
21 thermocouples were connected to the analog to
digital circuit. Each analyzer has certain Charac-
teristics which are important with regard to this
system. The first analyzers which will be discussed
are the Carbon Monoxide and Carbon Dioxide analyers.
These analyzers are exactly alike except for a few
~~r differences allowing them to detect the differ-~
ent gases. Originally, these analyzers had outputs
for a chart recorder and a 0 to -10 wolt output,
The 0-10 volt output was changed to 0 to -5 volts by
installing a resistor network. An important fact is
the range switch on both analyzers does affect the
output to the analog to digital «circuit. If the
furnace operator changes the range switch froﬁ the
calibrated position, erroneous values will be reported
by the data acquisition system. When the system 1is
operating, the 1range switch should remain in the
calibrated position. The currently calibrated range
positions for both analyzers is position l.
The next two analyzers which will be discussed
are the Oxygen analyzer and the Nitric Ozxide

13
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analyzer. Unlike the CO and CO analyzers, the
Oxygen analyzer and the Nitric Oxidg analyzer are not
affected by changing the range switches. The operator
can use a very precise range setting and the data
acquisition system will still report correct values.
The Oxygen analyzer produces analog values of 0 to 3.5
volts, and a concentration accuracy of plus or minus
.02% is obtainable. The Nitric Oxide analyzer gives
a signal of 0-5 volts on a range for 0 to 10000 PPMV.
This corresponds to an accuracy of plus or minus 2.5
PPMV. For the Nitrous Oxide analyzer to work properly,
one of two conditions must be true. The microcomputer
power must be on or the cable connecting the analyzers
to microcomputer must be disconnected. The reason is
the microcomputer has a low impedance when the power
is off.

The three pressure transducers which measure
sressure drops across three different laminar flow
elements will be explained. The laminar flow elements
were chosen to give the same relative maginitude of
pressure drops at the expected flows into the furnace.
Since the desired pressure drops were less than 10
inches of water, all three pressure transducers have
an input pressure differential of 0 to 10 inches of

water., These pressure transducers give a linear
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voltage value of 0 to +5 volts directly proportional
to the pressure drop. The accuracy obtainable is plus
or minus .005 inches of water. A warning that a
condition which there is more than 10 inches of water
pressure differeﬁtial ~across any of the pressure
tranducers will damage these devices both mechanically
and electronically.

The last system monitor type left to discuss
is the thermocouples. The system is able to acquire 7
type R thermocouple temperatures and 14 ¢type K
thermocouple temperatures. When these thermocouples
are in wuse, they should not be grounded. If a
thermocouple is grounded, the digital temperature
meter will give a bad temperature value and the data
acquisition system will collect these bad values.
Information regarding what thermocouple channel is
related to what channel on the digital temperature
meter can be found 1in Appendix B. Appendix B also
contains all wiring layouts for the data acquisition

system,



2.3 Calibration of system monitors

The purpose of calibration 1is to convert the
number given from the analog to digital converter to a
known percentage, temperature, or PPMV. For example,
if a pressure transducer gave a digital value of 0
(from the A to D) for 0 inches of water pressure and
gave a value of 500 (from the A to D) for 3 inches of
water pressure, a linear <calibration equation can be
derived to give pressure drops for other A to D
values, 1In calibrating thermocouples, a known fact
that voltage generated by the thermocouple is directly
proportional to temperature. Only two constants are
needed to calibrate the thermocouples. The analyzers
and pressure transducers outputs can be calibrated
with up to third order equations.

A specific procedure must be folloved to
calibrate this system, A few facts regarding
~ccurate calibration will be discussed. Only the
Carbon Dioxide analyzer and the Carbon Momnoxide
analyzer need quadratic equations to fit their
responses., These analyzers operate on Beer's ZTLaw
principles, and the output of the analyzers is not
linerized., All the other analyzers have linear

16
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responses, A majority of the analyzers need only a
linear least-square-fit through the number of data
points to obtain a good calibration equation., At
least 4 data points must be collected to obtain an
accurate calibration equation.

The first major problem incountered with the
data acquisition system is the digital values from the
A to D drift with ambient temperature. To cancel the
effect of this problem, five input channels on the
analog to digital circuit are grounded. These ground
values will drift with ambient temperature giving the
system a way to calculate the relative drift. The
relative drift is calculated by using a number called
basepoint. This numbeF is picked by selecting an
arbitrary ground value when calibrating. To explain

ber, the BASIC program used to
calibrate the system monitors will be described.

This paragraph explains how to enter the BASIC
program and how to run this program. Disconnect the
cable from the teletype to the microcomputer (marked
tty). Secondly, disconnect the cable from the
minicomputer (marked SPC 16) to tﬁg microcomputer.
Next, plug the teletype cable where the minicomputer
cable was. Turn on the teletype , turn on the

microcomputer, and press the 'term ready' button on
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the teletype. Now, press the return key on the
teletype quickly three times. "OK" will be printed
foilowed by a "%" prompt. This enters the Cromemco
into the BASIC language mode. Enter the program from
Appendix C. If a line is mistyped, retype the line.
To check what has been typed, enter the command
"LIST". This command will print all lines which have
been entered. The print-out should be exactly as the
the Appendix program. If an erroneous line number has
been entered, enter that line number and then press
the return key. When the program has been entered
correctly, type the command "RUN".

” The program collects data 8 times a minute,
averages the values, and prints them as illustrated
in Table 1, These values are raw A to D values
(0-4095). The last column contains the present ground
value. Table 1 represents the results of running the

BASIC program for three minutes.

Table 1

Calibration Print-out

2500 3000 1000 2400 1265 2343 1324 1950
2540 3002 1005 2395 1250 2400 1350 1953
2525 2999 1010 2450 1275 2405 1330 1965
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On the print-out, there will be no column labeled
"GRND" as in Table 1, This 1label 1is for illus-
trative purposes only. The numbers in the column
underneath this label have drifted up. The basepoint
number is used to correct the drift. If the basepoint
number was chosen to be 1950 (using Table 1 as
anlexample), the values in the second and third rows
would have to be adjusted so that their values corre-
spond to a basepoint of 1950. The equation which does
this is;

1) Adjusted value = reported value + (basepoint
-reported ground value).

In Table 1 the reported values in row 2 would
be diminished by 3 and the values of row 3 would be
dimished by 15. A constant basepoint should be chosen
for calibration of all channels. The present common
basepoint value is 1950.

Appendix C tells which numbers to use for
variables in the BASIC program depending what is
being calibrated. Appendix C does not give any
information about what system monitor belongs to what
column of values printed by the BASIC program (as in
Tabel 1). The FOR -~ NEXT loop varaibles are

actually selecting the channels to be calibrated.
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To obtain what column of numbers in the print-out
correspond to what system monitor, Appendix A is used
in conjuction with the FOR - NEXT loop varibles
assigﬁed in Appendix C. If the. gas analyzers and
pressure transducers are being calibrated, channels 24
to-31 will be printed begining with channel 24 as the
leftmost column of numbers.

The remaining steps of calibration follows below.

1) Set a known value to the analyzer, thermo-
couple, Oor pressure transducer. (ie. Run
calibration gas through the analyzer to be
calibrated. **Make sure analyzers are
calibrated.)

2) Run the BASIC program for approximately 6 to
10 minutes with a known calibration value to
the monitor.

3) Inconsistent values should be discarded at
this time. At least 4 values should remain.

4) Correct these values for temperature drift
with Equation 1.

5) Average these values and save this number.

6) Repeat steps 1 through 5 at least 4 times
with different known calibration inputs to
the monitor.

7) Enter a control C to stop the BASIC program.
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8) Return cables to their original positions.

Steps 1 through 5 give an A to D value which
corresponds to a known input to a monitor. After
completing steps 1 through 7, information such as

Table 2 will be available.

Table 2

Calibration Information

$ 02 A to D value
0 2000

3.1 2460

10.5 2800

15.0 3000

21.0 4000

Basepoint = 1950

The calibration information such as Table
2 is used to derive constants for the calibration

equations for each system monitor. These constants are
entered through the calibration option described in

Chapter 5 section 8.



CHAPTER 3

THE CHROMATOGRAPH INTERFACE TO THE
DATA ACQUISITION SYSTEM

3.1 Chromatograph Configuration.

This data acquisition system uses a Perkin-
Elmer Sigma 1B chromatograph. In conjunction with the
actual chromatograph, a microcomputer console is used
to control the chromatograph. This computer console
is a necessity for this particular chromatograph to
operate properly. The chromatograph is equipped with
two columns, a Molsieve and a Poropak, and two detect-
ors, a Hot-Wire detector and a Nitrogen-Phosphorous
detector. With this equipment, it is possible to
detect CO, CO, O, N, H ,CH , and HCN. A sample

2 2 2 2 4
network is connected to a 10 port sampling valve,
which allows gaseous samples to be taken directly
from the furnace flue gas.

For the data acquisition system to work prop-
erly with the chromatograph, two conditions mustlbe
met., PFirst, the chromatograph console is configured
correctly. The configuration procedure takes place

when the console power is turned on. The correct

22
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responses to the console questions must be supplied by
the furnace operator. The first question asked is how
many terminals exist in the system. There are two, the
console and the Cromemco microcomputer. This answer
allows the the chromatograph console to send results
of a gas analysis to the Cromemco microcomputer. Next,
the console asks how many analyzers are used with the
chromatograph. There is only one. The final question
asked is how many instruments are used with the
chromatograph. There are zero. After the system is
properly configured, the system time is set. The
configuration of the chromatograph 1is also explained
in the Sigma 1B Owners Manual (1979).

The second condition for the chromatograph to
work with the data acquisition system is a BASIC pro-
gram must be controlling the chromatograph console. If
a BASIC program is not controlling the chromatograph
console, the data acquisition system is unable to
acquire the results of a gas analysis. The only way
for the chromatograph to report results to the micro-
computer is by using the PKPRINT command while a BASIC
program is executing. The BASIC program now used can
be found in Appendix E. This program uses both the
Hot-Wire detector and the Nitrogen-Phosphorous de-

tector and assumes the carrier gas used is Helium,



3.2 The Method

A data file in the console memory called a
Method is a group of numbers in a specific order which
_ when accessed by a "SET-UP SEQUENCE"™ or by a BASIC
"SETUP" command, controls the chromatograph's analyz-
ers, describes how to process data acquired by the
analyzers, and controls events such as when the sample
valve 1is actuated. The Method used to .analyze a gas
sample is very important. The currently used Methods
are in Appendix D.

The more important facts about the Method
will follow. Under the 'ANALYZER CONTROL' section,
the setpoint temperatures for various locations within
the chromatograph are found. The 1last line in the
'ANALYZER CONTROL' section indicates the oven initial
temperature and how long the oven is held at this
temperature. If there is nothing below the 'INT OVEN
TEMP TIME' line, the sample is isothermally analyzed.

The next section is the data processing sec-
tion, 1labeled 'DATA PROC'. An important line is the
'TIMES' line. The first number denotes how long the
data will be processed (It must be the same as the
sample run time.) , and the next number is the time in
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minutes from when the ready button was pressed to the
beginning of the sample run. The numbers following
are forced base point times. The 'REF PK' line has the
information regarding the reference peak. The first
number is a factor used in calculafing Relative
Response Times. The next three numbers explain some
important facts about the reference peak. The three
numbers are the time in minutes when the peak could be
first detected, the 1latest the peak could come out,
and exactly when the peak is expected, . respectively.
The important information in the Methods are the
concentrations along with the gas names in the next
few lines. These concentrations are obtained from the
calibration gas bottle tag. If a bottle of calibration
gas 1is emptied, the new calibration gas ﬁsed will not
contain exactly the same composition of gases. Every
time a new tank of calibration gas is installed, the
concentration values found in the Method must also be
changed. 1If the concentrations are not changed, the
Relative Response Factors calculated when using the
'CALIB' console command or BASIC 'CALIB' command will
not calculate correct Relati&e Response Factors.

The 1last section in the METHOD is the 'EVENT
CONTROL'. This controls the sample valve, the chart

speed and attenuation, and the detector which the
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method is associated. A detailed explanation of each
line of the 'EVENT °'CONTROL' secfion and the other
sections of the Method can be found in the Perkin-
Elmer Console Manual(1979). If a Method is to be
changed, a section contained in the console manual

describes how to edit the Methods.



3.3 The BASIC program

The BASIC program discussed in this section can
be found in.Appendix E. To start a BASIC program, the
operator issues the command '/BR PROGRAMNAME.l'. The
program expects the first chromatograph run to be a
calibration run. The operator should have calibration
gas running through the sample valve for a length of
time before pressing the start button. This built 1in
feathre allows automatic calibration at the begining
of a furnace run. The lines which print to RS a "§"
or "?" do belong in the program. These characters
tell the Cromemco microcomputer to initialize the
chromatograph buffer or send a message to the furnace
operator, respectively. The message sent to the
furnace operator indicates the chromatograph console
reported the results of an analysis.

This program will halt execution when cali-
brating, if any of the calculated relative response
factors are out of the accepted range. If the program
halts, there is a major problem with the calibration
run. Once an acceptable calibration run has been
completed, the program coétinues to run and gather

data. After the program completes a run, the start of
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a new run is initiated. When the program is to be
stopped, the command '/BH PROGRAMNAME.l1l' is given.,
This command suspends execution of the basic program.
All facts relating to BASIC directives and BASIC
programming can be found in the Perkin-Elmer

Programability Option Manual (1979).



3.4 The Chromatograph Link

Installed on the chromatograph console is a
RS-232 communications card. This circuit allows the
results of a chromatograph run to be transferred to
the microcomputer. As mentioned previously, the
console must be configured with 2 terminals in order
for this data transfer. When the appropriate BASIC
program is controlling the chromatograph, the command
"PKPRINT ON ("RS")' prints the run results to the
nmicrocomputer. These results are printed and stored in
a ASCII format. The contents of the stored chromato-
graph run data are the same as the print-out on the
console after a run is finished. This ASCII data is
useless unless it is converted to numbers and names.

The BASIC program first prints a "$" to the
Cromemco microcomputer. This character initializes
the microcomputer chromatograph buffer. After the
chromatograph buffer 1is is initialized, the BASIC
program prints the ASCII results to the Cromemco
microcomputer, and the microcomputer stores this data
in the memory buffer. The BASIC program prints a "?"
to the Cromemco microcomputer. This character directs
the microcomputer to print to the teletype "Ship data

29



T 30
to the SPC-16 1!". At the end of this message, the
bell rings several times to get the attention of the
furnace operator. The operator must choose the Aquire
option within one minute to make certain the chromato-
graph results correspond when the sample was taken. At
the present time, the chromatograph results are print-
ed 11 minutes after the sample is taken.

The minicomputer obtains 11 minute old data
from the other on-line system monitors, reads the
chromatograph data and decodes 1it, and stores this
information with the correct sample time. How the
minicomputer decodes the chromatograph results is
explained below.

The minicomputer scans each line in the ASCII
chromatograph buffer until the word "RUN" is found.
Immediately following this section is a actual chroma-
tograph buffer (Table 3) as stored by the Cromemco
microcomputer. In the present system, the records
which follow contain the information about run re-
sults. The minicomputer reads each 1line after the
'RUN' 1line with a FORTRAN Format statement. If the
first number read, the Retention Time of an eluted
peak, is 2zero, the minicomputer Jjumps to the next
line. Otherwise, the minicomputer searches on the

first three leters of the component name except in
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the case of Carbon Monoxide and Carbon Dioxide (The
first three letters of the last name are used.) If a
match is found, the concentration 1is stored. If more
than one peak is labled as the same component, the sum
of the concentrations of these peaks will be reported
by the minicomputer. After all the chromatograph
reéords are read, the results of decoding the
chromatograph data are printed on the teletype. The

user has the option of accepting or rejecting these

results.,
Table 3
Chromatograph buffer
ANAL 1 DET 1 METH 2 FILE 293
RUN 2 RUN 43 12 ¢ 5.6 5/ 257 82
0.44 2.8708 Vv 0.830 0.336 9.3743 OXYGEN:
0.53 46.6048 T 1.000  0.300 77.8944 NITROGEW:
0.80 0.0158 15 1.509 0.348 0.0326 METHANE:
0.95 2.0624 1.792  0.300 3.4473 CARBON MONOXIDE:
4,74 19.8176 ¥ 8.943 0.120 13.2495 CARBON DIOXIDE:



CHAPTER 4
DATA MANAGEMENT SYSTEM
4.1 The run set-up

This section of Chapter 4 deals with the por-
tion of the data acquisition system which gathers
pertinent information regarding a run. This set-up
section of the data acquisition system is needed for a
number of reasons. All the data records for a run must
be associated with the run if all the data is to be
reported in a single print-out. A run is defined as
data gathered with constant input conditions. These
constant input conditions must be retrieved and
stored. The constant input conditions which are stored
are input air flow rates, input fuel rate, and input
air temperature. In addition to the above data, a
temperature profile of the furnace must be stored in
order to calculate the residence times of the gases
in the furnace.

The program which stores all of the above in-
formation has some limitations. The first limitation
is how many data points can be stored for each run.
Each run can only have 16 data records associated with
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it. Data points could be taken at each sample port and
leave 7 data points available for repeated data
points at any sample port. The next limitation is
how many runs can be stored at one time. Ten runs are
the maximum number that c¢an be stored. The run
numbers can only be labeled with numbers 1 through 10.
The two 1limitations mentioned above can be circum-
vented by printing a run after all the necessary data
is collected and by labeling iuns with the same run
number with different names. This statement will be
exélained in Chapter 5 section 10.

A flow chart of the run set-up 1is Figure 4
Using the flow chart as a guide, the following
sequence of events occur. The first question asked is
what run number 1is being set-up. If a wvalid run
number is selected (1-10), the program checks for
any data in the run recofd. If data exists in the run
record, the user has the option to delete or change
it. If there is no run data or if the data is delet-
ed, the program asks if there is staging. If there is
staging, it is possible to obtain a coal flowrate from
another run record. This option is used if several
runs are to occur at the same time. If the coal flow
rate is not obtained from another run record, the pro-

gram asks if the furnace is at fuel-lean conditions.
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When the furnace is at steady-state fuel-lean condi-
tions, an automatic data Acguire is done, followed by
an automatic Analyze option. If the reported coal
flow rate is acceptable, the remaining pertinent
information regarding the the run is obtained. An
actual example with system print-outs will be

discussed further in Chapter 5 section 10.
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SYSTEM
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L, Run set-up



4.2 The run print-out

The run print-out program does what its name
implies. It prints all data pertaining to a run. This
program was needed because previous work on the data
acquisition system did not distinguish what data
record belonged to what run. Since the run set-up
program does this, a program was needed to print in
tabular form the results of a run., This tabulation of
run data allows the experimental results to be
compared side by side. The program also calculates
two additional pieces of information needed as an aid
in analyzing experimental results, stoichiometric
sbecies and residence times. |

The format of the run print-out must have
certain requirements., First, a set of data pertaining
to one sample must be printed in a column and nine
sets of data should be in each segment of the print-
out, Nine columns of data will give a print-out for a
run that has samples taken at every sample port. The
program must print the data by the position of the
sample probe. The sequencing of the data by sample
ports is that data be printed from left to right
increasing in portlnumber. A port number will not be
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repeated on the same 9 column print-out. ¥or example,
if there 1is 8 data records with record' numbers 1
through 8, and each had sample probe positions of 2,
2a, 1, 4a, 5, 2, 3, and 3, respectively, the print-out
program would print records 3, 1, 2, 7, 4, and 5 in
columns 1 through 6. The remaining 3 columns would be
padded with zeros and blanks. After the above 6 data
records were printed, then records 6 and 8 would be
printed in columns 1 and 2 on a new 9 column print-
out with 7 columns filled with zeros and blanks. This
is fully illustrated in Chapter 5 section 1l1l.

| When the run data is printed, the residence
time to the sample port is calculated. This number is
calculated by using the run temperature profile, the
flue gas output flow rate af the sample probe, and the
estimated volume of the furnace between ports. These
estimated volumes can be seen in Table 4 (as reported
by Botsford (1982)). These numbers are hard coded in a
DATA statement in the subroutine DOEPOR. The program
calculates average temperature between ports. This

calculation is shown by Equation 2.

-8

2) T -~ = (T - T /2 + T
i avg i i+l i+l

Where i ranges from inlet to port 7.
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Table 4. Esitmated volumes between sample ports.

- S D A S WA AT S B FER G e T S TED SN WS GED GE VN CER W N S Gk G SN CED GA6 GME TER AR WER VIR GHL et Gy SRS NS VD VN SER WS G A ML gE G W W G T

Between Ports Volume (CF)
Top and port 1 0.0806
Port 1 and port 2 0.0982
Port 2 and port 2A .0.0491
Port 2A and port 3 0.0491
Port 3 and port 4 0.0982
Port 4 and port 4A 0.0982
Port 4A and port 5 0.0850
Port 5 and port 6 0.171

Port 6 and port 7 0.171
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Once the average temperature between ports is
calculated, the residence time can be calculated.

Equation 3 shows this calculation.

3) Residence time(sec) = volume = Tstand x 60

Where i ranges from 1 to sample probe position number
(1-9).

The actual flow rate between each port at the time of
sample can only be calculated if simultapeous samples
were taken in every port above the desired sampleb
port. Since there is only 1 sample probe, there are
only two known flow rates which pertain to the above
calculation. The input flow rate and the output
flow rate at the sample port are these known values.
The output flow rate was chosen for wuse in the
calculation. Chapter 5 section 11 will show examples
and illustrations of the print-out information just
described.

Since the furnace can run under a number of
constant input conditions, the data must be adjusted
to a standard so that the effects of changing the
input conditions can be studied. The standard used in
this research is stoichiometric input air flow rate.

Stoichiometric input air flow rate is the amount of
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input air required to completely combust the coal,
This assumes all Carbon, Hydrogen, and Sulfur in the
coal form Carbon Dioxide, Water, and Sufur Dioxide,
respectively, and that no other reactions take place.
Stoichiometric species are calculated by using

Equation 4.

0 H
______ X SR + (1-1.5n) (=) /(1-0.005X )
. 0 % OX 2 cO
4) Factor =  ~o—mmm e e e
Q
-——== = 0.25 H
21.0

The equation takes into account that an in-flame
sample still has combustion reactions taking place,
This equation was developed by Joannes Wann Nan Lee
(1979), and his thesis describes in detail all assump-
tions made in calculating this factor. The factor
calculated is multiplied times the calculated flue gas
concentrations which are adjusted for flue gas
moisture. The resulting numbers are stoichiometric
concentrations; concentrations adjusted to
stoichmetric input air flow rate. When all data sets
are adjusted in this manner, comparisons between

different furnace input conditions can be made.



CHAPTER 5

AN OWNERS MANUAL TO THE REAL-TIME
DATA ACQUISITION SYSTEM

5.1 Introduction

A few general facts about the system will be
mentioned before discussing all the options that are
available. The first will be how to start the system.
The procedure is as follows. Turn on the KSR-43
teletype, turn on the Cromemco microcomputer, and then
push the term ready button on the teletype. In less
than 30 seconds the teletype will print the following

message;

CROMEMCO SCCHMON
RT0S-14. Rev.”7: D.0.E. Furnace

#4%+ QOptions:

{ = Data Entrv 6 = Analvze

2 = Search 7 = Calibrate

3 = Ilelete 8 = Reload

§ = Examine 2 = Run set-up

9 = Acguire 10 = Run print-out

* Enter ootion

if the above print-out is not typed, one of two things
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are wrong. The General Automation SPC 16/65 mini-
computer (SPC-16) is not on-line or the SPC-16 program
is at a different place than down-loading the Cromemco
microcomputer program. If the program is at different
place than a down-load, either the SPC-16 should be
rebooted or the following procedure should be execut-
ed. (The SPC-16 should not be rebooted unless other
users of the §SPC-16 are notified.) The following
procedure should not be used unless each step 1is
thoroughly understood.

1., O0pen the back of the second cabinet of the
SPC-16 minicomputer. If the correct cabinet
was opened, there should be a row of cables
connected midway up from the floor.

2. Disconnect the third cable from the left. This
cable is the line to the Cromemco
microcomputer downstairs.

3. Disconnect the first cable on the left and
connect it to the third from left socket just
uncovered. This connects the LA-120 printer in
front of the SPC-16 to the furnace data
acquisition line.

4. Set thé parity on the LA-120 to 3. Press the
return key. The system option list should be

printed. If it doesn't see the note below.*
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5. Press 8 and then return key.** Set parity on
the LA~120 to 5. The LA-120 should
periodically print nonsense characters.
6. Set parity back to 1 on the LA-120., Return
cables back to their original positions.
Notes:
* This means the system did not down load the
Cromemco program for some reason. It is ready to

download, proceed to step 6.

** The '8' will not print on the LA-120.

Turning on the Cromemco signals the SPC-16 to down-
load the machine language program which resides in and
controls the Cromemco. For this reason, the last
command given to the Cromemco before turning it off is
option 8, Reload. Otherwise, the SPC-l6 program is
at the system options question.

Once the system is running, the user will
notice a definite pattern of prompts, These prompts
have been standardized for ease of operator use.

Table 5 shows what each of these prompts nean.

TABLE 5

System prompts

Enter the option number desired.
Enter a number or a name.

Enter a 'y' or 'n'.

A system message.
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data acquisition system supports some

control characters as commands. Table 6 explains what

each control character does when entered at the KSR-43

teletype.

A control character is not followed by a

carriage return,

CONTROL

C

a 0 n A9 o w

With these

discussed.

TABLE 6

System control characters

FUNCTION

Stop whatever the program is doing
and restart from systems option list.

Delete chromatograph buffer.

DPump chromatograph buffer to KSR-43,
Print-out 'Ship data to SPC-16!"'.
Stop print-out.

Start print-out again.

Delete what has been entered and
start over.

Print out system time.

few facts, the system options will be



5.2 Data entry option

- This routine allows the user to modify a data
record or enter manually a complete set of data. After

the system option list is printed;

++% Optionss

1 = Data Entry & = Analvze

2 = Search 7 = Calibrate

3 = lielete 8 = Reload

4 = Exanine 2 = Run set~-up

% = Acaquire 10 = Run print-out

* Enter option

enter a 1 as shown, and then press carriage return.
(A1l resposes to system questions are always to be
followed by a cariage return.) Immediately fol-
lowing this action, the teletype will print another
guestion asking what data record is to be modified.
Enter the data record number, 1-80, then press
carriage return. If the user had entered a data
record number not between 1 and 80 or if a carriage
return only had been entered, the program would return
to the system option 1list as above and would only
type a '* Enter option'.

If a valid record number has been entered, the
following will be printed:
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» Modifv which data record?
L ] l

#% [lata Entrv Options:
Coal Feed Rate 7 =4Air Input Rates
Froxinate Analvsis B = Flup Gis Analysis
Uitimate Analysis 2 = Flue Gas Temperaiure

Flue Solids Analysis 10 = Probe Fositioms
Air Tenperature and Pressuves
Coal Sample Nane

L/ N LN | N | IS | B 1

o- LN bl — ¥

* Enter the data option:

These are the data options under the Data Entry system

option.

5.2.1 Coal Feed Rate

The options are explanatory as to what can be
changed in a data record. Beginning with option 1,
the option is selected by entering the option number
and then‘a carriage return. After selecting option 1,

the system types the following.
L] l

» Copal Feed Rate = ¥ [=] lbs/hour
6.0 6.000

In the above example, a 6.0 was entered. The 6.000
is an echo of what information has been entered.
This option has the effect of changing the default
coal feed rate for any data record to be Analyzed
which will be fuel-rich. The coal feed rate for a

fuel-lean case is always calculated and stored. The
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last fuel-lean calculated coal feed rate by an Analyze
system option or a coal feed rate entered as above,
which ever occurs last, will be the default coal feed

rate, for an Analyzed fuel-rich data record.

5.2.2 Proximate Analysis
To change the proximate coal analysis, choose

option 2, The print-out will be as follows.

* Enter the data ootion:
2+

<4 Proximate Analvsis: (As~Received Basis)
> Percent F.C. = 7
490 S 1)
» Percent V.H. =
<490 40
» Percent ASH =
.9.5 9.9
7 Percent H20 = 7
.11.86 11.86

F.C. means Fixed Carbon and V.M is Volatile Material.
These 4 numbers that are entered should add to 100
percent. The most important percentages are the Ash
and H O. The first two percentages are not used in any
calcufations, but are printed in the Run print-out.
This option changes the default proximate analysis for

any data record Analyzed after the option has been

executed.

5.2.3 Ultimate Analysis

The next option, 3, changes the ultimate
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analysis., After choosing this option the following

will be printed. ‘ .

* Enter the dota option:

3

{4 Yltimate Awnalvsis: (Drv, Ash-included Basis)
* Percent L =7
42,25 62,25
» Percent H =7
«4.83 4.830
¥ Percent 0 =7
7.9 17.90
> Percent & =7
.3.40 3.400
> Percent N =17
.. 82 0.8200

The ultimate analysis is on a dry, ash included basis.
Normally, the above entered percentages plus the ash
percentage (on a dry basis) will equal 100 percent.
This option also has the effect of changing the
default proximate analysis for any data record to be
Analyzed. All percentages in the proximate analysis

are used in calculations,

5.2.4 Flue Solids Analysis
Flue solids analysis changes are entered

through choosing option 4. The print-out follows.



+ Enter the data‘ontionz

.4

{%{ Flue S0lids Analvsis: (Ash-Free FBasis)
> Fercent € =17

.0 0.0000

> Fercent H = 7

.0 0.0000

* Percent N =%

.0 0.0000

> Percent § =7

] 0.0000

These numbers should add to 100 percent on an ash in-
cluded basis. Usually, all flue solids are due to ash
in a fuel-lean case. If a fuel-rich situation arises,
the mass balance calculates the amount - of carbon in
the solids. The effect of changing these numbers,
changes the default solids percentages for Analyzed

data records thereafter.

5.2.5 Air Temperature and Pressure
Option 5 changes the default ambient air temp-
erature and pressures with respect to the laminar flow

elements. The changes are nade as illustrated below.

* Enter the data option:
l5
> Air Tenperature: [=] Fahvenheit

.80 80,900
> TRNS Pressure: [=} psiq
749 7.900
» PRHT Fressure: [=1 psigq
.12 12.00
> STGD FPressures [=) psiq
.11.5 11.50

If these above numbers stay constant for a run, the

furnace operator, while executing an Aquire data
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option, need only enter carriage returns when asked
for the above information. If these numbers are
entered during an Acquire, the new numbers entered

become the default values.

5.2.6 Coal Sample Name
Option 6 changes the sample name. This name
may be up to 80 character; in length. An exampie of
this option follows. |
*# Enter the dats ootion:
.g Input Sample Nane

+HEULAH LIGNITE
EEULAH LIGNITE

This option also changes the default sample names
written to data record if an Aquire option is

executed,

5.2.7 Air Input Rates
Option 7, the changing of input air flow

rates is illustrated below.

* Enter the data option:

7

» TRNE Air = 7 [=1 SCFHM
..89 0.8%00

> PRHT Air = ? [=1 GCFM
+4.5 4.500

» §TGD Air = ? [=3 SCFH

.0 0.0000
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This option enters the flow rates only in the data

record chosen to be modified.

5.2.8 Flue Gas Analysis
Option 8 allows the user to modify flue gas
analysis for a data record. A print-out of this data

option follows.

*

Enter the data ootion:
.8

<+ Flue Gas Analvsic:

» Percent €02 = 7

S

A2 12.10
> Fercent CO = 7
.2.923 2.923%
> Percent 02 =7
.3.4 3.400
» FPercent CH4 = 7
. 0.0000
» FPercent H2 =7
A3 4,500
» Percent N2 = 7
] 0.0000
> PPHY NO =7
L1000 1000.
¥ PPHV HCH = 7
100 100.0
> PPHY H2S = 7

. 0.0000
> PFHV NH3 = 7

1] 95.00

If the user is manually entering a data record, the
percentage of N 1is always calculated when an Analyze
option is exgcuted. A zero value entered will
suffice. Values should always be entered as measured,

and not corrected for H O.
2
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5.2.9 Flue Gas Temperature
Option 9 can change the flue gas temperature

at the sample probe.

* Enter tﬁe dats ontions

.9
> Flue Gas Tenrerature: [=] Celsius
1000 1000,

This number is used only during the consistency test
of a data record with the water-gas-shift reaction
included. 1If this option 1is executed, the number
entered is the default value for tﬁe previously

mentioned reaction from then on.

5.2.10 Probe Positions
Option 10 enters the probe positions. The

option print-out is as follows,

+ Enter the dats option:

.10

0 - No position 5 - Fort 4

1 - Port 1 b - Fort 4A

2 - Port 2 7 - Fort ©

3 - Port 24 § - Port 4

4 - Port 1 9 - Fort 7

» Probe Position of Sample  probe ¥

Probe Position of Cooling probe ¥

N =

Probe Fosition of Stajing probe 7
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The sample probe position entered must be at ports
1-7, or the program will not go beyond the first
quéstion. The other two probes need not have a
position. If the cooling probe and staging probes
ére not used, a 0 or a carriage return should be
entered.
To return to the main system options, repeated
pressing of the return key will always bring the

program to the main option list.



5.3 Search option

The Search option allows the user to find a
record or records on a specified date. After the
Search option is specified, the first question printed

is as follows.

* Enter option
9

(4

*»Search on today s date?
IY

<< Searching for records on: 5/25/82
Record: 2 Probe: 0 Tine: 12:959:34

<+« End search

In the example above, a 'Y¥' was entered when the first
guestion was asked. If only a carriage return had
been entered, the program would return to the main
system option list and print '%* Enter option'. Since
a carriage return was not entered above, this option
types what date it 1is searching for records. In the
above search, one data record;, 2, was found. 1In
addition to printing the record number, the sample
probe position and time of sample are printed.

If a 'N' is entered in response to the first
question, the option print-out would be this.
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* Enter option
2

(X4

»>»Search on todav’'s date?

.2<Innut date record was obtained: MM,DD,YY

.5.25,82

{{ Searchinq for records on: 5/25/82

Record: 2 Probe: 2 Tines 12:12: 9

£ End search

After the no response, the search option requires a
date which the desired data record was Acquired or
Entered. The program does not check for a valid date
when the date is entered. The above search was suc-
cessful and the same information as the first example
‘in this section is printed. The Search option always
prints 'End search' to inform the user that it is

finished searching.



5.4 Delete option

The Delete option is used to delete a record
or delete all the records. After selecting' this

option, the option questions are as follows.

* Enter option
.l3

> Delete 3ll data?

.Y

»» Telete everv record?
IY

In this example the option is instructed to delete all
80 data records. To do this, a 'Y' answer to the
above two questions is entered. If anything but a yes
response 1is given to the above two questions, the
Delete option will continue as the example below.

f Enter ortion

.i} Ielete all data?

.:} frelete everv record?

.g Input record nwunber to he leleted ‘
.; Input record number to be Deleted

The option asks for a valid data record number (1-80).
If a carriage return or an invalid record number is
entered, the‘program returns to the main system option
list,
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5.5 Examine option

The Examine option permits the user to inspect
the contents of a particular data record., After

selecting this option, the print-out which follows is:

> Examine which record?
t

RECORD 1 PROBE 1 $/25/82 12120348 BEULAH LIGNI1IE

COAL FEED 8 5.030324E+00

P-E TRANSDUCERS ¢ 8.900000E-01  4.500000E+00  0.000000E-01

FLUE SOLIDS ANALYS1S:  0.000000E-01  0.000000E-01  0.000000E-01  0.000000E~01

PROXINATE ANALYSIS :  4.000000E+01  4.000000E+01  9.500000E+00  1.186000£+01

ULTIMATE ANALYSIS & 4.223000E401  4.B30000E+00  1.790000E+0t  3.400000E+00  8.200000E~0

CHROMATOGRAPH t 1.210000E+01  0.000000E-01  3,500000E+00  1.000000E403  0.000000E—-01  0.000000E-01
CHROMATOGRAPH t 0.000000E-01  0.000000E-01  0.000000E-01  0.000000E-01  0.000000E-01  ©.000000E~0
FLUE 6AS TEMPERATURE: 0.0

The record to be examined must be a valid record
number or the program returns to the main options
list., No units or specific labels are on the print-
out.

The COAL FEED is LB/Hr and the P-E TRANSDUCER
line reports transport, preheat, and staged flow rates
in SCFM. The FLUE SOLIDS ANALYSIS, PROXIMATE
ANALYSIS, and ULTIMATE ANALYSIS are reported as
percentages exactly and in the same order as the
previouly explained Enter options, sections 4, 2, and
3, respectively; asks for them. The CHROMATOGRAPH
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lines report as measured flue gas analysis, if the
record was not Analyzed, or adjusted flue (gas
analysis, if the record was Analyzed. The order of
gases is %CO 2,.%CO, %02, PPMV NO, PPMV HCN, %CH 4,

PPMV H S, PPMV SO , PPMV NH , %H , %H 0, AND %N .
2 2 2 2 2 2



5.6 Acquire option

This option 1is used solely to gather real-
time data from the furnace. Upon choosing this
option, the program first obtains necessary informa-
tion about the oxidizer inputs, then acquires
chromatograph data if available, and finally, stores
all obtained information. The option print-out begins

as the following example.

* Enter option

5

> What is the run number (1-1Q) 7

The first question after choosing this option, is
which rdn number 1is the data to be associated .
If a run number is entered here, the program checks if
the run record is 'set-up'. If the run record is not

set-up, then the error message below will be printed.
<{ Run record not set-up

If the run record is set-up, the program checks the

stored data records 1in the run record to ascertain

whether the data record was already stored previously.

59



60

If the data record had been stored in the run record,

the system error message printed is:

v Daty record already stored

If the data record has not been stored in the run

record and the run record is set-up, the probe ports

are entered as follows.

> What is the run wumber (1-19) 7
l1

Option Fort Option Port

1 - 1 6 - 4AA

2 - 2 7 - 5

3 - 24 8 - &

4 - 3 9 - 7

9 - 4 0 - No port

Enter sample port option number

[SS AR

» Evter cooling port option number

<

» Enter staging port option number

As in the Enter option section 5.2.10, the sample
probe must have a port number, otherwise the program
is halted at this question. A carriage return only
entered for the port option number for the cooling

probe or the staging probe position will give a no
position default.

If a carriage return is entered for the run number,

the program would bypass all the above questions and



tests

and then resume

continues as in the following example.

*++ RESULTS OF CHROMATOGRAFH DATA #:k#

L 0.00
<4 8.37
£ 77.90
< 0.03
o 3443
<4 13.29

DL BT P PR N2

H2
02
N2
CH4
Co
coz

at this point.
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The program

chromatograph

[=] Fahrenheit

This will only be printed if there is
data available. The questions now asked are:
. > Enter the air tempevatures

ISO

» Enter TRNS pressure: [=] psin

IBIO

» Enter PRHT pressure: [=] peinq

.12.2

y Enwter STED pressure: [=] psiqg

ll‘

Immediately after

answering the last of the

above

questions, the data acquisition information is printed

as below.

%t RECORI 1

TINE 13:17:49

BATE 5/25/82

¥k ANALYZER AND TRANSDUCER OUTPUTS:

TRNS 1.77 SCFH
PRHT 3.93 SCFH
5T6I 0.00 SCFH

3.10 inches H20
0.92 inches H20
0.00 inches H20
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If this is a run data record, a print-out will follow

as below.

#4 RECORD 1 FROBE 1 9/35/82 BEULAH LIGNITE

13:17:49

[=] LB/HR KG/S

* COAL INPUT RATE J.030E+00 6.344E-04

L i3 FLUE SOLIDS OUTFUT

kRS
¥E4

L3 STDICHIOMETRIC AIR

FLUE GAS OUTPUT
AIR INPUT RATE

TRANSFORT AIR
SECONDARY ALK
STAGED AlR

1.165E400

L
"
[

SCFH

6.346E+00
9.701E+00

1.773E400
3.928E+00
0.000E-01

7.979E+00

1.469E-04
H+3/8

3.090E-03
2.691E-03

8.349E-04
1.854E-93
0,000E-01

3.766E-03

STOICHIONETRIC RATIO

0.71

Coat FLUE SOLIDS
FERCENTAGES FERCENTAGES

FLUE GAS FLUE 6AS
PERCENTAGES TRACE PFHY

9 co2 499.50 NO

1 CO 0.00 HCN
2 02 0.00 HS
0 CH4 4577.14 502
8H 0.00 H2 0.00 HHJ
20 13.67 H20

SH 68.90 N2

wn

[ 4L I - — 4
.« =

— —_—
b S o~ i (N ]

. .

W < o

(A B s BN« I A B (S -

O D~ — N
> TZ WO I

23.0
0.0
0.9

PERCENTAGE N IN COAL CONVERTED TO NO
PERCENTAGE N IN COAL CONVERTED TO HCW
FERCENTAGE N IN COAL CONVERTED TO NH3

Lo B~ RN |
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This print-out is the result of a mass-balance. The
program automatically selected the Analyze option

without a consistency check.



5.7 Analyze option

This option analyzes a data record by perform-
ing a mass-balance and if specified, a consistency
check on the data acquired by the system. The results
of a consistency check will not be given. The portion
of the data acquisition system which performs the con-
sistency checks was developed and implemented by
Montgomery (1982). Montgomery goes | into detail
of how to interpret the results of this option.
It should be mentioned that if a consistency check is
is performed, the data acquisition system requires
30 minutes for a reasonable set of data.

After selecting this option, the program will
ask the following questions.

* Enter ootion
.
i Analvze which dats record?

#+ Include a consistency analvsis?
IN

If an invalid record number had been entered, the
program would immediately return to the main system
options list. The next guestion asks if a consis-

tency check is to be performed. Since this part
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of the option will not be discussed, a negative
response to the consistency question has been entered.
If a positive response had been entered to the
consistency check question, the next question would
ascertain if the water-gas—shiff reaction is to be
included. When the questions are answered as above,

the results of the mass balance are printed as below.

##+ RECORD 1 FROBE 1 5/25/82 14:36:33 BEULAH LIGNITE
[=3 LEB/HK KG/S
ok COAL INPUT RATE = 2.100E+00 2.648E-04
* FLUE SOLIDS QUTPUT = 1.995E-01 2.515E-05
[=] GSCFH M#43/8
*dk FLUE GAS ODUTPUT = 5.437E+00 2.946E-03
LE3s AIR INFUT RATE = G5.390£+00 2.944E-03
TRANSFORT AIR = B8.900E-01 4.201E-04
SECONDARY AIR = 4.500E+400 2.124E-03
STAGED AIR = 0.000E-01 0.000E-01
ik STOICHIOMETRIC AIR = 3.330E+00 1.572E-03
STOICHIOMETRIC RATID = 1.62
CoAL FLUE SOLIDS FLUE GAS FLUE GAS
FERCENTAGES FERCENTAGES PERCENTAGES . TRACE PPNV
94.09 C 0.00 C 11.23 €02 928.08 NO
4,20 H 0.00 H 0.00 CO 0.00 HCN
15.55 0 0.00 N 3.25 02 0.00 H2S
2,95 8§ 0.00 & 0.00 CH4 2300.07 502
0.71 N 100.00 ASH 2.97 H2 0.00 NH3
11.86 H20 3.90 H20
9.50 ASH 78.33 N2
FERCENTAGE N IN COAL CONVERTED TO NO = 78.87
PERCEMTAGE N IN COAL CONVERTED TO HCN =  0.00
PERCENTAGE N IN COAL CONVERTED TO NH3 =  0.00
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The print-out gives all pertinent information about
the data record which was analyzed. After a data
record has been anaylzed, the numbers reported in the
print-out are stored in a specific data record. This
option takes the numbers stored in a data record
as measured values, therefore, a data record should
never be analyzed more than once. 1If a data record is
analyzed more than once, the reported mass-balance
percentages will change.

In the Acquire option, an automatic Analyze
was performed if the data record was to be stored as
part of a run., This is done primarly for the user's
benifit. If an Acquired data record has some obvious
errors in it, the following procedure should be fol-

lowed to correct the information in the data record.

1) Record the acquired data as it should be.

2) Select the Delete option and delete the
record which has the obvious errors.

3) Select the Enter option (using data record
just deleted) and enter information for
suboptions 7, 8, and 10.

4) Select the Analyze option and analyze the
the above record.

In using this procedure, the run record will not be

affected. The above record will still be associated
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with thé desired run number except the data record
just changed will have correct values stored. The
alternate method to the above procedure is to use the
Run set-up option and delete the data record associat-
ed with the run record. This method will be explained

in the Run set-up option, section 5.10.



5.8 Calibration option

The calibration option is used to enter cal-
culated calibration constants for the data acquisition
monitors. After selecting this option the program asks
if the calibration assignments should be printed out,
Normally, this would not be done as it takes consider-
able time to execute. The example below shows these
constants which are the present constants stored in

the system.

¥ Enter ootion

o7

*x List the calibration assigquments?

oY

CHANNEL SLOPE INTERCEFT
0 TC.R = 2.118E-22 % TC.R + 0.000E-01
1 TC.R = 0.000E-01 * TC.R + 90,000E~01
2 TC.R = 0.000E-01 * TC,K + 0.000E-01
3 TC.R = 0.000E-01 # TC,K + 0.000E-01
4 TC.k = 0.000E-01 % TC,R + 0.000E-01
9 TC.R = 0.000E-01 % TC.R + 0.000E-01
é TC.E = 0.000E-01 * TC.RK + 0.000E~01
7 TC.K = 0.000E-01 * TC,R + 0.000E-01
8 TC.K = 35.000E+00 * TC.K + 1.000E+09
9 TC.K = 0.000E-01 * TC,K + 0.000E-01
10 TC.K = 3.000E+00 * TC,K + 1.000E+00
11 TC.K = 3,000E400 * TC.K + 1.000E+0D
12 TCK = 0.000E-01 * TC,K + 0.000E-01
13 TC.K = 3.000E+00 * TC,K + 2.000E+00
14 TC,K = 0,000E-01 * TC,K + 0.000E-01
15 TC.K = 0.000E-01 # TC,K + 0.000E-01
16 TC.K = 0,000E~01 * TC.K + 0.000E-01
17 TC.K = 0.000E~01 # TC,K + 0.000E-01
18 TC.K = 9.000E+00 * TC.K + 7.000E+00
19 TC.K = 0.000E-01 * TC,K + 0.000E-01
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(Calibration constants ~- Continued)

20 TC.K = 0.000E-01 # TC,K + 0.000E-01
21 TC.K = 0.000E-01 * TC.K + ¢.000E~-01
2 TC.K = 0.000E-01 % TC,K + 0.000E-01
23 TC.K = 0.000E-01 # TC,K + 0.000E-01
CHANNEL = A0 + AT*ADC + A2%ADC#%2 + ATHADCH:+3
AD Al A2 A3
TRNS 9.940E+00 -4.780E-03  0.000E-01  0.000E-D1
FRHT 9.170E+00 -4.709E-03  0.000E-01  0.000E-01
STGD 1.005E+01 ~-5.253E-03  0.000E-01  0.000E-01
C02 -5.009E-03 -4,341E£-03  2.170E-06  0.000E-01
0 1.119E-03 -1.974E-03  1.038E-06  0.000E~-D1
02  3.374E+01 -1.730E-02  0.000E-01  0.000E-01
ND -4,800E+03  2.455E+00 0.000E-01  0.000E-01

*%% Colibration options:

[ S-S S8 B LS
oo o n

This

with changing the above listed calibration

system option has 5

F/E Transducers
finalvzers
Ft/FT~Rhodiur Thernocourles
Chromel/Alumel Thernocouples CH(B-13)
Chromel/Alumel Thermocouples CH(16-23)

suboptions.
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They all deal

constants.

The P/E Transducers and the Analyzer suboptions will

be similar, as all

Starting

the Thermocouple options will

with the P/E

questions asked will be:

Tranducer

* Enter the calibration options

l1

suboption,

»» Ito vou wish 'to change base point? 19590

L] N

CHANNEL = AQ + AT#ADC + AZXADC*#2 + AZ*ALCH:+]

> Enter the constants:

A0.A1,A2,43 for:

»; Change calibrations? (CR=NO)

TRNS

be.
the
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* Enter the constants: A0.A1.062,43 for: FRHT

>> Chanqge calibrations? (CR=N0)

> Enter the constants: AO,A1,A2,A3 for: STGD
»» Chanqge calibrations? (CR=N0)

The base point was not changed and as mentioned before
it should always be a predetermined constant for all
channels. Changing the base point for the Analyzers,
also changes the base point for the P/E Transducers.
These two groups of monitors must be calibrated to the
same base point.

This option inquires if the constants for a
particular system monitor are to be changed., 1In
parentheses the characters CR=NO are seen. Entering a
carraige return means no. Only if a 'Y' character |is
entered will the calibration constants be allowed to
change. In case of the Analyzers and the P/E
Transducers, four numbers must be entered correctly,
seperated by commas (number, number, number, number
carraige return). Any numbers entered as carriage
returns will be interpreted as zeros and the program
will expect all calibration constants to be entered.
It is important to enter all four numbers on one
line, otherwise the constants can be stored wrong.

An example of changing the thermocouple



constants will follow.

% Enter the calibration option:
o4

>» Do vou wish to change base po
. i‘

» Enter the intercept and slope
»» Change calibrations? (CR=NO)

> Enter the intercept and slope
»%» Chanqe calibrations? (CR=NO)

» Enter the intercept and slope
¥» Change calibrations? (CR=NOD)

* Enter the intercept and slope
*» Chanae calibrations® (CR=NO)

¥ Enter the intercept and slope
¥>» Change calibrations? (CR=ND)

¥ Enter the intercept and slore
»» Chanqe calibrations? (CR=NO)

¥ Enter the intercept and slope
»» Change calibrations? (CR=NO)

» Enter the intercept and slope
»» Change calibrations? (CR=NO)

int?

for:
for:
for:
fore
for:
fore
for:

for:s

TC.K

TC.K

TC.K

TC.K

1C.K

TC.K

TC.K

TC-K
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10

1

13

14

15

Changing thermocouple calibration constants is exactly

like changing Analyzer
constants except that

the slope and intercept.

or P/E Transducer

calibration

only two numbers are entered,



5.9 - Reload option

This option has only one purpose and has no
print-outs or error messages. The option is executed

in the example below.

+ Enter option
.8

After this option is performed, the data acquisition
program residing in the SPC-16 goes into a down-load
state., The program is waiting to down-load the
Cromemco program. The signal to down-load the Cromemco
program is given to the SPC-16 program every time the
Cromemco is turned on. When the Cromemco is turned on,
the resident monitor controlling the Cromemco issues
an 'OK'. This prompt is sensed by the SPC-16 pro-
gram which then down-loads the Cromemco program. It
can be seen that an undesirable situation arises if
the SPC-16 program is not 1in a down-load state and
the Cromemco is without its program. This situation
will arise if ﬁhe Cromemco is turned off before a
Reload option is executed., The SPC-16 program will be
executing commands other than the down 1load. Two
methods in section 5.1 were discussed on how to
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correct this situation. This option should always be

executed before turning the power off to the Cromemco.



5.10 Run set-up option

This option is used to set-up an end-of-run
print-out. This option would normally be executed
first at beginning of a run. After selecting this

option the following print-out will result.

* Enter option
.7

* What is the vun # (1-10) %
.1

5.10.1 Intial set-up

At this point the program checks the run
record for data. If there has been data entered, the
user is given the option to delete all of the data as

follows.

<+ Rum record contains data
Do vou wish to delete it 7
IY

In this example, all the run data was deleted. The

program proceeds as follows.

*» 1s there staging 7
lN

If there were staging the coal flowrate could be
obtained from another run record. This will be
demonstrated shortly. The program prints the
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following message and gquestion.

*3 Furnace must be running at fuel lean conditions
Is this condition now true 7
IY

The program will halt and not go beyond this point
until a positive answer 'is given. After a positive
answer is given, the program does an automatic Acquire
and Analyze option. The user is required to enter the
ambient air temperature and pressures on the laminar

flow elements as below.

* Enter the air tempevature: [=] Fahrenheit

» Enter TEMS pressure: [=] psiq

» Enter FRHT pressure: [=] psiq

» Enter STGD pressures [=] psiq



(Print-out -- Continued)

¢+ RECORD 1 FROBE 1 3/25/82 16:18:18

[

J LE/HR KG/S
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BEULAH LIGNITE

*kd
¥tk

L
LEL

*kH

COAL INPUT RATE

FLUE SOCLIDS OUTRUT

FLUE GAS DUTFUT
AIR INPUT RATE

TRANSPDRT AIR
SECONDARY AIR

STAGED AIR

STOICHIDMETRIC AIR

STOICHIOMETRIC RATID

~
1 #on

"

J.060E+00
9.451E-01

SCFH

6.635E+00
5.390E+00

8.900E-01
4.500E+00
0.000E-01
B.O26E+00

0.67

6.381E-04
6.874E-05

K+43/8

J.132E-03
2.544E-03

4,201E-04
2.124E-03
0.000E-01

3.789E-03

FLUE GAS
FERCENTAGES

FLUE SOLIBS
FERCENTAGES

Coat
FERCENTAGES

10.83
10.83

i toa
H

N 0.00
5

A

co
02
CH4
H2
H20
N2

n

O~ Ot T
. »

—
. .

Lt O~ 0 W ra S

S o = NS -0

0.00
3.01
10.56
64,28

ZwooxITom

—

H20
ASH

17.97
0.00
0.00

PERCENTAGE N IN COAL CONVERTED TD NO
PERCENTAGE N IN COAL CONVERTED 7O HCN
PERCENTAGE N IN COAL CONVERTED 7O NH3

FLLUE
TRACE

386.73
0.00
0.00

4542.64
0.90

6AS
PEHY

NO

HCH
H25
§02
MH3



77
Again, a positive response must supplied to this last
question before the program proceeds. If a positive
response is not entered, the program restarts at the
question about the furnace "being at fuel-lean condi-
tions. If an unacceptable coal flow rate is not
acquired within two trys, a positive answer should be
given to the coal flow rate question. The user is al-
lowed to change the coal flow rate manually. Changing
the coal flow rate manually is explained in section
5.10.3. The program now asks for the constant

conditions expected for this run. An example follows.

=

¥>» 15 the coal flowrate acceptable
.Y

* What is the Tras flowrate (SCFH) 7
- l89

> What is the Frht flowrate (SCFH)
.4-5

-

> WUhat is the Stqd flowrate (SCF#) 7
.0

* What is the tewmperature (C) at port i
11900 '

» What is the temperature (L) at port 2
.1190

> What is the temperature (C) at cort 24
1250

> What is the temperature (C) at port 3
.1220

> What is the temcerature (C) at port 4
1195
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(run set-up questions -- Continued)

> What is the temperature (C) at port 44
L1135

* What is the temperature (C) at port 35
1065

> What is the temperature (L) at port 4
025

> What is the temperature (L) at port 7
.980

» Enter stoichiometric ratio above{or w/0) staqing
--8

» Enter stoichiometric ratio below{or CR) staging
This concludes setting-up a run record for £final

print-out as per the Run print-out option.

5.10.2 Staging
The program conversation dealing with the coal
flow rate and staging will be explained. If a positive
answer had been given to the staging gquestion the
program would proceed as follows.
"~ »» 1s there staqing ?

.Y ’

»» Tlo vou wish to get coal flowrate from another

run record ?

lY

» What run record ?
o1

If an invalid run record 1is entered, or if the run
record entered is not set-up, or the run record enter-

ed is the same as the run record presently being set-



79
up, the program proceeds to the furnace at fuel-lean

question,

5.10.3 Changing run conditions

If a run record has been successfully set-up,
changing constant input conditions is possible. After
selecting the run set-up option and selecting the run

record to be changed, the message:

> What is the run #§ (1-10) 7
l'

<{ Run record contains data

o vou wish to delete it 7
li" '

will be printed. A negative response should be enter-
ed to the last question. This will cause the follow-

ing change suboptions to be printed out.

CHANGE 2

1 Teaperature profile S Stagqed air flowrate

2 Sample nane 4 Coal flow rate

3 Trans air flowrate 7 Delete or Add data records

4 Preheat zir flowrate

These suboptions allow the user to change everything
stored in the run record. The change print-out
questions will be exactly as in the example where the
run record data was entered, section 5.2.
The only new print-out is the ‘'Delete or Add data

records' suboption. An example follows
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# Enter run option

l?

<{ Presentlv stored records are 0 0 0 0 0 0 0 0 0 0 0 ¢

The stored data records are printed. The 16 possible
data records are printed with zeros indicating
available room for additional data records. Examples

of adding and deleting data records are given below.

¥ 1 - helete or 2 - Add a record 7
9

.

» Record to be Added 7
I4

<< Presentlv stored records ave 1 3 4 0 9 9 9 ¢ O O 9 0

»1 - DIelete or 2 - Add = record ?
ll

» Record number to be Deleted ¥
.3

<< Presentlv stored records are 1 4 0 0 0 0 0 0 0 0O 0 0

A record is not allowed to be stored twice, and if an
invalid record is entered various system messages will
inform the user of his mistake. To exit this subop-
tion enter a <carriage return to return to the
suboptions entry point (Another carriage return will
return the user to the main system options.) The next
section will discuss the print-out of run data now

made posible by executing the system option.



5.11 Run print-out option

The sole purpose of this option is to print
the results of a run., It also calculates stoichio-
metric species and residence time to sample port.
After selecting this option the following questions

will be asked.

* What is the run number ?
1

FORT 1 TEMPERATURE = 1100.9 C
PORT 2 TEMPERATURE = 1190.0 C
FORT 24 TEMPERATURE = 1230.90 C
PORT 3 TEMPERATURE = 1220.0 C
FORT 4 TEMPERATURE = 1195.9 €
PGRT 4A TEMFERATURE = 1133.0 C
FORT 5 TEMPERATURE = 1063.0
FORT 64 TEHPERATURE = 1025.0 C
FORT 7 TEWFERATURE = 980.0 C

#» Is this profile okav 7
IY

<{ The inlet mir temperature is 500.0 C
»» Is this acceptable ?

.Y

TRNS FLOWRATE

= 0.89
FPRHT FLOWRATE = 4.50
S5TGD FLOWRATE = 0.00

> Are these flows mcceptable 7
IY

The run number entered must be set-up. If the
temperature profile, or the oxidizer flowrates are
unagceptable, the program returns the user to the main
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system option list. The user then must choose the Run
set-up option and change the unacceptable conditions
as required. The 1inlet air temperture (after the
preheater) however, can be changed. An Example

follows.

<< The inlet air temperature is 500.0 C
»» Is this acceptable ¥
o

> What is the inlet air temperature (C) 7
50

< The inlet air temperature is 250.0 C

»» Is this acceptable ©
Y

After a yes response 1is given to the flow rate
question, a print-out will follow. If a run record
has no data records associated with it, the print-out
will stop after the inlet air temperature is reported.

The following is a print-out of a run.

RUN NUMBER 3  DATE 5/11/82 RUN 20 BEULAH LIGNITE SR=.6 3/19/82

TEMPERATURE PROFILE FLOWRATES

PORT TEMPERATURE(C) FLOW SCFH
1 1208.0 TRNS 1.9
2 1176.0 FRHT 3.8
2A 1150.0 STGI 0.0
3 1115.0

4 1080.0 LB/HR
44 1050.0

3 1021.0 COAL 5.0
L] 1005.0

7 794.0

INLET AIR TEMPERATURE =  750.0 C



(run print-out =-- Continued)

COAL COMPOSITION

PROXINATE ANALYSIS ULTINATE ANALYS
PERCENTAGES PERCENTAGES
F.Cu = 40.00 € = 62,25
V.H. = 40.00 H = 4,83
ASH = 9.350 0 =2 17.90
H20 = 11.86 S = 3.40
N = 0.82
FLUE SOLIDS
PERCENTAGES
C = 0.0
H = 0.0
N o= 0.0
S = 0.0
ASH = 100.0
DATA
TINE 122 9 122 6 11:34 1
RECORD 21 20 19 18
AIR INPUT
(SCFH)
TOTAL 4.8 4.8 4.8
TRNS 1.0 1.0 1.0
PRHT 3.8 3.8 3.8
STGD 0.0 0.0 0.0
FLUE QUTPUT
(SCFH) 5.7 5.8 3.8
PORT FOR
SANPLE 1 2 3
STAGED
COOLING
STOICHIOMETRIC
RATIO 0.60 0.60 0.460
STOICHIONETRIC

AIR (SCFMH) 8.0 8.0 8.0

1S

INFORNATION

123

0.40

8.0

11:17
17

0.460

8.0

11312
16

t1s 7
15

0.60

e'o

0s 0

0.00

0.0

0.00

0.0



(run print-out -- Continued)

FLUE GAS
PERCENTAGES
co2 C10.7 9.3 9.2 9.3 9.6 10.0 10.1 0.0 0.0
co 6.4 9.7 9.6 9.5 9.4 9.9 9.9 0.0 0.0
02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0
CHe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0
H2 2.1 4.1 3.3 3.4 3.5 3.8 4.2 9.0 0.0
H20 13.3 1.1 11.8 - 11.9 11.7 11.3 10.8 0.0 0.0
N2 86,7 65.3 65.3 65.4 63.2 64.4 64.4 0.0 0.9
FLUE GAS
TRACE PPNV
No 401.7 132.2 252.4 210.3 151.5 63.3 50.4 0.0 0.0
HCN 77.9  103.2 1.4 é1.4 74.1 87.8 92.0 0.0 0.0
H2S 0.0 0.0 9.0 0.0 6.0 0.0 0.0 9.0 0.0
502 3238.7 $5125.2 9S5131.9 5134.7 S5121.2 5041.8 3057.9 0.0 0.0
NH3 82.1 4.9 218.8  213.7 287.6 370.4  370.5 0.0 0.0
STOICHIOMETRIC
TRACE PPMV
L1\ 293.5 83.9 158.3 131.5 95.1 39.9 32.2 0.0 0.0
HCN 47.5 4.8 38.5 38.4 46.5 35.4 58.6 0.0 0.0
H2S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
§02 3191.8  3283.4  3218.7 3209.7 3I212.7 3195.0 3220.1 0.0 0.0
NH3 50.0 199.9 137.2 133.6 161.6 233.8 235.9 0.0 0.0
PERCENTAGE
OF N IN COAL
CONVERTED TO
NO 19.9 S.6 10.4 8.8 b4 2.7 2.2 0.0 0.0
HCN 3.2 4.4 2.6 2.6 3.1 3.7 3.9 0.0 0.0
NH3 3.4 13.2 9.2 7.0 19.8 15.7 15.7 0.0 0.0
RESIDENCE TINE
T0 SANPLE PORT
(SEC) 0.1986 0.3947 0.6061 0.8231 1.2383 1.6203 2.0194 0.0000 0.000
ACTUAL FLUE
SOLIDS (LB/HR)
INPUY 5.03 5.03 5.03 5.03 5.03 5.03 9.03 0.00 0.00

QuTPUT 1.3797  1.1359 1.1559 1.1617 1.1321 1.0024 0.9938 0.0000 0.0000
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If another run is to be printed after the first print-
out, the run number is entered in response to the last
question. A carriage return will return the program

to the main system options list,



5.12 Additional information

The minicomputer program is divided into three
jobs, 27, 6, and 3 on the SPC-16. Appendix G contains
the new listings of the source code for jobs 27 and 6.
All other source code is unchanged and contained in
Montgomery's Thesis. The microcomputer program and
all associated programs have not been listed as they
have not been changed.

Appendix F contains the disk storage layout
for all data records and run records, TIf the program
is changed in the future, this information is

invaluable.
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Variable

Q/0 % OX

Q/21.0

SCFM

SR

T
stand

Volume
i

X
co

NOMENCLATURE

Description

. Weight fraction of hydrogen in coal.

Theoretical amount of oxidizer needed
for completed combustion of coal
(moles of oxidizer/lb coal).
Theoretical amount of air needed for
completed coal combustion. (moles air/lb
coal)
Fraction of hydrogen in coal converted
to H 0.

2
Flue gas output at sample port. (scfm)
Stoichiometric ratio.

Temperature at bort i. (K)
70 F.
Volume between port i-1 and port i of

the furnace. (cu.ft)

Mole percent of CO in dry gas sample.
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APPENDIX A

Channel Assignments
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CHANNEL

N

O 00 N GO U & W

10
11
12
13
14
15
16
17
18
19
20
21

DEVICE ON CHANNEL

PT/PT~RD THERMOCOUPLE

GROUND

CR/CR~-AL THERMOCOUPLE

GROUND

CR/CR-AL THERMOCOUPLE



CHANNEL
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

90

DEVICE ON CHANNEL (continued)

GROUND

TRANSPORT PRESSURE TRANSDUCER
PRﬁHEAT PRESSURE TRANSDUCER
STAGED PRESSURE TRANSDUCER
CO2 ANALYZER

CO ANALYZER

02 ANALYZER

NO ANALYZER

GROUND

FREE FOR EXPANSION

GROUND



APPENDIX B

System Wiring
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COLOR §# # COLOR CHANNEL

R

Y

B

GY

BK

W K W W < W W

Connector I

1
2

W O 3 O U» b W

11
12
13
14
15
16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

G

Cromemco Connector - Interface Board

BN.

o

BN

RND

Pin Assignments

A TOD

0

W O 3 & U & W N

S T R =R R
O T S = I =

CONNECTOR II

A TOD

COLOR # # COLOR CHANNEL

GY

BK

1

N

W 0 9 O U1 s W

11
12
13
14
15
16

17
18
19

20

21
22
23
24
25
26
27
28
29
30
31
32

P

1))

BN

BN

BN

GRND

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31



o> W N

O 0 g o U;

11

12

13

14
15

16

Junction Box - Cromemco Connector

Connector I

ORANGE
BLUE
BLACK
RED
BLACK
GREEN
BLUE
BROWN
GREEN
BLACK
ORANGE
BROWN
YELLOW
RED

BLUE

GREEN
GREEN
GREEN
YELLOW
YELLOW
YELLOW
YELLOW
YELLOW
WHITE
WHITE
WHITE
WHITE
WHITE
WHITE
WHITE

GROUND

Pin Assignments

PIN
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

PIN

N oy ool W

@

10
11
12
13
14
15
16

Connector II

WIRE COLORS

RED
ORANGE
BLUE
BLACK
RED
BLACK
GREEN
BLUE
BROWN
GREEN
BLACK
ORANGE
BROWN
YELLOW
RED

BLUE

GREEN
GREEN
GREEN
GREEN
YELLOW
YELLOW
YELLOW
YELLOW
YELLOW
WHITE
WHITE
WHITE
WHITE
WHITE
WHITE

WHITE

" GROUND

PIN
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

93



CHANNELS

0-4

10-14

15-19

20-24

25-29

30-32

Field - Junction Box Pin Assignments

W

21

21
BK

31
31

41
41

51

51
G

(21 ST V)

22
22

32
32

42
42

52

52
W

Ow w

13

23
23

33

43
43
BK
53

53
BK

[ I S

14

24
24

34
34

44
44

54
54

o v [$4]

15

25

25
BN

35
35

55
55
0

61
61

QR o

16

26
26

36
36

62
62

W~ ~3

17
BN

27

27

37
37

57
BN

63
63

Qoo o

18

28

28

38
38

48

48

58

58
W

64
64

R W B W

Wo O

19

.29

29

39

39
BK

49

49
BN

65

10
10

20
20

30
30

40
40

50

50
Y

60

60

66
66
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v 95

Cromemco Channel -~ Digital Thermometer Channel

Assignments
CHANNEL # COLORS DIGITAL CHANNEL #
0 Y/BK NOT USED
1 Y/R 5
2 Y/W 6
3 Y/BN 7
4 W/0 8
5 w/P 4
6 W/BL 3
7 . THIS IS GROUNDED TRACE CHANNEL
8 W/GY 9
9 W/BK il
10 W/BN | 12
11 W/R 13
12 BK/G 14
13 BK/BL ' 15
14 BK/O 16
15 . THIS IS A GROUNDED TRACE CHANNEL
16 BK/R 18
17 BK/BN 19
18 BK/GY 20
19 BN/R 21
20 BN/O 22

21 BN/P 1



(continued)
22 BN/BK 2
23 THIS IS A GROUNDED TRACE CHANNEL
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APPENDIX C

Calibration Program
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This is the BASIC program used in calibrating the

system monitors.

10 A=0
15 B=64
20 R=*

25 S=** See note at bottom for proper values.

30 T=kkk

35 FOR U=1 TO 1000

40 FOR I=1 TO 8

45 , (1)=0

50 NEXT I

60 FOR K=R TO S

70 X=K-T

80 OUT (10)=A

90 OUT (10)=K
100 OUT (10)=K+B
110 OUT(10)=A
120 F=IN(10)

130 E=IN(11l)

140 G=AND (E,%0F)
150 H=256*G+F
160 @(X)=e(X)+H
170 NEXT K

180 FOR L=1 TO 1800

190 z=L

200 NEXT L

210 NEXT J

220 FOR M=1 TO 8
230 @(M)=@(M)/8

240 NEXT M

250 FOR N=1 TO 8
260 PRINT @(N),

270 NEXT N

280 PRINT

290 NEXT U

Note:

R=0,8=7,T=~-1 for calibration of PT/PT-RD Thermocouples.

98

R=8,8=15,T=7 for calibration of CR/CR-AL Thermocouples (CH

8-15)
R=16,5=23,T=15

R=24,58=31,T=23 for calibration of P to Es and analyzers.

(CH 16-23)



Appendix D

Chromatograph Methods

METHOD 2

Hot Wire Detectors

METHOD 3

Nitrogen~-Phosphorous Detector
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[h(]
-

@a.368 1.94904
8,369 4.58808
A, 126

S 1=
000 s
R VR TR

100

8.59 B.22

NAME

HYD'ROGEN

DRYGEN

NITROGEN
METHANE

CRRBON MONOXIDE
CARBON DIDXIDE

LST2
METHOD 2
ANALYZER CONTROL
INT TEMP 258
DET Z0OME 1,2 259 209
ALK TEMP 125
FiLoW 8/.RB Y Y
INIT QUEN TEMP.TIME 142
LATA PROC
ST WT.SMP WT A, RRRR
FRCTOR . SCRALE 1 a
TIMES 11.99 B.18
SENS-DET RANGE =1
ANK L RIR . 900 T
TOL 9,428 0,196
FEF FPK 1,998 .49
STD NAME NITROGEM
BT RF CONC
3,31 13.734 A.3650R
@.44 @, 33T6 @. 2849
8.5 2,309 72.08438



A4 101

EVENT CONTROL

RTTHN-CHRART-DELRY 3 118 1.99

TIME DEWICE FUNCTION NAME

9,09 EXT i 7 MAKE PLUS POL

2,88 N3 INT MI 1 D NOT INTEGRRATE
2,41 EXT A =3 RCTIVATE 18 PORT
a,86 EXT A ) CERCTIVARATE 19 PORT
4.847 ATTH B 2 CHRRT RATTHN 2

8,28 ZEROQ Z 1 ZERD DETECTOR

d.256 ND INT NI B8 STHRT INTEGRATING
3.43 ATTH R 3 THRART ATTN 3

1,42 NO THT NI 1 STOP INTEGRATING
1,44 CHRRT 3 TUEN SPEED DOWN
.79 ERT X =7 MAKE MINUS POL
4,88 ENT ® 3 RCTIVRATE 19 PORT
4,88 EXT ¥ =5 LERCTIUVATE 14 PORT
4,28 CHART C 184 TURN SPEED BRCK UP
4,22 ZERO Z t ZERD FOR CO2

4,68 NI INT NI @9 ZTRART INTEGRATING
Z.88 MO INT NI 1 STOP INTEGRATING
Z.85 CHART C 3 TURN SPEED DOWM



LETZ

METHOD 3

AMNRLYSER CONTROL

INJ TEMP 253

DET ZONE 1.2 - 258 9@
aux TEMP 125
FLOW A, B 58 &A
INIT DUEN TEMP,TIME 148 11
DATA PROC
STD WT.SMP WT 0. A998 1.0988 @
FACTOR . SCALE 1 @
TIHES 11,882 .89 327.687 3I27.67 F27.67
SENS-DET RANGE 5@ 5 25.99 2 4
UMK . AIR @, A8 B . 09
ToL 9.2088 19,699 3.8
REF PK 1,869 a.39 18.58  19.38
STh HAME HCN
RT RF CONC NAME
2,26 1,988 157.9963 HCN

EUENT CONTROL

ATTN-CHART-DELRY

~4

el o v BN Y W . ¥ I
=2

w3 MM

S U I < VR -

M3 INT NI
RTTHN

ZERD

CHART
ND INT
NGO INT
CHART

X

DO~ OO T )]
(2]

Landlll (IR \ (I O

— -
DT ZT M
bt et

1

[ O

X

n

%)

DEUVICE FUNCTION

3 H,.81

HRAME

DONT INTEGRATE
TURN ATTN TO 9
ZERD DETECTOR
TURHN SPEED UP
START INTEGRATING
STOP INTEGRATING
S5LOW CHART DOWN

102



APPENDIX E

Chromatograph Program

Program name:s Means:

HWDHEM2 Hot-Wire-Detector using pure
Helium carrier gas and METHOD 2.
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SR

[0 IS S I R O B B

[ 1 I P B (O R e I »
Do OO~ > R R )

& 5

(901 T IRV SR YR YRR O O I T
OO R OO ) B Y I

-5 Iy LNy
-]

hA(]

D P B3 O F) s 3 e fed ek pet b fed e e b e
R ()
=

HinDHZ M2
FEM THIS
FEM AND
REM IT D
FEM THIS
REM TO T
LET ¥ =
JPEN "PP

PRINT 9

FRINT O
CINPUT

CLOSE ¢

FEM LO0D

SETUR
RUN RS$
FILE R
FILE A
IF ¥<>
-RLIB
IF E<>
DPEN
JPEN "
PRINT
PRINT
PRINT
FRIMT
PRINT
PRINT
FEREP

104

PROGRAM SETS UP THE HWD WITH METHOD 2
SETS UP THE NPD WITH METHOD 3

OE HOT REPORT NPD RESULTS TD CROMEMCO
PROGRAM IS SET UP TO SHIP HWD RESULTS
HE CROMEMCO

1

N ("PP") “GAS ANALYSIS METHOD"

M ("PP"y “ENTER RUN IDENTIFICATION®

N (“PP") R$

PP

P POINT

A$,X,1.1.2,2,3

¥

$.%.1.F1,F2

$,%.2.F3,F4

1 THEN GDTD 158

F1.2,1.E

@ THEM GOTO 488

PP®

RS™

ONCYRE"Y “$"

ON (“PP"> "RESULTS OF GAS ANALYSIS®

DN (MPPY)

ON C"PP") |

ON {“PP")"xxxsnsx PERMANENT GASES — HWD *xwax®

ON C"PP")

“AYLF1, 2



L]

I
D (>

Ged Ll Bed Ded LA G4 B3 B B
i B B30 )

Oy x] . ¥
DB~ I ORI RO OBO. < B 1)

" g
o

S &
e T ). <
D]

PKPRINT OM ("PP")
PKPRINT ON{"RS®)

IIF’H
HRII

PRINT ON("RS“) "2n

CLOSE "RS®

PRINT ON ("PP") "wxx RESULTS

PKREP "R®".F3.3
PKPRINT OM C(“PP")
CLOSE "PPY

ERASE F1.E

ERRSE F3.E

SETUP AS

LET ® = ¥ + 1

aaTD 99
CLOSE “PP*™
END

DIHM

OF HPD #%x"
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APPENDIX F

Disk Storage Layout
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NUMBER OF DISK RECORDS = 100
NUMBER OF INTEGER ELEMENTS IN EACH RECORD = 102
NUMBER OF INTEGER ELEMENTS AVAILABLE FOR USE = 100

Element 1 of every record contains the number of bytes to
process. :

Element 2 of every record contains the record number.

RECORD 1-80 = DATA RECORDS.

ELEMENT TYPE DESCRIPTION

3 1 SAMPLE PROBE POSITION

4 I MONTH

5 I DAY

6 I YEAR

7 I _  HOUR N
8 I MINUTE

9 I SECOND

10 R TEMPERATURE OF SAMPLE

12 R FLOWRATES SCFM TRNS

14 R PRHT

16 R STGD

18 R FLUE GAS ANALYSIS % CO2

20 R co

22 R 02

24 R PPMV NO

26 R HCN

28 R % CH4

30 R PPMV H2S

32 R S02

34 R NH3

36 R $ H2

38 R H20

40 R N2

42 R PROXIMATE ANALYSIS % FIXED CARBON
44 R VOLITILE MATTER
46 R ASH

48 R H20

50 R ULTIMATE ANALYSIS % C

52 R H
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DATA RECORD -~ Continued

ELEMENT TYPE DESCRIPTION

54 R (o)

56 R S

58 R N

60 R SOLIDS ANALYSIS g C

62 R H

64 R N

66 R S

68 R COAL FLOW RATE LB/HR

70-89 I 80 ASCII CHARACTERS REP, SAMPLE NAME
90 I COOLING PORT

91 I STAGING PORT

92 R RESIDENCE TIME TO SAMPLE PORT SEC.
94 R STOICHIOMETRIC RATIO

96 R $ N IN COAL CONVERTED TO NO

98 R FLUE GAS FLOWRATE OUT SCFM

100 R FLUE SOLIDS OUTPUT RATE LB/HR

RECORD 81 is coal analysis default RECORD. If coal
analysis is changed, this RECORD will also be changed. It
contains exactly the same information as the above RECORDS
but the analysis section contains the last record analyzed
data.

RECORD 82 contains a0, al, a2, a3, and a4 Calibration
Constants for the TRNS, PRHT, STGD, CO02, CO, 02, NO, and
So2 system monitors. Starting with element 3, each monitors
constants take up 8 elements r+spectively.

RECORD 83 contains the calibration constants for all the
thermocouples. First is stored, starting with the third
element, are the slope constants for 0-23 channels. then
comes the intercepts for 0-23 channels. Each constant
takes up two elements.

RECORDS 84-90 are used in saving labeled common. This is
necessary when swapping jobs on the SPC/1l6.

RECORDS 91-100 are the run records. The layout follows.



ELEMENT

70-89

90
91
92

TYPE

ol i R s

o

109
DESCRIPTION

TRNS FLOWRATE SCFM

PRHT FLOWRATE SCFM

STGD FLOWRATE SCFM

COAL FLOWRATE LB/HR _
INTEGER NUMBERS REPRESENTING RECORD #S
ASSOCIATED WITH THE RUN RECORD
TEMPERATURE AT PORTS 1, 2, 2a, 3, 4, 4A,
5, 6, AND 7.

AN INTEGER FLAG: -1 IF RECORD IS SETUP,
0 IF NOT SETUP.

80 ASCII CHARACTERS REPRESENTING RUN
NAME

MONTH

DAY

YEAR
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Source Code
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JOB 6 ¢

MASS BALANCE PROGRAM
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[elyle] ﬂﬂﬂzﬂ 0

[glgle]

o000 o
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o
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COMMON /LUN  / TTY,DISK+HAXRECRECORD

COMMON /DEBUG / DEBUG)RESET+SHIFT+SSOHIN
ATA 7y J0B3/0,27¢3/

BaTA HBDe RBR7 906303l 304

DATA PLSHsPULL70+1/s NDZLHN

DATA MyANS/010/s A/D.0/

DATA RANGEToZS08F 72 RANPUT/Z109F /

CALL FREMAT

CONTINUE

RETRIEVE LABELED COMMON

CALL DOESTK(PULL)

SEE IF A DATA FRINT OUT IS REQUESTED
IF(RECORD.ED, 99) CALL DBEFOR
IF(RECORD.EQ.99) JOR=27

IF (RECORD.ED.99) GOTO 40

GET THE OPTION FROM THE STATUS RECORD

RDATA(2)=sHAXRECt!

CALL FSDFN(RISK)

CALL FS$IOS(RANGET+RIATA»DISKsM)
CALL F$CLS(DISK)

TOPT=RDATA(4)

IF(I0FT.LT+1,0R.IOFT.GT.3) GO TO 10
CHECK FOR MASS BALANCE
IF(IDFT,NE.1) GO TO 20

JOB=JORI

CONTINUE

CHECK FOR A COGGIN SEARCH

IF(IOFT.NE.2) GO TO 30
JOR=JOE3

CALL DOEOUT
IF(,NOT.SSQMIN) JOE=JOE27
CONTINUE

CHECK FOR A RETURN TO THE MAIN-LINE
IF(IOFT, NE 3) GO TO 40

JOB=JOB27

CALL DOERPT

CONTINUE

SWAF TASKS TO EXECUTE THE OFTION

CALL DOESTK(PUSH
CALL T N’l(JOBvNOUvHODE)

CALL_R$FO
IF(.TRUE.) GO TO 10
A=ALOG(A)

END

SUBROUTINE DOERFY
THIS ROUTINE OUTPUTS THE RESULTS OF THE COGGIN SEARCH.

O O00On0 000 o O

o

EXTERNAL DDEBTA

INTEGER TTY,DISK
INTEGER IY(10)yITEMF(40)sINDEX(2
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DATA{12),

+SHIFT»SSOMIN

LOGICAL VERIFYsDEBUGIRESET+SHIFT»SSGMIN

LOGICAL B2RICH,COGGIN» CHROMO
LOGICAL DELETE(30),REJECT(30)
LOGICAL TRUE/FALSECONSIS

REAL TVALUE(30),CHANGE(30)

~ MmN D o
N ~AZTEMOS e el

e e e e A v

Lalladlag ot Ll ) Las bl R Lad il L
LDOOOOOVULLOUL

U U D N T O '}
CCICIIIIIICIITT
DODODDODIDIDDODD

DIDDIDDIDIDDIIDDD
COoOCOCoOOOCOCOC
3

DETERMINE THE NUMBER OF FOSSIKELE DATA FOINTS
HROMO) GO TO 1

INTIALIZE THE LOGICAL VECTORS

WRITE(TTY»116) IFORM

++NOT.SHIFT) DELETE(30)=TRUE

COMPUTE THE MEAN DATA ADJUSTHENT

NI CWE
b e 1 — §
clfi- W TIIE -
D L~ = e el o
0wt aNLd L
[ I P e 7]

WD WO
NOIEQEmoOoa

o
=

IF¢

o Lo
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JINDEX(I)
£F§2§LETE(J) +OR.REJECT(J)) GO 10 &
DELZ(N)lDAFS((ZDATA(J)-Z(J))/ZDATA(J))
CHANGE (J)=BNGL (DELZ(N))
IF (CHANGE (J) o T DEGREE) DEGREE=CHANGE ( J)
BMEAN=DMEAN+DELZ (N
CDNTINUE

CONSIS=DEGREE.LT.FILTER

DMEAN=DMEAN/N

NU=N-1

COMPUTE THE STANDARD DEVIATION OF UATA ADJUSTMENTS
DSIGHA=DZERD
Do I=1y

ggaﬁﬂz;DSIGHA+(DELZ(I)-DHEﬁN)tt?
DSIGMA=DSORT(DSIGHA/NU)
COMFUTE THE STUDENT-T VALUES FOR EACH DATA ADJUSTHENT
10 15_1=1yNSERCH

JSINDEX(I)

IF(DELETE(J)+.OR.REJECT(J)) GO TO 15

FORM THE NORMALIZED STUDENT-T VARIAELE

TUALUE(J)=ABS{CHANGE (J)-RMEAN) /S 1GHA
CONTINUE
NE_THE REJECT ANT FOR A G N N H
DETEEE&A/ZE UITHJECN B#OEDR PHSON ALGOR CONFIDENCE:

HETA=DNE-4,0%FLOAT (N)/NUX%2
EVALUATE THE COEFFICIENT OF THE RETA FUNCTION .
A= (FLOAT(NU)-ONE) /THD

DEGREE=A
CALL DDEGEQ(DEGREE:GQHHA)

[wleinl~delul—Tw]
ZOomoO

EVALUATE THE DERIVATIVE
BSAUE BRETA

EGREE=(NU+0NE) /TWO
nF=CDEF‘(BETbtl(ﬂ-ONE))/SGPT(DNE RETA)
EVALUATE THE FUNCTION
F=UDEGAU{ DOERTA )~(ONE-ALFHA)/TWD
BETA=BETA-F/D

BSAVE=ABS ( (BETA~BSAVE) /BETA}
IF (BSAVE.GT.TOLER) GO TO 20

CONVERGENCE ACHEIVED

CONTINUE

COMPUTE THE ANSCOMBE CONSTANT FOR DUTLYING T-VALUES.
C=SART((ONE-BETA)/FLOAT(N))3NU

CHECK FOR OUTLYING T-VALUES

%E(CDNSIS) 60 _T0 60
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REJECT(J)=TRUE

CONTINUE
TINUE

VERIFY) WRITE(TTY»112) NUyJRHEAN»SIGMA+ALFHAIC

REPORT THE RESULTS OF THE COGGIN SEARCH

WRITE(TTY»100)

CON
IF(
COAL MASS FRACTIONS

nNo
Mmoo 000 QW

13
C
T
Y
N
FLUE GAS MOLE FACTIONS

T+CHROMO) NYDATA=4
REJCT
JYIYNANE(IY (D)),
(J)»DECISN

G0 TO S50
FLUE SOLIDS MASS FRACTIONS
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C==z== ==z = ss=ss=zassss =as2
¢
. COMMON /NAXPIV/ UNITS(96)s1
EOUIVALENCE (DEBREEUNITS(1))
EGUIVALENCE (DOEGFN»GANHA)
DATA ONE/1.0/+XyDX/2%0.,0/
X=(Z4ONE) { (ONE-2)
DX=32,0/ (ONE-2) 852
. CANRASX 83 (CEGREE-ONE )REXP (-X)$1X
RETURN
END
c
% =zges Y] =
. FUNCTION DDEGAUC FOFX )
¢ THIS FUNCTION COMFUTES THE INTEGRAL OF THE EXTERNAL
g FUNCTION FOFX WITH A 14 FOINT POINT GAUSSIAN DUADRATURE.
E-- - : .
. EQUIVALENCE (DOEGAU»SUM)
) REAL X(7)vW(7)
. DATA ZERD,ONE/0.0+1.0/y 1/0/
¢ CONSTANTS FOK GAUSSIAN GUADRATURE
IATA X
1 ,201194091 . 39415135, .57097217»
Y olata - 12M17730184820658,193727339, . 98799252/
+ /119843149 7,18616100+.16626921»
¥ 13957048+ 10715922 107036605, . 03075324/
; DATA WO/.202576247
¢ COMFUTE THE INTEGRAL
SUN=FOFX(ZERD) WO
B0 10 1=1s ‘
SUM= sun+rorx< (1) 10CT)
SUN=BUNSFOFX(-X(1) ) EN(I)
10 CONTINUE
RETURN .
END
c
E - smm== rE==m==
. SUBROUTINE DOESTK(IOPT)
£ THIS ROUTINE STORES/RETRIEVES LABELED COMMON
: DATA TO/FRON THE DISK DURING TASX SWAPFING.
E szce=zzsszssczs sz=ss===sas
NTEGER RDATA(102) sDISKsTIY
. INTERER BDRFRSISS RDLENR0E, muLL ()
. LOBICAL D2KICHCOBGINsCHRONDs DEBUGSRESETSHIFT+SEOMIN
REAL CNAME(2) +GNANE(4)
) REAL XNAME (&) s YNAME(12) ySNANE (4 sPNANE(4)

-+~

DOURLE PRECISION SRsAIRSR
DOUBLE PRECISION QeMeXoY9SsPeTy

QDATA WDATA: XDATAY YDAT ﬁvSDﬁTﬁ:PDﬁTA-TDATA
BOUBLE PRECISION LASTZ(22)+DELZ(22)

EQUIVALENCE (RDATA(3)»BUFFER(1))
COMMON /DATA / RDATA
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COMMON /INDEX / INDEX(30)
COMMON /TEMPER/ TAX1S(24)
COMMON /WEIGHT/ WEIGHT(30)
COMMON /GAMMA / SRsAIRSR
COMMON /VECTOR/ LASTZyDELZyNSERCH
COMMON /LUN /7 TTY»DI1SKyMAXRECs IREC
COMNON /DEBUG / DEBUGYRESET,SHIFT,»SSQMIN
COMMON /BURN /7 D2RICHsCOGGIN»CHROMD
COMMON /NAME  / XNﬁHEvYNhHEvSNAHErPNﬁHEvCNﬁHE-GNAHE
COMMON /SYSTEM/ G(4)sM{2)9X(8)sY(12)sS(8)sFsT
COMNON /SEARCH/ GDATA(4)WDATA(2)+XDATA(6)+YDATA(12),
SDATACA)+FUATAI TDATA
COMMON /HMAXPIV/ UNITS(96)»NSIZE
DﬁTﬁ JOSPUTyIOSGET/Z109F»2105F/
A PUSHsPULL/0s1/y IvJeM/3%0/
DQTA NWORDS/0/+ NRECRD/7/+ NULL/1+0+0/
NWORDS=(RDATA(1)41)/2

CALL FSOPN(RISK)
IF(I0PT.EQ.PULL) GD TO 25

SAVE LABELED COMMON ON THE DISK
[0 10 1=1,NRECRD
Do 20 J yNNORDS
ROAT A(J#2)=BUFFER(J+(I 1) SNWORDS)
CONTIN
RDATA(2)=HAXREC4]
ESLLIF;éDS(IOSPUTvRDﬁTAvDISka)
CALL FS$CLS(DISK)
DISABLE ~C WHILE SWAPFING TASKS
CALL USINTR(TTYs.FALSE.)

RETUR
CONTXNUE

ENABLE °C AFTER THE JOE NUMEER IS IN THE DCH

CALL F$IOS(IOSFUToNULLyTTYsH)
CALL USINTR(TTY»,TRUE.)

CALL FSOPN(DISK)
RETRIEVE DATA FROM THE DISK
1o 30 ItlvNRECRD

RIA R

c
M40
”

TA(2)=MAXREC+A+NRECRD-1
L FSIOSC(IDSGET+RDATADISKs ™)
DO 40_J=1,NWORDS
Eg;;gs(J+(hRECRD T1)SHWORDS)=RDATALI$2)
CONTINUE
CALL FS$CLS(DPISK)
RETURN
END

SUBROUTINE DOEOUT
OUTPUT SUBROUTINE FOR FURNACE

THIS SUBROUTINE QUTPUTS THE RESULTS
OF THE MASS BALANCE ANALYSIS.

aooOO0o00mOcm 000

COMMON /SYSTEM/ GaWsXsYsSsLsT

COMMON /NAKE /7 XNAMEy YNAME » SNAME » PNAME » CNANE » GNANE
COMNON /#gN / TTY1D£SK1ﬂAXRECvREC

COMMON /TEMPER/ TEMP(24)

COMMON /DATA / RDATA

COMHON /GAMMA / SRyAIRSK
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W(2)9X(8)2Y(12)95(4) 9Ly Y
1SK»

(2)y
SRy YSUMyONE
OBE»DATE(3)»TIHE(3)+RDATA(102)

COMMON /BURN / O2RICH:COGGINsCHROMO
INTEGER TTYsDISKsREC,RANGET»RANPUT»I0(4)+1F(12)

LOGICAL D2RICH»COBGINsCHROMO

COMMON /MAXPIV/ UNITS(94)¢I1TENF
BOUBLE PR

DOUBLE PR

[$78 By

EQUIVALENCE

- -

- = e~ e~
~— e~

-~ ,AOO  ~

.~ mn OO A b A AOMANII0 O
A mAADOIO *O r~ AN O T

EQUIVALENCE

B o R e e

YSUMsONE/O,010+1.000/

DATA IN/5+79%9e1/s IF/1929396910011912+415¢798+9/
DATA SRAIRSASH/2%0.0/

DATA FRCNCN+FRNH3C/2%0,0/
DATA RANGET /Z10SF/+ RANPUT /Z109F/

DATA ¥11/0+0/y

(5]

RETRIEVE RECORD' FROM DISK

c

00, 4SNGL(W(2))

00,~PROX(3))
0o

0.
URITS(D)

1
0
1
0
/
UPDATE THE COAL MASS FLOW RATE IF FUEL LEAN CONDITIONS
(D2RICH) COALSUNITS(1)

OAL=COAL

CONVERT COAL AND FLUE SOLIDS TO ASH INCLUDED BASIS
LOUT=UNITS(3)

IF
KC
S0
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(WD EX(S5)))
RECORDLFROBE » DATE » TIME ¢« NAME
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IF(712/100.

S 128,12
Eéﬁ;*%ﬁESY(IF(I))/1000000.
[]
I)aS(
NTINU
WRITE(TTY,124)

RETURN

RESTORE FLUE FRACTIONS FROM PERCENTAGES AND PPNV
40 1=1,4
§1)25(1)/(100,-5A5H)
CONTINUE

WRITECTTYs130)CONVNOs PRCNCNy PRNH3C

bo 3
Do

T4ONE)/TND .

TH0
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¢
¢ SUZROUTINE DOEINP (ANS»BLANKsLUN)
g FREE FORMAT INPUT ROUTINE FOR THE D,0.E. FURNACE
Ez-,-- sSzc=csstzosExseEmmzs=zzEcszssorszszsgssssssze =sesz
) LOGICAL BLANK
¢ INTEGER BUFFER(5)rKBUFF(7)
¢ EQUIVALENCE (BUFFER(1)/KBUFF(3))

DATA KEUFF/10,0,5%0/y I0SGET/Z205F/
c DATA H»ICNT» IVARZ3307

ANS=1H

1CNT=10
. BLANK= + TRUE .

CALL F$10S(I1DSGEYyKBUFFsLUNsM)
c IFCBUFFER(1}/E0.2H DRETURN

ANK=.FA

BECNRE (SR ¥E 102, BuFrER, TVAR) ANS
. RETURN
102 FORMAT(V)

END
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2300) GOTO 7

Ky THAME21 TSLOFE(I)y

#NS.6T.5) GO TO 10
ARK TTY)

4) GNAME(I)r(A(IyJ)rJ=144)
LANR TTY)

)
D

IANS
} GO T0 10
08) GNANE(I)

1
E
Y+124) YNAHEC(IY(I)) 9 (A(KeJ) v d=lrd)

¥§a§é?l)KrTNAHEIvTSLDPE(I)y

T

0+60170+80,80) ¢ IANS

SAVE THE CHANGES ON DISK

CONTINUE
OUTFUT THE F/E TRANSDUCER CONSTANTS

QUTPUT THE THERMOCOUPLE CONSTANTS

K=0
ENTER THE P/E TRANSDUCER CONSTANTS

DUTPUT THE ANALYZER CONSTANTS
OKTAIN THE CALIEBRATION OFTION

DO 20 1=1.8

LI BOH O ettt O 220t TR I =R () ot =40 bt bt imid1 LI D)
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[giglelN]

oo o

RETURN
CONTINUE

ENABLE ~C AFTER THE JOB NUMBER IS IN THE DCE

CALL F‘IDS(IOSPUT;NULL.TTY:H)
CALL USINTR(TTY» TRUE.)

CALL FS$OPN(DISK)
RETRIEVE DATA FROM THE DISK

0 30 I=1,NRECRD
RDhT“(2)-HAXREC+4¥NRECRD
ca L 3105§a gGET;RDATA:DISh:H)
S ék( +(NRECRD-I)XNWORIIS)=RDATA(J+2)
v
S(DhIS

l=
mLo

CoNTI

=1
FE
NTIN
E
CALL FSCLS(D

K

RETURN
END

uLFER IRe b TREnHE TR ATION

=m
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o000

L rinie)

ENrRS

[zizsislninix]

RECy IREC
%NAHE:PNAHE:CNAHE;GNAHE
)

LOGICAL HBLANK

INTEGER FDATA(L
INTEGER TTY.DIS
INTEGER YES»IY(

0
KR
]
REAL A{By4),TSLD
REAL XNAHE(6)»YN
REAL CNAME(2))GN

2 TA(102) s JDATA(10
jRA
13
A
]
EQUIVALENCE E
{
(
{
U
’
8

2)
TrRANFUT» IBASFT 5

-3
m>

—~~

ToIDATA!DISKoH)
TeJDATASDISKIH)
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WRITE(TTY»108) RECORDIRDATA(I) Al =7

T INUE 1108 D 3) ¢ (RDATALL) ¢ 12749)
WRITE(TTY»110)
RETURN
FORHAT(/25H>>Search on todsu's date?)
Foznzg(“é)l t t d bt My Y

4<In

;g:{;ﬂ:ﬁ;\;% Bebratha Pon Sauan ot tainetd, Y o))
FORMAT(‘Record! yISv!OXy’Probe ol3et0X e Timeld 9130727912473 912)
FORKAT(/°<< End search
END
SUBROUTINE DOESTK(IOFT)

STDRES/RE RIEY S LA
THE DISN DURIN T S

INTEGER RIATAC102)sDISK,TTY
THTEGER FUFFER(I)vPULLrPUSHvNULL(S)

LOGICAL O2PRICHyCOGGINCHROMOsIEBUG»RESET »SHIFT9SSOMIN

REAL CNAME(2)GNABE(4
REAL XNAHE(é)!YNAHE(I’)pSNﬁHE(4)vPNAHE(4) '

IOUELE FRECISION SRrAIRSR

DOUBLE PRECISION QrWrXeYeSeFoTy
DUA1AVUDATRvXDATﬁpYUATﬁvSDﬁTﬁvPDATﬁrTDATﬁ
DOUBLE FRECISION LASYZ(22),DEL2(22)

EQUIVALENCE (RIATA(3)»RUFFER(1))

COMMON /DAYA / RDATA

COMFON /INDEY / INDEX(30)

COMHON /TEMFER/ TAXIS(24)

Comth Zie i

CDRHDN VECTOR/ CASTZ)MELZ/NSERCH

COMMON /LUN  / TTY»DISKsHMAXREC,IREC

B A 7 b

COMMON /NAME  / XNAHE-?NhﬁErShhHEyPNAHEvCNhHEvGMAHE

COMMON /SYSTEN/ Q(4)sW{(2)1X{8)yV(12)95(4)sFsT

COMMON /SEARCH/ GDATA(4)vHDATA(Z)|XDATA(6)1YDATA(1")y
SIATA(A4) 'FDATA TIATA

COMNMON /7HAXPIV/ UNITS(96)+HSIZE

DATA 10SFUT s T0SGET/Z109F 12105F/

RATA FUSHsRPULL/091/9 TvJeH/3X0/

DATA NWORIS/0/+ NRECRIVZ7/+ NULL/14090/ .

NWORLIS=(RDATA(1)41)/2

CALL FSOFN(DISK)
IF(IOPT.EQ.PULL) GO TO 25

SAVE LABELED COMMON ON THE DISK

00 10 I=1oNRECRD
oo quJG}A?gggg =BUFFER(J+(I-1)KNUORDS)
CONTINUE
RDATA(2)=NAXREC4]+3
CALL F$IOS(IOSPUTsRDATAsDISKsM)
CORTINUE
CALL FlCLS(DISK)

BISABLE “C WHILE SWAFPFING TASKS
CALL USINTRUTTYVy, FALSE.)
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30 CONTINUE
RETURN
10 CONTINUE
¢ CHECK FOR SINGLE RECORD DELETION
CWRITE(TTY»108)
?E??égévé%oghxéeCSOR TANS.LT.1) RETURN
RECORD=1ANS ) )
SETUP=,FALSE.
¥ HHYE) recorperkec
La e R b BIoRy
CALL F$10S(RANGET/RDATA»IISK,M)
o
31 =
¢ REAT Abe
RIATA(A)z=1
CALL FS$IOS(RANPUT/RIATAsDISK H)
CALL F$CLS(DISK)
IF(SETUF) GOTO 30
. 60 70 10
; 107 7 )
189 FRRMATC 33 Pelete all,getatonds o)
104 FORHMAT(A1)
10% FORMAT( ' Inrul record number to be leleted’)
108 FORMAT(V) :
END
c
E""----'-----""--_-----""""'=;. ------ szz== - =
. SUFROUTINE DOESEA
c THIS SUEROUTINE SEARCHES FOR RECORIS
£ OKTAINED ON A GIVEN DATE.

INTEGER DrYsANSHTTY» DISK)RANCET +RECORIVRIATA

COMMON /T6TA/ RIATAC102)
COMMON /LUN/ TTY+DISKsMAXRECIREC

EQUIVALENCE (RDATA(2),RECORD)

DATH RANGET/Z105F/
DATA Mol Yo IoHDWJrANS/7%0/

GET RECORD' DATE?
CHECK FOR DEFAULT

WRITE(TTY»100)
READ(TTY»502) ANS
IF(ANS.EQ,1H ) RETURN
CALL DATESB(YsNsD)
IF(ANS.EQ.1HY) GO TO 10

INFUT DATE

WRITE(TTY»103)

READ(TTYr104) HeDeY

10 CONTINUE

WRITE(TTY?2104) MsDsY

HATCH RECORD DATE WITH SEARCH DATE

DO 20 I=1sMAXREC
RECORD=1

o

DOO000

onn

[elxle]

[2d
>
[ ad
I
il
-
o
s
=z
-
=
~
w

<M
P

'RDATAsDISK,ND)

60 10 20
60 70

St 1t ot €30
MTINDD
AT
o UMenn
~
> e e W
REZ D
mmmwas
. s o XD
[

(=]

=

f=1=]

NN

OO

on

HATCH FOUND



[plyle B wivle)

131

KXXENABLE <LF> ON INPUT
ISTATS(11)=1STATS(11) . AND.X'FEFF’
SXSCOMMUNICATIONS SHOULD NOW BE ESTABLISHED

TURN
gHAT(AZ/ﬁ?)

....... s=x ssssszss=== cprLmu=noE

INTEGER FUNCTION ZBOFUN(K)
THIS ROUTINE CONVERTS ASCII HEX 7O BINARY

oOoo0OsO0 OO0

DATA ITEKF1sITENP2/2%0/
ITEMF1=(K,ANDI. X" 7F00 )/X égg'-x 30’
ITEHFI 7

=ITERF2~7
\« ITEMF2

SUBROUTINE DOEDEL

THIS ROUTINE ALLOMW
RECORDS OR IN

L)

o CaOOOMe O

O o o0 o0

€00 00

20

-G
-t
-

IN*EGEE TTYy DISh

INTEGER RDATA(102)

LOGICAL SETUF

EQUIVALENCE (RECORI/RDATA(2))
DATA RANGET/Z105F/» RANFUT/Z109F/

DATA 1,JyH/3%0/
DATA TANS/0/

CHECK TO SEE IF THIS IS DELETE AFTER SETUF
IF(SETUP) GOTD 35

CHECK FOR FILE INITIALIZATION

3¢
A S
; GO TO 10
A NS

{ GO T0 10

O =D E
oMM man

sK) N
NGET +RDATA» DISKsM)

NK?T:RD&TAvDISK;H)
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PRI I e SO
DEIOD IO

OO O oOOOnNo OO0 oot aetaiea

IO OO o000 OO ODo0 O0o [glple]

ix x1el

0

CALL F$I0S(IOSPUT+BASICsLINENODE)
CALL DEL$1(WAIT)
CONTINUE

START PROGRAN

Zg; ISTARTyNREC»CHKSUMs ISTART

ES - L[N
N

AT)
' DATFIL)

~C>am

DT DO T
DEDw HIOE
S RuNacx <

~NC

SUBROUTINE ZBOSHK (LINE»MODE)
¥XXROUTINE TO INITIALIZE COMMUNICATIONS WITH CROMEMCO

INTEGER INORD(2)+IDEL(D)

COHMON ISTATS(16)

SX*GLOBAL SHOULD BE BOUNDED AT THE DCE'S LO
UATA TWORL/280/

DATa {TéHE/ZBOOA/vIDEL/OvI/

ATH 1707

SXXCHECK CALLING FARANETERS*&xX

MODE=0

IFCLINELT.0.0R.LINE.GT63) RETURN
SAXINHIEIT NULL OUTFUT ON WRITE
ISTATS(10)=ISTATS¢10) AND.X ‘FDFF’
SEXINHIRIT <LF> ON INFUT
ISTATS(11)=ISTATS(11).0R. X" 100"
BAXENAHLE USER PROMFT
ISTATS(2)=ISTATS(2).0R. X200’
KX3SET BAUD RATE TO 2400

IS5TATS(9)=X'127"
CALL FSOPN(LINE)

SXKENABLE INPUT WITH TINE-OUT

CONTINUE
CALL TSCLCK(LINE»ITIME.NODE)

$XXNAIT FOR CROMEMCO TO BE TURNED ON
)

SRCD BIS1 {1BR 1 V00

IF(INORD¢2),NE.OK') GO TO 10

¥SXNISABLE USER PROMPT

ISTATS(2)=1STATS{2) JAND X'FDFF*

132
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MICRO-C PROGRAM PROGRAM FOUNI'» LOWN-LOAD SOURCE
READ(DISK'512) (ASCII(I)el=1v40)
DO O 1=1+40

Jeaj-
IF (A S II(J) NEs2R ) GO TO 22
ONT

BLANK RECDRD

GD 1O 16
CONTINUE

HON-BLANK RECORD

NCHAR=J

IFGASCIT(1),EQ.2HX=) GO TO 3
IF(ASCIT(4).EQ+2HEN, AND, ASCII(u) EQ.2HD )GO TO 40
QUTFUT A LINE OF CONTROL BASIC

URITE(LINE-uI?) (ASCII(I)-I 1/ NCHAR)

CALL DELSLCUAIT

G0 TO 16

280 MACHINE LANGUACE FOUND: I.E. ‘x=HHLL’
CONTINUE

GD TO SCC MONITOR, SUBSTITUTE MEMORY AT ‘HHLL'

WRITEC(LINE,516)
CALL DELSICUAIT)

GET MACHINE LANGUAGE SOURCE
LTEMF=ZBOFUN(ASCII(2))
LIvh LIEKF

TE
SKC @+8

STA LTEMF

BIR=LTEHF . OF . ZBCFUNCASCII(3))
1START=ADDR

CHESUN=D

bk

UOWNLOAD BINARY RECORIS

READ(DIS! ASCII(I)s1=1432)
IF(ASCII HEN. RNH ASCII(3).EQ.2HD )GO TO 42
ENCOLE (9 F+MODE) ALDR
AIIIRS(7) 7 AND X’FFOO ).0R.X ‘000D’

K
{
’ '
= e

SOURCE

[ 3
4) (
51

(A ’

NR%E=NREC+1
1o 06 12193242
ETEHF E N(ASEEI(I))

HKSUN= UN+L
CHRSUH=CNKSUH AND.XFF/
LDA LTEMP
SRC A28
STA LTENP
EINARY(24))=ZBOFUN(ASCII(I+1))
CHKSUH=CSKSgn+££NAQYé$+J)
= . ‘
g!nggq(g+5§=BiNAEY(2+J).DR LYEMP
CONTINUE
CALL F$IDS(IOSPUTsADDRSsLINE MOLE)
caLL F‘IgS(;OSPUTvBINAR »LINEsHODE)
AIDR=ADDR+$3
GO0 T0 34
CONTINUE
GO TO CONTROL BASIC MONITOR -
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CALL RSFOF
CALL DOESTK(PULL)

G0 TO 10
g? FORMAT(//'RT0S-14+ Re

FORMAT (//'tlt Ortion
4%y ‘1 = = Data Entry

! D.0.E. Furnace’)
Angggzeilll
galadirse

Run sel~up’/
ecnuire 10 = Run erint-out’)

)

poee3

RETERES

~~

-
oy
22
&S
~~
oI
i
L'zl
L]
-
-0
>
oDuoE B

% Enter ortion’)

Analvze which dats record?’)
Include a consistencw analusis? ')
- Include the das-shifl reaction? ‘)

SURRODUTINE Z80LOD
THIS ROUTINE 1S USED TD NOWN-LOAD THE CROMENCO.

ssss=zz=sss=====czss=== Ecssnz=zzy == rma=c=s

COMMON /LUN/ LINE»DISKsKAXREC» IREC

INTEGER BIMNARY(1B)sWAIT(2)+ZB0FILyDATFILZBOFUN
INTEGER ZBOFGU(4)sDISKyASCII(40)»DOEDAT(4)
INTEGER ADIIRyRASIC(3)

INTEGER KUFF(S5)sADDRS(?)

INTEGER CHNSUM,»TIME(4) s HRyMN+SC
EQUIVALENCE (ADRDRS(3)sBUFF(1))
EDUIUALENEE (QBOFILvZBOPGH(I))
EQUIVALENCE (DATFILsDOEDAT(1))
IaTA EINGRY /32400 16%07

DATA ZBOFGM/ UJ’ 978" ¢ QF‘+’CM’/
DATé DOENAT/’UJ e /D0’s ‘ED‘ 9 AT/
IATA WAIT/003/

ATH ASCIT/40%2H  /

DATA I0SGET/ZOCSF/y 10SPUT/Z009F/
DATA TIME/4+0222E00,0/

DATA NCHARsMsIvJ/74%0/

DATA NRECCHKSUM /0,0/

DATA BASIC/2,0,2HBA/

DATA ADDRS/105Go5%0/

DATA MODE+ADDR,LTENFsISTART/4%0/
IATA HReHN2»SC/0+0,0/

0 CONTINUE
ESTABLISH COMMUNICATIONS WITH CROMEMCO

CALL ZBOSHh(LINEvHDDE)
CALL DELS$1(WAIT

INITIALIZE KICRD

WKITE(LINE;500)

VRLLEREIS TR

WRITE(LINE»502)

CALL DELSI(HAIT)

GET MICRO-C PROGRAM FROM USER FILE

AT R

MAKE LOGICAL TO PHYSICAL UNIT ASSIGNMENT
REWIND DISK
CONTINU
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o000 [plele] [wlely] TN

glxlgl )

(L}

AXREC)»IREC

COMMON /LUN /
/ T+SHIFT+SSOMIN

COHMON /DEBUG

NS mMXx

CALL FREMAT
AL1)=200

1
ELDAL) CALL Z80LOD
DELSL

=
X
=
Ll

OEOE DO—OD
QTNOT MDMNO

TY+101)

m

ixdelriwielnlnlg a0l

G 3t et S 2t Dt et 9t et Dt X S O
OMMAMT NI N TIMTM D0
Mmoo m A DHAMET - a2
P
~SAZMMMMMM T e =<
AMOOQVODOOODD~—rse
Ce e s coemeeee Or
D —=~0 O~ U1 (it st B O
o QY et e 1D

RUN PRINT OUT

ONTINL

[RELLOS

6070 20

CONTINUE

SAVE THE OFTION ON DISK
RFAT&(2)=HAXREE+1
GET+RDATADISKHODE)
FUTsRDATAs IISKsHODE)

[l =N X~50]
£ »unxnz

mzzz-z

=

-

10
IF(.NOT SSOMIND BD 70 20
CHECK FOR THE INCLUSION OF THE GAS-SHIFT REACTION
WRITE(TTYs110)
READ(TTY,112) IOPT
%HIFT BQPT'“E' N
SAVE LABELED COMNOM ON DISK

CALL DOESTK(PUSH)
CALL TPN$1(JOB&yNOW,MODE)

135
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CONTINUE
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READ IN CHROMATOGRAFH RECORDS

10 24_1=14NRE C
READ(TTY»108) IRUF
EAL# DDEDCB(NREC;I:CHRDAT)

REPORT RESULTS
CAaLL DEL'i(STOF)
uE ']
1
Y9r120) CHRIAT(I) s YNAMECIQ(T))

MINUTE OLIt DATA FOR 11 MINUTE OLD DATA

A e

1

132
T(I1)=2Z80BAT(I+32)

1]

CONTINUE
FIND THE DRIFT BY COMFARING GROUND VALUES

o 26 I=1,4

J 1¥6

ERRUF(I) IBASFT(1)-ZBODAT (D)

CONTIN

CONLITION RAW D'ATA FOR TEWFERATURE DRIFY

BODAT (X 1+IERROR(T)
CORTINUE
CONTINUE

RETRIEVE THE UFDATED STATIC FRESSURES AND AIR TEMFERATURE

WRITECTTYs114)
CALL DOEINF(ANS»BLANKITTY)
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0 30 11,3
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CONTINUE
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CONTINUE
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UNITS(I)= A(I-l)+ﬁ(lr YSBASEFTH+A(I»J)RRASEFTRE2+
+A(I1+4)XBASEPTEX
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CONVERT INCHES H20 TO SCFM

AIR(TI=UNITS(IIALFEC(T)Y
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CONVERT CUBIC FEET FER MINUTE TD STANDARD CONDITIONS

CONVERT THE ANALYZEK DATA

N3 REASEFTX¥CHA(K 4D KBAEEFTHX3

3
MouLWw VLU

"TARLE
USEABLE DATA
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SAVE LABELED CONMON ON DISK
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e Celsius”)

8

Flue Gas Temperatur
! Air = ? (=]
‘1Ady’ Pressure! [=

Percert ‘1A4¢’ = 77)

PRHU “1hdr = 1%)

{ Proninate Analusis! (As-Received Rasis)’)
Ultimate Analusis! (Dryy Ash-included Rasis)’)
Flue Bas Analusisgi’ ,

03l Feed Rate = 7 [=) lbs/hour’) |
Flue Solide Analy (Ash-Free Kasis)’)
robe Position of 4y probe 7}

- No Pos:txgn tS 4/
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-9t 50 8 b ek Pt o Bk e et s
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6 - Fort
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SUBROUTINE DOEINFC(ANSsELANNSLUNY
FREE FORMAT INFUT ROUTINE FOR THE D.0.E. FURNACE

LOGICAL BLANK
INTEGER BUFFER{S)»KEUFF(7)
EQUIVALENCE (HUFFER{1:92KBUFF(3))

f KEUFF/10+0¢5%C/ IOSCET/Z20SF/
A Mo ICHTYIVAR/280/

[y} T O 0O 0OO0on OO0 O

-0
o
ry

SUKROUTINE ROECHO(VALUE)
THIS ROUTINE ECHOES OFERATOR INFUT WITHGUT A LINEFEED. .

INTEGER DISKsTTY»IDSTEM(8)»IOSBUF(20)
EQUIVALENCE (I10SBUF(10)sI0STEM(1))
COMMON /LUN/ TTY»DISKsMAXREC,IREC

DIATA I0SPUT/ZO09F/
DATA 1sNOUTsM»IOSBUF/2320/

O O 0 O0OO0om o

[}

ENCODE(10+100,IDSTEMsNDUT) VALUE
I0SBUF (15)=X’0DOD "
CALL F$IDS(IOSFUTsIOSTUF,TTY M)

[z B o I [
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c
. RETURN
100 FORMAT(G610.4)
END
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COAL NAKE DR FLOWRATES,

-

T
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= raxrn o
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o —~th ~
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E Z rid o
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- QOGRRBO =0

(=4 (=3

LT [z}

SAMFLE NAKE
1
E
{
E

RNGME { ICOUNT ' » ARKANE CICNTF1)

FINAL FLOWFATES
E
(
1
T
E

QR0
=

o
oo

COAL FEED RATE
1]
T
0
1
b}

ASSOCIATED RECORDN NUMBERS WITH RUN RECORD

CONTINUE

<
[S1&181]. 3

(TTY»1150) (RECORIICI) s 1=1416)

NUE

o
o
-

T.2) GOTO 100

LANK, TTY)
3

ITE
N1l

ITE(TT
L DOE
(BLANK
NS=IF I
(LANS,
(TANS.

ZOLC U Tl L
BOBOL rtrtpmi e

DELETE A RECORI

NS.GT»MAXREC) GOTO 110

SEE IF ANSWER EXISTS

D(I).EQ.IANS) GOTO 120
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N3.GT.MAXREC) GOTO 110
6070 150

LARK, TTY)

) WRITE(TTY»1172)

SECTION DEALS ONLY WITH INTIAL SETUF
N RECORT,

< [
o o~
- -
o o
- -
-0 O
oo |
o Q
o~ ~—~—
I~ O -~
@o> [0 2
Ladaid R i b

T T
O Ef\n“.._

ZERD EVERYTHING RUT FIRST TWD IN ARRAY RECORD
RU

RECORI' NUNBER FOUND» DELETE» ANI! RESTACK
SEE IF RECORD NUMBER ALREADY STORED
RECORDI NUMRER ALREADY STORED

CONTINUE
BET COAL FLOW RATE

ADD A RECORD
MRITE(TTYs1177)

6070 90

R - O i D

T AT T
QEUWLOJIZIIL-O
LIOOIEHO

?
200

GET FINAL FLOWRATES
GET TEMPERATURE PROFILE

CONTINUE
DO 220 I=3s5

1ANS=1
GOT0_70
CONTINUE
CONTINUE
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sBLANK TTY)
Sk12) =ANS

SET RUN ¢ WITH IN USE FLAG

ISET=-1

£)1=0,0

GET OFERATOR CALCULATED STIOCHOMETRIC RAT1OS
)
S
)
)
S
)

IF STAGINGy USE ANOTHER RUNS COAL FLOWRATE

CALL DATESB(DATE(3)»DATE(1)sDATE(2))
STORE ALL INFORMATION AND RETUKN

GET DATE FOR RUN
GOTD 999

GET SANFLE NAME

GOTD 40
CONTINUVE

36

O LT ettt

=g

- [z}
DOoL OOV NVOL PO

N5.6T.10) GOTO 19¢

GOTO 19%¢

PULL INFORMATION OFF OF DISK
T+KDATAsDISK I M7

GOTO 260
PUTyRDATAIDISK i)

h
SK)
N
SK)

Ph
1
[
I
k.

s=1)
1245
I

RUE,
[\
D
R
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¢
(
{
S

mAOOD O
12"‘M|-TT sHO-DINO

SAVE DATA AND RETURN

e
Run record
h to delete

What is th

<<
1
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TAPY  RIRIFa 2 e
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Tearerature rrofile & Staswed 2ir flowrate’/
?!IPIQ nane Cosl fiow rate'/
P

~No-

ans air flowrate 7 Delete or Add data records’/

on’)
What is the temrerature {C) at rort ‘9AD)
3t is the samrle name 7')

3t is Lhe 2282y’ flourate {SC
at is the goal floura e Ib/hr
resently stored records are '
- Delete or 2 - Add 5 recor
cord number to be lleleted 7
ecord nuwber not stoted )
‘ecord to be Added ?')

< No room left in run record for dats recors’)
< Record number alresdy exists’)

< Record number already stored’)

; Is there stasins 7°)
o
>

VDZM OB VIT T
~D~ o=
.

Furnace aust be runnxns st fuel lean cuncitions’'/
ndition now true ?7’)
Is the coal flowrate accertable 7’)
Enter stoichiometric ratic abovel{or w/o) staging’)
Enter stoichiometric ratio below(or CK) staging’:
go)uou wish to det coal flowrate fiom arother’/

What run record 779
< Record unused 1°)

SUBROUTINE DOETCH(TINE)
ROUTINE TO CHANGE TIME IF CHROMATOGRAFH RECORDI IS REING STOREL

CICITICT CICIOT et h et
u
N 1)
i
H
1
I
i
1
)
)
:
i)
]
I
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0
I
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\
)
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i
"
)
"
/]
)
4
u
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"
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3

RO edxlnl

<

(=]

INTEGER TIME(3)sCHANGE

DATA CHANGE/11/

-+ )~
o
<o
~
x
>
z
Lz
m

CONTINUE
RETURN

END

SUBROUTINE DOEDCI(NRECRECCHRDAT)

ROUTINE WHICH DECODES CHROMATOGRAFH BUFFERy ANALYZES DATAs
AND PRINTS OUT RESULTS OF DECODE.

OO0 OO0 0 WoOo

REC+IREC
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GNANE(4) 9 XNAME (6)
»SNAME (4) »PNAME (4)
CUHHDN /CHRBUF/_1BUF
COMHON /LUN  /TTY)DISK+HAXREC»IREC
COMHON /NAME / XNAKE»YNAME » SNAME » FNAME » CNAKE s GNAME
LOGICAL KEY
DATA RESTIMsAREAs
DATA GARBAG/18%0/
BATA NEY/FALSE./
CHECK 7O SEE IF KEY RECORI' FREVIOUSLY FOUND
IF(KEY) GOTO 20
SEARCH FOR KEY RECORI
IF(IBUF(1), ED"RU’.AND lBUF(") EG.’'N ‘' «AND.
+IBUF(3).EG,’ ) KEY=,TRUE A
IF (NREC.EQJREC) HRITE(TTleBO)
GOT0 70
KEY RECORD FOUND
CONTINUE
H=80

DECONE(Ms100, TBUF 4 N) RESTIH;AREG;JvRRToRF,CUNC-GQRB&C
IF (RESTIM/EQ.0.0) GOTO

FINI' CONCENTRATIONS ANDI SUM
NI, CARBAG(2) JEQ. YD)

IF ¢ G(1),EQ.’ H' A
+ CHRDAT(1)=CHRIIAT(1}4+CONE

IF (GARBAG(1),EDQ. ' 0’ AND,GARRAGL2) (ED. XY ")
+ CHRDAT(2)=CHRDAT(2)+CONC

1F (GARKAG(1),EQ,* N’ AND CARBAG 20 EG.PIT)
+ CHRIAT(3)=CHRDAT(3)+CONC

IF (GARBAG(1),EQ,’ M’ ANI.DARBAG(2),EQ.'ET")
+ CHRDAT(4)=CHRDAT(4)+CONC

IF (GARBAGIS)  EQ. ‘MO’ . AND', GARFAG (&) JEDW 'NG*)
+ CHRDAT(S)=CHRIVAT(S)+CONC

1F (GARRAG(S),EQ. D1’ AN GARBAG(4).EQ.*OX*)
+ CHRDAT(6)=CHRDAT(6)4CONC

CONTINUE

IF (NKREC.NE.REC) GOTD 70

KEY=,FALSE .

CONTINUE

RETURN

FORMAT(F7.2,F11,4)A29FF.3/F8,31F12,4,18A2)

EggunT('<( Kew record never found ‘)
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